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Part I: Experimental Section

Materials and Methods. Unless stated otherwise, reactions were conducted in flame-dried
glassware under an atmosphere of air and commercially obtained reagents were used as received.
Non-commercially available substrates were synthesized following protocols specified in Section
A of the Experimental Procedures. Di-tert-buyl hydrazodiformate (SI-4), amine SI-2, boronate
ester SI-9, Pdy(dba);, Cu(OAc),, and dppf were obtained from Sigma-Aldrich and used as
received. Di-tert-butyl azodicarboxylate (SI-7), bromopyridines SI-3, SI-12, amine SI-1, and
boronate ester SI-14 were obtained from Combi-Blocks and used as received. Amines SI-11 and
SI-13 were obtained from Oakwood and used as received. Boronic acid SI-6 was obtained from
Frontier Scientific and used as received. Solid supported thiol-resin MetSThiol® was obtained
from SiliCycle (Product # R51030B). Reaction temperatures were controlled using an IKAmag
temperature modulator, and unless stated otherwise, reactions were performed at elevated
temperatures (approximately 120 °C). Thin-layer chromatography (TLC) was conducted with
EMD gel 60 F254 pre-coated plates (0.25 mm for analytical chromatography and 0.50 mm for
preparative chromatography) and visualized using a combination of UV, anisaldehyde, iodine,
and potassium permanganate staining techniques. Silicycle Siliaflash P60 (particle size 0.040—
0.063 mm) was used for flash column chromatography. '"H NMR spectra were recorded on
Bruker spectrometers (at 300, 400 and 500 MHz) and are reported relative to residual solvent
signals. Data for '"H NMR spectra are reported as follows: chemical shift (5 ppm), multiplicity,
coupling constant (Hz), integration. Data for ’C NMR are reported in terms of chemical shift (at
100 and 125 MHz). IR spectra were recorded on a Perkin-Elmer UATR Two FT-IR spectrometer
and are reported in terms of frequency absorption (cm™'). DART-MS spectra were collected on a
Thermo Exactive Plus MSD (Thermo Scientific) equipped with an ID-CUBE ion source and a
Vapur Interface (IonSense Inc.). Both the source and MSD were controlled by Excalibur
software v. 3.0. The analyte was spotted onto OpenSpot sampling cards (IonSense Inc.) using
volatile solvents (e.g. chloroform, dichloromethane). Ionization was accomplished using UHP
He (Airgas Inc.) plasma with no additional ionization agents. The mass calibration was carried
out using Pierce LTQ Velos ESI (+) and () Ion calibration solutions (Thermo Fisher Scientific).

Optical rotations were measured with a Rudolf Autopol III Automatic Polarimeter.
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A. Syntheses of Hydrazine Substrates

Representative Procedure A for the synthesis of hydrazine substrates from Tables 1 and 2.

(37 is used as an example).

| X i. NaNO,, H,0, 0 °C | X . Hal
N ii. SnCl,2 H,0, 6 M HCI, 0 °C . N__ _NH,
NH; == - > N
iii. 1 M HCI in EtOH H

OMe OMe
SI-1 (90% yield) 37

Hydrazine 37. To a solution of aniline SI-1 (200.0 mg, 1.60 mmol, 1.0 equiv) in 6 M HCI (3.0
mL, 0.5 M) at 0 °C was added dropwise a solution of NaNO, (107.0 mg, 1.55 mmol, 1.0 equiv)

in deionized H,O (4.0 mL, 0.4 M) over 1 min under an air atmosphere. After stirring at 0 °C for
30 min, a solution of SnCl,*2 H,O (878.0 mg, 3.90 mmol, 2.5 equiv) in 6 M HCI (3.0 mL, 1.3
M) was added dropwise over 1 min. The reaction was allowed to stir at 0 °C for 1 h, then
quenched with a solution of 40% w/w KOH in deionized H,O until a pH of 12 had been reached
(ca. 10 mL). The solution was transferred to a separatory funnel and extracted with EtOAc (4 x
20 mL). The organic layers were combined, dried over MgSQO,, and the volatiles were removed
under reduced pressure. The resulting crude residue was taken up in EtOAc (6.0 mL) and cooled
to 0 °C. Next, 1 M HCl in EtOH (8.0 mL, 0.2 M) was added dropwise over 1 min. The resulting
precipitate was collected by filtration through a vacuum filter. The solid residue was washed
with CH,Cl, (5 mL) and dried under reduced pressure to yield hydrazine 37 as a solid (252.8 mg,
90% yield). Hydrazine 37: mp: 151-152 °C; Rr0.57 (EtOAc); "H NMR (500 MHz, DMSO-dg): &
10.40 (br. s, 3H), 8.09 (br. s, 2H), 7.72 (dd, J = 5.1, 1.5, 1H), 7.40 (dd, J = 7.7, 1.5, 1H), 6.94
(dd, J = 7.7, 5.1, 1H) 3.90 (s, 3H); °C NMR (125 MHz, DMSO-dq): & 152.3, 138.0, 129.4,
120.8, 117.0, 53.4; IR (film): 3347, 3091, 2589, 1565, 788 cm '; HRMS-APCI (m/z) [M + H]"
caled for C¢HoN3O", 140.08184; found 140.08159.
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Representative Procedure B for the synthesis of hydrazine substrates from Table 2. (41 is

used as an example).

N N
| S i. NaNO,, H,0, 0 °C | ) - HCI
= NH
F NH, ii- SNCly2 H,0, 12 M HCI, 0 °C Z H’ 2
SI-2 (67% vyield) 41

Hydrazine 41. To a solution of aniline SI-2 (1.0 g, 10.60 mmol, 1.0 equiv) in 12 M HCI (10.0
mL, 1.1 M) at 0 °C was added dropwise a solution of NaNO, (768.0 mg, 11.10 mmol, 1.0 equiv)
in deionized H,O (10.0 mL, 1.1 M) over 1 min under an air atmosphere. After stirring at 0 °C for
30 min, a solution of SnCl,*2 H,0O (6.0 g, 26.50 mmol, 2.5 equiv) in 12 M HCI (10.0 mL, 2.6 M)
was added dropwise over 1 min. The reaction was allowed to stir at 0 °C for 30 min. The
precipitate was then removed by vacuum filtration. The filtrate was left to evaporate over 48 h
allowing crystals to form. The resulting solid was transferred to a filter paper, washed with Et,O
(10 mL), and dried under reduced pressure to yield hydrazine 41 as a solid (1.03 g, 67% yield).
Hydrazine 41: mp: 181-183 °C; Rr0.08 (EtOAc); 'H NMR (500 MHz, DMSO-dq): & 11.45 (br.
s, 3H), 9.54 (br. s, 1H), 8.45-8.43 (m, 2H), 8.04-8.02 (m, 1H), 7.96-7.93 (m, 1H); °C NMR
(125 MHz, DMSO-dy): § 144.9, 133.8, 129.3, 127.3, 126.8; IR (film): 3500, 3060, 2656, 1548,
787 cm™'; HRMS-APCI (m/z) [M + H]" caled for CsHgN3 ", 110.07127; found 110.07105.

Representative Procedure C for the synthesis of hydrazine substrates from Table 2. (39 is

used as an example).

Pd,(dba);

Boc
MeO X 1 dppf MeO N Boc
| ~NH Cs,CO, | ]
z + BN _— 2. _NH
N Br Boc toluene, 100 °C N ']l
A Boc
SI-3 Si-4 (35% yield) SI-5

Boc-Hydrazine SI-5. A 1-dram vial charged with a magnetic stir bar and Cs,CO; (876.7 mg,
2.69 mmol, 1.25 equiv) was flame-dried under reduced pressure, and allowed to cool under a N,
atmosphere. Bromide SI-3 (5059 mg, 2.69 mmol, 1.25 equiv) and di-tert-butyl
hydrazodiformate (SI-4) (500.0 mg, 2.15 mmol, 1.0 equiv) were added and the vial was flushed
with N, for 5 min. The vial was taken into a glovebox and charged with Pd,(dba); (98.5 mg, 0.11
mmol, 0.05 equiv), dppf (179.1 mg, 0.32 mmol, 0.15 equiv), and toluene (3.6 mL, 0.75 M). The
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vial was then capped with a Teflon-lined screw cap and taken out of the glovebox where it was
placed in a pre-heated aluminum block and allowed to stir at 100 °C for 24 h. After cooling to
room temperature, the reaction mixture was diluted with CH,Cl, (15 mL) and filtered through a
plug of celite (30 mL of CH,Cl, as eluent). The organics were transferred to a separatory funnel
and washed sequentially with deionized water (2 x 15 mL), saturated aqueous NaCl (15 mL), and
dried over Na,SO,. The volatiles were removed under reduced pressure. The resulting crude
residue was purified by flash chromatography (1:1 Hexanes:EtOAc) to yield Boc-hydrazine SI-5
(253.9 mg, 35% yield) as a light brown solid.

MeO
N MeO
| Boc 4 M HCl in dioxane | ) -Hel
~ NH
-, ~ NH
NT N 23°C,16 h NN 2
Boc H
(99% yield)
SI-5 39

Hydrazine 39. A 20 mL scintillation vial equipped with a magnetic stir bar was charged with
Boc-hydrazine SI-5 (269.5 mg, 0.79 mmol, 1.0 equiv) and 4 M HCI in dioxane (5.3 mL, 0.15
M). After stirring at 23 °C for 16 h, the volatiles were removed under reduced pressure. The
resulting crude solid was transferred to a filter paper, washed with EtOAc (5 mL), and dried
under reduced pressure to yield hydrazine 39 (141.1 mg, 99% yield) as a yellow solid. Hydrazine
39: mp: 198-200 °C; R;0.09 (EtOAc); 'H NMR (500 MHz, DMSO-d): 8 9.70 (br. s, 3H), 9.03
(br.s, 1H), 7.88 (d, /= 2.8, 1H), 7.44 (dd, J=9.1, 2.8, 1H), 6.88 (app. dd, J=9.1, 2.8, 1H), 3.78
(s, 3H); C NMR (125 MHz, DMSO-ds): 150.8, 150.3, 130.3, 126.6, 110.6, 56.0; IR (film):
3308, 2940, 2646, 1620, 1584 cm'; HRMS-APCI (m/z) [M + H]" calcd for CsH;oN30",
140.08184; found 140.08163.

Representative Procedure D for the synthesis of hydrazine substrates from Table 2. (33 is

used as an example).

N

Boc
| ! Cu(OAc), | ]
yp + N’/ —_— p _NH
B(OH), | MeOH, 50 °C N
OMe Boc OMe Boc
(37% yield)
SI-6 SI-7 SI-8

Boc-Hydrazine SI-8. A 20 mL scintillation vial was charged with a magnetic stir bar, flame-
dried under reduced pressure, and allowed to cool under a N, atmosphere. Boronic acid SI-6
(300.0 mg, 1.76 mmol, 1.0 equiv), di-fert-butyl azodicarboxylate (SI-7) (444.6 mg, 1.93 mmol,
1.1 equiv), Cu(OAc); (31.9 mg, 0.17 mmol, 0.10 equiv), and MeOH (7.0 mL, 0.25 M) were
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added under an atmosphere of air. The vial was capped with a Teflon-lined screw cap, placed in
a pre-heated aluminum block, and allowed to stir at 50 °C for 3 h. After cooling to room
temperature, the volatiles were removed under reduced pressure. The reaction mixture was then
transferred to a separatory funnel with deionized water (5 mL) and CH,Cl, (5 mL). The layers
were separated and the aqueous layer was extracted with CH,Cl, (3 x 5 mL). The organic layers
were combined, washed with saturated aqueous NaCl (15 mL), and then dried over Na,SO4. The
volatiles were removed under reduced pressure. The resulting crude residue was purified by flash
chromatography (1:10 Hexanes:EtOAc, 2% Et;N) to yield Boc-hydrazine SI-8 (221.7 mg, 37%
yield) as a white solid.

N
| ) Fe 4 M HCl in dioxane | ) e
N, -NH > .. .NH
N 23°C,16h N 2
OMe Boc (99% yield) OMe
SI-8 33

Hydrazine 33. A 20 mL scintillation vial equipped with a magnetic stir bar was charged with
Boc-hydrazine SI-8 (221.7 mg, 0.65 mmol, 1.0 equiv) and 4 M HCI in dioxane (4.4 mL, 0.15
M). After stirring at 23 °C for 16 h, the volatiles were removed under reduced pressure. The
resulting crude residue was transferred to a filter paper, washed with EtOAc (5 mL), and dried
under reduced pressure to yield hydrazine 33 (140.4 mg, 99% yield) as a light brown solid.
Hydrazine 33: mp: 178-180 °C; R;0.07 (EtOAc); "H NMR (500 MHz, DMSO-dq): & 8.81 (br. s,
1H), 8.52 (dd, J = 6.5, 0.7, 1H), 8.42 (d, J = 0.7, 1H), 7.59 (d, J = 6.5, 1H), 4.12 (s, 3H); °C
NMR (125 MHz, DMSO-ds): 158.9, 136.7, 134.2, 124.1, 108.3, 58.1; IR (film): 3382, 3206,
2851, 2051, 1505 cm™'; HRMS-APCI (m/2) [M + H]" caled for C¢H;oN3O", 140.08184; found
140.08165.

Representative Procedure E for the synthesis of hydrazine substrates from Table 2. (35 is

used as an example).

RS Boc A
N| ! Cu(OAc), N| Boc
. . + N’/ —_— = ’NH
B(pin) I MeOH, 50 °C N
OMe Boc OMe Boc

(73% yield)
SI-9 SI-7 SI-10

Boc-Hydrazine SI-10. A 20 mL scintillation vial was charged with a magnetic stir bar, flame-
dried under reduced pressure, and allowed to cool under a N, atmosphere. Boronate ester SI-9

(300.0 mg, 1.28 mmol, 1.0 equiv), di-fert-butyl azodicarboxylate (SI-7) (326.0 mg, 1.40 mmol,
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1.1 equiv), Cu(OAc), (23.2 mg, 0.13 mmol, 0.10 equiv), and MeOH (5.1 mL, 0.25 M) were
added under an atmosphere of air. The vial was capped with a Teflon-lined screw cap, placed in
a pre-heated aluminum block, and then allowed to stir at 50 °C for 3 h. After cooling to room
temperature, the volatiles were removed under reduced pressure. The reaction mixture was then
transferred to a separatory funnel with deionized water (5 mL) and CH,Cl, (5 mL). The layers
were separated and the aqueous layer was extracted with CH,Cl, (3 x 5 mL). The organic layers
were combined, washed with saturated aqueous NaCl (15 mL), and then dried over Na,SO4. The
volatiles were removed under reduced pressure. The resulting crude residue was purified by flash
chromatography (1:10 Hexanes: EtOAc, 2% Et;N) to yield Boc-hydrazine SI-10 (316.3 mg, 73%

yield) as a colorless foam.

i N Boc 4 M HCI in dioxane N“Y -Hel
Z _NH > = _NH
N 60°C, 6 h N 2
OMe Boc (79% yield) OMe
SI-10 35

Hydrazine 35. A 20 mL scintillation vial equipped with a magnetic stir bar was charged with
Boc-hydrazine SI-10 (131.8 mg, 0.39 mmol, 1.0 equiv) and 4 M HCI in dioxane (2.6 mL, 0.15
M). The vial was then capped with a Teflon-lined screw cap and was placed in a pre-heated
aluminum block at 60 °C for 6 h. Once at room temperature, the volatiles were removed under
reduced pressure. The resulting crude residue was transferred to a filter paper, washed with
EtOAc (5 mL), and dried under reduced pressure to yield hydrazine 35 (53.7 mg, 79% yield) as a
yellow solid. Hydrazine 35: mp: 225-228 °C; Rr0.00 (EtOAc); 'H NMR (500 MHz, DMSO-ds):
§ 9.70 (br. s, 1H), 8.19 (d, J = 6.6, 1H), 8.08 (s, 1H), 7.21 (d, J = 6.6, 1H), 3.94 (s, 3H); °C
NMR (125 MHz, DMSO-dg): 149.1, 141.9, 135.7, 120.0, 104.0, 57.2; IR (film): 3366, 3215,
2834, 1631, 1536 cm'; HRMS-APCI (m/2) [M + H]" caled for C¢H;oN3O", 140.08184; found
140.08159.

Note: Supporting information for the syntheses of some substrates (i.e., lactols,
hemiaminals, ketones) used in Tables 1 and 2 and Figure 4 have previously been reported: 14",
161, 181, 201, 221, 241, 262, and 46°. Syntheses for the remaining substrates shown in Tables 1

and 2 and Figure 4 are as follows:

Any modification of the conditions shown in the representative procedures above are
specified in the following schemes.
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MeO N
MeO_ Ny i. NaNO,, H,0, 0 °C N - Hal
| ii. SnCly+2 H,0, 6 M HCI, 0 °C |
= - Z N,NHz
NH2 i, 1 M HCl in EtOH H
SI-11 (86% yield) 12

Hydrazine 12. Following representative procedure A yielded hydrazine 12 (2.42 g, 86% yield)
as a light brown solid. Hydrazine 12: mp: 175-178 °C; Ry 0.27 (EtOAc); 'H NMR (500 MHz,
DMSO-dg): & 10.45 (br. s, 4H), 7.99 (d, J = 2.8, 1H), 7.65 (dd, J=9.1, 2.8, 1H), 6.90 (d, J = 9.1,
1H), 3.83 (s, 3H); °C NMR (125 MHz, DMSO-d): 158.8, 136.7, 132.4, 130.3, 110.7, 54.0; IR
(film): 3368, 3201, 2564, 1627, 1562 cm '; HRMS-APCI (m/z) [M + H]" caled for C¢H oN;O”,
140.08184; found 140.08154.

Bre _N i. NaNO,, H,0, 0 °C Br_ _N

S ii. SNCl,-2 H,0, 6 M HCI, 0 °C ) -Hel
> NH
ZNH,  iii.1MHCIin EtOH Z H» 2
Sk-12 (81% yield) 29

Hydrazine 29. Following representative procedure A yielded hydrazine 29 (280.7 mg, 81%
yield) as an orange solid. Hydrazine 29: mp: 211-213 °C; Rr0.37 (EtOAc); 'H NMR (500 MHz,
DMSO-dg): 6 10.43 (br. s, 3H), 8.69 (br. s, 1H), 8.08 (d, J= 3.0, 1H), 7.56 (d, /= 8.5, 1H), 7.35
(dd, J = 8.5, 3.0, 1H); °C NMR (125 MHz, DMSO-dq): 142.1, 136.9, 131.9, 127.7, 125.4; IR
(film): 3070, 2883, 2645, 1927, 1619 cm™'; HRMS-APCI (m/z) [M + H]" calcd for CsH;N3Br ",
187.98179; found 187.98140.

cl N i. NaNO,, H,0, 0 °C cl N
S ii. SnCl,+2 H,0, 6 M HCI, 0 °C ) -hol
> NH
ZNNH, il 1MHCIin EtOH Z ”/ 2
SI-13 (77% yield) 31

Hydrazine 31. Following representative procedure A yielded hydrazine 31 (215.3 mg, 77%
yield) as a light brown solid. Hydrazine 31: mp: 208-209 °C; R 0.37 (EtOAc); 'H NMR (500
MHz, DMSO-dg): § 10.45 (br. s, 3H), 8.72 (br. s, 1H), 8.10-8.09 (m, 1H), 7.47-7.43 (m, 2H);
C NMR (125 MHz, DMSO-ds): 141.9, 141.6, 136.1, 125.5, 124.0; IR (film): 3378, 3197, 2662,
1617, 1470 cm'; HRMS-APCI (m/z) [M + H]" caled for CsH,N;CI", 144.03230; found
144.03195.
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BnO N

BnO N Boc
n N U Cu(OAc), | N foe
| _ + N — = N
B(pin) éoc MeOH, 50 °C \
66% yield Boc
SI-14 SI-7 (6% yield) SI-15

Boc-Hydrazine SI-15. Following representative procedure E. Purification by flash

chromatography (5:1 Hexanes:EtOAc) yielded Boc-hydrazine SI-15 (560.0 mg, 66% yield) as a

light yellow solid.
BnO N
BnO_ _N

| s Boc 4 M HCl in dioxane | Xy - Hel

. NH
N 60°C,3h A~y

H
Boc
82% yield
SI-15 (82% yield) 43

Hydrazine 43. Following representative procedure E yielded hydrazine 43 (280.1 mg, 82%
yield) as a yellow solid. Hydrazine 43: mp: 125-128 °C; Rr0.33 (EtOAc); 'H NMR (500 MHz,
DMSO-dg): 6 10.11 (br. s, 3H), 9.90 (br. s, 1H), 7.89 (d, J= 2.5, 1H), 7.47 (app. dt, J = 8.8, 2.5,
1H), 7.38 (d, J= 7.3, 2H), 7.33 (t, J = 7.3, 2H), 7.27 (t, J = 7.3, 1H), 6.84 (d, J = 8.8, 1H), 5.26
(s, 2H); >C NMR (125 MHz, DMSO-ds): 158.8, 137.4, 136.5, 133.8, 129.2, 128.4, 127.8, 127.7,
110.8, 67.0; IR (film): 3389, 2894, 2646, 1946, 1556 cm'; HRMS-APCI (m/z) [M + H]" caled
for C1,H14N307, 216.11314; found 216.11281.

B. Scope of Methodology

MeO | NS - Hel Me H,0 MeO. N
AN T 100°C,1h I ©
N HO" o ’ Z N H
97% yield
12 14 (97% yield) 15

Representative Procedure (azaindoline 15 is used as an example). Azaindoline 15. A
scintillation vial containing a magnetic stir bar was charged with lactol 14 (23.6 mg, 0.231
mmol, 1.0 equiv) and deionized H,O (4.6 mL, 0.05 M). Hydrazine 12 (60.9 mg, 0.347 mmol, 1.5
equiv) was added and the vial was capped with a Teflon-lined screw cap. The reaction mixture
was then placed in a pre-heated aluminum block and allowed to stir at 100 °C for 1 h. After
cooling to room temperature, the reaction mixture was transferred to a separatory funnel with
deionized H,O (3 mL) and EtOAc (3 mL). The reaction mixture was then basified to a pH of 12
by the addition of 40% w/w KOH in deionized H,O (ca. 4 mL). The layers were separated and
the aqueous layer was extracted with EtOAc (3 x 5 mL). The combined organic layers were

washed with saturated aqueous NaCl (5 mL), and then dried over Na,SO4. The volatiles were
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removed under reduced pressure, and the crude residue was purified by preparative thin-layer
chromatography (2:1 Hexanes:EtOAc) to yield azaindoline 15 (97% yield, average of two
experiments) as a yellow oil. Azaindoline 15: R,0.55 (1:1 Hexanes:EtOAc); 'H NMR (500 MHz,
CDCl;): 6 6.88 (d, J= 8.4, 1H), 6.43 (d, J = 8.4, 1H), 5.27 (s, 1H), 3.96 (ddd, J = 8.9, 7.6, 1.7,
1H), 3.87 (s, 3H), 3.53 (ddd, /= 10.9, 8.9, 5.3, 1H), 2.40 (ddd, /= 12.1, 5.3, 1.7, 1H), 2.03 (ddd,
J=12.1,10.9, 7.6, 1H), 1.48 (s, 3H); °C NMR (125 MHz, CDCl3): 159.7, 151.2, 136.8, 119.7,
107.4, 99.1, 67.6, 54.3, 53.8, 39.6, 22.6; IR (film): 3347, 2961, 2867, 1603, 1471 cm '; HRMS-
APCI (m/z) [M + H]" caled for C;1H;5sN,0,", 207.11280; found 207.11237.

Any modifications of the conditions shown in the representative procedure above are specified in

the following schemes, which depict all of the results shown in Tables 1 and 2.

Ph
MeO N Ph
| Xy - HCI 4% aq H,SO, MeO N\ )
ANy T 60°C,5h |
H HO™ ™o ’ Z H H
12 16 (80% yield) 17

Azaindoline 17. Purification by preparative thin-layer chromatography (2:1 Hexanes:EtOAc)
yielded azaindoline 17 (80% yield, average of two experiments) as an amorphous solid.
Azaindoline 17: R, 0.63 (1:1 Hexanes:EtOAc); "H NMR (500 MHz, CDCl5): 6 7.42 (d, J = 7.8,
2H), 7.32 (t, J= 7.8, 2H), 7.26—7.21 (m, 1H), 6.94 (d, J = 8.6, 1H), 6.47 (d, J = 8.6, 1H), 5.69 (s,
1H), 4.39 (s, 1H), 4.18-4.15 (m, 1H), 3.85 (s, 3H), 3.67-3.62 (m, 1H), 2.85-2.82 (m, 1H), 2.65—
2.59 (m, 1H); "C NMR (125 MHz, CDCL): 159.8, 149.1, 142.6, 137.6, 128.6, 126.9, 126.5,
120.5, 108.4, 99.7, 68.6, 62.4, 53.8, 39.7; IR (film): 3341, 2866, 2973, 1602, 1470 cm™'; HRMS-
APCI (m/z) [M + H] " caled for Ci6H;7N,0,", 269.12845; found 269.12688.

MeO_ _N N\ )\
I X -Hel 4% aq HyS0, MeO.__ _N
+ —_— N
2~y 60°C, 5 h | °
H HO™ Ng Z =N H
(74% yield) H
12 18 19

Azaindoline 19. Purification by preparative thin-layer chromatography (3:2 Hexanes:EtOAc)
yielded azaindoline 19 (74% yield, average of two experiments) as a red oil. Azaindoline 19: R,

0.62 (1:1 Hexanes:EtOAc); 'H NMR (400 MHz, CDCLy): & 6.88-6.86 (m, 1H), 6.45-6.42 (m,
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1H), 5.75-5.65 (m, 1H), 5.39 (s, 1H), 5.10-5.06 (m, 1H), 5.03—4.99 (m, 1H), 3.98-3.93 (m, 1H),
3.87 (s, 3H), 3.53 (ddd, J = 11.2, 8.8, 5.3, 1H), 2.75-2.69 (m, 1H), 2.52-2.47 (m, 1H), 2.34—
2.29 (m, 1H), 2.09 (app. ddd, J = 11.2, 11.2, 7.4, 1H); >C NMR (100 MHz, CDCls): 159.8,
149.9, 137.7, 134.4, 119.9, 118.0, 107.8, 96.8, 67.3, 58.1, 53.9, 40.9, 37.9; IR (film): 3343, 2973,
2947, 1603, 1471 cm'; HRMS-APCI (m/z) [M + H]" calcd for C3H;7N,0,", 233.12845; found
233.12790.

MeO N Me,

| Xy - HcCl . Mte 4% aq H,S0, MeO_ N
_ NH, | o
. 23°C, 24 h
N HO” o Z~N H
62% yield H
12 20 ( CR' ) 21

Azaindoline 21. Purification by preparative thin-layer chromatography (3:2 Hexanes:EtOAc)
yielded azaindoline 21 (62% yield, average of two experiments) as an amorphous solid.
Azaindoline 21: Ry 0.59 (1:1 Hexanes:EtOAc); 'H NMR (400 MHz, CDCl3): 8 6.93 (d, J = 8.1,
1H), 6.41 (d, J = 8.1, 1H), 4.74 (s, 1H), 4.04 (br. s, 1H), 3.87 (s, 3H), 3.75 (dddd, J = 11.2, 4.0,
4.0, 1.6, 1H), 3.40 (ddd, J = 11.2, 10.0, 3.0, 1H), 2.45 (dddd, J = 13.3, 4.0, 4.0, 1.6, 1H), 1.62
(ddd, J = 13.6, 11.8, 4.7, 1H), 1.55-1.47 (m, 1H), 1.47-1.36 (m, 1H), 1.17 (s, 3H); °C NMR
(100 MHz, CDCls): 159.7, 152.9, 136.4, 120.4, 106.2, 94.9, 63.0, 53.9, 44.2, 29.2,24.7, 22.2; IR
(film): 3319, 2950, 2851, 1603, 1464 cm™'; HRMS-APCI (m/z) [M + H]" caled for C1,H;7N,0;",
221.12845; found 221.12779.

Me,

eo\("j\ - Hel MeO. N

NTs
A o b |
H HO 100°C,1h =

N H
(94% yield) H
12 23
Azaindoline 23. Purification by preparatlve thin-layer chromatography (2:1 Hexanes:EtOAc)
yielded azaindoline 23 (94% yield, average of two experiments) as a colorless oil. Azaindoline
23: R;0.77 (1:1 Hexanes:EtOAc); '"H NMR (400 MHz, CDCly): & 7.74 (d, J = 8.3, 2H), 7.32 (d,
J=28.3,2H),6.90 (d, J= 8.4, 1H), 6.44 (d, J = 8.4, 1H), 4.98 (s, 1H), 3.84 (s, 3H), 3.39 (ddd, J =
10.5, 8.2, 2.3, 1H), 3.10 (ddd, J = 10.5, 10.5, 6.4, 1H), 2.44 (s, 3H), 2.41 (ddd, J = 12.5, 6.4, 2.3,
1H), 1.70 (ddd, J = 12.5, 10.5, 8.2, 1H), 1.27 (s, 3H); °C NMR (100 MHz, CDClL;): 159.9,
150.2, 143.8, 136.3, 136.0, 129.9, 127.2, 120.9, 107.9, 84.1, 54.6, 53.9, 47.7, 36.1, 22.4, 21.7; IR
(film): 3375, 2963, 2867, 1597, 1470 cm'; HRMS-APCI (m/z) [M + H]" caled for

C1sH2oN3058", 360.13764; found 360.13632.
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MeO N N\ N\
| N e ¥>\__> AcOH MeO._ _N
A _NH, * —_— | N NTs
N HO 90°C,1h A<M
1 24 (58% yield) 25 H
Azaindoline 25. Purification by preparative thin-layer chromatography (2:1 Hexanes:EtOAc)
yielded azaindoline 25 (58% yield, average of two experiments) as a colorless oil. Azaindoline
25: R;0.70 (1:1 Hexanes:EtOAc); "H NMR (500 MHz, CDCls): § 7.74 (d, J = 7.8, 2H), 7.32 (d,
J=17.8,2H), 6.89 (d,J= 8.4, 1H), 6.45 (d, J= 8.4, 1H), 5.54 (dddd, /= 17.4, 10.0, 7.4, 7.4, 1H),
5.11 (s, 1H), 4.98-4.93 (m, 2H), 4.52 (br. s, 1H), 3.84 (s, 3H), 3.38 (ddd, J = 10.3, 8.3, 2.3, 1H),
3.10 (ddd, J = 10.3, 10.3, 6.2, 1H), 2.44 (s, 3H), 2.41-2.38 (m, 1H), 2.32-2.27 (m, 2H), 1.78
(ddd, J=12.2, 10.2, 8.3, 1H); °C NMR (125 MHz, CDCl;): 159.8, 149.0, 143.8, 137.0, 136.0,
133.5, 129.9, 127.3, 120.8, 118.5, 108.2, 81.6, 58.2, 53.9, 47.5, 40.5, 34.2, 21.7; IR (film): 3376,
3072, 2950, 1598, 1471 cm '; HRMS-APCI (m/z) [M + H]" caled for CooHasN305S™, 386.15329;

found 386.15111.

Me
MeO Ny -Hal Me 3 MeO_ _N
| 4% aq H,SO, A NCO,Me
2L - > I 2
N HO™ > Nco,Me 120°C,1h % N H
12 26 (82% yield) 27

Azaindoline 27. Purification by preparative thin-layer chromatography (1:1 Hexanes:EtOAc)
yielded azaindoline 27 (82% yield, average of two experiments) as an amorphous solid.
Azaindoline 27: R, 0.46 (1:1 Hexanes:EtOAc); "H NMR (500 MHz, CDCl;, 58 °C): § 6.85 (d, J
= 8.3, 1H), 6.43 (d, J= 8.3, 1H), 5.10 (br. s, 1H), 3.88 (s, 3H), 3.72-3.64 (m, 4H), 3.09-3.04 (m,
1H), 2.53-2.49 (m, 1H), 2.02-1.95 (m, 1H), 1.42 (s, 3H); °C NMR (125 MHz, C¢Ds, Major
rotational isomer): 160.0, 155.4, 150.2, 137.0, 120.7, 109.0, 82.1, 53.4, 53.2, 51.9, 45.9, 354,
22.2; C NMR (125 MHz, C¢De, Minor rotational isomer, 11 of 13 peaks seen): 160.2, 154.4,
150.3, 136.6, 120.6, 109.1, 81.4, 54.6, 52.1, 46.4, 22.7; IR (film): 3360, 2956, 2869, 1696, 1605
cm '; HRMS-APCI (m/z) [M + H]" caled for Ci3H sN3O3", 264.13427; found 264.13304.

Me
Br._ _N M
S “Hel € 4% aq H,SO, Bra Ny !
AN Y 120°C,1h l P
N HO™ g : N H
29 14 (62% yield) 30

Azaindoline 30. Purification by preparative thin-layer chromatography (1:1 Hexanes:EtOAc)
yielded azaindoline 30 (62% yield, average of two experiments) as a light brown solid.

Azaindoline 30: mp: 170-171 °C; R;0.50 (1:1 Hexanes:EtOAc); 'H NMR (500 MHz, CDCl;): &
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7.08 (d, J = 8.3, 1H), 6.89 (d, J = 8.3, 1H), 5.29 (s, 1H), 4.64 (br. s, 1H), 3.98 (ddd, J = 8.9, 7.6,
1.6, 1H), 3.52 (dddd, J = 11.3, 8.9, 5.3, 1H), 2.43 (ddd, J = 12.3, 5.3, 1.6, 1H), 2.05 (ddd, J =
12.3, 11.3, 7.6, 1H), 1.50 (s, 3H); °C NMR (125 MHz, CDCL): 156.1, 142.2, 129.8, 126.2,
116.7, 98.5, 67.7, 54.2, 39.9, 22.8; IR (film): 3328, 2963, 2866, 1595, 1426 cm™'; HRMS-APCI
(m/z) [M + H]" caled for C;oH;2N,OBr', 255.01275; found 255.01276.

Me,
cl _N M
| Xy - HCl e 4% aq H,S0, CI Ny, !
AN T 120°C,1h | P
N HO" o ’ N H
31 14 (72% yield) 32

Azaindoline 32. Purification by preparative thin-layer chromatography (1:1 Hexanes:EtOAc)
yielded azaindoline 32 (72% yield, average of two experiments) as a brown solid. Azaindoline
32: mp: 143-145 °C; R 0.50 (1:1 Hexanes:EtOAc); 'H NMR (500 MHz, CDCls): § 6.95 (d, J =
8.3, 1H), 6.77 (d, J = 8.3, 1H), 5.31 (s, 1H), 4.62 (br. s, 1H), 3.99 (ddd, J = 8.9, 7.6, 1.6, 1H),
3.53 (ddd, J = 11.3, 8.9, 5.3, 1H), 2.43 (ddd, J = 12.3, 5.3, 1.6, 1H), 2.06 (ddd, J = 12.3, 11.3,
7.6, 1H), 1.51 (s, 3H); °C NMR (125 MHz, CDCLs): 155.3, 141.8, 140.5, 122.5, 116.7, 98.6,
67.7, 54.2, 39.9, 22.8; IR (film): 3319, 2965, 2867, 1596, 1430 cm '; HRMS-APCI (m/z) [M +
H]" caled for C1oH,N,OCI", 211.06327; found 211.06329.

N Me
. M N
| > HC € 4% aq H,SO, s o
A _NH, o+ —_
N“ 2 120°C, 3 h Z~N H
om H HO 0 H
© (48% yield) OMe
33 14 34

Azaindoline 34. Purification by preparative thin-layer chromatography (EtOAc) yielded
azaindoline 34 (48% yield, average of two experiments) as an amorphous solid. Azaindoline 34:
R;0.26 (EtOAc); 'H NMR (500 MHz, CDCls): § 7.94 (d, J = 5.3, 1H), 6.61 (d, J = 5.3, 1H), 5.33
(s, 1H), 4.51 (br. s, 1 H), 3.99 (ddd, J = 8.8, 7.6, 1.5, 1H), 3.88 (s, 3H), 3.54 (ddd, J=11.2, 8.8,
5.5, 1H), 2.45 (ddd, J = 12.2, 5.5, 1.5, 1H), 2.08 (ddd, / = 12.2, 11.2, 7.6, 1H), 1.53 (s, 3H); °C
NMR (125 MHz, CDCL): 154.2, 149.8, 141.9, 132.3, 105.7, 98.8, 67.9, 55.5, 54.9, 39.8, 22.8; IR
(film): 3308, 2926, 2867, 1614, 1498 cm™'; HRMS-APCI (m/z) [M + H]" calcd for C;,H;sN,0,",
207.11280; found 207.11210.
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Me,
. M
| ) -Hel € 4% aq H,S0, | A 0
N__A_ _NH, + _
N Ho 120°C, 1h N A N
OMe N .
(70% yield) OMe
37 14 38

Azaindoline 38. Purification by preparative thin-layer chromatography (2:1 Hexanes:EtOAc)
yielded azaindoline 38 (70% yield, average of two experiments) as a colorless solid. Azaindoline
38: mp: 143-145 °C; R 0.51 (1:1 Hexanes:EtOAc); 'H NMR (500 MHz, CDCLs): § 7.64 (d, J =
5.1, 1H), 6.70 (d, J = 5.1, 1H), 5.34 (s, 1H), 4.48 (br. s, 1H), 3.99-3.95 (m, 4H), 3.54 (ddd, J =
11.2,8.7,5.1, 1H), 2.16 (ddd, J=12.3, 5.1, 1.6, 1H), 2.07 (ddd, J = 12.3, 11.2, 7.3, 1H), 1.47 (s,
3H); °C NMR (125 MHz, CDCly): 150.0, 142.3, 137.1, 132.9, 112.3, 99.9, 67.6, 55.1, 53.2,
40.8, 23.9; IR (film): 3328, 2956, 2867, 1611, 1471 cm '; HRMS-APCI (m/z) [M + H]" calcd for
C11H5sN,0,", 207.11280; found 207.11261.

Me,
MeO Me,
| Ry - HCI 4% aq H,SO, MeO N
NZ SN ' 120°C,3 h | Z °
N HO™ o ’ NN H

39 14 (53% yield) 40

Azaindoline 40. Purification by preparative thin-layer chromatography (1:1 Hexanes:EtOAc)
yielded azaindoline 40 (53% yield, average of two experiments) as a yellow solid. Azaindoline
40: mp: 87-90 °C; Rr0.13 (1:1 Hexanes:EtOAc); 'H NMR (500 MHz, CDCL3): & 7.56 (d, J=2.7,
1H), 6.95 (d, /= 2.7, 1H), 5.31 (s, 1H), 5.11 (br. s, 1H), 3.97 (ddd, J = 8.8, 7.0, 1.6, 1H), 3.78 (s,
3H), 3.58 (ddd, J = 10.9, 8.8, 5.4, 1H), 2.13-2.03 (m, 2H), 1.47 (s, 3H); °C NMR (125 MHz,
CDCl): 156.7, 150.5, 130.9, 128.8, 120.6, 98.0, 67.2, 56.8, 52.6, 41.5, 24.7; IR (film): 3206,
2956, 2866, 1627, 1480 cm'; HRMS-APCI (m/z) [M + H] calcd for CH;sN,0,", 207.11280;
found 207.11214.

N Me Me,

| Xy -HCl 4% aq H,SO, Na 5
AN * b 120°C,3 h l —
N HO™ Ng ; N H
41 14 (1% yield) 42

Azaindoline 42. Purification by preparative thin-layer chromatography (98:2 EtOAc:Et;:N)
yielded azaindoline 42 (11% yield, average of two experiments) as an amorphous solid.
Azaindoline 42: R, 0.44 (EtOAc); 'H NMR (500 MHz, CDCls): & 7.95 (dd, J = 5.1, 1.4, 1H),
6.93 (dd,J=17.9,5.1, 1H), 6.79 (dd, J= 7.9, 1.4, 1H), 5.31 (s, 1H), 4.59 (br. s, 1H), 3.99 (ddd, J
= 8.9, 7.6, 1.6, 1H), 3.53 (ddd, J = 11.2, 8.9, 5.3, 1H), 2.43 (ddd, J = 12.2, 5.3, 1.6, 1H), 2.09
(ddd, J =12.2, 11.2, 7.6, 1H), 1.52 (s, 3H); °C NMR (125 MHz, CDCl): 155.0, 142.7, 140.1,
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122.5, 113.9, 98.3, 67.7, 54.0, 40.1, 22.9; IR (film): 3330, 2961, 2867, 1602, 1436 cm™'; HRMS-
APCI (m/z) [M + H]" caled for C1oH3N,0", 177.10224; found 177.10093.

C. Synthesis of an Aza-Analogue of Phensvenine

BnO N Me,
| X - HCl e 4% aq H,S0, BnO. N
N _NH, * T | _ °
N HO™ N ’ N H
(81% yield)
43 14 44

Azaindoline 44. A round-bottom flask containing a magnetic stir bar was charged with lactol 14
(37.2 mg, 0.364 mmol, 1.0 equiv) and 4% aqueous H,SO4 (7.3 mL, 0.05 M). Hydrazine 43
(274.3 mg, 1.092 mmol, 3.0 equiv) was added and the flask equipped with an air condenser. The
reaction mixture was then placed in a pre-heated oil bath and allowed to stir at 60 °C for 1 h.
After cooling to room temperature, the reaction mixture was transferred to a separatory funnel
with deionized H,O (5 mL) and EtOAc (5 mL). The reaction mixture was then basified to a pH
of 9 with saturated aqueous NaHCO; (ca. 10 mL). The layers were separated and the aqueous
layer was extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with
saturated aqueous NaCl (10 mL), and then dried over Na,SO4. The volatiles were removed under
reduced pressure, and the crude residue was purified by flash chromatography (2:1
Hexanes:EtOAc) to yield azaindoline 44 (83.2 mg, 81% yield) as a yellow oil. Azaindoline 44:
R;0.54 (1:1 Hexanes:EtOAc); 'H NMR (500 MHz, CDCl;):  7.46 (d, J = 7.2, 2H), 7.35 (t, J =
7.2, 2H), 7.30-7.28 (m, 1H), 6.87 (d, J = 8.5, 1H), 6.48 (d, J = 8.5, 1H), 5.31 (s, 1H), 5.30 (s,
1H), 5.27 (s, 1H), 4.25 (br. s, 1H), 3.97 (ddd, /=9.1, 7.7, 1.7, 1H), 3.53 (ddd, /= 11.1, 9.1, 5.1.
1H), 2.39 (ddd, J=12.1, 5.1, 1.7, 1H), 2.04 (ddd, J = 12.1, 11.1 7.7, 1H), 1.48 (s, 3H); °C NMR
(125 MHz, CDCl3): 159.1, 151.0, 138.1, 137.1, 128.5, 128.3, 127.8, 119.9, 108.6, 99.2, 68.1,
67.7, 54.5, 39.7, 22.8; IR (film): 3348, 2963, 2930, 1603, 1447 cm '; HRMS-APCI (m/z) [M +
H]" calcd for C;7HoN>O,", 283.14410; found 283.14342.

Me NaH Me,
BnO_ _N a BnO_ _N
| S 0o Mel . | B o)
Z~N H DMF, 0t0 23°C,5h Z~N H
H Me
o
44 (77% yield) SI-16

Azaindoline SI-16. A 1-dram vial was charged with a magnetic stir bar, flame-dried under
reduced pressure, and allowed to cool under a N, atmosphere. Azaindoline 44 (83.0 mg, 0.294

mmol, 1.0 equiv) was added and the vial was flushed with N, for 5 min. DMF (294 uL, 1.0 M)
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was added and the reaction mixture cooled to 0 °C under an N, atmosphere. NaH (60%
dispersion in mineral oil, 26.0 mg, 0.647 mmol, 2.2 equiv) was added in one portion and the
reaction was left to stir for 30 min at 0 °C. Mel (44 uL, 0.706 mmol, 2.4 equiv) was then added
dropwise over 1 min. After 30 min stirring at 0 °C, the reaction mixture was warmed to 23 °C
and allowed to stir for 4 h. The reaction mixture was then transferred to a separatory funnel with
deionized H,O (3 mL) and CH,Cl, (3 mL). The layers were separated and the aqueous layer was
extracted with CH,Cl, (3 x 5 mL). The combined organic layers were washed sequentially with
deionized H,O (3 x 3 mL) and saturated aqueous NaCl (10 mL), and then dried over Na,SOy,
The volatiles were removed under reduced pressure, and the crude residue was purified by flash
chromatography (3:1 Hexanes:EtOAc) to yield azaindoline SI-16 (61.0 mg, 77% yield) as a
colorless oil. Azaindoline SI-16: R, 0.46 (3:1 Hexanes:EtOAc); 'H NMR (500 MHz, CDCL): §
7.46 (d,J=17.5,2H), 7.35 (t, J=17.5, 2H), 7.30-7.27 (m, 1H), 6.64 (d, J = 8.3, 1H), 6.50 (d, J =
8.3, 1H), 5.32-5.27 (m, 2H), 5.04 (s, 1H), 3.96 (ddd, J = 9.0, 7.6, 1.6, 1H), 3.43 (ddd, J=11.2,
9.0, 5.6, 1H), 2.88 (s, 3H), 2.36 (ddd, J=12.2, 5.6, 1.6, 1H), 2.02 (ddd, /= 12.2, 11.2, 7.6, 1H),
1.47 (s, 3H); °C NMR (125 MHz, CDCLy): 157.9, 151.5, 139.7, 138.2, 128.4, 128.3, 127.7,
115.8, 108.0, 104.3, 68.2, 67.7, 53.4, 39.7, 32.0, 22.7; IR (film): 2930, 2864, 1595, 1457, 1421
cm'; HRMS-APCI (m/z) [M + H]" caled for CisHy1N,O, ", 297.15975; found 297.15959.

Me, Me,
BnO N BCI HO. N
| N o] s - | N o)
PSNAY CH,Cl,, -40 t0 23 °C, 4 h P
Me 87% vyield Me
SI-16 (87% yield) Si17

Hydroxyazaindoline SI-17. A 1-dram vial was charged with a magnetic stir bar, flame-dried
under reduced pressure, and allowed to cool under a N, atmosphere. Azaindoline SI-16 (3.3 mg,
0.011 mmol, 1.0 equiv) was added and the vial was flushed with N, for 5 min. CH,Cl, (222 pL,
0.05 M) was added and the reaction mixture cooled to —40 °C. BCI; (1 M in CH,Cl,, 78.0 pL,
0.078 mmol, 7.0 equiv) was added dropwise over 1 min and the reaction mixture was stirred at —
40 °C. After 5 min, the reaction mixture was warmed to 23 °C and allowed to stir for 4 h. The
reaction mixture was then transferred to separatory funnel containing ice-cold deionized H,O (5
mL). The reaction mixture was basified to a pH of 9 with saturated aqueous NaHCO; (5 mL) and
then extracted with EtOAc (5 x 3 mL). The combined organic layers were washed with saturated
aqueous NaCl (10 mL), and subsequently dried over Na,SO4. The volatiles were removed under

reduced pressure, and the crude residue was purified by preparative thin-layer chromatography
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(EtOAc) to yield hydroxyazaindoline SI-17 (1.9 mg, 87% yield) as a brown solid.
Hydroxyazaindoline SI-17: mp: 169-170 °C; R 0.36 (EtOAc); 'H NMR (500 MHz, CDCLy): §
6.77 (d, J = 8.5, 1H), 6.49 (d, J = 8.5, 1H), 5.01 (s, 1H), 3.97 (ddd, J = 8.8, 7.4, 1.6, 1H), 3.47
(ddd, J=11.2, 8.8, 5.2, 1H), 2.88 (s, 3H), 2.44 (ddd, J=12.2, 5.2, 1.6, 1H), 2.08 (ddd, J = 12.2,
11.2, 7.4, 1H), 1.53 (s, 3H); °C NMR (125 MHz, CDCl;): 159.2, 148.9, 138.5, 118.9, 109.2,
104.5, 67.9, 53.2, 39.5, 32.3, 22.7; IR (film): 2964, 2926, 2669, 1614, 1488 cm™'; HRMS-APCI
(m/z) [M + H]" caled for C;1H;sN,O,", 207.11280; found 207.11227.

Me, H Me,
HO_ _N PhNCO N_ _O_ _N
| N o Ph” \n/ | N o
= '\Nn H PhH,23°C,4 h (o] = '\Nn H
e e
91% yield
SI-17 (91% yield) 45

Aza-phensvenine 45. A 1-dram vial was charged with a magnetic stir bar, flame-dried under
reduced pressure, and allowed to cool under a N, atmosphere. Hydroxyazaindoline SI-17 (5.0
mg, 0.024 mmol, 1.0 equiv) was added and the vial was flushed with N, for 5 min. The vial was
then charged with a stock solution of PANCO (1.7 uL, 0.022 mmol, 1.5 equiv) in PhH (200 pL,
0.075 M), and the reaction mixture was allowed to stir at 23 °C under an N, atmosphere. After 4
h, the volatiles were removed under reduced pressure to yield aza-phensvenine 45 (7.2 mg, 91%
yield) as an amorphous solid. Aza-phensvenine 45: R;0.40 (1:1 Hexanes:EtOAc); 'H NMR (500
MHz, C¢Dg): 6 7.27 (d, J = 8.0, 2H), 7.05-7.02 (m, 2H), 6.83—6.80 (m, 1H), 6.77 (d, J = 8.1,
1H), 6.61 (br. s, 1H), 6.13 (d, J = 8.1, 1H), 4.86 (s, 1H), 3.65 (ddd, J = 8.9, 7.6, 1.6, 1H), 3.25
(ddd, J=11.2, 8.9, 5.4, 1H), 2.52 (s, 3H), 2.26 (ddd, /= 12.2, 5.4, 1.6, 1H), 1.67 (ddd, J = 12.2,
11.2, 7.6, 1H), 1.32 (s, 3H); °C NMR (125 MHz, C¢Dg): 154.0, 152.0, 150.6, 143.5, 138.4,
129.1, 123.7, 119.0, 114.9, 113.0, 103.9, 67.4, 53.2, 40.2, 30.8, 22.7; IR (film): 3281, 2926,
1746, 1646, 1597 cm™'; HRMS-APCI (m/z) [M + H]" caled for C3H,0N303", 326.14992; found
326.14895.
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D. Synthesis of an Aza-Analogue of Aspidophylline A

1. TFA, 1,2-dichloroethane, 40 °C;

MeO._ _N - : N
| Xy : HCI LiOH, H,O:THF, 60 °C -
= N,NHz * 2. TMSCHN,, MeOH:THF, 23 °C
H
(63% vyield)
12 46

Aza-furoindoline 47. A 1-dram vial was charged with a magnetic stir bar, flame-dried under
reduced pressure, and allowed to cool under a N, atmosphere. Ketolactone 46 (10.0 mg, 0.0238
mmol, 1.0 equiv) was added and suspended in 1,2-dichloroethane (1.0 mL, 0.020 M). Hydrazine
12 (35.0 mg, 0.119 mmol, 5.0 equiv) and TFA (10.0 pL, 0.119 mmol, 5.0 equiv) were added to
the reaction vial. The mixture was degassed via the freeze-pump-thaw method using a —78 °C
dry ice/acetone bath. After warming to 23 °C, the reaction vessel was placed into a pre-heated 80
°C aluminum heating block and allowed to stir for 12 h. After cooling to room temperature, the
reaction mixture was filtered over Na,SO,4, washed with CH,Cl, (10 mL), and concentrated
under reduced pressure. The resultant residue was suspended in 1:1 THF/H,O (1.0 mL, 0.02 M)
in a 1-dram vial. LiOH (5.0 mg, 0.230 mmol, 10.0 equiv) was added and the reaction vessel was
placed into a pre-heated 60 °C aluminum heating block. Upon stirring for 2 h at 60 °C, the
reaction was cooled to 23°C. The layers were separated and the aqueous layer was extracted with
CH,Cl, (4 x 2 mL). The organic layers were combined, dried over Na,SO,, and concentrated
under reduced pressure. The resultant residue was suspended in 1:1 THF/MeOH (1.0 mL, 0.02
M) in a 1-dram vial. TMSCHN; (77.0 pL, 0.046 mmol, 2.0 equiv) was added and the resultant
solution stirred at room temperature. Upon stirring for 1.5 h, the reaction was diluted with 2 mL
of H,O and the layers were separated. The aqueous layer was extracted with EtOAc (4 x 2 mL).
The organic layers were combined, dried over Na,SO4, and then concentrated under reduced
pressure. The crude residue was purified by flash chromatography (9:1 Hexanes:EtOAc — 7:3
Hexanes:EtOAc) to afford aza-furoindoline 47 (8.0 mg, 63% yield) as a yellow oil. Aza-
furoindoline 47: R, 0.50 (1:1 Hexanes:EtOAc); 'H NMR (500 MHz, CDCls): & 8.07-8.03 (m,
1H), 7.69-7.61 (m, 3H), 6.88 (d, J = 8.5, 1H), 6.44 (d, J = 8.2, 1H), 5.53 (q, J = 7.0, 1H), 4.38
(br. s, 1H), 4.04 (d, J=15.0, 1H), 3.93 (d, /= 15.0, 1H), 3.78 (br. s, 4H), 3.67 (s, 3H), 3.35-3.28
(m, 1H), 3.21 (q, J = 3.8, 1H), 3.08-3.00 (m, 1H), 2.90 (d, J = 4.8, 1H), 2.47 (dd, J = 13.6, 5.6,
1H), 2.06 (dt, J = 13.5, 3.7, 1H), 1.96 (dt, J = 13.3, 2.6, 1H), 1.52 (dd, J = 6.9, 1.8, 3H); °C
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NMR (125 MHz, CDClL): 171.8, 159.8, 151.2, 148.1, 134.4, 134.0, 133.1, 131.5, 131.1, 129.5,
125.0, 124.4, 120.4, 108.9, 100.8, 68.5, 54.4, 54.2, 53.4, 52.0, 51.7, 48.5, 34.4, 31.2, 30.1, 12.7;
IR (film): 3360, 2950, 2872, 1742, 1163 cm'; HRMS-APCI (m/) [M + H]" caled for
C6H20N405S ", 557.17006; found 557.16905; [a]* b —165.33° (¢ = 0.1, CH,CL).

1. MetSThiol®,
Me Cs,CO;, MeCN, 65 °C

Y

2. formic acid, EDAC-HCI,
DMAP, CH,Cl,, 0 °C

(42% yield, over two steps)

48
(-)-10-Methoxy-9-aza-aspidophylline A (48). To a I1-dram vial, a suspension of aza-

furoindoline 47 (10.0 mg, 0.017 mmol, 1.0 equiv) and Cs,COs (18.0 mg, 0.0539 mmol, 3.0
equiv) in MeCN (1.0 mL, 0.02 M) was added MetSThiol® (58.0 mg, 0.0718 mmol, 4.0 equiv).

The reaction vessel was placed in an aluminum block and heated to 65 °C. After stirring for 12 h,
the reaction was cooled to 23 °C and filtered through a plug of celite (100 mg) and washed with
10 mL of MeCN. The filtrate was concentrated under reduced pressure to afford the

corresponding secondary amine, which was used subsequently without further purification.

In a 20 mL scintillation vial, HCOOH (9.6 pL, 0.255 mmol, 15.0 equiv) was added to a
solution of DMAP (44 mg, 0.358 mmol, 20.0 equiv) and EDAC<HCI (34 mg, 0.179 mmol, 10.0
equiv) in CH,Cl, (3.8 mL, 0.005 M) at 0 °C. This mixture was stirred at 0 °C for 15 min, at
which point a 400 pL aliquot of this stock solution was added to the crude denosylated product
in a 1-dram vial equipped with a magnetic stir bar. The reaction mixture was cooled to 0 °C and
stirred for 1.5 h. The reaction mixture was then quenched with saturated aqueous NaHCOs3 (2
mL). The layers were separated and the aqueous layer was extracted with CH,Cl, (4 x 2 mL).
The organic layers were combined, dried over Na,SO4, and concentrated under reduced pressure.
The crude mixture was purified via flash chromatography (1:1 Hexanes:EtOAc — 1:9
Hexanes:EtOAc) to afford (—)-10-methoxy-9-aza-aspidophylline A (48) as a colorless oil (3.0
mg, 42% yield). (-)-10-methoxy-9-aza-aspidophylline A (48) was observed as a 5:1 mixture of
rotational isomers in CDCls. (-)-10-methoxy-9-aza-aspidophylline A (48) (Major rotational
isomer): R,0.27 (1:9 Hexanes:EtOAc); 'H NMR (500 MHz, CDCLs): § 8.12 (s, 1H), 6.95 (d, J =
8.5, 1H), 6.49 (d, J = 8.5, 1H), 5.62 (q, J = 6.8, 1H), 4.38 (d, J = 18.0, 1H), 4.01-3.96 (m, 2H),
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3.85 (t,J=3.0, 1H), 3.80 (s, 3H), 3.70 (d, J = 3.2, 1H), 3.69 (s, 3H), 3.55-3.47 (m, 1H), 3.31 (q,
J=4.1, 1H), 2.95-2.86 (m, 1H), 2.82 (d, J= 4.8, 1H), 2.67 (dd, J=13.6, 5.6, 1H), 2.10 (dt, J =
13.3, 2.7, 1H), 2.00 (dt, J = 13.5, 3.8, 1H), 1.54 (br. s, 3H); °C NMR (125 MHz, CDCL;): 171.6,
164.3, 160.1, 151.6, 134.1, 129.1, 124.3, 121.4, 109.7, 101.2, 69.2, 54.3, 54.2, 53.5, 52.0, 51.8,
44.6, 33.2, 30.8, 30.4, 12.9; IR (film): 3318, 2927, 2862, 1744, 1421 cm™'; HRMS-APCI (m/z)
[M + H]" caled for C,Ha6N30s", 400.18670; found 400.18560; [a]**°p —4.00° (c = 0.1, CH,CL).

References

"'Boal, B. W.; Schammel, A. W.; Garg, N. K. Org. Lett. 2009, 11, 3458-3461.

2 Schammel, A. W.; Boal, B. W.; Zu, L. Mesganaw, T.; Garg, N. K. Tetrahedron 2010, 66,
4687-4695.

3 Moreno, J.; Picazo, E.; Morrill, L. A.; Smith, J. M.; Garg, N. K. J. Am. Chem. Soc. 2016, 138,
1162-1165.



Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S21

"H NMR Spectra



Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S22

wdd

800°€

£00°L

E~

€00}
000'}
§S6E°C

=

8062

ol

L
00} Od

0 g9

ZH 0€0 a7

0 dSS

N3 MaAmMm

ZHIN 1000€1°00S 4S
964499 IS

slajawesed buissadold - 24

M 0000000S°€ M1d

28sn 00°01 Id
HI LONN

ZHIN 8000€€ 100G 104S
L odL

285 000000002 La

M 0862 al

29sN 00'01 3aa
28sn 000°0S ma
L0°0€ Y

0988 666/9/2°€ ov
ZH 9/150€°0 S3yald
ZH 000°0000} HMS
0 sa

el SN

OSIa LIN3AT0S
9€559 aL

0gbz DOddINd

) 2000 8¥26L1Z AHIOHd
00GAe INNYLSNI
ueel _auwi]
910,102 aleq

slajaweled uolisinboy - g4

I ONOOHd
ONdX3

!
NOLOdd-v6¢-€-Srd  JINVN
sieleWeled Ble( juaing

106°¢

/6E°01




Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S23

== N o w
o0 o © -
313 S ) a
wdd 0 ! 2 € 4 g 9 L 8 6 (o] L 4!
L | | | | | | | | | | | | |
J\J.\l
00°L od
0 ao
ZH 0£°0 a1
0 €SS
W3 Mam
ZHIN ¥¥000€ |00 4s
9£G59 IS
slajawesed buissadold - 24
M 00000005°E IM1d
28sn 00°01 Id
HI LONN
ZHIN 8000€€ 005G LO4S
L odL
285 000000002 1a
3 0°862 al
29sN 00'01 3aa
28sn 000°0S ma
L1812 Y
0988 666/9/2°€ ov
ZH 9/150€°0 S3yald
ZH 000°0000 HMS 34
0 sa H
8 SN N
OSIa LIN3AT0S CHN” N
98559 aL 19H - _
0gbz DOddINd /z
) 2000 8¥26L1Z AHIOHd
00GAe INNYLSNI
uezgl _auwi]
2H0L102 aleq

slajaweled uolisinboy - g4

} ONOOHd
. N
NOLOHd-890-1-AM  INVN

sieloweled Ble( juaing

v L



Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S24

w - - - - w
2 s = s B
L) o (9] W (] w
wdd L 8 6 (018 Ll
L | | | | |
i P
00t od
0 a9
ZH 0€°0 a7
0 dSS
\E| Mam
ZHIN 6€000€ +°00S 4S
9€GS99 IS
slajawesed buissadold - 24
M 0000000G°E€} IM1d
088N 000} Id
HL LONN
ZHIN 8000€€}+°00S LO4S
L oaL
08S 000000002 1
M 0°'86¢ 31
29sn 000t 3a
28sn 000°0S Ma
vich 94
088 666/.9.2°€ ov
ZH 9/150€°0 S3dald
ZH 000°0000 HMS 6¢
0 Sa n N
8 SN Zun 2
oswg_ - ANIAOS S
al
0gbz 50ddINd IOH: X"oon
) 2000 8+2611Z AQHIOHd
00GAe WNYLSNI
Uecktk _swi]
60104102 ole(q
slajaweled uolisinboy - g4
! ONOOHd
L TN TN
3dNYO-S¥0-¥-Srd  INVN w N R R I N ENENENEN © ©
slajaweied ele( juaing N OO ADDRN®D® o N
> BaIBBBSHAIN 8 &




Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S25

wdd

€0

€L0'L
0L}
600°I
€160

L
00} Od

0 g9

ZH 0€0 a7

0 dSS

N3 MaAmMm

ZHIN 01000€1°00S 4S
964499 IS

slajawesed buissadold - 24

M 0000000S°€ M1d

28sn 00°01 Id
HI LONN

ZHIN 8000€€ 100G 104S
L odL

285 000000002 La

M 0862 al

29sN 00'01 3aa
28sn 000°0S ma
vieL Y

0988 666/9/2°€ ov
ZH 9/150€°0 S3yald
ZH 000°0000} HMS
0 sa

el SN

OSIa LIN3AT0S
9€559 aL

0gbz DOddINd

) 2000 8¥26L1Z AHIOHd
00GAe INNYLSNI
uervi _auwi]
910,102 aleq

slajaweled uolisinboy - g4

I ONOOHd
ONdX3

!
NOLOHd-€90-¥-Srd  JINVN
sieleweled Ble juaing

SEL'Y

x4

ZT

-,

°HN
IOH -

SN0

NS




Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S26

w = = o
- o oo [
R > 3|8 &8
wdd 14 L 8 (o] [
L | | | | |
00t Od
0 a9
ZH 0€°0 al
0 4gSss
\E] MAdm
ZHIN 6€000€}°00S 4S
9€699 IS
slajawesed buissadold - 24
M 0000000S°€} IM1d
98sn 000} Id
HL 1ONN
ZHIN 8000€€ 100G LO4S
b 0al
088 000000002 1
M 0°'86¢ ENE
08sn 000} 3d
98sn 000°0S ma
[SWA od
08S 666.9.2°€ oV
ZH 9/1G0€°0 sS3yald s€
ZH 000°00001} HMS
0 sa y JWo
el SN N
OSNd 1IN3IAT0S °HN” z
96659 aL
ogbz H0HdINd DH: X
) 2000 8+2611Z AQHIOHd
00GAe WNYLSNI
yocvh _swi]
91¥0L10¢C ole(q
slajaweled uolisinboy - g4
b ONOOHd
- e AN
NOLOYd-240-¥-Srd  3NVN
sicjoWeled BIEQ JUSLND P SN 2% P
5 2% 3% &



Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S27

© o =2 »
o © o o -
3 3 38| 18 =
wdd 0 ! Z € ¥ S 9 A 8 6 ot L
L 1 1 1 1 1 1 1 1 1 1 1 1
: yﬁ [T
00°L od
0 ao
ZH 0€°0 a1
0 €SS
W3 Mam
ZHIN 07000€ |00 4s
9£G59 IS
slajawesed buissadold - 24
M 00000005°€L IM1d
28sn 00°01 Id
HI LONN
ZHIN 8000€€ 1009 LO4S
L odL
285 000000002 1a
M 0°862 al
29sN 00'01 3aa
28sn 000°0S ma
vL2h Y
0988 666/9/2°€ ov
ZH 9/150€°0 S3yald
ZH 000°0000 HMS zl
0 sa H
cl SN N
OSIa LIN3AT0S N P
9£559 aL |
0gbz 90Yd1Nd P X ~oem
) 2000 8+2611Z AHIOHd
oogne INNYLSNI
uelLLL _auwi]
910,102 aleq

slajaweled uolisinboy - g4

VoG /A NS

I
NOL1OHd-6S¢-¢-HN  JINVN

w O NNNNNN =
sielaweled Ble juaing @ nonpan0il 2
[} ANDNOOINWOPNS w



Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S28

9LL'L
280’}
850’}
§69°0

wdd 0 b 4 € 14 S 9 L

~ ©
[e2]

L10'€

00°t Od

0 g9

ZH 0€°0 a1

0 8ss

N3 Mam

ZHIN LE000EE 00G 1S
89/¢E IS

slajawesed Buissadold - g4

ZHIN 0¢00€€€°00S LO4S

ZT
27\

aro  11d
09sn 0g'E L +d
HI LONN
===== |} JTINNVHD ========
1 odL
9 00000000°2 ra
3 6962 3L
08sN 00'9 3a
09N 000°0S Ma
2'€0e oY
008 666/9/2°€ ov
ZH 8862510 S3yal4
ZH 000°0000 HMS
0 sa
8 SN

Oosa IN3IAT0S ZHN”
9€G59 al

0gbz 504dINd IOH -
008Z Z-99 Ww G aHAOYd

00SxIp NNYLSNI

8y’ /LL _ewi
71LE0LL0C aled
slajaweled uolisinboy - g4

I ONDOHd
L ONdX3 & // 7
1IYS-0€k-+-Sre - INYN
sieleweled Bleq 1Ualng

G808
1698 ——

yev'ol



000'¢
200’}
S00'}

wdd 0 b 4 € 14 S 9 L

¥66'2

Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S29

00°t Od

0 g9

ZH 0€°0 a1

0 8ss

E! Mam

ZHIN 9¥000€€°00G 1S
89/¢E IS

slajawesed Buissadold - g4

ZHIN 0¢00€€€°00S LO4S

aro  11d

o8sn 0g'gl Id
HI LONN

===== |} TINNYHO ========
L oaL

285 000000002 La
M2 /62 al

08sn 00'9 3aa
28sn 000°0S ma
18t Y

0988 666/9/2°€ ov
ZH 8852510 S3yald
ZH 000°0000} HMS
0 sa

8 SN

OSIa LIN3AT0S
9€559 aL

0ebz DOddINd

008Z Z-QQWw G gHIOHd
00SxIp NNYLSNI
LEEL _ewi
60119102 aled
slajaweled uolisinboy - g4

- ONOOHd
3 ONdX3

3dNdO-98¢-€-Srd INVN
sieleweled Ble( juaing

Lev'L
6vy'L

LSv'L
9Gv°L
891,

€LV'L

7

160'8
960'8
el 8 ——

ZT
27\

°HN
IOH -

Le

YSy oL



Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S30

§/6'¢

=2Ll¢

228’0

=55

—

wdd 0 1 Z € ¥ S 9 L 8 6 0 L
1

00°t Od

0 g9

ZH 0€°0 a1

0 8ss

AE! Mam

ZHIN 0¢c00€€°005 1S
89/¢E IS

slajawesed Buissadold - g4

ZHIN 0¢00€€€°00S LO4S

gpo  11d
o8sn 0g'E Id
Hi FONN
===== |} JANNVHO ========
! 0al
985 000000002 Ia
% 0°262 aL
98sn 00°9 3a
99sN 000°05 Ma
Z'€0e oY
09S 666/9/2°€ ov
ZH88G2SL0  S3HAld
ZH 000°0000+ HMS s
0 Sa H
8 SN N
OSWa IN3A10S HNT NP
9£559 aL _
0ebz DOYdINd IOH* X~ “ous
008Z Z-99 WW § dHZOHd
005xIp INNYLSNI
€€'8 _owi
22204102 areq
sislowelred uonisinboy - g4
! ONOOYd
L ONaG | = — ||
11vs60L-y-Srd  JNYN NOONNNNNNNNNNNNNNNN ©o
SiSloUIBIEd BIEQ USUND Reehihepeuerssiegsgs 82
m—/uOC._nO.V.VG.VC._O/_?v/_.VOC._nO.—V Ooa.lm



Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S31

=10c’e
— 60t
=890}
=EL0°}
-/9.0°¢
< —\840°I
=560
=¥l0'l
=000'

wdd 0 ! 2 € S 9 A 6 ot
L 1 1 1 1 1 1 1 1 1 1
] L ] __ %
00°L od
0 ao
ZH 0€°0 a1
0 €SS
W3 Mam
ZHIN 22100€L00S 4s
9£G59 IS
slajawesed buissadold - 24
M 00000005°E IM1d
28sn 00°01 Id
HI LONN
ZHIN 8000€€ 100G LO4S
L odL
285 000000002 1a
M 0862 al
29sN 00'01 3aa
28sn 000°0S ma
vL2h Y
0988 666/9/2°€ ov
ZH 9/150€°0 S3yald
ZH 000°0000+ HMS st
0 sa n
8 SN =
m_oo%mmmw LIN3AT0S -
aL
0gb2 90HdINd oy O
) 2000 8+2611Z AHIOHd
00GAR INNYLSNI
U/ly'Sk _auwi]
€L10L1L02 aleq

slajaweled uolisinboy - g4

I ONOOHd
ONdX3

L
NOLOYd-660-F-HAr  JNVN
sieleweled BleQ 1UaLNy

e\ NSE—— NN

SNONPPOPNPPOPNPONOPDNONPPDNOPDNONNOINDWLWWWLWWLWWWLWWWWWWUIO oD
POOOOOOCOOWWWWARNBRRUOIUIUIU1U1UIUI00WWWOIW©WW©ONDDD0®
NOMNMNMNPADRIIODOOOOO=LNNO=2MNNNOWWROOANDIINDOODDNDO®ONN DN ©
VOOV OWWAMNMNNIIOIOONODWIAEINPOPOONPONPNO=PARPMPONO®




Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S32

= 990:L
=cg0’t

= SQO:L
=<1€0°¢
—290'L
=(896'0
=10t
=000°t

wdd 0 ! 2 € ¥ S 9 A 6 (]!
L | | | | | | | | |
T X _ﬁ s 's O\
ﬁ
00+ Od
0 ao
ZH 0€°0 a1
0 4dss
ES MAm
ZHIN 02200€€°005 4S
89/2¢ IS
slajawesed Buissadold - g4
ZHIN 0200€€€°005 LO4S
aro 11d
098N 0g°¢l Id
HL LONN
===== |} TINNYHD ========
! 0dlL
08S 000000002 1a
M L°L62 al
29sn 00°9 3a
29sN 000°0S Ma
1S Oy
088 666.9/2°€ ov
ZH 8862510 S3dald ya
ZH 000°0000 HMS
0 sa n
6 SN z
,o,_oo%mmmmV IN3IAT0S “
alL
06z ©OHdINd g ¢

008Z Z-QQWw G gHIOHd
00SxIp NNYLSNI
GG'8 _ewi
L2€0L102 aled
slajaweled uolisinboy - g4

- ONOOHd
I ONdX3

NOLOHJ-¥EL-E-AM  JINVYN Y
sieloweled Ble( juaing ag
o =




Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S33

seilal BIBR sklallel Bl B
wdd 0 L 2 € 4 g 9 A 8 (]!
L | | | | | | | | | |
00'k od
0 ao
ZH 0£°0 a1
0 4SS
E| Mam
ZHIN 92100€ - 00¥ 4S
9£G59 IS
slajawesed Buissadold - 24
M 00000000°€} IM1d
20N 00'Gl Id
HIL LONN
ZHIN 800¥2€E 1 00¥ LO4S
===== |} TINNYHO ========
L oaL
285 000000002 La
3 0°662 al
08sn 0G'9 3aa
28sN 001'29 ma
G8'GGH Y
08S 69£8662 € ov
ZH€2GISH0  S3yald 61
ZH 028'2108 HMS H
0 sa N~
€10a0 s w_m X,
10a AIN3AT
28825 a1 N™ oo
0ebz DOddINd N
/a9 099vd Ww G aHgOoHd
00pAR INNYLSNI
9202 _auwi]
G2,09102 aleq

slajaweled uolisinboy - g4

oy O e NS e

sloloWeIed BlE ua.un PMPPMNPPPOPNOPNONNONPDNONNONNNNONNDLDWWWWWWWWWWWhaogouooo oo orolo
VO —-WOONNOONOO=L=0—=MNNWPAPANWVLWANNOOOMNMNNOIOD OO O©OO
N2 —=O0ONONN—-00OD00OUINOWNOMO—_LONPOIODUONNONWIINNOOWWO O




KY-1-127-puri
180
1

PROCNO

Current Data Parameters
EXPNO

NAME

- -

VO TOTOWOLW
XOOOAN— OO
TSI ®
e ————

629’

Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S34

n
-~ i
[a)] N

» (g 0 N

5 P N o s = 5 =

© Q o) T3 8 o o) o o =

E+ SB8 o Qe ag 2 -8 89 £ o

T SO N%O‘J S a9 =S w9 F R~ N

< o IRR ©no 3XO Uy 59 © ~s §

S5V s NYOo P RRS 508 ZNLoS Bool

cen E @ ©°5528402887 I 338 ome @ 2

oK™ E S8CRoCas I8 ~u £8= ©c v

5 0 ) . OoF - 278

5 EQO = N Il Q I o

=3 o =z i o o

S  EEE U i ! g

NTELTDN0VN2200ZWw—A JL2r0 au-—-w20an®o

LOFZaarFrnZO0N0LIEDOFOF I10WZ08 LONSHOI04
;
=

—_—
o
I
2T
2
A o)
/
2\«

ppm

E T _Blle
£80'1
&Il

\889'}

—9%0°L

=810t

F . =J00°F




Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S35

w| = o\ 22 @ = 22 N
-t n [(e}l=] [=l{e) o o o o o ©
wdd 0 L 2 € ¥ S 9 A 6 ol
L | | | | | | | | | |
IR
00't Od
0 ao
ZH 0€°0 al
0 dSS
AE| Mam
ZHIN 92100€}°00% 1S
9€699 IS
sJojowesed Buissadold - 24
M 00000000°€H FMd
98sn 00°G bd
HI FONN
ZHIN 800%2€ 001 LO4S
===== |} TINNVYHO ========
b odal
285 00000000°2 +a
M 0662 31
o9sn 0G'9 ad
99sn 001'29 Md
G8'GS} oY
08S 69£8662 '€ ov
ZH €251S1°0 S3ddald 74
ZH 02¢8'¢L08 HMS H
0 Ssda
ze SN H NZ#
€10a0 IN3IATOS SIN
28825 aL X oom
0ebz D04dd1Nd I
/99 099vd Ww G agHgOoHdd
00pAe WNNYLSNI
Sy'Gl _owi]
10809102 areq
slajaweied uonisinboy - g4
I ONOOHd
09¢ ONdX3

und-904-1-AM  JNVN
sisleweled eleq juaung




Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S36

0920

—ov0'L
—Le0'L
=660°€
—€Sl'e
=020’}

S0}
—Le0'L
=20t
=¥0l'e
= 0v0'c

wdd 0 L 4

)
<
Yo
©
~
[ee]
(<)
o
=

00°t Od

0 g9

ZH 0€°0 a1

0 8ss

AE! Mam

ZHIN ¥¢c00€€°00G 1S
89/¢E IS

slajawesed Buissadold - g4

ZHIN 0¢00€€€°00S LO4S

apo  11d
28sn 0E°C} Id
HI LONN
===== |} JTINNVYHQ ========
b 0alL
995 000000002 ta
3 8'962 3l
28N 00°'9 aa
98sn 000°0S ma
G'06 Y
095 666.9/2°€ ov Sz
ZH 8852510 sS3yald
ZH 000°0000 HMS " n
0 sa = _
9l SN S,
€000 INJAI0S pz SN oom
9£559 aiL
0ebz DOddINd N
008Z Z-99 Ww G  gHIOHd

00SxIp NNYLSNI
9598 _ewi
62€0L10¢ aled
slajaweled uolisinboy - g4

- ONOOHd
3 ONdX3

NOLOHd-2c0-¥-Srd  3NVN
sieleweled BleQ 1ualung

6v.L'L
9921
0LL')
|2
98/.°t
L8’
€/2¢



Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S37

¥S0°}
—8c0'L

TR
e
=izE

© ' — €860
—1E0}
20}

wdd 0 3 4
I

o™
<

00°t Od

0 g9

ZH 0€°0 a1

0 8ss

A Mam

ZHIN S0200€€°00S 1S
89/¢E IS

slajawesed Buissadold - g4

ZHIN 0¢00€€€°00S LO4S

aro  11d
09sn Gg'gh Id
HI LONN
===== || JTINNVHO ========
b oal
095 00000000°2 ra
3 0°0€€ 3L
29sn 00'9 3a
29sN 000°05 Ma
18k oY
09S 666/9.2°€ ov
ZH 88G2S+0 S3dald siawejoy
ZH 000°0000 + HMS sz
0 sa
8 SN H
€0a - ININTOS HN~Z _
al 2z
0ebz DOYdINd SIN"OON SN Noom
0087 7-0q Ww § gHEOHd o
00SXIp INNYLSNI
8E Lt e
8140102 aleq

slajaweled uolisinboy - g4

oG A7 AN NN

I
ANOLOYd-8G¢-¢-HN  JNVN

Zer9—
6EV'9 —
9v8'9
£98'9 —

€lge
leS'e
9€0’¢
950°'¢
690°¢
060'¢
v9'€
Gel'e
088
860'G ——

—_ —a aamprhhN
sialaweled ejeq juaung rOOOORWM
REGEHSR



Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S38

w - - - - - - o o
~ o1 (2] o Sy w o - S
wdd 0 ! 2 € 4 S 9 A 6 ol
L | | | | | | | | | |
00°L Od
0 ao
ZH 0€°0 a1
0 dsS
W3 MAMm
ZHIN ¥2200€€°00S 4s
89/2¢ IS
slajawesed Buissadold - g4
ZHIN 0200€€€°005 LO4S
aro 1d
09sn 0g'El d
HL LONN
===== |} TINNVYHO ========
L odL
08s 000000002 1a
M 0°00€ EN
09N 00'9 aa
29sN 000°0S ma
506 Y
088 666/9/2°€ ov
ZH 8862510 S3yald 0¢
ZH 000°0000 HMS H
0 sa N
9l SN z
€10a0 IN3ATOS ~
9£559 aL 19
0ebz DOHd1Nd oI

008Z Z-QQWw G gHIOHd
00SxIp NNYLSNI
5’6 _ewi
€120L10¢ aled
slajaweled uolisinboy - 24

I ONOOHd
ONdX3

L
OVdVYHO-162-€-Srd  3JINVN
sieleweled BleQ 1ualunNg




Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S39

=¥v0'€

- AN

660'}

—lcl’l
RN
22U R
=St

- <

€00'}

=660
=610}

=G00'}
000 T
= 000'}

N~

wdd 0 L
L | |
-

00t Od
0 a9
ZH 0€0 a7
0 dSS
N3 MAM
ZHN 122c00€€°00S 4S
89/2¢ IS

slajawesed Buissadold - g4

ZHIN 0¢00€€€°00S LO4S

aro  11d

o8sn 0g'gl Id
HI LONN

===== |} TINNYHO ========
L oaL

285 000000002 La
M 6962 al

08sn 00'9 3aa
28sN 000°0S ma
9’101 Y

0988 666/9/2°€ ov
ZH 8852510 S3yald
ZH 000°0000} HMS
0 sa

9l SN

€10a0 IN3IAT0S
9£559 aL

0ebz DOddINd

008Z Z-QQWw G gHIOHd
00SxIp NNYLSNI
856 _ewi
€120L10¢ aled
slajaweled uolisinboy - 24

W %o \%&7 \%I%//

OvdVvHO-86¢2-€-Srd  3JINVN
sieleweled Bleq 1UaLnNg

L0G°L
820'¢
€v0'¢
0S0'¢
cs0'¢
G90°¢
190°¢
G/0¢
060°¢
9lv'e
6lv'c
9ev'e
6cv'e

e
Evv'e
LGy’
12144
09
vige
LcG'e
92g’e
cegq’e
LEGE
122°8
4IRS
196°€
(VAR
286'c
G86'C

886'€
000
€00y
ca9v
L0€'S
€929

7

0829

cre’9
696'9



Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S40

= 6EL'E

—e8l't

B

wdd 0 L
L | |
—

00t Od
0 a9
ZH 0€0 a7
0 dSS
N3 MAM
ZHN 122c00€€°00S 4S
89/2¢ IS

slajawesed Buissadold - g4

ZHIN 0¢00€€€°00S LO4S

aro  11d

o8sn 0g'gl Id
HI LONN

===== |} TINNYHO ========
L oaL

285 000000002 La
M 8°962 al

08sn 00'9 3aa
28sn 000°0S ma
18t Y

0988 666/9/2°€ ov
ZH 8852510 S3yald
ZH 000°0000} HMS
0 sa

l€ SN

€10a0 IN3IAT0S
9£559 aL

0ebz DOddINd

008Z Z-QQWw G gHIOHd
00SxIp NNYLSNI
00'6 _ewi
82€0.L10¢ aled
slajaweled uolisinboy - g4

3 ONOOHd

I ONdX3
NOLOdd-¢/0-¥-Srd  JNVN S S SN SN SR
sisjeweled eleq juaung MO0 Q-
NN N©OO
© O1 O 0 whN

AN ¥4
cev’e
i'e
9G¥'¢

60"}
0}
r
60
[
0|

"

9

I
4

I

4
0!

I

N
—/8ct'E

8

P\ iddid

8

=

6

o
- Tan 1
- o=o0'N
=S00°}
R0
—2tY

000 T
~

- <
~

——

A ey

Sov'2
91ge
125°€
vESe
655°€
vrSe
6v5E
955°¢
195°€
L18°€
896°€
126€
986°¢
100'Y
00y
2Isy
08g's
¥09'9—
G199 —



Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S41

=19r'e

N —G60°}

290tk

=8G0'L

104

= ¥et

- <

=506°0

=< 620’1

wdd
L
00t Od
0 a9
ZH 0€°0 al
0 4gSss
A\E] MAdm
ZHIN 22100€ 100G 4S
9€699 IS

slajawesed buissadold - 24

M 0000000S°€ M1d

28sn 00°01 Id
HI LONN

ZHIN 8000€€ 100G 104S
L odL

285 000000002 La

M 0862 al

29sN 00'01 3aa
28sn 000°0S ma
vieL Y

0988 666/9/2°€ ov
ZH 9/150€°0 S3yald
ZH 000°0000} HMS
0 sa

8 SN

€10a0 IN3IAT0S
9£559 aL

0gbz DOddINd

) 2000 8¥26L1Z AHIOHd
00GAe INNYLSNI
yosek _auwi]
12HL9102 aleq

slajaweled uolisinboy - g4

- ONOOHd
3 ONdX3

3dNY0-662-€-Srd  INVN
sieleweled Bleq 1uaung

89|
cev0e
LSO 4
620¢
180°¢
680°¢
€01'e
lvle
144%4
cSle
SGle

991°¢

691°¢
9/1'¢
6/1°¢
02G'e
0eg’e
LEGE
cree
8vG'E

4R
6G5°€

045°€
0S6°¢
€596'C
¥96°€
0/6°€

\&7\%%/

=< €S0'L
=000}

7

286°¢
G86°¢
986°¢
YA
L8€°G
€0.°9
€1L9
Ye9' L~
9L —



Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S42

=18I'¢

- N —eeT
—860'F
—TErs
—Rert

T p—
8860
—ve0T

[~ =000'F
—=800°F

wdd 0 ! € ¥ 9 8 6 (]!
L | | | | | | | | |
oy 1Y
00t od
0 ao
ZH 0g0 a1
0 dss
[E] MAM
ZHIN £2200£€°00G 48
89/2€ IS
slajawesed Buissadold - g4
ZHIN 0200££€°00G LO4S
aeo 11d
08sN 0g°El id
HL LONN
===== |} JTINNYHO ========
! 0al
985 000000002 1a
M 2162 el
985N 00°9 aa
98sN 000°0S Ma
€191 Y
085 666/9/2°€ ov
ZH 8862510 S3daid ov
ZH 000°0000 HMS
0 sa H NN
8 SN z
€000 IN3ATOS o _
96559 aL X oo
0gbz ©0ddINd SN
008Z 7-99 Ww G  aHAOHd

00SxIp NNYLSNI
soel _ewi
6L10L10C aled
slajaweled uolisinboy - g4

b ONOOHd
oo AR T N e O
d3dd-£S0-¥-Srd  JINVN
sieleweled Ble( juaing N ©



Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S43

=< 0St'e
—.60°t
=990°I
—6.0°t
—280°t

¥€6°0
=010t
=000}

wdd 0 ! 2 € ¥ S 9 8 6 (]!
L 1 1 1 1 1 1 1 1 1 1
v I A i
00°L od
0 ao
ZH 0€°0 a1
0 €SS
W3 Mam
ZHIN 22100€ 100G 4s
9£G59 IS
slajawesed buissadold - 24
M 00000005°€L IM1d
28sn 00°01 Id
HI LONN
ZHIN 8000€€ 1009 LO4S
L odL
285 000000002 1a
M 0°862 al
29sN 00'01 3aa
28sn 000°0S ma
vL2h Y
0988 666/9/2°€ ov
ZH 9/150€°0 S3yald b
ZH 000°0000 HMS
0 sa H n
G SN =z
€10a0 LIN3AT0S o
98559 al SN
0gbz D0odd1Nd I
) 2000 8+2611Z AHIOHd
oogne INNYLSNI
uzoLt _auwi]
02v0. 102 aleq

slajaweled uolisinboy - g4

I ONOOHd
ONdX3

I
dddd3dd-v91l-v-Srd  JINVN

sieloweled Ble( 1ualno;

e N e T

D«
® ¢
o
)S]

LG
6590
v.0'¢
180¢
€80°¢
960°¢
860°¢
901'¢
clv'e
Siv'e
aav'e
c0g'e
clge
0cs'e
1£4°R
0€9°€
crae
€499
cl6’E
¥86°€
/86°€
066'C
100¥
S00'v
18G9V
0les
98L 9
¥08'9
9169
936 9

[ X< ENENENE
O © © © © ¢
DB BEO
ISR Ny

$G6°L

(<] ~
~N ©
[0 S
© N

Ocle
Gev'e
9Ev’e
6EV'C
Lvy'e
0Sve
GEGE
696'C



Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S44

=29l'¢
—1oeg’t
= et}
et}
=901
=2580

wdd 0 ! 2 € ¥ 9 L 6 (o]
L | | | | | | | | | |
e
00t od
0 ao
ZH 0€0 a1
0 dss
[E] MAM
ZH 12200€€°00G 4S
89/2¢ IS
slajawesed Buissadold - g4
ZHIN 0200€€€°00S LOdS
aeo 11d
08sN 0g°El id
HI LONN
===== |} JTINNYHO ========
! 0al
985 000000002 La
M 1'L62 el
985N 00'9 aa
98sN 000°0S Ma
LEbl Y
085 666/9/2°€ ov
ZH 8852510 S3daid e
ZH 000°0000 HMS H
0 sa N
e SN z
€000 LNIATOS |
9€659 aL N oug
0gbz 50"dINd I

008Z Z-QQWw G gHIOHd
00SxIp NNYLSNI
G2c'6 _ewi
0220.L10¢ aled
slajaweled uolisinboy - g4

e A8 T T

¢d3dd-10L-#-Sra  3NVN

PMRPPRNNPRONNONOMRNNNONNNNOORDOWRWORDWRDWRWROTU IO D
SISJOWBIBH EIEQIUBIND 5 0 00 000 W W W W W WE A U1U1U1UIU1U1UUIO ©WO©O©OONNDWWAD
NEOEAITNIDNODOOO2NRNDWANTANHIDN0®®AND = ©
CRNOOPO RNV OOORNAONOLOPRORNTO WO 2GR 2©O




Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S45

=§e0'¢
—20l’L
=¥L0'L
= vle
—8.0'}
=190°L
=<2lo’t
P
=99l¢
=000}
=00’

/6v0" |
=6Sl¢

\G60°¢C

wdd 0 ! 2 € ¥ g 9 L 8 6 (o]
L | | | | | | | | | | |
e e e e
00t Od
0 a9
ZH 0€0 a1
0 dSS
N3 MAM
ZHIN 02200€€°00S 4S
89/2¢ IS
slajawesed Buissadold - g4
ZHIN 0200€€€°00S 1OdS
gapro  11d
o8sn Oog'gl Ld
HI FONN
===== |} TINNVHO ========
b 0dl
088 000000002 1
M 6°96¢ ENE
28sn 00’9 3a
08sn 00005 Ma
908 od
08S 666.9.2°€ oV
ZH 8852510 S3dald
ZH 000°0000} HMS -
0 3q . 9l-IS
8 SN M\
€10a0 1IN3IATOS =z
9€£G99 aL fo)
0gbz D0YdINd SN Noug
008Z Z-QQWw G gHIOHd oI
00SxIp NNYLSNI
LE0L _ewi
G0€0.L10e aled
slajaweled uolisinboy - g4
b ONOOHd
R NS e N e

d3add-0¢t-¥-srd  3INVN
sieleweled Ble juaing

S S NPPPNOMNIOONONNNNYWOORWOWWWWRRANTAUOOOONNNNNNNN
POOOQOOWWWWORABREAARARAROOOOOONNNYBTODNNWWWWAM
NOO2NREROONDRO2NNWXRAONBRNOONENOONORXREIDOWLO® OGN
“NNPOoOOPROONNODOTONNRXONANO®IHORXNNPOD2OUION-0O IOV




Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S46

=€60°€
—050°}
=cc0't
=e¥0'e
—6l0°t
=EL0'}

- =000}

=S00°}
=900°I

wad 0 b 2 € 14 L 8 6 ok
L 1 1 1 1 1 1 1 1 1
Y W ) A '] [_‘_yr LI
00t Od
0 ao
ZH 0€°0 a1
0 €SS
N3 Mam
ZHIN 22100€ 100G 4s
9£559 IS
slajawesed buissadold - 24
M 00000005°€L IM1d
28sn 00°01 Id
HI LONN
ZHIN 8000€€ 1009 LO4S
! odL
08S 000000002 1a
M 0°862 al
29sN 00'01 3a
28sn 000°0S Ma
vieL Oy
088 666.9/2°€ ov
ZH 9/150€°0 S3yald 21-IS
ZH 000°0000 HMS an
0 sa
ze SN N~#
€10a0 IN3IAT0S ~
9£559 aL N~ TOH
0gbz HOHdNd oI
) 2000 8+2611Z AHIOHd
oogne INNYLSNI
1z ol _auwi]
2202102 aleq

slajaweled uolisinboy - g4

+d3Hd-6€L-¥-Srd  INVN -
sieleweled Ble juaing

T Errrrrr N s errerrpprriery




Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S47

=89t'E
—690°L
=LI0'}
=G66'C
—950°t
=L80°L
=600°I
/96.°0
/¥80°
\8lc'}
>L80:Z
=696’

© e v
=900}

00} Od

0 g9

ZH 0€0 a7

0 dSS

N3 MaAmMm

ZHIN 6€666¢ |00 4S
964499 IS

slajawesed buissadold - 24

M 0000000S°€ M1d

28sn 00°01 Id
HI LONN
ZHIN 8000€€ 005G 104S
L odL
285 000000002 La
3 0°862 al
29sN 00'01 3aa
28sn 000°0S ma
vL2h Y
0988 666/9/2°€ ov
ZH 9/150€°0 S3yald
ZH 000°0000 HMS
0 sa ap
9l SN H N~
9090 LIN3AT0S
9£G59 aiL o S
0gbz DOddINd
) 2000 8¥26L1Z AHIOHd oIN
00GAe INNYLSNI
UezGlh _auwi]
L0v0. 02 aleq

slajaweled uolisinboy - g4

b ONOOHd

L ONdX3
AANHOLGIP-SME  JNYN= =+ = =+ 2 S S NP NNPONNOWRWOWRRVWNRRDWPIRADDIOIDDDO DD NN NNNN
m‘_wuwrc.m;_mn_.mﬁmﬂucmtjggg999/__6_63_6ZzaagazzzazzzgggggggglI>9/_/_88000000007u_6
QOO NNOOBRAPRPTADODNNONNWAPRAAUOODNWWOWLAAOOOONTINWL000 =2 =-W=2WWHOoOo
OQWRAROOONNPAPORAROODOOOOO =LA PAONNNNMNNPORANONOOANONONOONW—LO0ONOOOD—=2WOOOI—=




Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S48

00t Od

0 a9

ZH 0€0 a1

0 dSS

N3 MAM

ZHIN 02200€€°00S 4S
89/2¢ IS
slajawesed Buissadold - g4
ZHIN 0200€€€°00S 1O4S
gapro  11d

o8sn og'el Ld

HI LONN

===== |} TINNVHO ========
L oaL

088 00000000°C 1
McLec 31

288N 00'9 Ele]
28sn 00009 Mma
2'€0c od

08S 666.9.2°€ oV
ZH 88G2G+0 S3yald
ZH 00070000+ HMS
0 Sa

ac SN

€10a0 1IN3IAT0S
9€GS99 aL

0ebz 50ddINd
008Z Z-qqww g gH4GO4dd
00SxIp WNYLSNI
00°8L _ownl
9¢¥0.L10¢ ole(q
slajaweled uolisinboy - g4
! ONOOHd

I ONdX3
J8lsuow-9%0-G0-dN3  3JINVN
slajoweied eleq luaing

wdd 0 b 4

=< 00}'€e
—/cec’|
—~L6L'1
—a0c’t
=6/6°0
=¥€0’L
=886'0
—80c’¢
6L

- w0
- ©
E~
-
o
o
2

SA A A A A LSO PN NONNONIONNMNNOWOOWROWOWROWWOWRRARARCTODODO NNNNNN®O® O
OOV OODDOORRRARNOOOOONVMNWWWWINOOOOWWINIUIRARRDNNDNDINODODOD
S SN NREREODNPEAORUONOOONP®ETO2OCO=NNINX2ENANONOXANONTOOIIRDEEG
NOOOWPOANORNOLTONNOOSODNNIDAIR L ANRANPRAROOITIDAINORZIINOIOI =0 @O



Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S49

(

999
av500
zg30
65536
CDCI3
12
0
1H
EM
0.30 Hz

10.00 usec
13.50000000 W

11.44 h
10000.000 Hz
0.305176 Hz
3.2767999 sec
30.07
50.000 usec
10.00 usec
298.0 K
2.00000000 sec
1

500.1330008 MHz
1.00

20170428

ENP-05-050-proton
2
65536
500.1300121 MHz

F2 - Processing parameters
0
0

PLWA1
SI
SF

F2 - Acquisition Parameters
PC
1

Date
PROBHD Z119248 0002

(2]
o
[}
jo)
[}
IS
IS}
o
S
o
©
S
©
o
.
c
o
o
=
)
(@]

PROCNO
PULPROG
TD
SOLVENT
NUC1
WDW
SSB

LB

GB

Time
INSTRUM
P1

NAME

EXPNO

TDO

SFO1
ppm

j

0cle

|

L o 08LT
=E5HE

™

#r
™
i
-l

68L¢c

—
o
e
-~

©
~
[e2)
o

A1
oj
o
o

i

48
Rotamers

MeO




Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S50

C NMR Spectra
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Part I1: Computational Section

Full computational details

Ab initio calculations were performed with Gaussion 09.! Geometries were optimized
and their vibrational frequencies obtained at the MP2/6-31G(d) level of theory, with the
SMD solvation model for water.? MP2 energies were corrected using the “spin-
component-scaled” (SCS) approach, pioneered by Grimme,* such as

E(SCS-MP2) = E(SCF) + 1.2%(ap) + (1/3)*(co+Bp)

where oo, BB, and af are the “alpha-alpha”, “beta-beta” and “alpha-beta” spin
contributions, respectively, found in the Gaussian output. In the case of closed-shell
calculations such as those used in the current study, aa and Bp are identical. This SCS-
MP2 correction was found to greatly improve the performance of MP2 calculations,
notably for sigmatropic rearrangements.* This SCS-MP2/6-31G(d)/SMD(water)//MP2/6-
31G(d)/SMD(water) method was also chosen as we have previously shown that it
accurately reproduces experimental rates of Fischer indolization reactions.®> Normal mode
frequency analysis was used to confirm that stationary points were either minima (no
imaginary frequency) or saddle-points (TS, one (1) imaginary frequency) on the potential
energy surface. All saddle-points were further analyzed with the Intrinsic Reaction
Coordinate (IRC) tools to verify that they connected the expected minima. ZPE, enthalpy
and free energy corrections were obtained using a standard state of 1 atmosphere of
pressure and 298 K. Free energies were computed using Truhlar’s quasiharmonic
oscillator approximation, setting all frequencies below 100 cm™ to 100 cm™.% The free
energies reported in this study are thus obtained by adding the quasiharmonic free energy
corrections to the SCS-MP2 electronic energies. Reported structures are the result of
extensive conformation sampling on all evaluated compounds. Structures were illustrated
using CYLview.” To obtain atomic charges, natural bond orbital (NBO) analysis
(pop=nbo keyword in Gaussian 09) was performed at the MP2/6-311+G(d,p) level (gas
phase) on the MP2/6-31G(d)/SMD(water)-optimized structures.
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Additional figures and discussion

To study the effects of protonation and substituents on the barriers of the [3,3]
sigmatropic rearrangement typical of Fischer indolization reactions, we chose a model
system based on the combination of aryl/pyridyl hydrazines with propanal S-2. We have
previously shown that in the case of aryl hydrazines, the [3,3]-rearrangement is the rate-
limiting step of the reaction and occurs with the substrates being monoprotonated.®

Scheme S-1: Thermal (unprotonated) Fischer indolization reaction of our model system.

O - L Crd
N 07 H N

S-1 S-2 S-6

|

|
09— o ot ot

S-3 TS 6

AG 0.0 10.1 334 0.9
(kcal/mol)

In the thermal Fischer indolization reaction (Scheme S-1), hydrazone S-3 (formed from
the condensation of aryl hydrazine S-1 with propanal S-2) first tautomerizes to ene-
hydrazine S-4, which can then undergo a [3,3]-sigmatropic rearrangement to form
diimine S-5. This intermediate then rearomatizes and goes on to form the indole product
S-6. When all compounds are neutral, reaching TS 6 from the hydrazone costs 33.4
kcal/mol. This barrier is much higher than what is known experimentally for such
reactions.®

In the acid-catalyzed (monoprotonated) reaction (Scheme S-2), two pathways are
available to the substrates. The hydrazone with its o nitrogen protonated (S-7) is the
global minimum of the system, but TS 7 has the smallest barrier for the rearrangement. In
this case, the activation free energy of the reaction is then 23.8 kcal/mol, which is in
agreement with experimental rates.®
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Scheme S-2: Acid-catalyzed (monoprotonated) Fischer indolization reaction of our

model system.
L~ ]
o <N NH
O = Clgh QM O
H2 H2 HZ NH2
S-9

S-7 TS S-11 S-12
AG 0.0 10.3 25.2 -8.8
(kcal/mol) ﬂ TL TL
ES
\\ A ®
kVI — N 3 Jﬁ e
N N2 Sy
RO H H NH
S-8 S-10 TS7 S-13
AG 0.6 10.6 23.8 -6.0
(kcal/mol)

Therefore, all other systems that we studied were singly protonated. For all pyridyl
hydrazines, three different nitrogen atoms can be protonated on any intermediate or
transition state. Moreover, in most cases the [3,3]-rearrangement can occur on two
different carbons, meaning two transition states and two diimine products are possible for
each protonation state. The full pathway for the parent pyridyl hydrazine is presented
below in Scheme S-3.

Relative free energies for all other computed systems can be found in Table S-1. In all
cases the global minimum is the hydrazone protonated at the pyridine nitrogen.
Moreover, in all but one case, the most favored transition state goes through protonation
at the B-nitrogen of the hydrazone.

The free energy for the pathway of a-methylpyridine hydrazone is found in Scheme S-4.
Once again, the hydrazone protonated at the pyridine nitrogen is the global minimum of
the system, and because of the increased basicity of the methyl-substituted ene-hydrazine
a nitrogen, the best transition state goes through with protonation of the a-nitrogen.
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Scheme S-3: Full pathway for the reaction of protonated 3-pyridylhydrazine. Free
energies in kcal/mol.
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Scheme S-4: Productive pathway for the reaction of methyl-substituted protonated 3-
pyridylhydrazine. Free energies in kcal/mol.
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N N -
| K!I — [ g - J\
= H,N ¥z H,NH &/\LH,,NH
@ @ @ ’T‘
Me Me Me
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7.0 17.4 324
N H N \\ J\ ®
X X NH
| Pz l\|lH | Pz \ILH L/\L -
N"® N“®” & \N"VIe
Me Me I\I/Ie
S-131 S-134 TS S-137
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Table S-1: Compound numbers and relative free energies (kcal/mol) for each possible intermediate or transition state on the potential
energy pathways of different monoprotonated pyridyl hydrazones formed by pyridyl hydrazines and propanal.

‘ Ny MeO._N_ Gl N Bre_Ng ‘ NS - NS MeO.
()\N/NHz | ANz l Ay NH2 | A~ NHe Ay N2 S ”'NHZ ANz ‘N/ NR
H H H H Ome P OMe OMe H
4 12 31 29 33 37 35 39

cmpd# | AG | cmpd# | AG | cmpd# | AG | cmpd# | AG | cmpd# | AG | cmpd# | AG | cmpd# | AG | cmpd# | AG

R@}p‘ S14 |120| S-29 | 65 | S46 | 48 | S64 | 45 | S-82 |130| S-94 | 42 | S106 |17.4 | S118 | 10.2

N
H,

R@E&H S15 [114| S30 | 57 | s-47 | 29 | s65 | 21 | $-83 |120| S95 | 34 | S-107 | 154 | S-119 | 86
H(t‘

el k’ 10 0.0 S-31 0.0 S-48 0.0 S-66 0.0 S-84 0.0 S-96 0.0 | s-108 | 0.0 | S-120 0.0

@ \H S-16 | 22.6 | S-32 165 | S-49 |154| S-67 |148| S-8 |231| S-97 |158| S-109 |28.2| S-121 | 21.8

SOW 11 |218| $33 | 149 | S50 [125| S-68 |121| S86 |201| S-98 |115| S-110 | 237 | S-122 | 188

S-17 | 139 | S-34 139 | S-51 |143| S-69 |142| S-87 |146| S99 |128| S-111 | 153 | S-123 | 133

R@;f‘m S-18 |36.0| S35 | 27.8 | S52 |286| S-70 |27.9| S-88 |355| S-100 | 256 | S-112 | 420 | S-124 | 35.2

rRE ) .
@A\NHZ S-19 37.1 S-36 324 S-53 30.5 S-71 29.7 - - - - - - - -
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8 35.3 9 263 | S-54 | 276| S-72 |268| S-89 |345| S-101 | 258 | S-113 | 40.3 | S-125 | 322
S-20 |36.7| S-37 | 312 | S55 |291| S-73 |284 - - - - - - — _
S-21 |397| S38 | 359 | S56 |396| S-74 |400| S-90 |37.7| S-102 | 353 | S-114 | 45.0 | S-126 | 41.7
S-22 |40.1| S-39 | 400 | S-57 |405| S-75 |405 - - — - - - — _
S-23 |-15| S40 |-102| S58 |-88| S76 |-93| S91 |-01)| S-103 | -43 | S-115 | 55 | S-127 | 0.7
S-24 6.1 S-41 8.3 S-59 0.6 S-77 | -0.4 - - - - - - - _
S-25 0.6 S-42 -9.2 S-60 | -87 | S-78 | -93 | S-92 05 | S-104 | -59 | S-116 | 7.0 | S-128 | 1.4
S-26 53 S-43 2.7 S-61 | -16 | S-79 | -25 - - - - - - — _
S-27 2.6 S-44 -6.7 S-62 1.8 S-80 2.6 S-93 00 | S105 | 0.7 | S-117 | 11.3 | S-129 | 10.0
S-28 | 10.7 | S-45 -4.3 S-63 | -7.3 | S-81 | -86 - - - - - - — _
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Origin of regioselectivity

Fischer indolization reactions with aza-substituted substrates are regioselective. The
calculations support these results. In the case of the 2-methoxy-5-hydrazinylpyridine, the
[3,3]-rearrangement at the 6-position is favored by 4.9 kcal/mol over the rearrangement at
the 4-position of the pyridine ring.

The [3,3] rearrangements are, for all but one aza-substituted system, favored by
protonation at the  nitrogen. In the only case where the a-protonated TS is favored, it is
only 0.2 kcal/mol lower than the B-protonated TS. We propose the following explanation
for the regioselectivity (Scheme S-4). In the transition state, N-N bond cleavage creates
two “pieces” of the substrate: a neutral enamine piece and a cationic aromatic ring. This
ring is attacked at either the carbon alpha or gamma from the pyridine nitrogen.

Scheme S-4: Schematic representation of a [3,3] sigmatropic rearrangement happening
with the B-nitrogen of the ene-hydrazine protonated.

N 8.7 ® X
N (Cn N2 7 N N, RE
R 2 i H N\‘ “ Z
NN BN T o *"AN] — rE or NH
/) N
H . NH K NH /Z!—)H2

The preference for attack at either position can be predicted from the extent of
positive charge on these carbons, before or at the transition state. Using NBO
analysis, we calculated the charge at these carbons for the aza-substituted substrate and
those with a substituent at the 2-position. We also calculated the same charges for the two
transition states leading to regioisomeric products. These data are listed below in Table S-
2.
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Table S-2: Relative free energies (in kcal/mol, from their respective global minima) and
NBO charges of the p-protonated ene-hydrazine and transition states, for the various 2-
substituted 5-pyridylhydrazines.

\\ ¥ R N ¥
R.2 N_s A\
T | JOi
= N’N@H2 u /,NHZ I/ \NH
oA N /‘\v/"{é"'z

entry R AG | z(C4) | z(C6) AG z (C4) z (C6) AG | z(C4) | z(C6)

H 21.8 | -0.132 | +0.108 | 35.3 -0.082 +0.164 36.7 | -0.061 | +0.182

OMe | 149 | -0.110 | +0.146 | 26.3 -0.075 +0.212 31.2 | -0.021 | +0.225

Cl 125 | -0.127 | +0.123 27.6 -0.072 +0.178 29.1 | -0.051 | +0.207

A IWIN(F-

Br 12.1 | -0.132 | +0.117 26.8 -0.073 +0.177 28.4 | -0.053 | +0.205

For the unsubstituted case (entry 1), the positive charge at C-6 is much greater than that
of C-4, both in the ene-hydrazine and in the transition states. Even more important is that
this difference is very similar in both transition states, even though they lead to different
products. The greater positive charge at C-6 is presumably caused by the proximity of the
pyridine nitrogen, which acts as an electronegative element.

For the methoxy-substituted substrate (entry 2), the difference between the partial
positive charge at the C-6 and C-4 positions is even greater. Thus, the regioselectivity
would be predicted to be higher, which is what the calculated activation barriers predict.
The increased difference is attributed to the methoxy substituent at the 2-position. Indeed,
this group is located at the meta position of both C-4 and C-6 and as such provides a
strong electron-withdrawing effect. For C-6, both the pyridine nitrogen and 2-methoxy
combine to make attack at this position much easier than at C-4.

For the halogenated substrates (entries 3 and 4), the same explanation is true. The
electronegative substituents make the charge at C-6 more positive, in line with these
substrates being slightly more regioselective than the unsubstituted case. Once again, the
extent of positive charge do not vary significantly if the TS happens at C-4 or C-6, and
are very similar to that observed in the ene-hydrazine intermediate.

Therefore, for these Fischer indolization reactions with aza-substituted compounds,
analysis of the charges on the reactant are a good way to determine which will be the
most favored regiosiomer formed during the [3,3]-rearrangement.
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Cartesian coordinates, energies and vibrational frequencies

These geometries and thermal corrections were obtained at the MP2/6-
31G(d)/SMD(water) level of theory. Energies were corrected with the SCS-MP2 method.
Charges associated with each structure are +1, unless otherwise specified.

1.86758 0.82328 0.83043
2.76056  -1.28543 0.03564
173831  -1.34637  -0.91579

Phenyl hydrazine (S-1)

5.3 0.84501  0.76158  -0.12680
Charge: 0 -0.05655  1.84912  -0.26436

-1.43295  1.52271  -0.51510
C 3.33631  -0.40947  -0.24650 -1.94901  0.47531  0.28660

-2.71700  -0.52880  -0.16446
1.90742 1.66903 1.51572
3.61017  -0.13186 1.65166
3.49969  -2.07993 0.09873
1.68057  -2.19068  -1.59931
0.00567  -0.38056  -1.76038

-1.53442 1.31389  -1.50917

-1.74378 0.60420 1.34924

-2.88857  -0.62056  -1.23784

-0.03031 2.44344 0.56448

-3.38551  -1.52285 0.73496

-3.09802  -2.54832 0.47767

-3.11708  -1.34474 1.78073

-4.47716  -1.46835 0.65345

0.87491 0.83583 0.20608
2.17482  -1.17414  -0.15639
3.28002 0.98183  -0.11473
2.04443 1.59417 0.10111
0.93311  -0.55705 0.06600
-0.20779  -1.39067 0.24622
-1.43527  -0.78214  -0.23399
-2.09994  -0.25072 0.73186
-3.38459 0.47177 0.49535
2.22041  -2.25630  -0.26892
428869  -0.90470  -0.42214
4.18517 157882  -0.18936
1.98364 2.67553 0.20279
-0.07425 1.33556 0.37291
-1.73568  -0.31830 1.76162

ITIITITOIIIIIIIIIOOZZ0000

ITITOIIIIIIIIITIOOZZO00000

-4.15297  -0.01066 1.11390 There are no imaginary frequencies.
-0.08022  -2.22599  -0.32920
-3.27220 1.48220 0.91038 SCF energy: -456.638210 hartree
-3.82955  0.53802  -0.95856 ao/Bp: -0.19319933 hartree
-3.08285  1.04393  -1.57532 af: -1.08509 hartree
-3.98543  -0.46205 -1.37016 SCS-MP2 energy: -458.069116 hartree
-4.77006 1.09011  -1.03741 zero-point correction: +0.197432 hartree
enthalpy correction: +0.209071 hartree
There are no imaginary frequenciesl free energy correction: +0.160423 hartree
quasiharmonic free energy correction: +0.161753
SCF energy: -456.652627 hartree hartree
ao/pp: -0.19286032 hartree
op: -1.08691 hartree TS6
SCS-MP2 energy: -458.0854918 hartree Charge: 0

zero-point correction; +0.197432 hartree

1.87813  -1.53454  -0.50608
2.12678  -0.24682  -0.17597
1.36742 0.83692  -0.57591

Cc 2.82298  -0.19133 0.90330
Cc 0.78579  -0.33010  -1.00534

enthalpy correction: +0.209010 hartree C -1.32280  1.27061  0.80076
free energy correction: +0.160136 hartree C -1.47974  -1.21303  -0.50421
quasiharmonic free energy correction: +0.161979 C -0.33841  0.28552  1.04763
hartree C -2.30505 1.04114  -0.14700

C -2.38329 -0.21115 -0.80072
S-4 C -0.48621 -1.02006 0.49617
Charge: 0 N 0.40112  -2.03315 0.71971

N

C

C
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H 0.36329 0.42531 1.86780 ao/BP: -0.19044504 hartree

H -1.26209 2.23001 1.30908 af: -1.09402 hartree

H -3.04554 1.80760  -0.36369 SCS-MP2 energy: -458.0852191 hartree
H -3.15793  -0.38155  -1.54491 zero-point correction: +0.198401 hartree
H -1.55001  -2.18962  -0.97976 enthalpy correction: +0.209665 hartree

H 1.20128 -1.54535 -1.28164 free energy correction: +0.162498 hartree
H 2.88780  -0.09585 0.59280 quasiharmonic free energy correction: +0.163153
H 0.64065 0.68007  -1.37539 hartree

H 0.98344  -1.78508 1.53207

C 1.73642 2.25060  -0.25756 S-7

H 0.84231 2.85328  -0.07090

H 2.38586 2.30230 0.62144 -2.87754  -0.96957 0.63133
H 2.26541 2.71027  -1.10153 -1.31137 111992  -0.40334

-1.72361  -1.27296  -0.09306
-3.24634 0.36215 0.84169
-2.46984 1.40215 0.32149
-0.97493  -0.21607  -0.59911
0.26356  -0.51915  -1.32369
1.39917  -0.53303  -0.39555
2.21445 0.43997  -0.60590
3.41513 0.61700 0.25550
0.40571 0.15018  -2.10333
-1.42017  -2.30229  -0.27044
-3.48472  -1.77563 1.03338

1 imaginary frequency: —302.89 cm™.

SCF energy: -456.557954 hartree

ao/Bp: -0.20316385 hartree

ap: -1.11535 hartree

SCS-MP2 energy: -458.0318145 hartree
zero-point correction: +0.196115 hartree
enthalpy correction; +0.206855 hartree

free energy correction: +0.161388 hartree
quasiharmonic free energy correction: +0.161570

hartree -4.14617 0.59088 1.40630

-2.76096 2.43609 0.48377
S-5 -0.69302 191514  -0.81375
Charge: 0 2.06050 1.16360  -1.41208

4.28624 0.62351  -0.41208
0.21216  -1.46426  -1.73607
3.35649 1.63243 0.66863
3.58245  -0.41388 1.36117
2.73033  -0.40353 2.04470
3.67975  -1.42156 0.95025
448436  -0.19158 1.93674

-1.22158 1.32230 0.60837
-1.59925  -1.27039  -0.51750
-0.10330 0.33126 0.74976
-2.28763 1.05681  -0.17761
-2.43846  -0.24652  -0.81073
-0.53793  -1.09101 0.47125
0.01187  -2.14384 0.99119

IITITOIIIIIIIIIIOOZZOOOOOOON

C

C

C

C

C

C

N

N 2.62129 -1.14641 -0.85767 There are no imaginary frequencies.

C 2.20272  -0.23036  -0.05804

C 1.04071 0.69650 -0.26010 SCF energy: -457.109498 hartree

H 0.32775 0.38210 1.76004 ao/Bp: -0.19043871 hartree

H -1.11589 2.28889 1.09480 ap: -1.08457 hartree

H -3.06968 1.79880 -0.31925 SCS-MP2 energy: -458.5379371 hartree

H -3.25936  -0.39714  -1.50859 zero-point correction: +0.212249 hartree

H -1.74897 -2.26576 -0.92940 enthalpy correction: +0.223867 hartree

H 2.00703 -1.16829 -1.68361 free energy correction: +0.174869 hartree

H 2.75831 -0.09350 0.87595 quasiharmonic free energy correction: +0.176568

H 0.64403 0.55289  -1.27478 hartree

H 0.71534  -1.84595 1.68118

C 1.51178 2.14226  -0.08720 S-8

H 0.71232 2.84827  -0.32233

H 1.84334 2.31965 0.94129 C 3.32961  -0.45293 0.46450

H 2.35126 2.34669  -0.75913 C 1.03503 0.82112  -0.51100
C 2.13259  -1.16283 0.37034

There are no imaginary frequencies. C 3.38485 0.89216 0.08799
C 2.23468 152531  -0.38939

SCF energy: -456.645429 hartree C 0.99080  -0.51894  -0.11497
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-0.20340
-1.35175
-2.39422
-3.63513

2.07726

4.21827

4.31685

2.27049

0.14971
-2.31993
-3.86501
-0.18158
-4.42528
-3.60910
-3.44451
-2.82974
-4.57041
-1.32472
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-1.28703
-0.56114
-0.53626
0.17858
-2.20597
-0.95260
1.44462
2.56986
1.31146
-1.09106
0.81974
-2.13238
-0.58498
0.96845
0.31572
1.73558
1.46746
-0.04815

-0.29765
0.07903
-0.67410
-0.31941
0.67600
0.84166
0.17173
-0.68812
-0.90852
-1.60594
-1.18039
0.28158
-0.31332
0.97972
1.84141
0.96372
1.11610
0.97233

There are no imaginary frequencies.

SCF energy: -457.117319 hartree

ao/Bp: -0.18961699 hartree

ap: -1.07735 hartree

SCS-MP2 energy: -458.5365466 hartree
zero-point correction; +0.211617 hartree
enthalpy correction: +0.223164 hartree
free energy correction: +0.174762 hartree

quasiharmonic free energy correction: +0.176079

hartree

@
©

ITITTOIIIIIIIIIOOZZO0O000000

1.80085
167111
0.88072
2.64215
2.58102
0.84893
-0.14453
-1.42079
-2.07036
-2.37064
0.22610
1.85388
3.35525
3.24173
1.61070
-1.14232
-2.39115
-2.01537
0.22758
-3.20754
-2.67074
-3.47329
-4.13174

-1.38117
0.85899
-0.36792
-1.28396
-0.16614
0.73514
1.78167
1.63538
0.42701
-0.54659
-0.42156
-2.24828
-2.07691
-0.09057
1.73822
1.58172
0.40909
-0.46298
2.71004
-1.73396
-2.66233
-1.72897
-1.74903

0.89678
-0.79264
1.17352
-0.21487
-1.05313
0.32490
0.56667
-0.16436
0.22299
-0.64772
2.04033
1.54919
-0.42342
-1.91216
-1.43074
-1.15172
1.26261
-1.67523
0.30911
-0.29601
-0.51712
0.76459
-0.88365
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H -0.39089 1.83379 1.56913

SCF energy: -457.090831 hartree

ao/Bp: -0.19133648 hartree

ap: -1.08604 hartree

SCS-MP2 energy: -458.5216367 hartree
zero-point correction: +0.212245 hartree
enthalpy correction: +0.223886 hartree

free energy correction: +0.174923 hartree
quasiharmonic free energy correction: +0.176622
hartree

There are no imaginary frequencies.
S-10

-2.82540  -0.37189  -0.95221
-1.17351 0.81594 0.96986
-1.72887  -1.07587  -0.45531
-3.11545 0.91073  -0.47526
-2.29388 1.49803 0.48995
-0.89831  -0.46875 0.49329
0.20304  -1.22490 1.02481
1.25362  -1.38882 0.00693
1.89479  -0.15614  -0.44600
3.14681 0.11425  -0.07227
-1.51687  -2.08791  -0.79619
-3.46898  -0.83596  -1.69511
-3.97992 1.44923  -0.85477
-2.51488 2.49492 0.86273
-0.51610 1.27301 1.70701
1.95099  -2.03180 0.41481
1.26293 0.46748  -1.06741
3.68228  -0.59700 0.55659
0.66430  -0.68392 1.76546
3.86608 1.35517  -0.48326
4.77507 1.09887  -1.03621
3.23787 199114  -1.11108
4.17334 1.92250 0.40084
0.81984  -1.89338  -0.78162

IITIITIOIIIIIIIIIOOZZOOO0OO0O00

There are no imaginary frequencies.

SCF energy: -457.092823 hartree

ao/Bp: -0.19080449 hartree

ap: -1.08457 hartree

SCS-MP2 energy: -458.521506 hartree
zero-point correction: +0.212874 hartree
enthalpy correction: +0.224506 hartree

free energy correction: +0.175632 hartree
quasiharmonic free energy correction: +0.177040
hartree

TSS-11

Cc -1.34550 1.21663 0.86828
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C -1.47239  -1.20155  -0.57895 H 1.09918  -1.71358 1.54047
C -0.36821 0.22357 1.09061 C 1.32390 2.46313  -0.29055
C -2.31867 1.02149  -0.09678 H 0.32745 2.88397  -0.13228
C -2.38562  -0.19319  -0.81712 H 1.94401 2.65376 0.58825
C -0.50962  -1.02425 0.44149 H 1.76309 2.98205  -1.15047
N 0.47981  -1.96200 0.61136 H 2.77298  -1.85723  -0.16915
N 197815  -1.40932  -0.46438

c 2.14146  -0.11307  -0.10978 1 imaginary frequency: —348.55 cm™.

C 1.36461 091744  -0.59614

H 0.33709 0.32204 1.91239 SCF energy: -457.035454 hartree

H -1.29470 2.14789 1.42496 ao/BP: -0.19937008 hartree

H -3.06038 1.79356  -0.28327 ap: -1.10869 hartree

H -3.15429  -0.32985  -1.57285 SCS-MP2 energy: -458.4987894 hartree

H -1.51927  -2.14776  -1.11400 zero-point correction: +0.210125 hartree
H 1.38999  -1.44084  -1.31115 enthalpy correction; +0.221070 hartree

H 2.83906 0.07830 0.70524 free energy correction: +0.175054 hartree
H 0.67645 0.69373 -1.41418 quasiharmonic free energy correction: +0.175375
H 0.96697 -1.97862 1.51244 hartree

C 1.60793 2.35032  -0.27887

H 0.66110 2.88472  -0.15840 S-12

H 2.21068 2.46583 0.62539

H 2.13786 2.82354  -1.11532 -0.25254  -1.52838  -0.28687
H 0.31985  -2.89771 0.22351 -2.15100 0.57349  -0.03794

0.17814  -0.17521  -0.75030
-1.51195  -1.78804 0.13186
-2.47209  -0.71984 0.23881
-0.82226 0.90268  -0.45906
-0.53259 2.15645  -0.70504
0.61912 0.43650 1.86995
1.68153 0.45849 1.15015
1.61857 0.19559  -0.32516
0.19609  -0.23529  -1.85627
0.46521  -2.33685  -0.38916
-1.80899  -2.79496 0.40852

1 imaginary frequency: -287.3 cm™.

SCF energy: -457.038603 hartree

ao/Bp: -0.19896648 hartree

ap: -1.10513 hartree

SCS-MP2 energy: -458.4973999 hartree
zero-point correction: +0.210714 hartree
enthalpy correction: +0.221483 hartree

free energy correction: +0.175962 hartree
quasiharmonic free energy correction: +0.176247

IITITIOIIIIIIIIIOOZZOOOOOOO

hartree -3.48416  -0.95248 0.56169
-2.87482 1.37660 0.07705

TS7 0.85942 0.63606 2.84856
2.67906 0.66364 1.55511

C -1.52070 1.06853 0.88462 1.90723 1.12147  -0.84185

C -1.31337  -1.32010  -0.59401 0.38709 245775  -1.01900

C -0.44786 0.18995 1.12813 2.65419  -0.85748  -0.73202

C -2.42654 0.78617  -0.12647 3.65911  -0.46621  -0.54947

C -2.32240  -0.41580  -0.86274 254271  -1.78058  -0.15867

C -0.39701  -1.06590 0.46294 2.56656  -1.08981  -1.79728

N 0.60840  -1.96807 0.66910 -1.23571 2.88208  -0.57046

N 2.00777  -1.22280  -0.41857

C 2.15437 0.10090  -0.12650 There are no imaginary frequencies.

C 1.23301 1.00623  -0.59095

H 0.22556 0.36717 1.96490 SCF energy: -457.124712 hartree

H -1.60183 1.99011 1.45471 ao/Bp: -0.18845583 hartree

H -3.24342 1.47302 -0.33411 ap: -1.08463 hartree

H -3.03944  -0.62365 -1.65282 SCS-MP2 energy: -458.5519034 hartree

H -1.23697  -2.26067  -1.13504 zero-point correction: +0.211699 hartree

H 1.54622  -1.47038  -1.29916 enthalpy correction: +0.223055 hartree

H 2.87742 0.33978 0.64706 free energy correction: +0.176371 hartree

H 0.55224 0.69305  -1.38282
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quasiharmonic free energy correction: +0.176583 H -1.44542  -2.27286  -0.26362

hartree H -4.10880 0.40870 1.43474
H -2.84030 2.36392 0.56541

S-13 H -0.74174 195469  -0.77795
H 2.05797 1.16937  -1.42141

C -1.32307  -1.36312  -0.48485 H 4.27960 0.60684  -0.42495

C -1.94240 1.34152 0.22421 H 0.18622  -1.43964  -1.74318

C -0.24922  -0.33532  -0.68727 H 3.36325 1.62584 0.65772

C -2.56420  -1.01596  -0.08636 C 3.56825  -0.42297 1.35036

C -2.88541 0.36762 0.23830 H 2.71844  -0.40220 2.03651

C -0.55162 1.01341  -0.06615 H 3.65224  -1.43188 0.93956

N 0.45680 1.79759 0.13420 H 447443  -0.21108 1.92308

N 3.29178 0.28688 0.00640 N -2.84861  -1.02495 0.63753

C 2.18808 0.12221  -0.64028

C 1.13307  -0.84326  -0.23222 There are no imaginary frequencies.

H -0.19038  -0.15755  -1.77691

H -1.08557 -2.39250 -0.74843 SCF energy: -473.102350 hartree

H -3.34464  -1.76665 0.00612 ao/Bp: -0.19623821 hartree

H -3.91075 0.61330 0.50593 af: -1.1048809 hartree

H 3.45328 -0.14418 0.91604 SCS-MP2 energy: -474.5590326 hartree

H 2.12189 0.60726 -1.60946 zero-point correction: +0.201149 hartree

H 1.34935 -1.73705 -0.84177 enthalpy correction: +0.212480 hartree

H 0.14182 2.70799 0.49570 free energy correction: +0.164269 hartree

C 1.17230 -1.22195 1.24498 quasiharmonic free energy correction: +0.165494

H 2.10896  -1.72197 1.51017 hartree

H 1.05129  -0.33806 1.87644

H 0.35883  -1.91791 1.46255 S-15

H -2.17925 2.36392 0.51347

H 4.01987 0.90128  -0.35627 -1.94397 1.28991 0.02793

-1.38985  -1.05228  -0.16556
-3.60503  -0.43080  -0.19691
-3.28076 0.92069  -0.07544
-0.98322 0.27698  -0.01289
0.39338 0.60714 0.01558
1.15963  -0.24921 0.80299
2.44268  -0.33647 0.69665
3.23049 0.45360  -0.27003
0.57201 1.57627 0.29612
-0.66039  -1.85663  -0.23806
-4.64300  -0.74556  -0.26715
-4.06558 1.67062  -0.04666
-1.64592 2.32999 0.14198
2.90914  -1.02644 1.39549
3.41625 1.43412 0.19215

There are no imaginary frequencies.

SCF energy: -457.120322 hartree

ao/pp: -0.18792143 hartree

ap: -1.08544 hartree

SCS-MP2 energy: -458.5481343 hartree
zero-point correction; +0.212146 hartree
enthalpy correction; +0.223361 hartree

free energy correction: +0.176713 hartree
quasiharmonic free energy correction: +0.177275
hartree

3-pyridylhydrazine (41)

ITZIIIOIIIIIIIITOOZZO00000

S-14 2.61218 064276  -1.15413
454936  -0.22752  -0.62271

C  -1.33703 113633  -0.37962 4.3745  -1.18659  -1.11569

C  -173559  -1.23913  -0.08485 511982  0.40859  -1.30279

C  -320597 0.25790  0.84897 515135  -0.39926  0.27308

C  -249420  1.35556  0.36230 -2.68396  -1.41335  -0.24067

C -0.98252  -0.18918  -0.59472 0.65802  -0.82462  1.49420

N 0.24412  -0.49549  -1.32715

N 1.38203 -0.51870 -0.39905 There are no imaginary frequencies.

C 220626  0.44607  -0.61397

C 3.41029 0.60971 0.24493 SCF energy: -473.107576 hartree

H 0.38440  0.17656  -2.10566 ao/Bp: -0.196319439 hartree
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af: -1.1003748 hartree C 2.28067  -0.59184  -0.61015

SCS-MP2 energy: -474.5589054 hartree H 0.33986 1.96314 1.48249

zero-point correction: +0.200138 hartree H -0.34771  -0.21266 2.12156

enthalpy correction: +0.211601 hartree H -3.15550 -2.16629 -0.21614

free energy correction: +0.162984 hartree H -3.07514  -0.39448  -1.96084

quasiharmonic free energy correction: +0.164406 H -1.51100 1.56151 -1.63826

hartree H 1.20160 159395  -1.19206
H 2.31378 0.40282 1.28144

10 H 195281  -0.50824  -1.64678
H -0.23099 2.75102 0.13991

C 2.10474  -1.25190 0.01629 C 3.03023  -1.82340  -0.21619

C 1.08163 0.93386  -0.09124 H 3.96455  -1.90828  -0.78122

C 3.45797 0.73728 0.09357 H 3.27024  -1.81602 0.85040

C 3.35070  -0.64810 0.10469 H 2.43864  -2.71814  -0.43590

C 0.93977  -0.46286  -0.07995 N -1.76109  -1.28725 1.03324

N -0.28458  -1.05410  -0.20729

N -1.41524  -0.27059  -0.10584 There are no imaginary frequencies.

C -2.52517  -0.91112 0.05249

C -3.82526  -0.18397 0.15215 SCF energy: -473.083541 hartree

H -0.35890  -2.05031 0.01571 ao/BP: -0.197202704 hartree

H 2.01334  -2.33539 0.02943 af: -1.1064938 hartree

H -2.54094  -2.00513 0.12279 SCS-MP2 energy: -474.5428021 hartree

H -4.27837 -0.44010 1.11906 zero-point correction: +0.201510 hartree

H -4.50150  -0.60175 -0.60504 enthalpy correction: +0.212796 hartree

C -3.72611 1.32702 -0.00312 free energy correction: +0.164806 hartree

H -3.31159 1.59524 -0.97802 quasiharmonic free energy correction: +0.166092

H -4.71848 1.77748 0.08342 hartree

H -3.08553 1.76195 0.76801

N 2.32019 145436  -0.00139 11

H 2.39847 2.47534  -0.00704

H 0.25666 1.62954  -0.15786 -1.07854  -0.51828  -1.21352

H 4.25018  -1.24880 0.18278 -0.90742  -0.57808 1.19269

H 4.38443 1.29307 0.15908 -2.62471 0.60875 0.23693

-2.20221 0.28641  -1.05366
-0.41605  -0.94581  -0.06176
0.74172  -1.77840  -0.19545
1.92296  -0.93307  -0.48770
2.27060 0.01616 0.56611
1.93725 1.31054 0.52468
0.96468  -2.20768 0.71095
-0.40502  -0.91950 2.09660
-3.50241 1.23268 0.38638
-2.75550 0.65017  -1.91422
-0.71767  -0.81124  -2.19711

There are no imaginary frequencies.

SCF energy: -473.115264 hartree

ao/pp: -0.197668102 hartree

af: -1.1080868 hartree

SCS-MP2 energy: -474.5767469 hartree
zero-point correction: +0.199710 hartree
enthalpy correction: +0.211292 hartree

free energy correction: +0.162699 hartree
quasiharmonic free energy correction: +0.164019

hartree 2.70022  -1.59182  -0.65468
2.77208  -0.46014 1.40054
S-16 2.23398 1.88058 1.40291

173714  -0.47432  -1.39179
1.22838 2.07525  -0.54563
1.79511 2.98103  -0.78012
1.07866 151452  -1.47026
0.24604 2.39074  -0.17756
-2.00627 0.18078 1.35647

Cc -1.58901 0.76195  -0.90467
C -0.93306  -0.24223 1.20433
C -249512  -1.31144  -0.09699
C -2.44937  -0.31837  -1.07740
C
N
N
Cc

ZITIOIIIIIIIIIOOZZOOOOO0

-0.83954 0.77870 0.26522
0.13409 1.84422 0.47618
1.43968 1.64782 -0.19415 There are no imaginary frequencies.
2.02022 0.41633 0.23394
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SCF energy: -473.083890 hartree N 1.91953 -1.45873 -0.46855

ao/Bp: -0.197669903 hartree C 2.12442  -0.17495  -0.09191

ap: -1.1074871 hartree C 1.40618 0.89227  -0.58959

SCS-MP2 energy: -474.5446544 hartree H 0.30048 0.30544 1.90343

zero-point correction: +0.201857 hartree H -2.87423 195024  -0.17898

enthalpy correction: +0.212953 hartree H -3.16593 -0.10402 -1.55121

free energy correction: +0.165695 hartree H -1.63183  -2.06310  -1.16259

quasiharmonic free energy correction: +0.166686 H 1.34771  -1.46290  -1.32732

hartree H 2.81002  -0.02193 0.74081
H 0.72216 0.70477  -1.42055

S-17 H 0.87199  -2.02278 1.48651
C 1.67978 2.30883  -0.23585

C 1.51315 0.07905 1.31911 H 0.73978 2.84571  -0.07568

C 1.05287  -0.50344  -0.97504 H 2.30362 2.38872 0.65754

C 2.99355 0.78456  -0.44208 H 2.19223 2.80193  -1.07138

C 2.65867 0.74605 0.90536 H 0.20801  -2.90756 0.17989

C 0.68831  -0.56078 0.37511 N -1.26334 1.25593 0.90251

N -0.41119 -1.29183 0.78714

N -1.37720  -1.53746  -0.20738 1 imaginary frequency: —287.93 cm .,

C -2.39134  -0.55778  -0.32932

C -2.34040 0.70056 0.13675 SCF energy: -473.033458 hartree

H -0.80938  -0.94633 1.66708 ao/BP: -0.204538007 hartree

H 1.24191 0.05001 2.37193 af: -1.1250785 hartree

H -1.75980  -2.47235  -0.07545 SCS-MP2 energy: -474.5199109 hartree

H -3.23590  -0.91341 -0.91703 zero-point correction: +0.199024 hartree

H -1.48388 1.04430 0.71323 enthalpy correction: +0.209672 hartree

C -3.43493 1.69290  -0.11850 free energy correction: +0.164306 hartree

H -3.06112 2.56391 -0.66831 quasiharmonic free energy correction: +0.164588

H -4.24376 1.24492  -0.70335 hartree

H -3.86071 2.06634 0.81934

N 2.17515 0.16061 -1.31206 TS S-19

H 0.48497  -0.95882  -1.77499

H 2.41951 0.18915  -2.30630 1.30243 1.27066 0.80878

H 3.29888 1.24426 1.62501 155250  -1.09350  -0.57196

H 3.86261 1.28198  -0.85334 0.36038 0.25651 1.07250

2.26896 1.05345  -0.15299
0.56486  -0.98710 0.43723
-0.34835  -1.99235 0.59630
-1.90619  -1.48563  -0.47127
-2.12076  -0.21148  -0.08541
-1.41419 0.87163  -0.57772
-0.33750 0.34037 1.90203
1.24731 2.22153 1.32902
2.99730 1.82417  -0.38875
1.66245  -2.02965  -1.11855
-1.32313  -1.47908  -1.32273

There are no imaginary frequencies.

SCF energy: -473.098235 hartree

ao/Bp: -0.197450702 hartree

ap: -1.10504 hartree

SCS-MP2 energy: -474.5559168 hartree
zero-point correction: +0.200572 hartree
enthalpy correction; +0.211915 hartree

free energy correction: +0.164062 hartree
quasiharmonic free energy correction: +0.165281

hartree -2.80480  -0.06917 0.75073
-0.73964 0.69776  -1.41915
TS S-18 -0.84084  -2.05566 1.49239

-1.73414 2.28151  -0.23378
-0.81940 2.87424  -0.14224
-2.31249 2.35067 0.69061
-2.32048 2.72412  -1.04930
-0.13254  -2.90564 0.18146
240359  -0.11399  -0.85152

C -1.53394  -1.13471  -0.60403
C -0.39887 0.22295 1.07405
C -2.20328 1.10627  -0.03623
C -2.37636  -0.06192  -0.80733
C -0.56253  -1.01312 0.41169
N 0.39575  -1.98123 0.57957

ZITITOIIIIIIIIOOZZOOOOOO
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1 imaginary frequency: —252.36 cm™. C 0.41807  -1.04884 0.45682
N -0.53971  -1.99957 0.64091

SCF energy: -473.030379 hartree N -1.99269  -1.23741  -0.42742

ao/Bp: -0.204906085 hartree C -2.13914 0.06839  -0.10050

af: -1.1259987 hartree C -1.22936 0.99429  -0.56903

SCS-MP2 energy: -474.5181815 hartree H -0.24047 0.39438 1.94101

zero-point correction: +0.199022 hartree H 1.59675 2.02703 1.36244

enthalpy correction: +0.209667 hartree H 3.21866 141871  -0.41568

free energy correction: +0.164290 hartree H 1.32323 -2.19311 -1.14647

quasiharmonic free energy correction: +0.164555 H -1.53192  -1.47066  -1.31252

hartree H -2.84157 0.28812 0.69749
H -0.57666 0.70412  -1.39293

TS8 H -1.03948  -1.78838 1.51880
C -1.34001 2.44566  -0.25224

C -1.37622  -1.29270  -0.59112 H -0.34904 2.89702  -0.16207

C -0.44338 0.20384 1.08060 H -1.90632 2.61510 0.66588

C -2.32020 0.85757  -0.06074 H -1.85288 294715  -1.08132

C -2.33394  -0.33093  -0.82403 H -2.73353  -1.89363  -0.16043

C -0.42975  -1.06336 0.44015 N 2.33161  -0.40478  -0.89125

N 0.55746  -1.98305 0.64687

N 1.96967  -1.25059  -0.44108 1 imaginary frequency: —328.85 cm™.

C 2.13882 0.06057  -0.12605

C 1.22730 0.98997  -0.57380 SCF energy: -473.027140 hartree

H 0.22593 0.38036 1.92162 ao/BP: -0.205228808 hartree

H -3.08817 1.61080  -0.22539 af: -1.1289403 hartree

H -3.09954  -0.46961  -1.58169 SCS-MP2 energy: -474.5186876 hartree

H -1.35660  -2.23387  -1.13571 zero-point correction: +0.198867 hartree

H 1.50289  -1.47955  -1.32441 enthalpy correction: +0.209493 hartree

H 2.85973 0.27402 0.65692 free energy correction: +0.164206 hartree

H 0.55236 0.70677 -1.38219 quasiharmonic free energy correction: +0.164406

H 1.05291  -1.73885 1.51898 hartree

C 1.34159 2.43848  -0.24552

H 0.35008 2.87140  -0.09386 TS S-21

H 1.95323 2.60096 0.64447

H 1.80228 2.96081  -1.09185 -1.55351  -1.20092  -0.44071

H 2.71620  -1.90785  -0.19223 -0.25131 0.30374 0.95458

N -1.42664 1.12564 0.89255 -2.20939 1.09287  -0.16056

-2.40552  -0.15939  -0.75236
-0.50081  -1.02357 0.49047
0.35269  -2.05700 0.71173
1.79163  -1.59351  -0.54505
2.10495  -0.33381  -0.18183
1.38850 0.79382  -0.56641
0.39204 0.50975 1.80393
-1.08077 2.17903 1.13121
-2.85344 194905  -0.32697
-3.23201  -0.28998  -1.44182
-1.70640  -2.19191  -0.86217

1 imaginary frequency: —-357.39 cm™.

SCF energy: -473.029812 hartree

ao/Bp: -0.205144369 hartree

af: -1.1281928 hartree

SCS-MP2 energy: -474.5204063 hartree
zero-point correction; +0.198491 hartree
enthalpy correction; +0.209266 hartree

free energy correction: +0.163541 hartree
quasiharmonic free energy correction: +0.163855

ITITOIIIIIIIIIOOZZO00000

hartree 1.11779  -1.56642  -1.32352

2.85700  -0.23769 0.60271
TS S-20 0.67558 0.68498  -1.38750

0.95510  -1.83264 1.51651
C 1.49707 1.08755 0.82727 1.83265 2.18023  -0.22811
C 1.36290  -1.25797  -0.58905 0.97696 2.84137  -0.06101
C 0.42715 0.21242 1.10076 2.46947 2.18706 0.66028
Cc 2.39311 0.75625  -0.16901 2.40098 259701  -1.06771
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N -1.20228 1.25802 0.69984 -2.26303  -0.94687  -0.54722
-2.62686 0.20476 0.26701
-0.41289 1.04609  -0.05257
0.44692 2.01644 0.03352
2.75132 0.56686  -0.59264
243189  -0.53922  -0.02171
1.02365  -1.04248 0.09478
0.46499 0.03145  -1.68279
-3.03850  -1.67666  -0.77333
-3.63727 0.26413 0.66138
-1.97259 2.08209 1.07932
3.76748 0.70152  -0.56119

1 imaginary frequency: —264.93 cm L.

SCF energy: -473.018260 hartree

ao/Bp: -0.206752453 hartree

af: -1.1316291 hartree

SCS-MP2 energy: -474.5140498 hartree
zero-point correction: +0.199037 hartree
enthalpy correction; +0.209629 hartree

free energy correction: +0.164478 hartree
quasiharmonic free energy correction: +0.164537

hartree 3.18091  -1.20467 0.42070
1.02554  -2.04138  -0.36110
TS S-22 0.62867  -1.19577 1.56678

1.30203  -1.90351 2.05826
0.69345  -0.23996 2.09515
-0.39154  -1.58132 1.65157
-1.08846  -1.16661  -1.04999
0.20664 2.88791 0.50966
1.40147 1.86639  -0.34142

1.14892 1.36346 0.74498
156511  -1.12069  -0.41987
0.22499 0.32174 0.99785
2.18984 1.16303  -0.12786
0.50978  -0.99315 0.50725
-0.27376  -2.08742 0.68713

ITZIIIOIIIIIIITIOOZZO000

-1.76871 -1.61929 -0.55431 There are no imaginary frequencies.
-2.10173  -0.37725  -0.16494

-1.43005 0.77678  -0.56162 SCF energy: -473.119293 hartree
-0.47928 0.42992 1.81939 ao/BP: -0.194637184 hartree

1.02165 2.34014 1.19977 ap: -1.1098708 hartree

2.92877 1.90707 -0.39688 SCS-MP2 energy: -474.5808961 hartree
3.13128  -0.21704  -1.32911 zero-point correction: +0.200543 hartree
1.80627  -2.06139  -0.90424 enthalpy correction: +0.211427 hartree
-1.09925  -1.56335  -1.33552 free energy correction: +0.165739 hartree
-2.83886  -0.30734 0.63637 quasiharmonic free energy correction: +0.165818
-0.72768 0.68649  -1.39301 hartree

-0.89188  -1.92137 1.49389

-1.91738 2.14756  -0.22419 S-24

-1.08581 2.85270  -0.14732

ZITIOIIIIIIIIIOOZZOOOOO

-0.75180  -0.22558 2.07698
-1.39464  -1.87571 2.06005
2.68786 0.27124 0.30797

C -1.72879 1.18934 0.50915
Cc -0.01449  -0.23298  -0.73164

-2.48209 2.14939 0.71180 C 0.00201  -0.26039  -0.73104
-2.57496 2.50547  -1.02554 C 1.74963 1.15459 0.48251
235031  -0.07752  -0.68127 C 2.39722  -0.87718  -0.45140
C 117885  -1.15015  -0.95761
1 imaginary frequency: —208.85 cm™. C 0.40620 1.01519  -0.06804
N -0.42239 2.00531 0.03782
SCF energy: -473.015197 hartree N -2.73994 0.61409 -0.60406
ao/Bp: -0.206856213 hartree C -2.46358  -0.51636  -0.05898
af: -1.1333961 hartree C -1.06947  -1.05191 0.08436
SCS-MP2 energy: -474.5131765 hartree H 1.97579 2.05014 1.06102
zero-point correction: +0.198783 hartree H 1.00720  -2.06527  -1.51831
enthalpy correction: +0.209350 hartree H -0.45585  -0.00767  -1.69918
free energy correction: +0.164278 hartree H -3.75247 0.77615  -0.59463
quasiharmonic free energy correction: +0.164372 H -3.24080  -1.17439 0.34425
hartree H -1.08876  -2.05821  -0.35611
C -0.69989  -1.19126 1.56532
S-23 H 0.31151  -1.59577 1.66783

H

H

N
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H 3.24103  -1.54112  -0.60348
H -0.14629 2.87458 0.50203
H -1.38927 1.87325  -0.32330

0.01708  -0.23271  -0.77588
1.71435 1.13239 0.56571
240957  -0.84093  -0.43392
1.21984  -1.09990  -1.00411
0.40175 1.06315  -0.09902
-0.41547 2.06449  -0.11983
-2.79278 0.61121  -0.36113
-2.43174  -0.58520  -0.06319
-1.02578  -1.06020 0.02332
1.90000 1.99369 1.21073
1.09355  -1.98352  -1.62533
-0.42770 0.01402  -1.75047
-3.22401  -1.29638 0.16104
-1.04469  -2.06352  -0.42268

There are no imaginary frequencies.

SCF energy: -473.104261 hartree

ao/Bp: -0.194964158 hartree

af: -1.1113761 hartree

SCS-MP2 energy: -474.5678884 hartree
zero-point correction: +0.199764 hartree
enthalpy correction; +0.210753 hartree

free energy correction: +0.164663 hartree
quasiharmonic free energy correction: +0.164927

hartree -0.03281 2.86828 0.39637
-0.66383  -1.21822 1.51031
S-25 0.35270  -1.61309 1.58869

-0.72010  -0.25765 2.02905
-1.34611  -1.91877 1.99896
2.66589 0.26399 0.41816
3.26721  -1.48588  -0.59560
-3.78552 0.85337  -0.38098
-2.08332 1.36135  -0.50957

-1.68820 1.18043 0.59288
-0.04194  -0.20344  -0.77436
-2.28968  -0.89926  -0.52380
-2.60459 0.21296 0.36917
-0.39960 1.09726  -0.07973
0.46325 2.06134  -0.12048

IITZIIIOIIIIIIOOZZOOOO0O0O0

2.78908 0.57542 -0.33413 There are no imaginary frequencies.
2.39336  -0.61304  -0.04982

0.97606 -1.05555 0.02147 SCF energy: -473.107655 hartree
0.13410 2.87564 0.41308 ao/BP: -0.194254502 hartree

0.42191 0.05476  -1.73452 af: -1.1109801 hartree

-3.08839 -1.60490  -0.75207 SCS-MP2 energy: -474.5703342 hartree
-3.58918 0.24617 0.82742 zero-point correction: +0.200747 hartree
-1.89585 2.04514 1.22067 enthalpy correction: +0.211659 hartree
3.16280 -1.34833 0.17580 free energy correction: +0.165643 hartree
0.97225 -2.04765 -0.44734 quasiharmonic free energy correction: +0.166067
0.60764  -1.23853 1.50360 hartree

1.28055  -1.95972 1.97514

0.67761  -0.29051 2.04301 S-27

-0.41312  -1.62186 1.57780

ITITZIIIOIIIIIIIOOZZO0000

-1.14704  -1.11781  -1.09295 C 2.31296  -0.09554 0.18891
3.78850 0.78887  -0.34475 C -0.09604  -0.23432  -0.64992
2.09356 1.34478  -0.47776 C 0.94491 1.88936  -0.00724
C 2.16511 1.23384 0.39788
There are no imaginary frequencies. C 1.25705 -0.88074 -0.44414
N 151381  -2.10717  -0.76325
SCF energy: -473.115811 hartree N -2.72021 0.72506  -0.73995
ao/Bp: -0.194397138 hartree C -2.52303  -0.27347 0.04509
af: -1.1106933 hartree C -1.14616  -0.80277 0.33009
SCS-MP2 energy: -474.5782411 hartree H 0.69373  -2.53036  -1.22189
zero-point correction: +0.201042 hartree H -0.44013  -0.42720  -1.67257
enthalpy correction: +0.211863 hartree H 3.23480  -0.61160 0.44489
free energy correction: +0.166155 hartree H -3.33648  -0.78746 0.56780
quasiharmonic free energy correction: +0.166484 H -1.16831  -1.88473 0.13597
hartree H -3.72196 0.93846  -0.79500
C -0.78822  -0.58400 1.80322
S-26 H 0.14777  -1.08864 2.05706
H

-0.69221 0.48105 2.03366
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H -1.57772  -0.99742  2.43719

N -0.04227  1.22513  -0.51316 2-methoxy-5-hydrazinylpyridine (12)
H -0.92649  1.68669  -0.77717

H 0.82324  2.96548  0.07758 529

H 2.94491  1.84045  0.84367

0.42460 0.82206 0.84885
1.09628  -1.34163  -0.00601
2.62689 0.36043 0.02879
1.70669 1.26639 0.59186
0.13737  -0.51011 0.54065
-1.21039  -1.02242 0.76128
-2.11476  -0.55176  -0.29892
-3.05946 0.19077 0.16258
-4.07581 0.74944  -0.76701
-1.55206  -0.76370 1.70671
0.87272  -2.37984  -0.24506

There are no imaginary frequencies.

SCF energy: -473.114570 hartree

ao/Bp: -0.193395507 hartree

af: -1.1087983 hartree

SCS-MP2 energy: -474.5740583 hartree
zero-point correction: +0.200596 hartree
enthalpy correction; +0.211687 hartree

free energy correction: +0.165218 hartree
quasiharmonic free energy correction: +0.165462

hartree 2.01188 2.28532 0.80572
-0.32996 1.47816 1.27663
S-28 -3.16241 0.40950 1.23014

-4.07981 1.83819  -0.64164
-1.20944  -2.05492 0.70856
-3.79152 0.52330  -1.79774
-5.46127 0.18464  -0.44019
-5.47839  -0.89910  -0.58113
-5.74069 0.40419 0.59388
-6.20985 0.63047  -1.09960
2.34830  -0.91137  -0.26272
3.86654 0.85293  -0.21681
482864  -0.06779  -0.77474
448626  -0.44966  -1.73769
5.73315 0.52454  -0.90178
5.01211  -0.89620  -0.08874

-0.30630  -0.01897  -0.89197
1.94302 0.53430 0.18680
1.34578  -1.75365  -0.16638
0.15273  -1.42938  -0.68726
0.76049 0.99062 -0.54409
0.76576 2.24608  -0.85128
-0.26599 0.28277 1.86831

-1.43284 0.36175 1.33842

-1.62675 0.30839  -0.14615
2.65640 1.24813 0.58754
-2.34688 0.48358 1.93134
-1.92026 1.31874  -0.46990
-0.07698 246694  -1.40168

ITIITTOOZIITIOIIIIIIIIOOZZOOOOO

ITITITIITZIITIIOIIIIOOZZO00000

-2.76615  -0.64624  -0.50891 There are no imaginary frequencies.
-2.89193 -0.69720 -1.59427
-2.57928  -1.65425  -0.12910 SCF energy: -586.995478 hartree
-3.70275 -0.28815 -0.07181 aa/Bp: -0.236958033 hartree
2.21505 -0.72957 0.27424 ap: -1.329402075 hartree
-0.33810  0.35118  2.89062 SCS-MP2 energy: -588.7487325 hartree
-0.53353  0.09856  -1.96228 zero-point correction: +0.234563 hartree
3.08044  -1.00883  0.74709 enthalpy correction: +0.248427 hartree
-0.49562  -2.23609  -1.01482 free energy correction: +0.194545 hartree
1.72500  -2.75836  -0.03442 quasiharmonic free energy correction: +0.195921
hartree
There are no imaginary frequencies.
$-30
SCF energy: -473.097839 hartree
ao/Bp: -0.193901387 hartree C 0.18827  -0.62482  0.61272
of: -1.1114166 hartree C 1.21628  1.44070  -0.07636
SCS-MP2 energy: -474.5608065 hartree C 250705  -0.44678 0.04662
zero-point correction: +0.200246 hartree C 1.41648 -1.23792 0.44991
enthalpy correction: +0.211380 hartree C 0.08748 0.74712 0.33819
free energy correction: +0.164958 hartree N -1.14800 1.43554 0.56750
quasiharmonic free energy correction: +0.165190 N -2.16192 0.90397  -0.26658
hartree C -3.24593 0.42405 0.23130
C -4.30505 -0.17190 -0.60412
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H -1.05253 2.42426 0.31086 H 5.10720 0.63277 0.89252
H 1.16212 2.50527  -0.29954 H 597536  -0.64189  -0.01385
H 155682  -2.29657 0.64414 H -0.27129  -1.69354 0.06985
H -0.67962  -1.19065 0.94480 H 1.99723  -2.18403 0.03220
H -3.33912 0.47153 1.31386

H -4.03104  -0.12267  -1.66122 There are no imaginary frequencies.

H -5.20499 0.43555  -0.44902

C -457278  -1.61389 -0.15616 SCF energy: -587.000374 hartree

H -4.85853  -1.64806 0.89788 aa/Bp: -0.238013401 hartree

H -5.38971  -2.02760  -0.75086 af: -1.331968104 hartree

H -3.68645  -2.23550  -0.30179 SCS-MP2 energy: -588.7574113 hartree

N 2.42767 0.85753  -0.21109 zero-point correction: +0.232875 hartree
] 3.70240  -1.09128  -0.07902 enthalpy correction; +0.247047 hartree

C 4.82850 -0.27609 -0.45987 free energy correction: +0.192685 hartree
H 5.00270 0.51425 0.27253 quasiharmonic free energy correction: +0.194218
H 5.67277  -0.96386  -0.48129 hartree

H 4.67585 0.16413  -1.44692

H -1.99353 0.87799  -1.28340 S-32

0.38884 1.67312  -0.81510
0.26004 0.26369 1.14985
2.10710 0.12508  -0.19777
1.62102 1.10901  -1.08055
-0.28254 1.23983 0.33218
-1.61597 1.75210 0.61599
-2.72512 1.07472  -0.09737
-2.74148  -0.30896 0.24754
-2.55303  -1.28451  -0.65218
-1.83521 1.67764 1.62378

There are no imaginary frequencies.

SCF energy: -587.003720 hartree

ao/Bp: -0.23632319 hartree

af: -1.323372571 hartree

SCS-MP2 energy: -588.7493159 hartree
zero-point correction; +0.233921 hartree
enthalpy correction: +0.247986 hartree

free energy correction: +0.193080 hartree
quasiharmonic free energy correction: +0.195127

hartree -0.25748 -0.07344 2.04608
2.20911 1.40086 -1.94441
S-31 -0.03841 2.43621 -1.46212

-2.48808 1.18641  -1.09062
-3.00551  -0.50513 1.28469
-2.28654  -1.01337  -1.67413
-1.68769 2.75414 0.37332
-2.72752  -2.73563  -0.34069
-3.54445  -3.16600  -0.92968
-2.94821  -2.88857 0.71921
-1.82011  -3.29378  -0.59330
146121  -0.29310 0.89224
3.31774  -0.40149  -0.50955
3.82859  -1.42032 0.37615
3.17390  -2.29335 0.37838
480159  -1.67992  -0.03767
3.93830  -1.03359 1.39031

1.10592 1.43678 0.03537

0.42876  -0.86956 0.05665
2.75814  -0.30401 0.01455
2.43716 1.05688 0.01171

0.07170 0.47892 0.05791

-1.24103 0.88348 0.14963
-2.22293  -0.05620  -0.09802
-3.40569 0.41364  -0.32077
-4.55385  -0.51206  -0.53712
-1.43789 1.85366  -0.11056
0.85099 2.49426 0.03028

-3.59669 1.49337  -0.33031
-4.17554  -1.53756  -0.58694
-5.01812  -0.28076  -1.50339

ITIITTOOZIITIIOIIIIIIIIOOZZOOOOO

TOOIZIIITOIIIIIOOZZOOOOO

-5.59814  -0.37752 0.57433 There are no imaginary frequencies.
-5.97493 0.64768 0.63603

-6.44673  -1.04079 0.38486 SCF energy: -586.976568 hartree
-5.16465  -0.64152 1.54293 ao/Bp: -0.238074202 hartree

1.74317  -1.19083 0.03394 af: -1.331132527 hartree

3.21807 1.80718 -0.00959 SCS-MP2 energy: -588.7326432 hartree
3.97022  -0.87962  -0.00408 zero-point correction: +0.234316 hartree
5.10971 0.01641  -0.00823 enthalpy correction: +0.248349 hartree
5.09843 0.63608  -0.90664 free energy correction: +0.193701 hartree
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quasiharmonic free energy correction: +0.195740 H -1.88026  -1.02183 1.57326

hartree H 0.28864  -0.51409 2.42583
H -3.04522  -2.19264  -0.31084

S-33 H -4.11074  -0.28967  -1.05489
H -2.05009 1.10629 0.77709

C 0.19792  -1.56001  -0.88061 C -3.78285 2.22694  -0.03445

C 0.25111  -0.34550 1.19654 H -3.21166 3.03622  -0.50314

C 2.05265  -0.20736  -0.20769 H -4.64822 2.01290  -0.66878

C 145071  -1.04931  -1.16087 H -4.15025 2.61002 0.92394

C -0.41970  -1.19392 0.32474 N 1.41900 -0.34875  -1.18890

N -1.70734  -1.73038 0.63949 H 2.55084 0.30345 1.88748

N -2.75196  -0.97327  -0.09851 @] 3.46824 0.45998  -0.74294

C -2.82050 0.44807 0.21366 C 4.44577 0.93978 0.21421

C -2.26622 1.34101  -0.60978 H 4.71469 0.14231 0.90874

H -1.92393  -1.54499 1.62677 H 5.30472 1.22183  -0.39010

H -0.20583  -0.05043 2.14008 H 4.05357 1.80721 0.74772

H 197914  -1.29521  -2.07650 H -0.42327  -1.08604  -1.80602

H -0.30342  -2.23187  -1.57397 H 1.73408  -0.29744  -2.16331

H -2.56807  -1.12983  -1.10212

H -3.28634 0.65960 1.17016 There are no imaginary frequencies.

H -1.81130 0.99629  -1.53826

H -3.64105  -1.45075 0.11615 SCF energy: -586.982836 hartree

C -2.24606 2.80577  -0.32623 ao/BP: -0.237984489 hartree

H -2.74841 3.35519  -1.12829 af: -1.329266291 hartree

H -2.73663 3.03557 0.62255 SCS-MP2 energy: -588.7366119 hartree

H -1.21221 3.16337 -0.28487 zero-point correction: +0.233773 hartree

N 1.48799 0.13789 0.94947 enthalpy correction: +0.247659 hartree

@] 3.29215 0.25871  -0.52604 free energy correction: +0.194050 hartree

C 3.91238 1.14414 0.42778 quasiharmonic free energy correction: +0.195593

H 4.04917 0.64749 1.38976 hartree

H 4.87879 1.38877  -0.01059

H 3.31835 2.05017 0.55912 TS S-35

0.12586  -1.91245  -0.57728
0.16381  -0.12406 1.07417
-1.76264  -0.51488  -0.09484
-1.18000  -1.58060  -0.83171
0.80155  -1.20953 0.44954
2.15076  -1.39735 0.65034
3.10560  -0.15682  -0.38472
2.51610 1.03065  -0.07556
1.33790 1.46060  -0.63603
0.64516 0.39172 1.90222

There are no imaginary frequencies.

SCF energy: -586.978911 hartree

ao/pp: -0.238235296 hartree

af: -1.33152506 hartree

SCS-MP2 energy: -588.7355646 hartree
zero-point correction: +0.234603 hartree
enthalpy correction: +0.248641 hartree

free energy correction: +0.193867 hartree
quasiharmonic free energy correction: +0.196041

OZIIIITIOIIIIIIIOOZZOOOOO

hartree -1.76821  -2.09453  -1.58507

0.62392  -2.72070  -1.10861
S-34 2.68487  -0.51199  -1.25735

2.95665 1.58147 0.75455
Cc 0.61308  -0.47057 1.38833 0.91766 0.87603  -1.45741
Cc 0.16769  -0.80435  -0.94524 2.52664  -1.13000 1.56648
C 2.29343 0.04938  -0.24384 0.70257 2.77007  -0.33573
C 1.88529  -0.00992 1.09233 -0.36934 2.63217  -0.15646
C -0.27269  -0.87614 0.37195 1.15749 3.24852 0.53507
N -1.51706  -1.41166 0.69630 0.79874 3.43931  -1.19918
N -2.46306  -1.35743  -0.35018 2.55398  -2.27528 0.30160
C -3.23614  -0.17406  -0.41693 -1.13963 0.17562 0.85333
Cc -2.93774 1.00335 0.15631 -3.04983  -0.24020  -0.39714
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C -3.65421 0.86947 0.30471 quasiharmonic free energy correction: +0.195105
H -3.11026 1.79287 0.09764 hartree

H -4.66661 0.92591  -0.09123

H -3.67479 0.68018 1.37867 TS9

0.15195  -1.88535  -0.56901
0.14457  -0.12324 1.09750
-1.75894  -0.51654  -0.09576
-1.14918  -1.56085  -0.84529
0.82843  -1.19061 0.47421
2.14400  -1.46467 0.71088
3.03205  -0.19376  -0.36877
2.51195 1.04903  -0.12038
1.28592 1.38630  -0.62828
0.61140 0.39407 1.93494

1 imaginary frequency: —-343.70 cm™.

SCF energy: -586.930851 hartree

ao/Bp: -0.245037419 hartree

af: -1.349284632 hartree

SCS-MP2 energy: -588.7133508 hartree
zero-point correction: +0.232041 hartree
enthalpy correction; +0.245423 hartree

free energy correction: +0.193613 hartree
quasiharmonic free energy correction: +0.194402

hartree -1.72276  -2.06540  -1.61661
0.66475  -2.68359  -1.10045
TS S-36 2.79186  -0.63895  -1.26047

3.00298 1.61791 0.66301
0.86154 0.77120  -1.42269
2.42327  -0.98702 1.58169
0.62753 2.69068  -0.33849
-0.43626 2.53597  -0.13436
1.09074 3.19199 0.51457
0.69965 3.34309  -1.21577
4.00303  -0.36676  -0.08846
-1.16300 0.16083 0.87665
-3.04248  -0.25232  -0.41791
-3.67628 0.83535 0.29261
-3.13837 1.76875 0.11749
-4.68005 0.88890  -0.12507
-3.71901 0.62294 1.36147

1.10898 0.23249 0.87616
-0.03874  -1.81974  -0.56509
-0.24064  -0.06708 1.10516

177909  -0.48550  -0.10933
-0.79573  -1.18966 0.45282
-2.11385  -1.50292 0.61152
-3.15246  -0.20095  -0.43805
-2.57497 0.96690  -0.08417
-1.38093 1.42120  -0.61096
-0.77299 0.40460 1.92747

1.57979 1.03570 1.42898
-0.47518  -2.63806  -1.13677
-2.69380  -0.54093  -1.29776
-3.02824 1.49632 0.75367

ITTOOZIIIIOIIIIIIITOOZZOOOOO

ITITTOOZIITIIITOIIIIIIIOOZZO0000

-0.95693 0.86820 -1.45205 1 imaginary frequency: —347.83 cm™.
-2.55479  -1.28413 1.50910

-0.78549 2.74520  -0.29712 SCF energy: -586.931865 hartree
0.30278 2.66359  -0.20766 ao/BP: -0.245185255 hartree

-1.19830 3.16889 0.62167 af: -1.350289396 hartree

-0.98522 3.43714 -1.12547 SCS-MP2 energy: -588.7156691 hartree
-2.45369  -2.37522 0.19130 zero-point correction: +0.231963 hartree
1.21741 -1.49615 -0.82714 enthalpy correction: +0.245355 hartree
3.07402  -0.29071  -0.46131 free energy correction: +0.193389 hartree
3.77651 0.76762 0.22065 quasiharmonic free energy correction: +0.194400
3.81935 0.57155 1.29473 hartree

4.78056 0.75760  -0.19928

3.29830 1.73188 0.02947 TS S-37

1.13389 0.22526 0.89490
-0.05128  -1.80332  -0.53934
-0.21863  -0.06118 1.13050

178112  -0.48648  -0.10599
-0.81532  -1.17514 0.48839
-2.09655  -1.58553 0.66127
-3.05960  -0.25303  -0.45256
-2.57873 0.97232  -0.13557
-1.33730 1.35950  -0.59461

1 imaginary frequency: —243.26 cm™.

SCF energy: -586.920304 hartree

ao/Bp: -0.246145276 hartree

af: -1.351913833 hartree

SCS-MP2 energy: -588.7066975 hartree
zero-point correction: +0.232372 hartree
enthalpy correction: +0.245507 hartree
free energy correction: +0.194444 hartree

0O0ZZ2Z00000
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H -0.73792 0.42002 1.95754 C -4.03964 0.15598  -0.53067
H 1.62434 1.01527 1.45063 H -4.28572  -0.81041  -0.08935
H -0.50180  -2.62114  -1.10074 H -4.84813 0.86559  -0.37426
H -2.74503  -0.69134  -1.32304 H -3.81409 0.06226  -1.59345
H -3.10473 1.50542 0.65062

H -0.88970 0.79111  -1.41010 1 imaginary frequency: —-363.36 cm™.

H -2.46150  -1.14776 1.52108

C -0.74496 2.68918  -0.27839 SCF energy: -586.911492 hartree

H 0.33864 2.60528  -0.15714 aa/Bp: -0.246815652 hartree

H -1.18085 3.12115 0.62517 ap: -1.353665743 hartree

H -0.92735 3.36896  -1.11873 SCS-MP2 energy: -588.7004347 hartree

H -4.02227  -0.48646  -0.19220 zero-point correction: +0.232058 hartree
N 1.19820  -1.48924  -0.82406 enthalpy correction; +0.245351 hartree

0] 3.07064 -0.30269 -0.48194 free energy correction: +0.193761 hartree
C 3.79489 0.75115 0.18353 quasiharmonic free energy correction: +0.194480
H 3.86414 0.55266 1.25573 hartree

H 4.78764 0.73803  -0.26238

H 3.31487 1.71714 0.00599 TS S-39

1.01478 0.35296 0.83351
-0.08939  -1.90118  -0.38078
-0.35632 0.05722 1.01378
1.75476  -0.41776  -0.03825
-0.89435  -1.18406 0.52604
-2.16461  -1.61898 0.68966
-3.11063  -0.29029  -0.61265
-2.60233 0.87723  -0.20715
-1.33143 1.34810  -0.55815
-0.88086 0.55699 1.82548

1 imaginary frequency: —262.08 cm™.

SCF energy: -586.920586 hartree

ao/pp: -0.246066751 hartree

af: -1.353290118 hartree

SCS-MP2 energy: -588.7085786 hartree
zero-point correction; +0.232308 hartree
enthalpy correction: +0.245457 hartree

free energy correction: +0.194218 hartree
quasiharmonic free energy correction: +0.195093

hartree 1.45930 1.21004 1.32457
1.74064 -2.06526 -1.25701
TS S-38 -0.42498 -2.80691 -0.87584

-251576  -0.67747  -1.35933
-3.15832 1.40288 0.57111
-0.82475 0.83869  -1.38104
-2.58778  -1.10366 1.47404
-0.87505 2.73417  -0.23679
0.21456 2.78310  -0.16633
-1.31706 3.09396 0.69608
-1.18095 3.40671  -1.04720
116203  -1.51202  -0.61446
3.04207  -0.29709  -0.40563
3.74015 0.85420 0.12699
3.79654 0.78737 1.21516
4.73517 0.80092  -0.30851
3.23519 177305  -0.17912

-0.28650  -1.77471  -0.29964
0.46130 0.08992 1.04784
-1.77538 0.04062 0.18799
-1.51607  -1.18246  -0.46667
0.71387  -1.20547 0.53181
1.93847  -1.80264 0.57240
2.88066 ~ -0.85387  -0.77207
2.74846 0.43781  -0.38138
1.62371 1.21287  -0.60923
1.06153 0.53507 1.83423
-1.04542 1.46133 1.43099
-2.27547  -1.63995  -1.08860
-0.07616  -2.72946  -0.77655
2.16748  -1.06962  -1.48314

ITIITTOOZIITIIOIIIIIIIIOOZZOOOOO

OZITITOIIIIIIIIOOZZ00000

3.50305 0.79745 0.31996 1 imaginary frequency: —76.93 cm™,
0.89965 0.85747  -1.34587

2.49750 -1.38446 1.32912 SCF energy: -586.895067 hartree
1.55176 2.65539  -0.22051 ao/Bp: -0.248378355 hartree

0.55067 2.92020 0.13410 af: -1.360679754 hartree

2.27865 2.88880 0.56195 SCS-MP2 energy: -588.6934683 hartree
1.76219 3.28737 -1.09085 zero-point correction: +0.231522 hartree
-0.82203 0.57798 0.96167 enthalpy correction: +0.244792 hartree
-2.90554 0.74104 0.16756 free energy correction: +0.193345 hartree
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quasiharmonic free energy correction: +0.194051 0.77853  -1.75096  -1.08711

hartree -1.11418  -0.13978  -1.48847
-4.46469 0.36481  -0.57443
S-40 -3.70603  -1.00758 0.98944

H
H
H
H
H -1.29121  -0.60452 1.51702
-0.31709 2.07438 0.35809 C -1.46366  -2.39599 0.34461
0.43074  -0.18017  -0.58887 H -2.21702  -2.87809 0.97459
-1.83258 0.21886  -0.06636 H -1.63459  -2.69905  -0.69272
-1.56217 1.55788 0.45489 H -0.48165  -2.74966 0.66336
0.70864 1.25690  -0.23662 N 1.80768 0.97173 0.67120
1.88917 1.74912  -0.45806 ) 2.98176  -0.95255 0.03572
3.27831  -0.62599  -0.84564 C 413250  -0.17033  -0.35706
2.63964  -1.35461  -0.00099 H 4.33341 0.62355 0.36357
1.19012  -1.16897 0.33822 H 496535  -0.87215  -0.37855
0.80564  -0.34069  -1.60812 H 3.97693 0.25657  -1.35199
-2.38032 2.11953 0.89590 H -1.33313 3.12398 0.11040
425094  -0.94151  -0.92198 H -2.29989 1.84850  -0.68527
3.12021  -2.18151 0.53264 H 0.75260 2.67925 1.12603
0.71520  -2.14077 0.14724

ITIITITOOZIITIIOIIIIITOOZZO0O0000

1.02418 -0.84854 1.82692 There are no imaginary frequencies.
1.44443 -1.65871 2.42944

1.54121 0.07803 2.09370 SCF energy: -586.981986 hartree
-0.03505  -0.74966 2.08120 ao/BP: -0.235948766 hartree

-0.96836  -0.58549  -0.58259 ap: -1.337566479 hartree

-3.14721  -0.09308 0.01892 SCS-MP2 energy: -588.744365 hartree
-3.52171 -1.39242 -0.48850 zero-point correction: +0.232716 hartree
-459756  -1.44991  -0.33432 enthalpy correction: +0.246440 hartree
-3.28137  -1.47061  -1.54998 free energy correction: +0.193732 hartree
-3.01288  -2.18083 0.06818 quasiharmonic free energy correction: +0.194460
2.10711 271773  -0.21479 hartree

-0.07419 3.07858 0.69593

2.62189 112169  -0.84308 S-42

0.55932 2.33606 0.22330
0.79425  -0.02805  -0.68855
-1.30631 0.80302 0.00181
-0.74580 2.07892 0.44804
1.38855 1.35211  -0.46257
2.59096 1.68049  -0.81084
-0.02083  -2.81197  -0.48655
1.09792  -2.44718 0.03009
148131  -1.03048 0.26985
3.03504 0.89029  -1.30128

There are no imaginary frequencies.

SCF energy: -587.016481 hartree

ao/pp: -0.235987213 hartree

af: -1.334754421 hartree

SCS-MP2 energy: -588.7755111 hartree
zero-point correction: +0.233791 hartree
enthalpy correction: +0.247278 hartree

free energy correction: +0.195532 hartree
quasiharmonic free energy correction: +0.196050

TOOZIIITIOIIIIIIOOZZOOOOO

hartree 1.05215  -0.33638  -1.71066

-1.40651 2.78906 0.93605
S-41 1.01356 3.28436 0.49993

1.78197  -3.23447 0.33948
Cc -0.62376  -0.11874  -0.50613 2.56045  -0.97688 0.07749
Cc 0.73982 1.70948 0.62973 1.24224  -0.72632 1.75811
C 1.79756  -0.25822 0.00238 1.68803 0.23827 2.01112
C 0.70757  -0.79065  -0.58838 0.17188  -0.70202 1.97795
C -0.47747 1.29699  -0.06399 1.70816  -1.49229 2.38454
N -1.42255 2.16546  -0.23748 -0.65834  -0.15548  -0.56395
N -3.44205 0.29715  -0.61561 -2.64204 0.72964 0.20920
C -3.02205  -0.50245 0.29928 -3.27360  -0.50644  -0.19047
Cc -1.57720  -0.87258 0.48984 -2.83312  -1.34964 0.34500
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H -4.32051  -0.38560 0.08199 quasiharmonic free energy correction: +0.196852
H -3.17437  -0.65526  -1.26705 hartree

H -0.24225  -3.80256  -0.60526

H -0.70794  -2.08512  -0.75125 S-44

0.47269 2.33509 0.17210
0.84209  -0.05017  -0.66188
-1.37166 0.77149 0.01537
-0.82824 2.06348 0.40110
1.35122 1.36104  -0.47087
2.54086 1.73597  -0.80893
0.11730  -2.75811  -0.68259
1.11098  -2.45067 0.07352
152093  -1.02613 0.32009
3.03469 0.95629  -1.26720

There are no imaginary frequencies.

SCF energy: -587.015259 hartree

ao/Bp: -0.235524481 hartree

af: -1.334440916 hartree

SCS-MP2 energy: -588.7736044 hartree
zero-point correction: +0.233824 hartree
enthalpy correction; +0.247658 hartree

free energy correction: +0.194413 hartree
quasiharmonic free energy correction: +0.195718

hartree 1.07151  -0.37449  -1.68315
0.89560 3.30531 0.41931
S-43 1.70830  -3.20338 0.59890

2.59740  -0.96157 0.10512
-0.00505  -3.77608  -0.71046
1.30087  -0.66363 1.79186
1.73376 0.31343 2.02218
0.23493  -0.64738 2.03846
1.78480  -1.40719 2.43168
-0.61834  -0.14568  -0.52732
-2.66145 0.62067 0.21850
-3.27595  -0.65173  -0.14435
-2.80990  -1.45727 0.42505
-4.31963  -0.53729 0.13383
-3.17708  -0.81126  -1.21930
-1.51257 2.77101 0.85618
-0.96150  -1.09332  -0.74828

-0.48106  -0.19148  -0.65756
0.39090 1.91291 0.49184
1.88367 0.22334  -0.02537
0.97252  -0.56977  -0.62528
-0.69095 1.24766  -0.25287
-1.79129 1.85235  -0.55872
-3.44164  -0.41116  -0.62176
-2.72298  -1.30599  -0.04362
-1.26714  -1.19163 0.23407
0.16243 2.87152 0.96182
1.24307  -1.52311  -1.06611
-0.84871  -0.30414  -1.68719
-3.23422  -2.20924 0.28391
-0.86491  -2.19050 0.01830

ITIITTOOZITIOIIIIIITOOZZO0O00000
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-1.79950 2.81526 -0.19546 There are no imaginary frequencies.
-1.08770  -0.93524 1.74047

-0.01892  -0.89855 1.96791 SCF energy: -587.013410 hartree
-1.55363 0.00930 2.03396 ao/BP: -0.234846639 hartree

-1.53893  -1.74207 2.32408 af: -1.333613131 hartree

1.59684 1.45711 0.59819 SCS-MP2 energy: -588.7703102 hartree
3.22694 -0.01057 0.08609 zero-point correction: +0.234264 hartree
3.68752  -1.24536  -0.48526 enthalpy correction: +0.247779 hartree
3.48038  -1.27549  -1.55889 free energy correction: +0.195862 hartree
4.76234  -1.26119  -0.31154 quasiharmonic free energy correction: +0.196363
3.21455  -2.09862 0.00948 hartree

-4.44201  -0.57113  -0.75660

-3.03362 0.50772  -0.89492 S-45

-0.67028  -0.50509  -0.94811
-0.36396 1.42052 0.55513
1.56616 0.18261  -0.09050
0.81249  -0.72105  -0.75385
-0.98079 0.94469  -0.73259
-1.64488 1.76899  -1.45534
-0.80232 0.48009 1.63909
-1.24555  -0.71793 1.45200
-1.47318  -1.30159 0.10558

There are no imaginary frequencies.

SCF energy: -586.994127 hartree

ao/Bp: -0.235704553 hartree

af: -1.337106981 hartree

SCS-MP2 energy: -588.7557917 hartree
zero-point correction: +0.234390 hartree
enthalpy correction: +0.247701 hartree
free energy correction: +0.196323 hartree

0O0ZZ2Z00000
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H -1.50497  -1.28133 2.34656 N 2.22046  -0.99484  -0.63974
H -1.09740  -2.33149 0.13920 Cl 4.22084 0.67929  -0.41603
H -1.96033 1.28085  -2.30525

c -2.98691  -1.33834  -0.16158 There are no imaginary frequencies.

H -3.50585  -1.90790 0.61418

H -3.40121 -0.32709 -0.19031 SCF energy: -932.000836 hartree

H -3.16178  -1.82169  -1.12605 aa/Bp: -0.215991747 hartree

N 1.06347 1.40532 0.39560 af: -1.19843316 hartree

H -0.68959 0.81386 2.60318 SCS-MP2 energy: -933.5829503 hartree

H -0.98803  -0.81607  -1.95048 zero-point correction: +0.190747 hartree
H 1.24510  -1.63791  -1.13551 enthalpy correction; +0.203367 hartree

0] 2.90040 0.11238 0.18022 free energy correction: +0.151109 hartree
C 3.57650 -1.06030  -0.30879 quasiharmonic free energy correction: +0.153150
H 3.50061  -1.11865  -1.39737 hartree

H 461597  -0.93608  -0.01034

H 3.15966  -1.96170 0.14733 S-47

H -0.71037 241147 0.84585

H 1.57427 1.73274 1.21803 -0.23226  -0.53929 0.23713

-1.24520 1.63557 0.00850
-2.58364  -0.21257  -0.00540
-1.50585  -1.08644 0.13441
-0.10133 0.85053 0.16420
1.15852 1.48563 0.34330
2.18465 0.82324  -0.35776
3.23905 0.40608 0.25031
432074  -0.31512  -0.44472
1.13789 2.45620 0.01348
-1.16868 2.71952  -0.05258
-1.65662  -2.16017 0.17749
0.63299  -1.18425 0.36837
3.28289 0.59775 1.32018
5.24254 0.25258  -0.27306
413028  -0.35404  -1.52039
446298  -1.72294 0.15033
3.55082  -2.30303  -0.00737

There are no imaginary frequencies.

SCF energy: -587.013421 hartree

ao/pp: -0.236359282 hartree

af: -1.332810981 hartree

SCS-MP2 energy: -588.770367 hartree
zero-point correction; +0.237176 hartree
enthalpy correction: +0.249799 hartree

free energy correction: +0.200021 hartree
quasiharmonic free energy correction: +0.200293
hartree

2-chloro-5-hydrazinylpyridine (31)

S-46

TOZIIITIOIIIIIIIOOZZOOOOO

C 0.53370  0.46706  1.07868 529140  -2.23536  -0.34306
C 0.97498  -1.42446  -0.36949 4.67131  -1.67698  1.2217/8
C 2.60548 0.14136  -0.05768 -2.48323 1.11463  -0.06796
C 1.82094 091122  0.80444 I -419550  -0.87253  -0.11339
C 0.13147  -0.72150  0.47897 2.06204  0.66137  -1.36887
N -1.22394 -1.21720 0.69756

N -2.12863 -0.67253 -0.32921 There are no imaginary frequencies.

C -2.91135 0.23198 0.14583

C -3.89526 0.89063 -0.75275 SCF energy: -932.012450 hartree

H -1.54354  -0.99596  1.66043 ao/BP: -0.215407191 hartree

H 0.65828  -2.35219  -0.84081 af: -1.19186088 hartree

H 2.20255 1.82598 1.24470 SCS-MP2 energy: -933.5862879 hartree

H -0.12736 1.02093 1.74096 zero-point correction: +0.190972 hartree
H -2.89583 0.52580 1.19936 enthalpy correction: +0.203549 hartree

H -3.69435 1.96810 -0.73362 free energy correction: +0.151626 hartree
H -1.25294 -2.24526 0.59280 quasiharmonic free energy correction: +0.153429
H -3.74967 0.53292 -1.77531 hartree

C -5.32312 0.62027 -0.27050

H -5.54240  -0.45032  -0.29261 S-48

H -5.46756 0.98264 0.75092

H -6.03770  1.13194  -0.91968 C 1.07658  1.66622  0.01349
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There are no imaginary frequencies.

SCF energy: -932.000118 hartree

ao/Bp: -0.217825269 hartree

af: -1.20325254 hartree

SCS-MP2 energy: -933.5892379 hartree
zero-point correction: +0.189441 hartree
enthalpy correction: +0.202369 hartree

free energy correction: +0.150056 hartree
quasiharmonic free energy correction: +0.151738

hartree

S-49

TIOIITIIIIIQOIOOZZ00000

0.35340
2.68245
2.39437
0.02158
-1.26740
-2.28977
-3.48136
-4.68609
-1.47562
0.84597
-3.64107
-5.32576
-5.26270
-4.39539
-3.79379
-5.33276
-3.85461
1.65564
3.20610
4.27393
-0.36597
1.86096

-0.53173
-0.18253
-2.09081
-1.74489
0.23870
1.55170
2.64857
2.77039
2.58632
1.54048
-3.59811
-2.39889
-0.20357
2.34863
3.11491
2.23764
1.83931
2.87501
1.99064

Understanding and Interrupting the Fischer Azaindolization Reaction — S106

-0.63836  -0.04728 H 3.17819  -2.69228  -0.86054
-0.11637 0.00697 H 3.67549  -3.08637 0.79740
1.24560 0.03044 N -1.35575  -0.33976  -1.11832
0.72576  -0.02753 H 0.41064 0.09623  -2.12177
1.14223  -0.06860

0.22397  -0.02942 There are no imaginary frequencies.
0.72152 0.01439

-0.15772 0.04772 SCF energy: -931.982269 hartree

2.14075 0.01058 aa/Bp: -0.217078149 hartree

2.72861 0.03457 af: -1.20000026 hartree

1.80588 0.02791 SCS-MP2 energy: -933.5669881 hartree
0.12487  -0.79890 zero-point correction: +0.191456 hartree
0.10160 0.94542 enthalpy correction; +0.203974 hartree
-1.65167 0.01688 free energy correction: +0.152414 hartree
-1.95546 0.87704 quasiharmonic free energy correction: +0.154043
-2.21379 0.04132 hartree

-1.93062  -0.89083

-0.98983  -0.02912 S-50

1.96450 0.06251
-0.74881 0.02193
-1.44575  -0.07621
-1.99529  -0.04675

0.30344  -1.29279  -0.98920
0.21852  -0.53267 1.29454
2.05401  -0.04199 0.03396
154768  -0.68547  -1.09745
-0.37554  -1.20734 0.22926
-1.64634  -1.84366 0.37097
-2.68258  -1.04006  -0.31501
-2.82460 0.32824 0.17165
-2.31571 1.34423  -0.52922
-1.93250  -1.83292 1.35772
-0.28902  -0.45646 2.25411
2.11340  -0.72157  -2.02257
-0.13334  -1.82491  -1.83154
-2.45302  -1.05868  -1.32179
-3.31248 0.39447 1.13812
-1.83455 1.14257  -1.48597
-3.56134  -157071  -0.20453
-2.37886 2.76149  -0.06753
-2.89871 3.37810  -0.80712
-2.89531 2.84686 0.89124
-1.36678 3.16505 0.03860
1.43562 0.03697 1.21049
3.61430 0.73077  -0.06750

1.50379 0.84189
0.30831  -1.23536
-0.06933  -0.04027
0.83898 0.96362
1.22719  -0.28290
1.84496  -0.41674

OZITIOIIIIIIIIOOZZO00000

1.15693 0.30007 There are no imaginary frequencies.
-0.18283  -0.17487
-1.24962 0.61580 SCF energy: -931.987062 hartree
2.81756  -0.06616 ao/BP: -0.217156569 hartree

-0.92781 0.09433 ap: -1.200118 hartree

1.01686 1.81047 SCS-MP2 energy: -933.5719746 hartree
2.22101 1.59082 zero-point correction: +0.191632 hartree
1.15863 1.28267 enthalpy correction: +0.204130 hartree
-0.25977  -1.20403 free energy correction: +0.152673 hartree
-1.09283 1.63703 quasiharmonic free energy correction: +0.154347
1.89613  -1.40891 hartree

-2.65213 0.18896
-3.28339 0.32313
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S-51 C 1.01052 2.77530  -0.17467
H -0.06297 2.79531 0.03580

C -0.59395  -0.78266 1.38423 H 1.56280 3.12512 0.70071

C -0.28014  -0.47725  -0.98477 H 1.18725 3.46883  -1.00638

C -2.34920 0.13398 0.03169 H 2.29569  -2.50709 0.10547

C -1.87512  -0.26820 1.27634 N -1.00508 0.37945 0.97859

C 0.22847  -0.90624 0.24564 Cl -3.38229 0.40710  -0.10272

N 1.46578  -1.50273 0.33793

N 2.34702  -1.25358  -0.73053 1 imaginary frequency: —305.46 cm™.

C 3.19752  -0.13264  -0.56507

C 3.00445 0.89074 0.28182 SCF energy: -931.932621 hartree

H 1.89612  -1.41317 1.26449 ao/BP: -0.224487874 hartree

H -0.21685  -1.09655 2.35469 af: -1.21859575 hartree

H 2.87192  -2.10395  -0.93060 SCS-MP2 energy: -933.5445945 hartree

H 4.03230  -0.14594  -1.26364 zero-point correction: +0.188941 hartree

H 2.15459 0.89241 0.96138 enthalpy correction: +0.200833 hartree

C 3.92661 2.07127 0.33545 free energy correction: +0.151838 hartree

H 4.35634 2.19425 1.33561 quasiharmonic free energy correction: +0.152636

H 4.74987 195931  -0.37638 hartree

H 3.39739 3.00105 0.09852

N -1.53414 0.01928  -1.03578 S-53

H -2.51273  -0.17417 2.14879

Cl -3.91919 0.76801  -0.22079 0.98900 0.43121 0.98362

H 0.26735  -0.51035  -1.91717 0.21887  -1.75767  -0.50312

H -1.87251 0.32611  -1.95556 -0.33193  -0.03520 1.12813

1.80016  -0.20649 0.06580
-0.68237  -1.22414 0.44905
-1.96458  -1.68963 0.50025
-3.01740  -0.47548  -0.63491
-2.64121 0.73498  -0.17940
-1.47070 1.36939  -0.56374
-0.96220 0.35064 1.92526
1.33839 1.28884 1.54869
-0.06605  -2.62694  -1.09429
-2.42552  -0.71994  -1.44390
-3.24334 1.16077 0.62262

There are no imaginary frequencies.

SCF energy: -931.983287 hartree

ao/Bp: -0.217501529 hartree

af: -1.19991461 hartree

SCS-MP2 energy: -933.5681856 hartree
zero-point correction; +0.190632 hartree
enthalpy correction; +0.203159 hartree

free energy correction: +0.151896 hartree
quasiharmonic free energy correction: +0.153422

OZIIIITIOIIIIIIIOOZZOOOOO

hartree -0.89660 0.92021  -1.37700
-2.50114  -1.53050 1.35804

S-52 -1.12624 2.75759 -0.16449
-0.05013 2.86096 0.00115

C -0.13007  -1.83848  -0.54017 -1.66995 3.06732 0.73108

C 0.26721  -0.08369 1.10235 -1.38771 3.43579  -0.98738

C -1.77231  -0.22311 0.08676 -2.16494  -2.58927 0.04959

C -1.40240  -1.33683  -0.69640 1.44435  -1.27798  -0.67904

C 0.70576  -1.24387 0.42978 I 3.42700 0.35681  -0.17253

N 2.02719  -1.60636 0.51916

N 3.01534  -0.40298  -0.58257 1 imaginary frequency: —239.29 cm™.

C 2.60030 0.81274  -0.15530

C 1.42992 1.40820  -0.57689 SCF energy: -931.928467 hartree

H 0.85591 0.34257 1.91096 ao/BP: -0.224961795 hartree

H -2.09791 -1.77353 -1.40522 ap: -1.21977927 hartree

H 0.21601 -2.69880 -1.10906 SCS-MP2 energy: -933.5421766 hartree

H 245996  -0.66723  -1.41075 zero-point correction: +0.189404 hartree

H 3.17503 1.26148 0.65394 enthalpy correction: +0.201114 hartree

H 0.87603 0.92948 -1.38763 free energy correction: +0.152710 hartree

H 2.51531  -1.40933 1.39926
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quasiharmonic free energy correction: +0.153264 H -3.29524 1.18922 0.55028

hartree H -0.86017 0.85041  -1.35620
H -2.41100  -1.39281 1.38838

S-54 C -1.06854 2.70924  -0.16292
H 0.00532 2.78296 0.02503

C -0.10379  -1.81350  -0.53078 H -1.61988 3.03206 0.72273

C 0.24076  -0.07003 1.12294 H -1.30183 3.38740  -0.99217

C -1.77967  -0.22645 0.08439 H -3.88258  -0.86544  -0.41804

C -1.37581  -1.32395  -0.70945 N 1.42005  -1.26502  -0.69925

C 0.72757  -1.22331 0.45735 Cl 3.44202 0.32694  -0.19417

N 2.01135  -1.66606 0.58839

N 2.93800 -0.44493  -0.55428 1 imaginary frequency: —317.28 cm™.

C 2.60990 0.82782  -0.20044

C 1.38810 1.34295  -0.56566 SCF energy: -931.925784 hartree

H 0.81462 0.36488 1.93943 ao/BP: -0.22533628 hartree

H -2.05602  -1.75833  -1.43495 af: -1.22313144 hartree

H 0.26038 -2.66722 -1.09733 SCS-MP2 energy: -933.5437659 hartree

H 254070  -0.82532  -1.42049 zero-point correction: +0.188868 hartree

H 3.24394 1.29063 0.54950 enthalpy correction: +0.200723 hartree

H 0.82146 0.83784  -1.34826 free energy correction: +0.151848 hartree

H 2.41946 -1.24285 1.43724 quasiharmonic free energy correction: +0.152609

C 0.95593 2.71399  -0.17419 hartree

H -0.11040 2.72165 0.06441

H 1.52482 3.08368 0.68174 S-56

H 1.10793 3.39261  -1.02130

H 3.89760  -0.76117  -0.37792 -0.10270  -1.89153  -0.38963

N -1.03887 0.37500 0.99516 0.37360 0.03181 1.01209

Cl -3.40093 0.37355  -0.12247 -1.78320  -0.23968 0.03570

-1.37725  -1.41246  -0.61250
0.78640  -1.23198 0.49199
2.06030  -1.69534 0.59691
2.95254  -0.56273  -0.68268
2.62938 0.68172  -0.26666
1.42612 1.31258  -0.55634
0.87775 0.51026 1.84553
-1.26196 1.23702 1.34951
-2.07006  -1.92050  -1.27425
0.22314  -2.81651  -0.85990
2.30992  -0.85250  -1.43404

1 imaginary frequency: —-373.51 cm™.

SCF energy: -931.930216 hartree

ao/pp: -0.225138456 hartree

af: -1.2218867 hartree

SCS-MP2 energy: -933.5465723 hartree
zero-point correction; +0.189293 hartree
enthalpy correction; +0.201115 hartree

free energy correction: +0.152380 hartree
quasiharmonic free energy correction: +0.153019

OZIITITIOIIIIIIIIOOZZO0000

hartree 3.28612 1.11636 0.48818
0.80690 0.88073  -1.34657

S-55 2.52916  -1.23309 1.38895
1.14502 2.72786  -0.16684

C 1.02577 0.40913 1.01263 0.08446 2.87348 0.05967

C 0.19381  -1.73015  -0.50511 1.74222 3.02717 0.69826

C -0.29704  -0.04202 1.16532 1.38779 3.39124  -1.00507

C 1.80981  -0.21693 0.06320 -0.94596 0.38769 0.86730

C -0.70205  -1.21052 0.47215 I -3.35105 0.41230  -0.15694

N -1.94443  -1.75941 0.54410

N -2.94027  -0.50358  -0.59670 1 imaginary frequency: —299.81 cm™.

C -2.64786 0.75833  -0.20739

C -1.43948 1.32375 -0.56348 SCF energy: -931.904610 hartree

H -0.91768 0.35566 1.96616 ao/BP: -0.226948479 hartree

H 1.40334 1.24589 1.59151 af: -1.22605935 hartree

H -0.11417 -2.58547 -1.10426 SCS-MP2 energy: -933.5271802 hartree

H -2.51433  -0.86681  -1.45589 zero-point correction: +0.189022 hartree
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enthalpy correction: +0.200736 hartree H 437239  -0.51941  -0.89543

free energy correction: +0.152414 hartree H 3.33343 -2.01986 0.37564

quasiharmonic free energy correction: +0.152771 H 0.94145  -2.16006  -0.07287

hartree C 1.08856  -1.01217 1.73189
H 1.56045  -1.83987 2.26852

S-57 H 151842  -0.07647 2.10103
H 0.01875  -1.02552 1.96020

C 0.90202 0.56080 0.91921 N -0.84687  -0.70235  -0.72004

C 0.18760  -1.80968  -0.34435 Cl -3.40848  -0.70779  -0.25358

C -0.42636 0.08432 1.04040 H 1.85460 2.83299 0.10052

C 1.78275  -0.09909 0.09853 H 2.55786 1.36817  -0.65623

C -0.75475  -1.21387 0.51645 H -0.37866 2.87978 0.93949

N -1.96545  -1.81392 0.59315

N -2.95977  -0.62873  -0.74053 There are no imaginary frequencies.

C -2.67530 0.59591  -0.27990

C -1.48208 1.28038  -0.53716 SCF energy: -932.017564 hartree

H -1.04258 0.49405 1.83764 ao/BP: -0.214634779 hartree

H 1.21771 1.46899 1.42235 af: -1.20402912 hartree

H 2.05470  -1.74849  -1.12385 SCS-MP2 energy: -933.6054888 hartree

H 0.00220  -2.74711  -0.85916 zero-point correction: +0.190619 hartree

H -2.27268  -0.89404  -1.46210 enthalpy correction: +0.202735 hartree

H -3.35447 0.99642 0.47448 free energy correction: +0.153600 hartree

H -0.84942 0.89062 -1.33766 quasiharmonic free energy correction: +0.153930

H -2.50178  -1.38169 1.35906 hartree

C -1.28780 2.71069  -0.14992

H -0.23008 2.94271  -0.00533 S-59

H -1.84177 2.95556 0.76001

H -1.65628 3.34962  -0.96146 -0.55080  -0.18360  -0.64690

N 1.39107  -1.26096  -0.51113 0.59238 1.79659 0.49408

Cl 3.39630 0.40834  -0.18082 1.87097  -0.01439  -0.16539

0.84796  -0.70209  -0.70618
-0.60035 1.20752  -0.10716
-1.68783 190761  -0.15065
-3.42366  -0.15421  -0.79668
-2.88656  -1.10828  -0.12418
-1.41834  -1.19037 0.17423
1.00142  -1.67271  -1.16930
-0.96438  -0.16253  -1.66664
-443501  -0.30128  -0.87916
-3.47436  -1.93735 0.28371
-1.10008  -2.18827  -0.15711

1 imaginary frequency: —106.05 cm™.

SCF energy: -931.899516 hartree

ao/pp: -0.227116933 hartree

af: -1.22878032 hartree

SCS-MP2 energy: -933.5254637 hartree
zero-point correction; +0.188882 hartree
enthalpy correction: +0.200640 hartree

free energy correction: +0.152179 hartree
quasiharmonic free energy correction: +0.152566

ITITITOZIITIIOIIIIITOOZZO00000

hartree -1.16890  -1.09297 1.68281
-0.09900  -1.17473 1.89647

S-58 -1.54161  -0.14714 2.08698
-1.68325  -1.90878 2.19841

C -0.50568 1.89738 0.49175 1.75915 1.22427 0.46978

C 0.50563  -0.16334  -0.62895 I 3.49390  -0.63005  -0.20677

C -1.80153  -0.03485  -0.18451 -1.71507 2.85929 0.22653

C -1.70027 1.26348 0.47131 -2.53969 1.46045  -0.55303

C 0.62143 1.24893  -0.12811 0.50293 2.76579 0.98321

N 1.75024 1.87611 -0.24423

N 3.37164 -0.31000 -0.81784 There are no imaginary frequencies.

C 2.78891  -1.18727  -0.08186

C 1.32025 -1.17378 0.22615 SCF energy: -931.999838 hartree

H 0.91784 -0.19041 -1.64572 ao/Bp: -0.214691424 hartree

H -2.58131 1.70657 0.92447 ap: -1.20526296 hartree
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SCS-MP2 energy: -933.5892812 hartree H 0.46018 2.66888 1.15659

zero-point correction: +0.189576 hartree H 1.04698  -1.59384  -1.30334

enthalpy correction; +0.201806 hartree H -0.95013  -0.13474  -1.72160

free energy correction: +0.152132 hartree H -3.42576 -2.03440 0.12661

quasiharmonic free energy correction: +0.152808 H -1.07422  -2.18167  -0.21765

hartree H -1.56041 2.88620 0.12675
C -1.13147  -1.10066 1.63329

S-60 H -0.05804  -1.18495 1.82295
H -1.49718  -0.15426 2.04013

C 0.92248 2.08870 0.22244 H -1.63799  -1.92078 2.14904

C -0.35671  -0.06830 0.45337 N 1.73768 1.17214 0.59538

C 1.93638  -0.09169 0.03634 Cl 3.49762  -0.60979  -0.21090

C 2.05679 1.35477 0.19866 H -451932  -0.18981  -0.66468

C -0.35913 1.39945 0.10205 H -3.02797 0.77908  -0.73328

N -1.48302 194340  -0.21712

N -3.84846  -0.14320 -0.60721 There are no imaginary frequencies.

C -2.83244  -0.10162 0.18543

C -1.56392 -0.80645 -0.13411 SCF energy: -932.006092 hartree

H -1.37735 2.95929  -0.34618 ao/BP: -0.213937865 hartree

H -0.42383 -0.12154 1.55394 ap: -1.20434742 hartree

H 3.04141 1.80845 0.24963 SCS-MP2 energy: -933.5939341 hartree

H 0.94498 3.17601 0.25805 zero-point correction: +0.190707 hartree

H -3.00155 0.30241 1.17955 enthalpy correction: +0.202915 hartree

H -1.45654  -0.86258 -1.22361 free energy correction: +0.153127 hartree

C -1.68420  -2.22349 0.45098 quasiharmonic free energy correction: +0.153946

H -0.76338  -2.77256 0.25057 hartree

H -1.84381  -2.18206 1.53262

H -2.51992  -2.75575  -0.00997 S-62

N 0.86816  -0.79575 0.09836

Cl 3.43785  -0.91831  -0.32784 -0.49168 2.23494 0.17375

H -4.74574 0.25652  -0.33416 0.86130 0.24038  -0.66478

H -3.77014  -0.53627  -1.54624 -1.51078 0.06459  -0.08319

-1.57905 1.44682 0.33392
0.74123 172737  -0.41911
1.69179 2.56744  -0.66538
1.23727  -2.54178  -0.72211
2.04058  -1.88278 0.03498
1.84436  -0.42157 0.32548
2.48902 2.08000  -1.09964
1.22180 0.06553  -1.68531
-0.52126 3.28623 0.44818
2.89730  -2.34661 0.53387
2.80810 0.07766 0.15096

There are no imaginary frequencies.

SCF energy: -932.021051 hartree

ao/pp: -0.213456711 hartree

af: -1.20112577 hartree

SCS-MP2 energy: -933.6047064 hartree
zero-point correction: +0.190397 hartree
enthalpy correction: +0.202926 hartree

free energy correction: +0.152359 hartree
quasiharmonic free energy correction: +0.153383

ITTOQZIITIITOIIIIIITIOOZZO00000

hartree 1.52467  -3.52404  -0.78562
1.45223  -0.22798 1.79386

S-61 1.44827 0.83194 2.06108
0.46366  -0.65089 1.99709

C -0.54539  -0.15878  -0.69984 2.17698  -0.73607 2.43616

C 0.57332 1.74299 0.59016 -0.43453  -0.45186  -0.58141

C 1.86385  -0.01367  -0.15044 I -2.89805  -0.91452 0.04921

C 0.86517  -0.66529  -0.76896 -2.50776 1.81408 0.75573

C -0.60097 1.24570  -0.14593 -0.34476  -1.45815  -0.83612

N -1.65761 1.96722  -0.32589

N -3.50541  -0.12869  -0.55090 There are no imaginary frequencies.

C -2.84959  -1.14297  -0.11328

C -1.38130  -1.18197 0.11727 SCF energy: -931.999493 hartree
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ao/Bp: -0.214243095 hartree N 2.00851 1.29622 0.58835

ap: -1.20476436 hartree N 2.86310 0.61594  -0.39903

SCS-MP2 energy: -933.588039 hartree C 3.64337  -0.24860 0.14930

zero-point correction: +0.190294 hartree C 457187  -1.03859  -0.70069

enthalpy correction: +0.202455 hartree H 2.34069 1.15137 1.56071

free energy correction: +0.152941 hartree H 0.09257 247253  -0.87818

quasiharmonic free energy correction: +0.153394 H -1.49518  -1.60173 1.37914

hartree H 0.88726  -0.88058 1.72863
H 3.66424  -0.41960 1.23020

S-63 H 432036  -2.09738  -0.56688
H 2.07794 2.30796 0.38714

C -0.78814  -0.25378  -1.05046 H 441459  -0.78051  -1.75107

C -0.16194 1.19124 0.84432 C 6.02329  -0.79375  -0.28050

C 155167  -0.04891  -0.23406 H 6.29437 0.25560  -0.42250

C 0.66412  -0.66716  -1.03431 H 6.17645  -1.05190 0.77088

C -0.89924 112195  -0.46618 H 6.69370  -1.40845  -0.88596

N -1.49619 2.16635  -0.90729 N -1.50957 118348  -0.56372

N -0.66067 0.06762 1.70205 Br -3.71486  -0.45493  -0.22003

C -1.25500  -0.99352 1.26792

Cc -1.62188  -1.19925  -0.15624 There are no imaginary frequencies.

H -0.35598 2.11482 1.38854

H -1.53475  -1.73114 2.01741 SCF energy: -3042.406749 hartree

H -1.37546  -2.23977  -0.40066 ao/BP: -0.214254722 hartree

H -1.92134 1.94584  -1.81869 af: -1.18483132 hartree

C -3.14016  -1.00623  -0.30363 SCS-MP2 energy: -3043.971383 hartree

H -3.68306  -1.68195 0.36272 zero-point correction: +0.190463 hartree

H -3.42639 0.02277  -0.07078 enthalpy correction: +0.203226 hartree

H -3.42344  -1.23056  -1.33489 free energy correction: +0.150186 hartree

N 1.24803 1.05063 0.58352 quasiharmonic free energy correction: +0.152122

H -0.45180 0.13573 2.70520 hartree

H -1.18756 -0.27410 -2.07091

H 0.98116  -1.48725  -1.67019 S-65

Cl 3.22468  -0.50337  -0.19905

H 1.82428 1.12465 1.42409 -0.46485  -0.37351  -0.33270

0.41534 1.84190 0.02497

1.85762 0.07865  -0.03354
0.83772  -0.85070  -0.23982
-0.67769 1.00076  -0.19083
-1.97534 156449  -0.35775
-2.94765 0.83341 0.35494
-3.93989 0.27994  -0.24887
-4.94567  -0.53012 0.46273
-2.00744 2.53000  -0.01350
0.27371 2.91479 0.14121

1.05118  -1.90997  -0.33804
-1.28896  -1.06042  -0.50938
-3.98930 0.42481  -1.32575
-5.91975  -0.06572 0.26978
-4.75946  -0.51602 1.53960

There are no imaginary frequencies.

SCF energy: -932.022699 hartree

ao/Bp: -0.214936135 hartree

ap: -1.20157843 hartree

SCS-MP2 energy: -933.6078839 hartree
zero-point correction: +0.194386 hartree
enthalpy correction: +0.205504 hartree

free energy correction: +0.158705 hartree
quasiharmonic free energy correction: +0.158800
hartree

2-bromo-5-hydrazinylpyridine (29)

TWZIIITIOIIIIIIIOOZZOO0OOO0O0

S-64 -4.93552  -1.96214  -0.09027

-3.96833  -2.43794  0.08790
C 0.21292  -0.31355  1.09112 -5.70956  -2.54386  0.41437
C -0.23424 156723  -0.37119 -5.13971  -1.96845  -1.16353
C -1.90259  0.07615  0.06376 168249  1.39204  0.09577
C -1.10482  -0.71118  0.89826 r 3.65949  -0.55789  0.07898
C 0.62667  0.84657  0.44488 -2.82363 ~ 0.72083  1.37241
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C -1.06305  -1.17057  -0.89858
There are no imaginary frequencies. C 0.98633  -1.29448 0.29591
N 235772 -1.77069 0.41400
SCF energy: -3042.418290 hartree N 3.36615  -0.98324  -0.33148
ao/Bp: -0.213704996 hartree C 3.37402 0.36102 0.14595
ap: -1.17844415 hartree C 3.07118 1.40971  -0.63186
SCS-MP2 energy: -3043.974893 hartree H 243994  -2.74464 0.07716
zero-point correction: +0.190092 hartree Br -3.21389 0.50373  -0.05716
enthalpy correction: +0.202999 hartree H -1.71849 -1.45575 -1.71452
free energy correction: +0.148876 hartree H 0.59539 -2.42103 -1.51189
quasiharmonic free energy correction: +0.151785 H 3.03923  -1.01159  -1.30524
hartree H 3.73613 0.46633 1.16654
H 2.71222 1.22865  -1.64544
S-66 H 2.66718  -1.77576 1.40111
C 3.23653 2.82906  -0.19518
C 0.26722 1.82539  -0.00316 H 2.29080 3.37236  -0.29043
C -0.34005  -0.51457  -0.03898 H 3.56994 2.88575 0.84440
C 1.95986 0.12440  -0.00338 H 3.97041 3.34620  -0.82246
C 1.60481 1.47119 0.00888 N -0.73300 0.14477 1.11378
C -0.74051 0.83271  -0.02605 H 1.09748  -0.06282 2.07543
N -2.04862 1.17893  -0.04785
N -3.01749 0.20367 -0.01827 There are no imaginary frequencies.
C -4.23592 0.63063 0.02636
C -5.38516  -0.32041 0.05621 SCF energy: -3042.387916 hartree
H -2.31146 2.16651 0.00596 ao/BP: -0.215377769 hartree
H -0.01616 2.87520 0.00843 ap: -1.18650334 hartree
H -4.45812 1.70347 0.04556 SCS-MP2 energy: -3043.955305 hartree
H -6.05266  -0.06002  -0.77570 zero-point correction: +0.190579 hartree
H -5.96303  -0.11485 0.96714 enthalpy correction: +0.203381 hartree
C -5.00565  -1.79285 -0.01049 free energy correction: +0.150145 hartree
H -4.37531  -2.07826 0.83521 quasiharmonic free energy correction: +0.152351
H -5.90774  -2.41017 0.01308 hartree
H -4.46164  -2.01940  -0.93080
N 0.97760  -0.80129  -0.02704 S-68
H 2.37555 2.23461 0.02896
Br 3.73820  -0.47859 0.01400 -0.43342  -1.21933  -1.08443
H -1.01786  -1.35736  -0.05704 -0.38931  -0.79651 1.28719
H 122356  -1.79690  -0.03512 1.44736  -0.28597 0.04038

0.85599  -0.70627  -1.15329
-1.06928  -1.25676 0.15979
-2.37556  -1.82146 0.27127
-3.37376  -0.91567  -0.32992
-3.41337 0.42929 0.23504
-2.94310 1.46216  -0.46758
-2.64690  -1.87695 1.26038
-0.86337  -0.81720 2.26658
1.38956  -0.65463  -2.09643
-0.93439  -1.58662  -1.97772
-3.18172  -0.88772  -1.34447

There are no imaginary frequencies.

SCF energy: -3042.405515 hartree

ao/Bp: -0.216025344 hartree

af: -1.18946842 hartree

SCS-MP2 energy: -3043.976894 hartree
zero-point correction; +0.189008 hartree
enthalpy correction: +0.202197 hartree

free energy correction: +0.148484 hartree
quasiharmonic free energy correction: +0.150416

hartree -3.81068 0.46230 1.24385
-2.56004 129125  -1.47330
S-67 -4.28117  -1.39608  -0.22099

-2.92824 2.85976 0.05457
-3.52310 3.51123  -0.59307
-3.32738 2.91055 1.07017
-1.90510 3.24839 0.05661

C 0.21541 -1.70418  -0.78711
C 0.50391 -0.37551 1.21974
Cc -1.46604  -0.25410 0.07645
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N 0.87175  -0.32415 1.23925
Br 3.22936 0.40875  -0.02531

0.87470  -0.13203 1.12341
-1.15896  -0.39341 0.12828
-0.72681  -1.46613  -0.68019
1.38575  -1.24432 0.42075
2.73196  -1.50508 0.48628
3.61142  -0.20575  -0.60298
3.09768 0.96617  -0.16043
1.87791 1.46009  -0.57331
1.44493 0.31891 1.93230
-1.39837  -1.93909  -1.38888
0.97522  -2.70697  -1.13631
3.07660  -0.50548  -1.43262
3.63703 1.45500 0.64987

There are no imaginary frequencies.

SCF energy: -3042.393237 hartree

ao/Bp: -0.215377435 hartree

ap: -1.18641675 hartree

SCS-MP2 energy: -3043.960522 hartree
zero-point correction: +0.191317 hartree
enthalpy correction; +0.203999 hartree

free energy correction: +0.151272 hartree
quasiharmonic free energy correction: +0.153293

hartree 1.36589 0.93513  -1.38347
3.21449  -1.28600 1.36431
S-69 1.33355 2.78023  -0.16579

0.25997 2.70158 0.02969
1.84144 3.17227 0.71854
1.45758 3.49308  -0.99084
3.06706  -2.37368 0.05243
-0.42917 0.24238 1.02674
r -2.96927 0.18523  -0.05877

0.16059  -0.98485 1.38694
0.39729  -0.59710  -0.98099
-1.68003  -0.14378 0.09941
-1.15314  -0.54906 1.32222
0.96582  -1.01269 0.22924
2.24731  -1.50646 0.27838

WZIITIITIOIIIIIIIOOZZOO000

3.08400 -1.14961 -0.79487 1 imaginary frequency: —295.13 cm™.
3.84441 0.03051  -0.59933

3.58774 0.99562 0.29771 SCF energy: -3042.338230 hartree
2.68594  -1.42201 1.20148 ao/BP: -0.222840152 hartree

0.58020  -1.30018 2.33955 af: -1.20518171 hartree

3.66941 -1.94809 -1.03691 SCS-MP2 energy: -3043.933008 hartree
4.65688 0.11817  -1.31831 zero-point correction: +0.188170 hartree
2.76043 0.89227 0.99693 enthalpy correction: +0.200377 hartree
4.39978 2.25281 0.38378 free energy correction: +0.149617 hartree
4.84766 2.36886 1.37678 quasiharmonic free energy correction: +0.151013
5.20666 2.25233  -0.35514 hartree

3.77919 3.13854 0.20815

-0.88752  -0.18608  -0.99133 TSS-71

-1.76999  -0.52039 2.21408

TITWIZIIITOIIIIIOOZZO0000

-0.42870 2.80479 0.02512
-2.03296 3.10942 0.75728

r -3.43762 0.48097  -0.11655 C 0.40193 0.31490 1.03690
0.92108  -0.57686  -1.92723 C -0.46897  -1.81092  -0.48796
-1.26205 0.10983  -1.89913 C -0.94793  -0.07101 1.14899

C 118744  -0.36229 0.12433
There are no imaginary frequencies. C -1.35596  -1.22831 0.44861

N -2.66808  -1.60656 0.46225
SCF energy: -3042.388491 hartree N -3.60305  -0.31871  -0.68169
ao/pp: -0.215695744 hartree C -3.15955 0.86151  -0.20636
af: -1.18609736 hartree C -1.94318 1.42055  -0.56242
SCS-MP2 energy: -3043.955605 hartree H -1.57198 0.34800 1.93446
zero-point correction: +0.189940 hartree H 0.78929 1.14351 1.61999
enthalpy correction: +0.202694 hartree H -0.79429  -2.65814  -1.09041
free energy correction: +0.150409 hartree H -3.01045  -0.59315  -1.48063
quasiharmonic free energy correction: +0.151761 H -3.74954 1.31872 0.58734
hartree H -1.38311 0.93886  -1.36706

H -3.21446  -1.42036 1.30866
TS S-70 C -1.50924 277718  -0.14212

H

H

Cc 0.58001  -1.88205  -0.54741
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H -1.72409 3.48316  -0.95509 TS S-73
H -2.91679  -2.48712  -0.00283

N 0.78763  -1.40484  -0.63685
Br 3.00555 0.16896  -0.10008

0.43188 0.28880 1.07862

-0.48810  -1.77129  -0.50009
-0.91794  -0.08810 1.19309
119507  -0.36217 0.12792
-1.37384  -1.21770 0.46806
-2.64979  -1.68918 0.50035
-3.53309  -0.35894  -0.64231
-3.16885 0.87790  -0.23206
-1.91929 1.36566  -0.55832
-1.53490 0.33359 1.98466
0.84144 1.09154 1.68323

-0.83113  -2.59720  -1.12119
-3.11148  -0.73848  -1.49653

1 imaginary frequency: —243.97 cm™.

SCF energy: -3042.334292 hartree

ao/Bp: -0.223302651 hartree

ap: -1.20632677 hartree

SCS-MP2 energy: -3043.930753 hartree
zero-point correction: +0.188592 hartree
enthalpy correction; +0.200573 hartree

free energy correction: +0.150782 hartree
quasiharmonic free energy correction: +0.151570

hartree -3.80369 1.34267 0.51613
-1.35671 0.85999  -1.34353
TS S-72 -3.11444  -1.30903 1.33980

-1.46055 2.71884  -0.13911
-0.38326 2.72140 0.04328
-1.98715 3.06379 0.75317
-1.65448 3.42152  -0.95821
-450175  -0.65902  -0.49104
0.76692  -1.37167  -0.66250
r 3.01597 0.15818  -0.11164

0.58990  -1.85193  -0.53602
0.85066  -0.11895 1.14486
-1.16857  -0.38208 0.13140
-0.71405  -1.44038  -0.68798
1.39852  -1.22665 0.44909
2.71062  -1.58665 0.55039
3.53517  -0.28156  -0.58213

WZITIITOIIIIIIIOOZZO0O0000

3.11982 0.95912 -0.20777 1 imaginary frequency: —324.66 cm™.
1.86041 1.38542  -0.56048

1.41005 0.33770 1.95971 SCF energy: -3042.331460 hartree
-1.37583  -1.90604  -1.41114 ao/Bp: -0.223701809 hartree

0.99724 -2.67266 -1.12190 ap: -1.20978488 hartree

3.15692 -0.67852 -1.44939 SCS-MP2 energy: -3043.932336 hartree
3.72608 1.45673 0.54285 zero-point correction: +0.188295 hartree
1.33245 0.84291 -1.34563 enthalpy correction: +0.200357 hartree
3.10468 -1.15487 1.40176 free energy correction: +0.150405 hartree
1.32145 2.71474 -0.15909 quasiharmonic free energy correction: +0.151162
0.25601 2.63709 0.07074 hartree

1.85402 3.12060 0.70375

1.42544 3.41016  -0.99992 TS S-74

451643  -0.53126  -0.41817
-0.45662 0.24724 1.04477
-2.98504 0.17855  -0.07051

0.58694  -1.93814  -0.38952
0.96734 0.00282 1.02020

-1.18623  -0.40126 0.08398
-0.72084  -1.53935  -0.58445
144889  -1.23120 0.48117

2.74770  -1.61912 0.56589
3.55371  -0.40171  -0.71345
3.15060 0.80965  -0.27603
1.90515 1.36229  -0.55249
1.45443 0.50330 1.85110

-0.72751 1.09688 1.40694
-1.38872  -2.08958  -1.23830
0.96020  -2.83796  -0.87338
2.92214  -0.72574  -1.45991
3.78217 1.27887 0.47953

1.31057 0.89556  -1.34223

WZIIIITIOIIIIIIIOOZZOOO0OO0

=

1 imaginary frequency: —377.54 cm™.

SCF energy: -3042.335550 hartree

ao/BP: -0.223525107 hartree

af: -1.20865108 hartree

SCS-MP2 energy: -3043.934948 hartree
zero-point correction: +0.188431 hartree
enthalpy correction: +0.200593 hartree

free energy correction: +0.150244 hartree
quasiharmonic free energy correction: +0.151215
hartree
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3.19955  -1.13516 1.35483 quasiharmonic free energy correction: +0.151488
1.53653 2.75408  -0.15343 hartree

0.46650 2.83646 0.05986

2.10564 3.08037 0.72074 S-76

1.75096 3.43663  -0.98408
-0.37507 0.27429 0.90517
-2.95573 0.19922  -0.08729

0.26540 2.03285 0.47036
1.06623  -0.13970  -0.61243
-1.20736 0.20370  -0.12019
-0.98025 1.50481 0.49819
1.31908 1.26753  -0.14832
2.50059 178101  -0.29585
3.90130 -0.54786  -0.85453
3.25816  -1.35555  -0.08970
1.80457  -1.20087 0.25055
145011  -0.22591  -1.63682
-1.80637 2.03816 0.95752
487703  -0.84792  -0.95090
3.73464  -2.22708 0.37095

WZITIITTOI

=

1 imaginary frequency: —275.14 cm™.

SCF energy: -3042.308813 hartree

ao/Bp: -0.225247944 hartree

ap: -1.21260379 hartree

SCS-MP2 energy: -3043.914103 hartree
zero-point correction: +0.188491 hartree
enthalpy correction: +0.200470 hartree

free energy correction: +0.150707 hartree
quasiharmonic free energy correction: +0.151402

ITIITWZIITIIOIIIIITOOZZO00000

hartree 133219  -2.15570  -0.01470
1.62475  -0.98499 1.75681

TS S-75 2.03695  -1.83879 2.30164
2.14472  -0.08247 2.09137

C 0.33130 0.44632 0.96834 0.56397  -0.89974 2.01030

C -0.50072  -1.86648  -0.33249 -0.33347  -0.55772  -0.66412

C -1.02501 0.05071 1.05902 r -3.03299  -0.38244  -0.13327

C 1.18648  -0.26195 0.15981 2.70200 2.73162 0.02357

C -1.42310  -1.21620 0.50955 3.24908 1.18637  -0.70625

N -2.67425  -1.73333 0.54689 0.48792 3.01216 0.88744

N -3.55190  -0.48018  -0.77957

Cc -3.20354 0.72250  -0.30126 There are no imaginary frequencies.

C -1.97028 133715  -0.53725

H -1.63195 0.49128 1.84671 SCF energy: -3042.422815 hartree

H 0.68561 1.33068 1.48831 ao/Bp: -0.212953594 hartree

H 1.37959  -1.92501  -1.07042 apf: -1.19066621 hartree

H -0.73448  -2.78603  -0.86005 SCS-MP2 energy: -3043.993584 hartree

H -2.87431 -0.77562 -1.49798 zero-point correction: +0.189957 hartree

H -3.86869 1.15372 0.44851 enthalpy correction: +0.202412 hartree

H -1.34656 0.91190 -1.32700 free energy correction: +0.151654 hartree

H -3.19821  -1.28061 1.30927 quasiharmonic free energy correction: +0.152209

C -1.69133 2.74812  -0.13328 hartree

H -0.62403 2.90775 0.03895

H -2.25015 3.02351 0.76486 S-77

H -1.99402 3.41625  -0.94849

N 0.73995  -1.39467  -0.46797 -1.12200  -0.16463  -0.62813

Br 2.98965 0.20081  -0.10408 -0.15093 1.92655 0.47656

1.26997 0.20174  -0.10805
0.31365  -0.57852  -0.64646
-1.28670 1.22928  -0.11904
-2.42636 1.83827  -0.18658
-3.98862  -0.35135  -0.83233
-3.39337  -1.25855  -0.14414
-1.93133  -1.21988 0.19188
0.54460  -1.54705  -1.08094
-1.50938  -0.19153  -1.65837
-4.98256  -0.57845  -0.94027
-3.92304  -2.13197 0.25049

1 imaginary frequency: —-95.35 cm™,

SCF energy: -3042.305746 hartree
ao/Bp: -0.225260596 hartree

ap: -1.21452832 hartree

SCS-MP2 energy: -3043.913354 hartree
zero-point correction: +0.188533 hartree
enthalpy correction: +0.200402 hartree
free energy correction: +0.151117 hartree

IITIITOOZZ00000
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-1.52843  -2.19645  -0.10946 enthalpy correction: +0.202438 hartree

-1.73076  -1.07264 1.70412 free energy correction: +0.150314 hartree
-0.66383  -1.06642 1.94641 quasiharmonic free energy correction: +0.151723
-2.18653  -0.15029 2.07583 hartree

-2.19508  -1.91468 2.22494

1.05726 1.44527 0.48791 S-79

3.09223  -0.34677  -0.11046
-2.53380 2.79362 0.16591
-3.23546 1.31427  -0.58648
-0.32169 2.90030 0.93468

=

-1.12002  -0.13967  -0.69034
-0.17878 1.85216 0.60553
1.25624 0.19536  -0.08900
0.32703  -0.53851  -0.72487
-1.29100 1.26513  -0.16105
-2.38904 190670  -0.38871
-4.07591  -0.32621  -0.58470
-3.35510  -1.27842  -0.11124
-1.88966  -1.20925 0.13171
-0.37665 2.76877 1.16402
0.58790  -1.45451  -1.24788
-1.50472  -0.16255  -1.71962
-3.86954  -2.20071 0.15154
-1.50933  -2.18938  -0.18586

ITITITWZIITIITOI

There are no imaginary frequencies.

SCF energy: -3042.406199 hartree

ao/Bp: -0.212972145 hartree

af: -1.19160844 hartree

SCS-MP2 energy: -3043.978111 hartree
zero-point correction: +0.188852 hartree
enthalpy correction: +0.201400 hartree

free energy correction: +0.150084 hartree
quasiharmonic free energy correction: +0.151047

hartree -2.37596 2.83677 0.05189
-1.65983  -1.08818 1.64837
S-78 -0.58467  -1.09051 1.84834

-2.09778  -0.16522 2.03733
-2.10990  -1.93536 2.17262
1.02577 1.37064 0.64624
3.08934  -0.33039  -0.11843
-5.08229  -0.46092  -0.70204
-3.66314 0.60774  -0.78979

0.08394 2.28892 0.24290
-0.96153 0.01181 0.51116
1.32961 0.22963 0.13759
1.29360 1.68500 0.25503
-1.11294 1.46131 0.11834
-2.28053 1.87105  -0.24094
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-4.35244  -0.47440  -0.75280 There are no imaginary frequencies.
-3.40780  -0.30145 0.10825

-2.05273  -0.87661  -0.09511 SCF energy: -3042.411994 hartree
-2.28511 2.88842  -0.39858 ao/BP: -0.212287682 hartree

-1.05343  -0.02298 1.61049 ap: -1.19095983 hartree

2.22038 2.24745 0.30660 SCS-MP2 energy: -3043.982671 hartree
-0.01193 3.37273 0.25036 zero-point correction: +0.189944 hartree
-3.69104 0.10076 1.07637 enthalpy correction: +0.202400 hartree
-1.86799  -0.98072  -1.17076 free energy correction: +0.151359 hartree
-2.06138  -2.26407 0.56882 quasiharmonic free energy correction: +0.152279
-1.06991  -2.70990 0.47912 hartree

-2.31625  -2.18173 1.62958

-2.78870  -2.91645 0.07933 S-80

0.34721  -0.58618 0.20665
3.07622  -0.50939  -0.20592
-5.30646  -0.17374  -0.55555
-4.16169  -0.87558  -1.67202

-0.55175  -2.35241 0.16995
-1.42121  -0.09958  -0.66127
0.93119  -0.47392  -0.09946
0.69127  -1.83647 0.31464
-1.64444  -157269  -0.40284
-2.76645  -2.17240  -0.63176
-1.09278 2.69521  -0.70403
-2.07310 2.25107  -0.00038
-2.22498 0.78852 0.31363
-3.43883  -1.51522  -1.05411
-1.72921 0.14153  -1.68568
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There are no imaginary frequencies.

SCF energy: -3042.426476 hartree
ao/Bp: -0.211796062 hartree

ap: -1.187765 hartree

SCS-MP2 energy: -3043.992991 hartree
zero-point correction: +0.189619 hartree

TTOOZZ00000
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H -0.75995  -3.38351 0.44442 SCS-MP2 energy: -3043.99679 hartree

H -2.83102 2.90837 0.43652 zero-point correction: +0.193313 hartree

H -3.27690 0.52108 0.14317 enthalpy correction; +0.204856 hartree

H -1.13929 3.71501 -0.79742 free energy correction: +0.156176 hartree

C -1.89247 0.53417 1.78721 quasiharmonic free energy correction: +0.156567
H -2.10663  -0.50247 2.06065 hartree

H -0.84180 0.75077 2.00214

H -2.50624 118405 241735 3-hydrazinyl-4-methoxypyridine (33)
N -0.00047 0.28105  -0.58155

Br 2.66078 0.23548 0.02941 5-82

H 151420  -2.41327 0.72185

H 0.11919 1.29272 -0.82576 0.98179 0.60678 -0.26164

2.16001  -1.48440 0.11330
3.14349 0.47674 0.76141
2.07357 1.25338 0.32009
1.05774  -0.78906  -0.35501
-0.07691  -1.50302  -0.91927
-1.17182  -1.53398 0.06677
-2.20264  -0.87970  -0.33939
-3.36401  -0.70399 0.57021
0.18270  -2.48557  -1.11050
2.19589  -2.56941 0.03228
3.99980 0.96853 1.21580

There are no imaginary frequencies.

SCF energy: -3042.403175 hartree

ao/Bp: -0.212536753 hartree

af: -1.19115832 hartree

SCS-MP2 energy: -3043.974256 hartree
zero-point correction: +0.189627 hartree
enthalpy correction: +0.202033 hartree

free energy correction: +0.151096 hartree
quasiharmonic free energy correction: +0.151872

hartree 2.10805 2.33075 0.43478
-2.24914 -0.41252 -1.32664
S-81 -4.26539 -1.03937 0.04576

-0.37550  -1.07794  -1.81811
-3.23048  -1.32191 1.46174
-3.49751 0.77721 0.94310
-2.60818 1.12000 1.47891
-3.62415 1.39647 0.05070
-4.36798 0.92183 1.58789
3.21580  -0.86658 0.67078
-0.13780 117874  -0.75416
-0.26630 2.61143  -0.59394
-0.24074 2.87488 0.46522
0.52792 3.12525  -1.13903
-1.23659 2.85372  -1.02220

C -1.30221  -0.30918  -1.03253
C -0.82063 1.27663 0.79155
C 0.99711 0.10763  -0.18805
C 0.17547  -0.61856  -0.96761
C -1.52416 1.08323  -0.52524
N -2.19196 2.05270  -1.03125
N -1.25639 0.16611 1.69955
Cc -1.77381  -0.95238 1.31366
Cc -2.08670  -1.26367  -0.10404
H -1.09233 2.21018 1.28307
H -2.02509  -1.66416 2.09751
H -1.75597  -2.29468  -0.28091
H
C
H
H
H
N
H
H
H
B
H
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-2.58171  1.74902  -1.93467 There are no imaginary frequencies.
-3.61041 -1.19712 -0.29838
-4.11699  -1.88829  0.38043 SCF energy: -586.986479 hartree
-3.98339  -0.18620  -0.11440 aa/Bp: -0.237782978 hartree
384479  -1.48163  -1.32708 of: -1.33159 hartree
0.60235  1.22607  0.56117 SCS-MP2 energy: -588.742906 hartree
-1.07873  0.30359  2.70166 zero-point correction: +0.234822 hartree
-1.67524  -0.41132  -2.05810 enthalpy correction: +0.248545 hartree
0.55873  -1.44933  -1.55089 free energy correction: +0.195542 hartree
r 2.85807  -0.26158  -0.08973 quasiharmonic free energy correction: +0.196474
There are no imaginary frequencies. s-83
SCF energy: -3042.429096 hartree C 1.40039 0.53443 -0.10605
ao/BB: -0.213216957 hartree C 1.52608  -1.87276  -0.18980
of: -1.18795741 hartree C 321391  -0.71380  0.83398
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C 2.60500 0.51866 0.59317 N 1.79095  -2.30406 0.06244
C 0.84244  -0.69874  -0.48425 H -0.26455  -2.30183  -0.27444
N -0.34925  -0.72540  -1.26862 H 3.92641 0.22773 0.38508
N -1.41867  -0.06750  -0.65506 H 3.83762  -2.28203 0.40382
C -2.59922  -0.54775  -0.47711 o 1.66664 1.76230  -0.02243
C -3.69810 0.27898 0.06996 C 2.87278 2.54971 0.12337
H -0.63926  -1.68745  -1.47521 H 3.57221 231448  -0.68120
H 1.10079  -2.82937  -0.49001 H 2.54054 3.58269 0.04732
H 415989  -0.74367 1.36898 H 3.32681 2.36800 1.09958
H 3.08649 1.43076 0.92692 H 1.78805  -3.32620 0.07644
H -2.75748  -1.59253  -0.74297

H -4.49065 0.30459  -0.68720 There are no imaginary frequencies.

H -3.35097 1.30337 0.23456

C -4.23574  -0.34186 1.36305 SCF energy: -587.001250 hartree

H -3.46017  -0.36395 2.13215 ao/BP: -0.238695775 hartree

H -5.07350 0.25510 1.73021 af: -1.3337053 hartree

H -4.58822 -1.36185 1.19042 SCS-MP2 energy: -588.7608269 hartree
N 2.70860  -1.90226 0.45554 zero-point correction: +0.232804 hartree
@] 0.67748 1.63941  -0.44723 enthalpy correction: +0.247107 hartree

C 1.17437 2.91503 0.01933 free energy correction: +0.192071 hartree
H 2.16168 3.11325 -0.40237 quasiharmonic free energy correction: +0.193728
H 0.45564 3.64555  -0.34634 hartree

H 1.21121 2.93055 1.11062

H -1.19468 0.91348  -0.42852 S-85

There are no imaginary frequencies. C -1.33858 -0.23921 0.03066
C -0.29809 1.70550  -0.98226
SCF energy: -586.991395 hartree C -1.82827 2.00638 0.69364
ao/Bp: -0.237843809 hartree C -2.05204 0.63815 0.84691
ap: -1.32841 hartree C -0.46624 0.33347 -0.90273
SCS-MP2 energy: -588.7440496 hartree N 0.30684 -0.56489 -1.74529
zero-point correction: +0.234537 hartree N 140137  -1.29414  -1.06965
enthalpy correction:; +0.248480 hartree C 2.28245 -0.36398 -0.44348
free energy correction: +0.193730 hartree C 2.53427 -0.38138 0.87266
quasiharmonic free energy correction: +0.196014 H 0.73839 -0.04675 -2.52941
hartree H 0.39011 2.13304  -1.70924
H -2.37149 2.70361 1.32650
S-84 H -2.75735 0.28673 1.59146
H 0.92107  -1.86175  -0.36159
C 1.79587 0.42016 0.02055 H 2.80374 0.29224  -1.13751
C 0.60961  -1.67975  -0.14202 H 1.97308  -1.06802 1.50752
C 2.96055  -1.66652 0.24816 H -0.30085  -1.28788  -2.16585
C 2.98185  -0.28029 0.23391 C 3.57930 0.46786 1.52109
C 0.57656  -0.28742  -0.16520 H 436392  -0.15172 1.96841
N -0.56224 0.42461  -0.42894 H 4.04344 1.14332 0.79745
N -1.76601  -0.25337  -0.42286 H 3.14209 1.06539 2.32759
C -2.82102 0.48997  -0.35866 N -0.97659 2.55815  -0.19303
C -4.17802  -0.12486  -0.37288 @] -1.39230  -1.59178 0.03168
H -0.56018 1.41584  -0.17680 C -2.30802  -2.20788 0.96929
H -2.74268 158062  -0.28091 H -2.19790  -3.27728 0.80295
H -4.07724  -1.20226  -0.53491 H -2.02846  -1.95089 1.99281
H -4.74092 0.28890  -1.21861 H -3.33136  -1.89316 0.75659
C -4.93265 0.15853 0.92800
H -5.02025 1.23492 1.10271 There are no imaginary frequencies.
H -5.94124  -0.26184 0.88548
H -4.40977  -0.28489 1.77999 SCF energy: -586.968952 hartree
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242686  -0.02072 0.63423
0.36838  -0.46745  -0.59124
-0.63947  -0.00903  -1.42616
-1.82691  -0.77318  -1.36736
-2.76953  -0.34618  -0.40044
-2.52669 0.45167 0.65230
-0.80337 0.99630  -1.31113

ao/Bp: -0.238388049 hartree

af: -1.3323005 hartree

SCS-MP2 energy: -588.7266379 hartree
zero-point correction: +0.234848 hartree
enthalpy correction: +0.248830 hartree

free energy correction: +0.194516 hartree
quasiharmonic free energy correction: +0.196428

hartree -2.23474  -0.81914  -2.30013
-3.74997  -0.79150  -0.56135
S-86 -1.53973 0.88378 0.80575

-3.58080 0.78665 1.66470
-3.74933 1.86777 1.71987
-4.53227 0.30752 1.41515
-3.28833 0.45767 2.66818
1.52697  -2.19450 0.53197
-0.23875  -2.55899  -0.51482
3.20437 0.64259 0.99324
3.27890  -1.79798 1.57001
1.17368 1.71266  -0.54446
2.11783 2.70363  -0.07295
3.11820 247847  -0.44786
1.76235 3.64484  -0.48643
2.11159 2.73995 1.01818
158393  -3.18261 0.78940

-1.02269 0.57691  -0.12797
-1.15746  -1.78933  -0.56579
-2.48346  -0.89224 1.06986
-1.97055 0.39060 0.87602
-0.59437  -0.54936  -0.85248
0.31337  -0.37841  -1.93446
1.58017 0.20777  -1.46150
2.23523  -0.50954  -0.37354
2.23791 0.00923 0.85673

0.57130  -1.29274  -2.32385
-0.83065  -2.66563  -1.12431
-3.23651  -1.05345 1.83745
-2.33651 1.21176 1.48194
2.18460 0.26770  -2.29599
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2.65061 -1.46698 -0.67004 There are no imaginary frequencies.
1.77799 0.98327 1.02424

1.33942 1.17451 -1.17797 SCF energy: -586.983667 hartree
2.86056  -0.67808 2.02563 ao/BP: -0.238674184 hartree

211113  -0.84802 2.80515 af: -1.3311917 hartree

3.29540 -1.63830 1.73853 SCS-MP2 energy: -588.7402132 hartree
3.64407 -0.04940 2.45992 zero-point correction: +0.234347 hartree
-2.10445  -1.97959 0.37274 enthalpy correction: +0.248160 hartree
-0.43176 1.75742 -0.46978 free energy correction: +0.194572 hartree
-0.74308 2.90663 0.35146 quasiharmonic free energy correction: +0.196435
-0.46481 2.71636 1.39010 hartree

-0.14316 3.71588  -0.05970

-1.80502 3.14846 0.27569 TS S-88

-0.16017  -1.70417 1.62391
-2.63175  -0.57255 0.16485
-0.59318  -1.57793  -2.38064
-1.87256 0.42163 1.99524

C 1.37010 0.43731  -0.15351
C 0.47996  -1.80320  -0.22866
Cc 249116  -1.36387 0.96699

There are no imaginary frequencies. C 1.05676 0.31891  -0.24060

C -1.02294 0.80772  -1.40567
SCF energy: -586.970618 hartree C -0.04905 2.43800 -0.13364
ao/Bp: -0.239351198 hartree C 1.01893 1.62183 0.24738
af: -1.3346039 hartree C 0.05637  -0.06512  -1.17012
SCS-MP2 energy: -588.7317102 hartree N 0.02580  -1.36084  -1.59494
zero-point correction; +0.234832 hartree N -0.93284  -2.41167 -0.24241
enthalpy correction: +0.248702 hartree C -0.93123  -1.61905 0.85554
free energy correction: +0.195177 hartree C -1.84306  -0.58973 0.91642
quasiharmonic free energy correction: +0.196596 H -1.82448 0.48928  -2.07087
hartree H -0.08594 3.46130 0.23182

H 1.76965 2.00573 0.92868
S-87 H -0.19057  -3.11805  -0.14229

H

H

H

C
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H -2.87387 0.48315 2.43597 aa/Bp: -0.246487949 hartree

H -1.13778 0.20383 2.77440 af: -1.3552454 hartree

H -1.65497 1.41856 1.58200 SCS-MP2 energy: -588.7063317 hartree

H 0.92345  -1.85540 -1.61603 zero-point correction: +0.231567 hartree

N -1.06246 2.06660 -0.94785 enthalpy correction: +0.245004 hartree

@] 197616  -0.62634 0.02659 free energy correction: +0.193078 hartree

c 3.02167  -0.27522 0.96725 quasiharmonic free energy correction: +0.194157
H 2.58210  -0.01118 1.93104 hartree

H 3.62781  -1.17378 1.05798

H 3.61753 0.54946 0.57203 TS S-90

1 imaginary frequency: —119.98 cm™. -1.39117 0.11970 0.14737
0.81448 0.64973 1.01649
-0.50279 2.34692 0.00692
-1.52223 1.44493  -0.26667
-0.25022  -0.27925 0.92126
-0.12867  -1.58461 1.26834
0.86230  -2.29046  -0.23234
1.95038  -1.48740  -0.27481
1.97009  -0.22459  -0.84531
1.65785 0.47880 1.67739

SCF energy: -586.918797 hartree

ao/Bp: -0.245943734 hartree

ap: -1.3515755 hartree

SCS-MP2 energy: -588.7046501 hartree
zero-point correction: +0.231605 hartree
enthalpy correction: +0.245026 hartree

free energy correction: +0.193228 hartree
quasiharmonic free energy correction: +0.194189

hartree 1.33343 2.63839 0.84027
-0.55345 3.39257  -0.27559
TS S-89 -2.38778 179860  -0.81270

0.15290  -1.94339  -0.89337
2.79586  -1.80403 0.33775
1.13447 0.05346  -1.49166
0.67495  -1.68448 1.90400
3.21002 0.60378  -0.93950
2.98577 1.66521  -0.79455
3.95224 0.29068  -0.20063
3.64875 0.50277  -1.93904
0.59136 1.95548 0.66939
-2.28549  -0.84478  -0.08734
-3.46646  -0.49140  -0.84979
-3.18041  -0.12650  -1.83809
-4.02723  -1.41937  -0.93557
-4.05093 0.25803  -0.31301

1.08414 0.09112 -0.29157
-0.89770 0.94513  -1.39106
0.41652 2.38836  -0.20928
1.31867 1.39035 0.15593
-0.00983  -0.13925  -1.18299
-0.31383  -1.35497  -1.70241
-1.41304  -2.13873  -0.19515
-1.20682  -1.37836 0.90303
-1.81771  -0.14626 0.98877
-1.76970 0.77105  -2.02084
0.59542 3.40958 0.11977
2.15643 1.64125 0.79734
-2.26995  -1.99502  -0.73294
-0.40992  -1.68924 1.57124
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-2.64466 0.06201 0.31202 1 imaginary frequency: —-313.05 cm™.
0.48143  -1.98127  -1.50909

-1.53646 0.82156 2.07284 SCF energy: -586.909624 hartree
-2.45653 1.05029 2.62073 ao/BP: -0.2474896 hartree

-0.77758 0.44683 2.76336 af: -1.356016 hartree

-1.18268 1.76878 1.64028 SCS-MP2 energy: -588.7018363 hartree
-1.05797 -3.09832 -0.20920 zero-point correction: +0.232243 hartree
-0.68534 219746  -0.96871 enthalpy correction: +0.245467 hartree
1.83792  -0.98996  -0.01818 free energy correction: +0.194140 hartree
2.95581  -0.81033 0.88256 quasiharmonic free energy correction: +0.194750
2.60417  -0.44754 1.85075 hartree

3.39305  -1.80126 0.98611

3.68091  -0.11772 0.45036 S-91

C 151199  -0.13973  -0.12058
C -0.86460 0.60163  -0.69469
Cc 0.88028 2.17661  -0.50033

1 imaginary frequency: 140.79 cm™.

SCF energy: -586.915712 hartree
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C 1.86297 117762  -0.12791 H -0.77951  -0.41478 1.96858
C 0.15297  -0.47955  -0.48641 H -0.48097 1.34331 1.91109
N -0.17846  -1.72755  -0.61066 N -0.31982 1.98990  -0.82341
N -2.93816  -1.39394  -0.56691 o 2.24539  -1.24694 0.17927
C -2.99682  -0.43408 0.28561 C 3.60544  -0.98551 0.58549
C -1.93311 0.61316 0.43554 H 3.61820  -0.38651 1.49921
H -1.38898 0.37843  -1.63326 H 4.04123  -1.96560 0.76918
H 1.22312 3.20904  -0.55210 H 414597  -0.47236  -0.21347
H 2.86523 1.50571 0.12546 H -3.73281  -2.08810  -0.28854
H -3.77525  -1.98188  -0.49737 H -2.05804  -1.74413  -0.80232
H -3.84518  -0.31245 0.96745

H -2.44292 1.57912 0.32432 There are no imaginary frequencies.

C -1.31817 0.56199 1.83798

H -2.09620 0.72356 2.58944 SCF energy: -587.000028 hartree

H -0.85259  -0.40880 2.03230 ao/BP: -0.236400902 hartree

H -0.56601 1.34806 1.95310 af: -1.3380148 hartree

N -0.36516 1.96384 -0.79760 SCS-MP2 energy: -588.7632464 hartree

@) 227864  -1.21174 0.15822 zero-point correction: +0.234514 hartree

C 3.65742  -0.93713 0.50069 enthalpy correction: +0.247956 hartree

H 3.70285 -0.32711 1.40542 free energy correction: +0.196115 hartree
H 410276  -1.91386 0.67590 quasiharmonic free energy correction: +0.196984
H 415610  -0.43213  -0.32951 hartree

H 0.51176  -2.46379  -0.44980

H -1.16900  -1.94950  -0.83022 S-93

There are no imaginary frequencies. C 1.63076 0.07474 -0.13777
C -0.86059  -0.18923  -0.70317
SCF energy: -586.998660 hartree C 0.14801 1.96606 -0.14479
ao/BP: -0.236992775 hartree C 1.43381 1.40697 0.10055
af: -1.3388257 hartree C 0.53491  -0.76375  -0.67926
SCS-MP2 energy: -588.7632461 hartree N 0.68814 -1.97430 -1.09072
zero-point correction: +0.233663 hartree N -3.53835 0.57674  -0.45663
enthalpy correction:; +0.247161 hartree C -3.17490 -0.41473 0.27657
free energy correction: +0.195383 hartree C -1.73997 -0.84390 0.38328
quasiharmonic free energy correction: +0.195980 H 1.67026 -2.25189 -0.96062
hartree H -1.30821  -0.40257  -1.67934
H -3.87944  -0.99424 0.88282
S-92 H -1.69839  -1.92087 0.16946
H -4.55232 0.71392  -0.38266
C 149818  -0.16163  -0.12597 C -1.22804  -0.61345 1.80858
C -0.85118 0.62702  -0.73860 H -0.23364  -1.04826 1.94365
C 0.92060 2.16260  -0.48765 H -1.18334 0.45393 2.04439
C 1.87436 1.14297  -0.08429 H -1.90394  -1.09021 2.52435
C 0.15043  -0.50131  -0.59986 N -0.86913 1.26321  -0.54715
N -0.22440  -1.70344  -0.88899 @] 2.76787  -0.59959 0.01925
N -2.93256  -1.45280  -0.31072 C 3.92057 0.14268 0.49339
C -2.97562  -0.34737 0.34240 H 3.71235 0.55575 1.48199
C -1.88090 0.65526 0.41709 H 472199  -0.59043 0.54350
H 0.53508  -2.37303  -0.71440 H 4.16489 0.93448  -0.21697
H -1.40267 0.45251  -1.67067 H -0.02081 3.03162  -0.01457
H 1.29014 3.18788  -0.52655 H 2.21259 2.06656 0.46143
H 2.86383 1.45815 0.22805 H -1.79698 1.68697  -0.67416
H -3.88578  -0.14196 0.90245
H -2.38583 1.62685 0.34411 There are no imaginary frequencies.
C -1.24114 0.56403 1.81337
H -1.99554 0.72129 2.58905 SCF energy: -587.004633 hartree
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-1.39256 0.51004  -0.10933
-3.23257  -0.47053 0.83802
-2.79846  -1.74383 0.49913
-0.85187  -0.74108  -0.46941
0.34837  -0.80163  -1.23794
141617  -0.12281  -0.64878
2.60038  -0.59144  -0.46440
3.69546 0.26250 0.04831
0.63573  -1.77114  -1.40866
-4.17220  -0.32049 1.36307
-3.39369  -2.61401 0.75654
-1.18467  -2.86275  -0.43782
2.76439  -1.64241  -0.70084
3.34066 1.29022 0.17063
4.48555 0.26352  -0.71186
4.24255  -0.29746 1.36494
4.60378  -1.32082 1.23580
5.07610 0.32212 1.70317
3.46969  -0.29333 2.13708
-2.53628 0.65459 0.54485
-0.64130 159719  -0.45843
-1.12279 2.88718  -0.01511
-2.10870 3.08943  -0.43401
-1.16048 2.92614 1.07433
-0.39259 3.59758  -0.39831
1.18525 0.86277  -0.44671

ao/Bp: -0.235448926 hartree

ap: -1.3348763 hartree

SCS-MP2 energy: -588.7634505 hartree
zero-point correction: +0.234257 hartree
enthalpy correction: +0.247945 hartree

free energy correction: +0.195101 hartree
quasiharmonic free energy correction: +0.196342
hartree

3-hydrazinyl-2-methoxypyridine (37)

S-94

-2.15599  -1.50924 0.12570
-0.99678 0.57912  -0.26509
-3.05301 0.62509 0.74335
-3.18988  -0.75670 0.68770
-1.05946  -0.82060  -0.35640
0.08355  -1.52337  -0.92115
1.17694  -1.54198 0.06588
2.19887  -0.87069  -0.33532
3.35597  -0.68348 0.57746
0.37753  -1.09594  -1.82029
-3.83532 1.24072 1.17944
-4.08033  -1.23691 1.07865
-2.20212  -2.59388 0.05905
2.24163  -0.39943  -1.32052

ITITOOZIITITOIIIIIIITOOZZO0000

ITITTOOZIITIITIOIIIIIIIIOOZZOOO00O0O0O

3.22546 -1.30186 1.46917 There are no imaginary frequencies.
-0.16744  -2.50837  -1.11004

4.26153  -1.01197 0.05574 SCF energy: -586.998324 hartree
347632  0.79905  0.94916 ao/BP: -0.2379585 hartree

359948  1.41837  0.05633 af: -1.3280047 hartree

258317 1.13488 1.48296 SCS-MP2 energy: -588.7505687 hartree
4.34426 0.95172 1.59553 zero-point correction: +0.234394 hartree
-1.97571 1.29671 0.27557 enthalpy correction: +0.248185 hartree
0.11569 1.15890 -0.76992 free energy correction: +0.194614 hartree
0.23679 2.59075 -0.59596 quasiharmonic free energy correction: +0.195972
1.19930  2.83816  -1.03944 hartree

-0.56907 3.10836  -1.11726

0.22599  2.84564  0.46437 S-96

-3.97458  -1.26034 0.74953
-4.92541  -0.13678  -0.85013

There are no imaginary frequencies. C 0.78214  -1.66370  0.33689
C 1.79874 0.42875 -0.29783
SCF energy: -586.993586 hartree c 3.13051  -1.55057  -0.21239
ao/pp: -0.2378149 hartree C 2.02047 -2.27993 0.18542
af: -1.3308925 hartree C 0.64505 -0.28690 0.07936
SCS-MP2 energy: -588.7492003 hartree N -0.51797  0.41214  0.21879
zero-point correction: +0.234309 hartree N -1.69471  -0.28648  0.39560
enthalpy correction: +0.248135 hartree c -2.77309  0.41581 0.27512
free energy correction: +0.194763 hartree C -4.11020  -0.21890  0.44295
quasiharmonic free energy correction: +0.195843 H -0.56076  1.35097  -0.18684
hartree H -0.08829  -2.23665 0.63638
H -2.72981 1.48278 0.02765
S-95 H -4.64791 0.29872 1.24680
H
C

Cc -1.57618  -1.88460  -0.16579
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H -4.42727  -0.68549  -1.65428

H -5.91994  -0.56776  -0.70505 SCF energy: -586.976089 hartree

H -5.04865 0.90196  -1.17022 ao/BP: -0.2375531 hartree

N 2.96484  -0.22697  -0.43855 af: -1.3298342 hartree

0] 1.76492 1.74707 -0.60660 SCS-MP2 energy: -588.7302588 hartree
c 2.04326 2.61216 0.54160 zero-point correction: +0.234484 hartree
H 3.06938 2.45412 0.87827 enthalpy correction: +0.248631 hartree

H 1.91402 3.62588 0.16837 free energy correction: +0.193986 hartree
H 1.33540 2.40411 1.34575 quasiharmonic free energy correction: +0.195519
H 2.12940  -3.34211 0.37537 hartree

H 412545  -1.94954  -0.36265

H 3.77036 0.33640  -0.73322 S-98

1.15886  -1.81534  -0.55690
1.03839 0.54469  -0.13391
2.50114  -0.71447 1.09715
2.14251  -1.87973 0.43439
0.59111  -0.58307  -0.85337
-0.32370  -0.40655  -1.92872
-1.57189 0.21618  -1.45864
-2.25632  -0.49095  -0.38217
-2.24896 0.01216 0.85457
-0.60402  -1.32002  -2.30402

There are no imaginary frequencies.

SCF energy: -586.993508 hartree

ao/Bp: -0.2387697 hartree

af: -1.3336819 hartree

SCS-MP2 energy: -588.7531061 hartree
zero-point correction: +0.232367 hartree
enthalpy correction: +0.246821 hartree

free energy correction: +0.191422 hartree
quasiharmonic free energy correction: +0.193133

hartree 3.25633  -0.72435 1.87879
2.61262  -2.82362 0.69110
S-97 0.83322  -2.70467  -1.09289

-1.29910 117197  -1.16352
-2.70276  -1.42982  -0.69273
-1.75750 0.96775 1.03787
-2.16912 0.30383  -2.29567
-2.90496  -0.66781 2.00955
-3.67088  -0.01822 2.44451
-3.36978  -1.60888 1.70627
-2.16921  -0.87281 2.79355
1.94908 0.49290 0.82844

0.44671 172980  -0.47148
0.75358 2.86860 0.36667

0.16136 3.68160  -0.04905
0.46211 2.67123 1.39916

1.81644 3.10545 0.31519

-1.68785 1.86202  -0.14010
-1.45184  -0.54468  -0.10919
-3.50427 0.36802 0.32602
-3.03465 1.66718 0.17706
-0.90494 0.73419  -0.28976
0.50760 0.82590  -0.61803
1.36115 0.55751 0.55639
2.72867 0.74849 0.18180
3.63852  -0.23293 0.24104
0.73205 1.78488  -0.93329
-4.54759 0.18173 0.56641
-3.70508 2.51057 0.30215
-1.26359 2.85456  -0.27467
1.19586  -0.43706 0.75318
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2.97959 1.77731 -0.06856 There are no imaginary frequencies.
3.31233  -1.23995 0.50222
0.74764 0.18254  -1.39598 SCF energy: -586.978022 hartree
5.09813  -0.01635 0.00199 ao/BP: -0.2393746 hartree
5.45970  -0.67575  -0.79365 ap: -1.3339335 hartree
5.30227 1.01921  -0.28293 SCS-MP2 energy: -588.7383253 hartree
5.67934  -0.24837 0.90071 zero-point correction: +0.234775 hartree
-2.73125  -0.73510 0.18958 enthalpy correction: +0.248544 hartree
-0.58533  -1.57755  -0.25377 free energy correction: +0.195528 hartree
-1.12639  -2.90776  -0.06631 quasiharmonic free energy correction: +0.196618
-1.52264  -3.01717 0.94373 hartree
-1.90533  -3.10909  -0.80208
-0.27674  -3.57034  -0.21800 S-99

There are no imaginary frequencies. C -0.37643  -1.82640  -0.26412
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C -1.35246 0.37210  -0.14146 H -1.29801  -1.23661  -2.38243
C -2.42997  -1.46653 0.93809 C -1.09249 1.08506 1.98990
C -1.43785  -2.31663 0.50494 H -1.91048 1.50482 2.58903
C -0.31338  -0.47479  -0.59554 H -0.40323 0.53639 2.63595
N 0.65621 0.08609  -1.41358 H -0.55902 1.95644 1.57199
N 1.87915  -0.61773  -1.43151 H 0.02167  -2.08440  -1.61151
C 2.81405  -0.22787  -0.44245 N 1.59829 1.00440 0.15699
C 2.54769 0.46521 0.67646 @) 155959  -1.30998  -0.06928
H 0.77611 1.09088  -1.24883 C 2.76001  -1.35425 0.74783
H 0.41404  -2.48616  -0.60493 H 2.55844  -0.92711 1.73024
H 227254  -0.56677  -2.37011 H 2.99428  -2.41343 0.82576
H 3.81167  -0.61187  -0.64899 H 3.56539  -0.81174 0.25269
H 1.54306 0.83407 0.87420

C 3.59619 0.75758 1.70743 1 imaginary frequency: —77.04 cm™.

H 3.33840 0.31176 2.67473

H 4.56945 0.36208 1.40176 SCF energy: -586.924442 hartree

H 3.70369 1.83529 1.87184 ao/BP: -0.2459435 hartree

N -2.34487 -0.14742 0.59960 ap: -1.3528196 hartree

H -1.49023  -3.36795 0.76490 SCS-MP2 energy: -588.7117878 hartree

H -3.28709  -1.74925 1.563551 zero-point correction: +0.230075 hartree
@] -1.28367 1.66576  -0.46519 enthalpy correction: +0.243649 hartree

C -2.35536 254777 -0.03442 free energy correction: +0.192266 hartree
H -2.40251 2.57537 1.05597 quasiharmonic free energy correction: +0.192559
H -2.07645 3.52336  -0.42365 hartree

H -3.30254 222217  -0.46964

H -3.08901 0.47177 0.93354 TS S-101

There are no imaginary frequencies. C -0.77593 2.03722  -0.97290
C 1.07609 0.14339  -0.27457
SCF energy: -586.978813 hartree C -1.01813 0.70545 -1.33080
ao/Bp: -0.2386184 hartree C 0.36612 2.32637  -0.24883
af: -1.3308202 hartree C 0.02405  -0.25580  -1.19450
SCS-MP2 energy: -588.7348761 hartree N -0.09388  -1.47238  -1.73070
zero-point correction; +0.233544 hartree N -1.30098 -2.31112 0.06963
enthalpy correction: +0.247552 hartree C -1.15549 -1.34995 0.96035
free energy correction: +0.193395 hartree C -1.83520 -0.12510 0.83540
quasiharmonic free energy correction: +0.195286 H -1.87281 0.44125 -1.95150
hartree H -1.49925 2.81741  -1.18877
H 0.59735 3.34581 0.05087
TS S-100 H -2.04727  -2.27407  -0.62402
H -0.38709  -1.49053 1.71651
C -0.21340 2.28859  -0.83325 H -2.72706  -0.10738 0.21238
C 1.03159  -0.10155  -0.28663 H 0.73808  -2.01785  -1.46218
C -0.85194 111873  -1.23728 C -1.64790 0.92466 1.86460
C 0.98570 2.18683  -0.13788 H -2.61037 1.16056 2.32882
C -0.13533  -0.11170  -1.14418 H -0.93542 0.60615 2.62882
N -0.53063  -1.23558  -1.71184 H -1.27279 1.85764 1.41710
N -2.03342  -2.04248 0.13533 H -0.82029  -3.20393 0.18396
C -1.46039  -1.18275 0.95249 N 1.27418 1.38284 0.13464
C -1.65400 0.22529 0.93101 O 1.93311  -0.83907 0.06007
H -1.77319 1.14147  -1.81587 C 3.02457  -0.47319 0.93734
H -0.67953 3.25700  -0.98136 H 3.56919  -1.40146 1.09859
H 1.51195 3.07800 0.19380 H 3.66201 0.27012 0.45742
H -2.71385  -1.53220  -0.44838 H 2.63652  -0.08479 1.87991
H -0.71384  -1.58070 1.64291
H -2.53557 0.58211 0.39591 1 imaginary frequency: —72.94 cm,
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-1.50637  -0.12645  -0.13673
-1.09378 213246  -0.45875
0.21346 1.96651  -0.73373
-0.12349  -0.46864  -0.50055
0.20490  -1.71063  -0.64405
2.94912  -1.36689  -0.58482
3.02591  -0.40380 0.26277
1.95324 0.63021 0.44340
0.84059 2.82257  -0.96607

SCF energy: -586.916960 hartree

ao/Bp: -0.2471778 hartree

ap: -1.3586791 hartree

SCS-MP2 energy: -588.7121601 hartree
zero-point correction: +0.230867 hartree
enthalpy correction: +0.244366 hartree

free energy correction: +0.192697 hartree
quasiharmonic free energy correction: +0.193354

hartree 1.39785 043951  -1.63318
3.79011  -1.95144  -0.53839
TS S-102 3.89249  -0.27580 0.92004

2.45694 1.60302 0.36367
1.34020 0.52809 1.84495
0.57474 1.29791 1.98042
0.88927  -0.45535 2.00901
2.11387 0.67738 2.60340
-1.97050 1.08179  -0.12154
-1.56228 3.11059  -0.48308
-2.23895  -1.21014 0.16789
-3.62162  -0.96419 0.52616
-4.14406  -0.48695  -0.30342
-4.03182  -1.95138 0.72615
-3.66923  -0.33547 1.41590
-0.48678  -2.45087  -0.50179
1.20343  -1.92175  -0.85959

0.55407 2.01721 0.71901
-1.35661 0.05824 0.16808
0.80997 0.66629 1.06987
-0.59817 2.33071 0.05969
-0.20697  -0.30975 0.93933
-0.07698  -1.62642 1.24516
0.98251  -2.25587  -0.23331
2.03185  -1.40169  -0.26113
2.00497  -0.15141  -0.85540
1.65562 0.43692 1.71360
1.28283 2.79433 0.92063
-0.88496 3.32130  -0.27064
-2.35633 1.60318  -0.71850
0.27281  -1.94587  -0.91223
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2.88026 -1.67164 0.36920 There are no imaginary frequencies.
1.15545 0.08282  -1.50062
0.71039 -1.72789 1.89998 SCF energy: -586.997176 hartree
3.20815 0.72656  -0.96228 ao/BP: -0.2369193 hartree
2.93095 1.78003  -0.86508 af: -1.3385296 hartree
3.94941 0.47752  -0.19844 SCS-MP2 energy: -588.7613578 hartree
3.67082 0.60225 -1.94858 zero-point correction: +0.232596 hartree
-1.51727 1.33408 -0.19845 enthalpy correction: +0.246374 hartree
-2.24112 -0.88148 -0.12600 free energy correction: +0.193638 hartree
-3.43169 -0.51782 -0.87940 quasiharmonic free energy correction: +0.194581
-3.97111  -1.45344  -0.99868 hartree
-4.02979 0.19576  -0.30899
-3.14866  -0.11594  -1.85400 S-104
1 imaginary frequency: —-326.59 cm™. C 0.87247 0.66249  -0.72267
C -1.47891  -0.14948  -0.14800
SCF energy: -586.907518 hartree C -1.13138 2.11093  -0.45888
ao/Bp: -0.2468446 hartree C 0.17250 1.98844  -0.76272
ap: -1.3554003 hartree C -0.11520  -0.47850  -0.64435
SCS-MP2 energy: -588.6985614 hartree N 0.24024  -1.66553  -1.00099
zero-point correction: +0.232170 hartree N 2.96107  -1.40020  -0.33787
enthalpy correction: +0.245342 hartree C 2.98070  -0.32983 0.37294
free energy correction: +0.194111 hartree C 1.88112 0.66685 0.45799
quasiharmonic free energy correction: +0.194809 H 0.76006 2.86691  -1.01682
hartree H 1.44537 0.53787 -1.65180
H 3.87223  -0.15592 0.97218
S-103 H 2.38885 1.64055 0.43985
H -0.52932  -2.33309  -0.86574
C 0.87273 0.62735  -0.68476 C 1.20722 0.51763 1.83374
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H 0.43409 1.28363 1.93531

H 0.75302  -0.47134 1.94154 SCF energy: -586.994394 hartree

H 1.93644 0.65527 2.63661 aa/Bp: -0.2355573 hartree

N -1.97538 1.04003  -0.07376 af: -1.3363799 hartree

H -1.62995 3.07510  -0.48496 SCS-MP2 energy: -588.7550881 hartree

@) -2.17589  -1.25029 0.19859 zero-point correction: +0.233842 hartree

c -3.53689  -1.02718 0.63382 enthalpy correction: +0.247491 hartree

H -3.92507 -2.02080 0.84837 free energy correction: +0.195274 hartree

H -3.54873  -0.40626 1.53061 quasiharmonic free energy correction: +0.196159
H -4.11309  -0.54995  -0.15978 hartree

H 3.75942  -2.03807  -0.32021

H 211251  -1.66977  -0.87665 4-hydrazinyl-3-methoxypyridine (35)
There are no imaginary frequencies. S-106

SCF energy: -587.004665 hartree

ao/Bp: -0.2359875 hartree

af: -1.3365826 hartree

SCS-MP2 energy: -588.7658891 hartree
zero-point correction: +0.234181 hartree
enthalpy correction: +0.247731 hartree

free energy correction: +0.195775 hartree
quasiharmonic free energy correction: +0.196437

0.98536 0.59008  -0.26629
2.15981  -1.49927 0.11431
2.07702 1.24566 0.31891
1.06016  -0.80460  -0.35894
-0.08350  -1.50775  -0.92876
-1.17316  -1.53602 0.06041
-2.20404  -0.87888  -0.33990
-3.36225  -0.70555 0.57408

hartree 0.17029 -2.49012 -1.12716
2.21427 -2.58254 0.04342
S-105 2.08898 2.32569 0.42161

-2.25376  -0.40867  -1.32549
-4.26492  -1.04139 0.05206
-0.37958  -1.07184  -1.82317
-3.22518  -1.32457 1.46432
-3.49679 0.77494 0.94931
-2.60672 1.11821 1.48357
-3.62654 1.39524 0.05809
-4.36596 0.91734 1.59635
-0.13321 116757  -0.76476
-0.26703 259719  -0.58754
-1.23913 2.84060  -1.01127
-0.24085 2.84988 0.47456
0.52314 3.12242  -1.12807
3.19266  -0.75024 0.67605
4.08123  -1.24498 1.05713
3.15966 0.59209 0.78295

1.13068 0.20559  -0.87132
-1.35127 0.06336  -0.24818
-0.18739 2.14035  -0.00849
0.97773 1.62356  -0.41682
-0.18904  -0.51215  -0.98103
-0.29646  -1.57971  -1.69041
0.33908  -0.67407 1.64988
156339  -0.92198 1.35125
2.11764  -0.62072  -0.00699
2.26178  -1.38093 2.06093
223822  -1.58519  -0.52316
-1.25377  -1.95101  -1.62918
3.49498 0.03553 0.09987

3.88440 0.26819  -0.89561
3.45310 0.95921 0.68331

419660  -0.64503 0.59098
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-1.35381  1.33647  0.06862 There are no imaginary frequencies.

0.13989 -0.96430 2.61457

156323  0.22069  -1.88099 SCF energy: -586.977953 hartree

1.84185 227895  -0.45538 aa/Bp: -0.238656252 hartree

-0.34431 3.16873 0.29112 ap: -1.3345712 hartree

-2.37399  -0.73291  -0.09690 SCS-MP2 energy: -588.7385426 hartree
-3.57080  -0.24316  0.58296 zero-point correction: +0.234512 hartree
-3.30363  0.07849  1.59062 enthalpy correction: +0.248283 hartree

-4.01429  0.56473  -0.00016 free energy correction: +0.195102 hartree
-4.23201  -1.10411  0.61430 quasiharmonic free energy correction: +0.196101

There are no imaginary frequencies.
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S-107 C 5.03435 0.18794 0.78821
H 457807  -0.20738 1.69988

C -1.37094 0.52923  -0.11527 H 6.04063  -0.23021 0.69714

C -1.68274  -1.85519  -0.11449 H 5.12482 1.27296 0.89326

C -2.61259 0.64324 0.51344 H 0.23252  -2.33576  -0.15055

C -0.88106  -0.75676  -0.40304 O -1.60549 1.77593 0.00255

N 0.33883  -0.92183  -1.11527 C -2.80489 2.58034 0.04412

N 141415  -0.20271  -0.59985 H -2.45546 3.60904  -0.01051

C 2.60963  -0.65044  -0.43947 H -3.44363 2.34978  -0.81187

C 3.71174 0.23626  -0.00427 H -3.34266 2.41332 0.98050

H 0.60706  -1.90771  -1.19926 C -1.89137  -2.33163 0.05064

H -1.33716  -2.86187  -0.33692 H -2.02795  -3.40618 0.06430

H -3.01631 1.61626 0.77344 N -3.00468  -1.58019 0.15569

H 2.77923  -1.70859  -0.63628 H -3.94359 0.27380 0.23815

H 3.34719 1.26255 0.09894 H -3.90887  -2.04616 0.24180

H 4.46840 0.22202  -0.79768

Cc 432376  -0.27183 1.30494 There are no imaginary frequencies.

H 4.69097  -1.29526 1.19415

H 5.16410 0.36731 1.58489 SCF energy: -587.008733 hartree

H 3.58593  -0.24960 2.11031 ao/BP: -0.237610018 hartree

@] -0.56309 157418  -0.47494 ap: -1.3307522 hartree

C -0.97185 2.89745  -0.05971 SCS-MP2 energy: -588.7640424 hartree

H -0.17397 3.55523 -0.39831 zero-point correction: +0.232738 hartree

H -1.91375 3.17019 -0.53981 enthalpy correction: +0.247101 hartree

H -1.06586 2.94318 1.02729 free energy correction: +0.191395 hartree

N -3.39090  -0.42008 0.80632 quasiharmonic free energy correction: +0.193800

C -2.92251  -1.63903 0.48386 hartree

H -3.56442  -2.48287 0.72299

H 1.17815 0.79049  -0.43856 S-109

There are no imaginary frequencies. C -0.99163  -0.58419 0.24839

C -1.28182 1.81617 0.04631
SCF energy: -586.986776 hartree C -1.90963  -0.72812  -0.80122
ao/Bp: -0.238331993 hartree C -0.69844 0.72001 0.66146
ap: -1.3298323 hartree N 0.28959 0.89875 1.71903
SCS-MP2 energy: -588.7414628 hartree N 1.65708 1.22312 1.25691
zero-point correction; +0.234289 hartree C 2.12779 0.20612 0.37138
enthalpy correction; +0.248192 hartree C 2.40274 0.45062 -0.91744
free energy correction: +0.194068 hartree H 0.36527 0.03682 2.28573
quasiharmonic free energy correction: +0.195747 H -1.05263 2.83018 0.36504
hartree H -2.18825  -1.71053  -1.16798

H 1.54099 2.10368 0.74106
S-108 H 2.32619  -0.74855 0.85141

H 2.17417 1.43608  -1.32449
C -1.77362 0.43076 0.02726 H 0.01001 1.65928 2.36042
C -0.65860  -1.72706  -0.06838 C 3.04552  -0.54547  -1.82715
C -2.98581  -0.22115 0.14843 H 4.02529  -0.19090  -2.16481
C -0.57076  -0.32454  -0.07877 H 3.18007  -1.50841  -1.32696
N 0.59174 0.35466  -0.18772 H 2.43278  -0.69793  -2.72142
N 1.78729  -0.32261  -0.27830 0 -0.36585  -1.58322 0.91830
C 2.83491 0.43043  -0.35577 C -0.70205  -2.93675 0.53319
C 419210 -0.17520  -0.43770 H -0.44012  -3.10939  -0.51284
H 0.58174 1.37753  -0.18036 H -0.09873  -3.56879 1.18154
H 2.75060 152299  -0.34292 H -1.76474  -3.12439 0.70080
H 4.68687 0.19696  -1.34302 N -2.49003 0.32198  -1.41287
H 409259  -1.26049  -0.53213 C -2.17782 156269  -0.99031
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H -2.66786 2.38528  -1.50301

o
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-1.38120 0.44207  -0.15221
-0.51239  -1.82160  -0.19701
-2.47115  -0.00823 0.57225
-0.36786  -0.47320  -0.54792
0.65792  -0.00356  -1.31838
1.82980  -0.77846  -1.35568
2.82938  -0.36661  -0.43799
2.64045 0.40344 0.64519
0.80664 1.00841  -1.26422
218229  -0.79786  -2.31243

There are no imaginary frequencies.

SCF energy: -586.958781 hartree

ao/Bp: -0.239494444 hartree

af: -1.3359873 hartree

SCS-MP2 energy: -588.7216287 hartree
zero-point correction: +0.234586 hartree
enthalpy correction; +0.248535 hartree

free energy correction: +0.194397 hartree
quasiharmonic free energy correction: +0.196330

hartree 3.80064  -0.79954  -0.67022
1.65785 0.81839 0.86182
S-110 3.74732 0.72460 1.60375

3.51146 0.37501 2.61501
4.68567 0.25544 1.29360
3.91375 1.80539 1.67074
-3.28037 0.61875 0.92281
-1.16501 172832  -0.51841
-2.12610 2.70328  -0.05532
-1.75796 3.65805  -0.42450
-3.11263 249107  -0.47415
-2.16372 2.70691 1.03661
-2.55274  -1.32809 0.87799
-1.61805  -2.22909 0.52102
-1.79056  -3.25479 0.82382
0.24332  -2.54290  -0.48145
-3.36358  -1.64603 1.41168

-1.00233 0.57961  -0.15771
-1.27430  -1.78964  -0.46265
-1.96681 0.51284 0.85090
-0.63141  -0.60753  -0.81336
0.28599  -0.55226  -1.89773
1.56099 0.04779  -1.48185
2.21847  -0.60894  -0.35771
2.28209 0.00641 0.82491

0.52074  -1.50206  -2.20832
-1.01131  -2.72344  -0.95425
-2.27056 1.40300 1.39230
2.15658 0.04631  -2.32498
2.59093  -1.60148  -0.58901
1.86417 1.00761 0.92659
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1.33581 1.03406 -1.25422 There are no imaginary frequencies.
2.92076  -0.60754 2.02533

2.19523  -0.67962 2.84177 SCF energy: -586.987534 hartree
3.30544  -1.60619 1.80539 ao/BP: -0.238034144 hartree

3.74523 0.01976 2.37805 af: -1.3294062 hartree

-0.35622 171312  -0.56781 SCS-MP2 energy: -588.7415109 hartree
-0.58406 2.91421 0.20413 zero-point correction: +0.233774 hartree
-0.32260 2.74899 1.25162 enthalpy correction: +0.247762 hartree
0.07408 3.66001 -0.23724 free energy correction: +0.193766 hartree
-1.62531 3.23059 0.11381 quasiharmonic free energy correction: +0.195588
-2.24795  -1.75317 0.53338 hartree

-2.76548  -2.66371 0.82380

-2.59413  -0.63214 1.19299 TS S-112

-1.36878 0.18013 0.13262
0.78527 0.62930 1.16479
-1.42426 152064  -0.22212
-0.28400  -0.25537 0.93995
-0.13636  -1.59443 1.18300
0.97569  -2.27364  -0.24491
2.00455  -1.39901  -0.27025
1.94758  -0.16965  -0.90055
1.60882 0.34126 1.81328
-2.25666 191916  -0.79168
0.27808  -1.97941  -0.94547
2.86814  -1.64981 0.34478

There are no imaginary frequencies.

SCF energy: -586.966168 hartree

ao/Bp: -0.23975087 hartree

af: -1.3359893 hartree

SCS-MP2 energy: -588.729189 hartree
zero-point correction: +0.234903 hartree
enthalpy correction: +0.248762 hartree

free energy correction: +0.195097 hartree
quasiharmonic free energy correction: +0.196750
hartree

ITITTOOZZO0000
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H 1.06873 0.04444  -1.51340 H 1.22150 2.78447 1.14717
H 0.46143  -1.86923 1.96843

C 3.11973 0.73357 -1.03886 1 imaginary frequency: —352.63 cm™.

H 2.81194 1.78116  -0.98512

H 3.87843 0.53124 -0.27920 SCF energy: -586.905149 hartree

H 3.56774 0.58299  -2.02982 aa/Bp: -0.247119758 hartree

H -0.97024  -2.18175 1.07308 af: -1.3585053 hartree

0] -2.27387 -0.78153 -0.17040 SCS-MP2 energy: -588.7001019 hartree
c -3.41440  -0.37251  -0.95991 zero-point correction: +0.231717 hartree
H -3.08490 0.01986  -1.92456 enthalpy correction; +0.245174 hartree

H -3.99929 -1.27915 -1.09943 free energy correction: +0.192953 hartree
H -3.99809 0.37672  -0.42061 quasiharmonic free energy correction: +0.194097
C 0.60894 1.97950 0.78872 hartree

H 1.37594 2.71063 1.02925

N -0.44889 2.41444 0.10725 TS S-114

1 imaginary frequency: —269.50 cm™. -1.39315 0.12223 0.14537
0.85317 0.50961 1.02324
-1.46148 145310  -0.22515
-0.27361  -0.36169 0.90417
-0.12255  -1.64503 1.28044
0.94599  -2.28665  -0.32981
1.99749  -1.45753  -0.28732
1.99516  -0.15465  -0.78800
1.65062 0.23756 1.70717
-2.28035 1.92159  -0.75331

SCF energy: -586.909713 hartree

ao/Bp: -0.246699343 hartree

af: -1.3532931 hartree

SCS-MP2 energy: -588.698131 hartree
zero-point correction; +0.232390 hartree
enthalpy correction: +0.245674 hartree

free energy correction: +0.194155 hartree
quasiharmonic free energy correction: +0.194847

hartree 0.25205 -1.89051 -0.98272
2.83584 -1.77559 0.33442
TS S-113 1.18835 0.11078 -1.47599

-0.96579  -2.17515 1.01879
3.24297 0.66871  -0.85012
3.01626 1.73743  -0.86661
3.90210 0.45310  -0.00461
3.78566 0.43637  -1.77465
-2.35209  -0.79190  -0.09922
-3.50430  -0.35151  -0.85550
-3.19173 0.01752  -1.83516
-4.12456  -1.23835  -0.96392
-4.04221 0.42413  -0.30578
-0.40743 2.26944 0.08993
0.69777 1.87541 0.70976

1.44768 2.63079 0.91303

-0.49334 3.25906  -0.15955

-1.35045 0.12383 0.13450
0.72055 0.68395 1.26003
-1.46458 1.46728  -0.20808
-0.26710  -0.28489 0.97274
-0.04861  -1.57735 1.33767
1.11303  -2.18672  -0.07569
2.11646  -1.28043  -0.25099
1.88219  -0.14049  -0.97384
1.55163 0.41660 1.90766
-2.29438 1.82782  -0.80711
0.39757  -2.24395  -0.80980
3.00805  -1.43083 0.34884
0.95548  -0.07100  -1.54506
-0.85967  -2.14015 1.03555

ITTOZIITIITOOIIIOIIIIIIOOZZO00O00O00

2.91632 0.90364 -1.20069 1 imaginary frequency: —254.15 cm™.
2.47792 1.90090 -1.10270

3.75183 0.80062 -0.50503 SCF energy: -586.895213 hartree
3.29362 0.81646  -2.22640 ao/BP: -0.248444455 hartree

1.35640  -3.09135 0.33851 af: -1.3604148 hartree

-2.21273  -0.86417 -0.21751 SCS-MP2 energy: -588.6933404 hartree
-3.35865  -0.47799  -1.00617 zero-point correction: +0.232185 hartree
-3.04020  -0.05356  -1.96123 enthalpy correction: +0.245396 hartree
-3.91216  -1.40050  -1.17094 free energy correction: +0.193999 hartree
-3.97342 0.23872 -0.45660 quasiharmonic free energy correction: +0.194845
-0.55380 2.40812 0.15468 hartree
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0.50416 2.01357 0.87759
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S-115 H -2.40150 1.64159 0.34454
C -1.29875 0.53275 1.81390
C 151112  -0.13669  -0.11882 H -2.06547 0.68958 2.57748
C -0.85136 0.57802  -0.68099 H -0.86035  -0.45815 1.95721
C 1.87377 1.17789  -0.14871 H -0.52274 1.29195 1.94255
C 0.15452  -0.49981  -0.45599 O 2.25645  -1.24323 0.16910
N -0.17127  -1.75278  -0.54737 C 3.61502  -0.97506 0.56896
N -2.93907  -1.40211  -0.59515 H 3.63134  -0.37382 1.48167
C -3.03388  -0.42284 0.23082 H 4.05638  -1.95269 0.75378
C -1.96964 0.62094 0.40780 H 415301  -0.46132  -0.23194
H -1.34743 0.38659  -1.64541 N 1.05213 222172 -0.46467
H 2.88574 1.48779 0.08491 C -0.17999 1.96659  -0.75545
H -3.77985  -1.98730  -0.54918 H -0.81366 2.80934  -1.03567
H -3.91098  -0.28175 0.87135 H -3.75830  -2.06555  -0.35255
H -2.47747 1.58654 0.27523 H -2.05296  -1.74676  -0.78499
C -1.40453 0.57754 1.83165
H -2.20908 0.73812 2.55483 There are no imaginary frequencies.
H -0.94340  -0.39137 2.04386
H -0.65794 1.36495 1.97143 SCF energy: -586.993797 hartree
@] 2.29530  -1.20275 0.16638 ao/BP: -0.236071281 hartree
C 3.67266  -0.91448 0.49521 ap: -1.3367736 hartree
H 3.72323  -0.28864 1.38923 SCS-MP2 energy: -588.7553061 hartree
H 4.12485 -1.88555 0.68493 zero-point correction: +0.233936 hartree
H 4.16683 -0.42189 -0.34552 enthalpy correction: +0.247507 hartree
C -0.22971 1.93532 -0.74117 free energy correction: +0.195183 hartree
H -0.89999 2.75578 -0.99728 quasiharmonic free energy correction: +0.196294
N 1.00450 2.22986  -0.49208 hartree
H 0.52581  -2.48051  -0.38144
H -1.15945 -1.98088 -0.76449 S-117
There are no imaginary frequencies. C 1.62602  -0.05931  -0.15681
C -0.84905 0.00415  -0.70828
SCF energy: -586.997441 hartree C 1.63809 1.29608  -0.08865
ao/Bp: -0.236306265 hartree C 0.35386  -0.80438  -0.27032
ap: -1.3347987 hartree N 0.25623  -2.07533  -0.09853
SCS-MP2 energy: -588.7567369 hartree N -1.57412 0.31268 1.83753
zero-point correction; +0.233238 hartree C -2.37104  -0.44936 1.18004
enthalpy correction; +0.246941 hartree C -2.18165 -0.62952 -0.29598
free energy correction: +0.194448 hartree H 1.18779  -2.45281 0.11986
quasiharmonic free energy correction: +0.195315 H -0.81387 0.03314  -1.81579
hartree H -3.21728 -0.97275 1.63705
H -2.10607  -1.70259  -0.50048
S-116 H -1.85039 0.36220 2.82544
C -3.38517  -0.08071  -1.06979
C 149606  -0.15774  -0.13414 H -4.29521  -0.59990  -0.75482
C -0.84195 0.61845  -0.72296 H -3.53263 0.98903  -0.89518
C 1.88694 1.14352  -0.08954 H -3.25069  -0.24580  -2.14236
C 0.14504  -0.51505  -0.57882 H 2.50910 1.92664 0.01817
N -0.23048  -1.72530  -0.82864 @] 2.71023  -0.85571  -0.07536
N -2.95085  -1.43890  -0.34396 C 3.97851  -0.19660 0.13675
C -3.01651  -0.32262 0.28780 H 3.95899 0.36035 1.07666
C -1.90775 0.66276 0.40620 H 471147  -0.99900 0.18270
H 0.53762  -2.38536  -0.65709 H 4.19875 0.47190  -0.69883
H -1.37134 0.49304  -1.67879 C -0.74890 1.42821  -0.31011
H 2.88333 1.43663 0.21899 N 0.40729 1.98389  -0.12613
H -3.95135  -0.09687 0.79719 H -1.61033 2.08704  -0.30967
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H 0.43866 2.98818 0.06896
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There are no imaginary frequencies.

0.82023 1.62533  -0.00681
2.79295 0.24555 0.03137

2.19768 1.51587 0.08324

0.08960 0.44226  -0.14614
-1.32590 0.50645  -0.31123
-1.95865  -0.67853  -0.01915
-3.23182  -0.83068 0.12019
-4.18790 0.29749 0.03223
-1.76572 1.29827 0.16574
2.82589 2.39492 0.19869

0.32318 2.59053 0.03857

-3.54397  -1.85407 0.30718
-4.00168 0.82603  -0.91300
-3.95262 1.01457 0.83182
-5.63547  -0.16620 0.13425
-5.81943  -0.65536 1.09389
-6.30646 0.69159 0.05294
-5.87688  -0.86791  -0.66774
4.15534 0.21503 0.13486

477186  -1.08554 0.10208

457900 -1.58373  -0.85177
5.83858  -0.89743 0.21277
441515  -1.70482 0.92951
0.63050 -0.77141  -0.20789
1.97486  -0.87841  -0.11091
2.37085  -1.88668  -0.15688
-1.30216 -1.47579 0.01041

SCF energy: -586.989022 hartree

aa/pp: -0.235468189 hartree

af: -1.3355961 hartree

SCS-MP2 energy: -588.7487161 hartree
enthalpy correction: +0.247761 hartree

free energy correction: +0.195664 hartree
quasiharmonic free energy correction: +0.196441
hartree

2-hydrazinyl-5-methoxypyridine (39)

S-118

1.04053  -1.47422  -0.30925
2.54159 0.34332 0.12773

229942  -0.89565  -0.47722
0.11843  -0.78172 0.45599

-1.24115  -1.30694 0.62076
-2.13043  -0.71026  -0.38380
-2.90258 0.18616 0.12228

-3.85522 0.91205  -0.75857
-1.57316  -1.13477 1.58763
3.05271  -1.40772  -1.06519
0.79638  -2.43415  -0.75630
-2.89923 0.42824 1.18904
-3.61743 1.98049  -0.69484
-1.25572  -2.32665 0.45876
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-3.70899 0.59183  -1.79350 There are no imaginary frequencies.

-5.29781  0.67525  -0.30502

.5.55591  -0.38464  -0.37460 SCF energy: -586.993574 hartree

-5.44211  0.99962  0.72917 ao/pBp: -0.238219938 hartree

-5.98487  1.24038  -0.93952 af: -1.328954619 hartree

3.70413 1.04289 0.05707 SCS-MP2 energy: -588.7471328 hartree

4.74178 0.48934  -0.77784 zero-point correction: +0.233089 hartree

4.39313 0.39283  -1.80903 enthalpy correction: +0.247089 hartree

5.55896 120641  -0.72499 free energy correction: +0.192806 hartree

506979  -0.48013  -0.39489 quasiharmonic free energy correction: +0.194466

152140  0.94780  0.88514 hartree

1.70346 1.90674 1.36343

031225 039783  1.04718 S-120
There are no imaginary frequencies. C 1.07905  1.79185  0.05301

C 2.80013 0.08472 0.03573

SCF energy: -586.987213 hartree C 240920  1.44177  0.05860
aa/Bp: -0.238030299 hartree C 0.09963  0.78086  0.01446
SCS-MP2 energy: -588.74532 hartree N -2.09942  -0.01831  -0.14163
zero-point correction: +0.233910 hartree C -3.33969  0.29443  -0.31478
enthalpy correction: +0.247923 hartree C -4.36216  -0.77163  -0.49929
free energy correction: +0.192855 hartree H -1.55074  1.99785  -0.11594
quasiharmonic free energy correction: +0.195285 H 0.76778  2.83139  0.07064
hartree H  -3.66423 134051  -0.31320

S131



Simmons et al.: Understanding and Interrupting the Fischer Azaindolization Reaction — S132

H -3.85986  -1.74195  -0.55158 C -1.93065 1.38138 0.16743
H -4.86885  -0.60445  -1.45747 H -2.33209 2.38833 0.09012
C -5.39192  -0.75308 0.63356

H -5.88809 0.21959 0.69659 There are no imaginary frequencies.

H -6.15766  -1.51520 0.46526

H -4.91099 -0.95514 1.59457 SCF energy: -586.969404 hartree

H 3.18098 2.20644 0.08279 aa/Bp: -0.238151547 hartree

0] 413764  -0.15574 0.04939 af: -1.332457622 hartree

C 453228  -1.54181 0.00547 SCS-MP2 energy: -588.7271208 hartree
H 417120  -2.01352  -0.91250 zero-point correction: +0.234156 hartree
H 5.62037  -1.52871 0.01738 enthalpy correction; +0.248359 hartree

H 415217 -2.07492 0.88116 free energy correction: +0.192384 hartree
C 1.82093  -0.89185  -0.00121 quasiharmonic free energy correction: +0.195536
N 0.51262  -0.49927  -0.01122 hartree

H 1.98619  -1.96038  -0.02616

H -0.21502  -1.21961  -0.05220 S-122

-1.07109 1.40426 0.07115
-2.77775  -0.28275 0.00867
-2.42184 1.07203  -0.00182
-0.14033 0.37253 0.15954
1.24436 0.66258 0.36996
2.07689  -0.36121  -0.23234
3.42756  -0.31553 0.31439
445935  -0.01848  -0.47555
1.51293 154965  -0.06667
-3.16486 1.85882  -0.07372

There are no imaginary frequencies.

SCF energy: -587.006561 hartree

ao/Bp: -0.237073384 hartree

af: -1.329621258 hartree

SCS-MP2 energy: -588.7601554 hartree
zero-point correction; +0.232700 hartree
enthalpy correction; +0.246907 hartree

free energy correction: +0.192551 hartree
quasiharmonic free energy correction: +0.193844

hartree -0.75111 2.44269 0.05397
1.59713 -1.25332 -0.00671
S-121 3.46614 -0.53576 1.37477

4.28167 0.18908  -1.53051
2.08889  -0.28007  -1.26530
5.86753 0.03959 0.01567

6.29150 1.03071  -0.17273
5.92556  -0.17172 1.08586
6.48590 -0.68623  -0.52135
-4.05339  -0.76929  -0.06090
-5.10463 0.20756  -0.17522
-4.98300 0.80364  -1.08345
-6.02526  -0.37113  -0.23120
-5.12840 0.85879 0.70262
-1.76454  -1.24590 0.08216
-2.01918  -2.30290 0.07637
-0.46359  -0.92676 0.16971

-0.89410  -1.15115 0.36889
-2.77300 0.27774  -0.05246
-2.24542  -1.01559 0.05352
-0.16672 0.01123 0.56615
1.26301  -0.07177 0.86103
2.03344  -0.39089  -0.34803
3.42171  -0.48148  -0.01836
4.35267 0.29607 -0.58687
1.58016 0.81704 1.29064
-2.85317  -1.89953  -0.10228
-0.43225  -2.12989 0.46398
1.87354 0.41203  -0.96793
3.66281  -1.29542 0.66223
4.03467 1.09114  -1.26196

ZIOITITITIOOIIIOIIIIIIIOOZZOOOO
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1.45060 -0.82989 1.53773 There are no imaginary frequencies.
5.82055 0.10814  -0.37526

6.31833 -0.16388 -1.31217 SCF energy: -586.975350 hartree
6.01580  -0.67857 0.35848 ao/BP: -0.238152611 hartree

6.28161 1.03659  -0.02342 af: -1.331599539 hartree

-4.06288 0.58153 -0.35303 SCS-MP2 energy: -588.7320379 hartree
-4.95129 -0.52876 -0.59475 zero-point correction: +0.234273 hartree
-5.02979  -1.16059 0.29334 enthalpy correction: +0.248341 hartree
-5.91575  -0.07532  -0.81601 free energy correction: +0.193781 hartree
-4.60794  -1.11555  -1.45027 quasiharmonic free energy correction: +0.195654
-0.63158 1.25778 0.47157 hartree
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H 3.04546 1.49737 0.70315
S-123 H 0.88633 0.86124  -1.41389
H 2.56413  -1.26498 1.49220
C 0.53361  -1.30857 1.16390 C 0.78357 2.76197  -0.28760
C 2.36431 0.00386 0.26678 H -0.30330 2.70449  -0.17189
C 1.81233  -0.80966 1.27941 H 1.22502 3.18785 0.61692
C -0.22890  -0.98623 0.02854 H 0.97987 3.44176  -1.12655
N -1.47874  -1.50791  -0.21931 H 244252  -2.36794 0.18178
N -2.21900  -0.81760  -1.19906 O -3.06962  -0.29689  -0.45698
C -3.10912 0.17035  -0.69835 C -3.78500 0.76682 0.20617
C -3.03389 0.75960 0.50425 H -3.30561 1.72939 0.00970
H -2.00328  -1.73149 0.63317 H -4.78438 0.74853  -0.22398
H 0.09809  -1.93369 1.93708 H -3.83543 0.57993 1.28154
H -2.69640  -1.49718  -1.79032 N 0.14638  -1.87802  -0.53421
H -3.85591 0.45746  -1.43553 C -1.10262 0.24924 0.88578
H -2.26673 0.46503 1.21812 H -1.56180 1.05808 1.44220
C -3.97850 1.84454 0.92498
H -3.43953 2.76867 1.16107 1 imaginary frequency: —282.80 cm™.
H -4.70280 2.06506 0.13551
H -4.53243 1.55875 1.82574 SCF energy: -586.916572 hartree
H 241854  -1.03781 2.15184 ao/Bp: -0.246578738 hartree
@] 3.63252 0.44178 0.47175 ap: -1.353362083 hartree
C 4.18705 1.29293  -0.55231 SCS-MP2 energy: -588.7049923 hartree
H 3.59182 2.20388 -0.65615 zero-point correction: +0.232142 hartree
H 5.18907 1.53761 -0.20579 enthalpy correction: +0.245327 hartree
H 4.23891 0.76044 -1.50553 free energy correction: +0.194160 hartree
N 0.33208 -0.20779 -0.90874 quasiharmonic free energy correction: +0.194792
C 1.59212 0.30678  -0.84352 hartree
H 1.89084 0.92201  -1.68152
H -0.26474 0.01853  -1.71402 TS S-125

There are no imaginary frequencies. 0.21128 -0.15744 1.15182
-1.80098  -0.47392  -0.08760
-1.12301  -1.48501  -0.81868
0.79770  -1.21606 0.42054
2.00353  -1.53714 0.67787
3.07109  -0.21991  -0.30881
2.55143 1.01817  -0.03275
1.38731 1.41550  -0.62503
0.75904 0.26578 1.98885
-1.66266  -1.99679  -1.61398

SCF energy: -586.986842 hartree

ao/pp: -0.237625724 hartree

af: -1.328652851 hartree

SCS-MP2 energy: -588.7396426 hartree
zero-point correction; +0.233058 hartree
enthalpy correction: +0.247031 hartree

free energy correction: +0.193263 hartree
quasiharmonic free energy correction: +0.194603

ZITITOOIIIITIOIIIIIIOOZZOOOO

hartree 2.90357 -0.59408 -1.24951

3.00198 1.54685 0.80085
TS S-124 0.98799 0.81798 -1.44632

2.34287 -2.32589 0.05964
C 0.25449 -0.06444 1.09870 0.74469 2.72866 -0.34750
Cc -1.77923 -0.47073 -0.08735 -0.33576 2.60323 -0.22451
Cc -1.10507 -1.52150 -0.77497 1.15911 3.19596 0.54882
Cc 0.79148 -1.19360 0.45103 0.89755 3.39957 -1.20047
N 2.12196 -1.48560 0.59576 4.00870 -0.42313 0.04941
N 3.10939 -0.21746 -0.47232 -3.08764 -0.26763 -0.46268
C 2.55610 0.96539 -0.11239 -3.79673 0.77830 0.23311
C 1.34894 1.42193 -0.59798 -3.29683 1.73970 0.08776
H 0.79748 0.39712 1.91904 -4.78794 0.79842 -0.21578
H -1.64454 -2.06989 -1.54442 -3.87174 0.54738 1.29849
H 2.63118 -0.55074 -1.32291 0.13754 -1.84228 -0.60745

S133
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C -1.12623 0.19110 0.93209
H -1.59257 0.96557 1.53086

1
[EEN
N
~

0.48342  -0.20777  -0.59669
-1.88780 0.20756  -0.06550
-1.48001 1.48185 0.49117
0.67701 1.22459  -0.20295
1.80970 1.81079  -0.43628
3.32647  -0.50603  -0.87701
2.74576  -1.27652  -0.02780
1.28764  -1.18453 0.31730
0.88799  -0.31914  -1.61261
-2.24263 2.06912 1.00191

1 imaginary frequency: —-316.45 cm™.

SCF energy: -586.916775 hartree

ao/Bp: -0.246294104 hartree

af: -1.356296827 hartree

SCS-MP2 energy: -588.7085273 hartree
zero-point correction: +0.231209 hartree
enthalpy correction; +0.244765 hartree

free energy correction: +0.192325 hartree
quasiharmonic free energy correction: +0.193494

hartree 431804  -0.75518  -0.95725
3.28382  -2.06839 0.50460
TS S-126 0.87197  -2.18251 0.11916

110752  -0.88892 1.80912
156196  -1.68572 2.40457
1.58606 0.05576 2.08476
0.04415  -0.83699 2.06123
-3.22969  -0.00172 0.04892
-3.69646  -1.26075  -0.47024
-3.23352  -2.09146 0.06955
-4.77252  -1.25871  -0.30677
-3.47613  -1.33822  -1.53859
-0.95428  -0.61416  -0.59935
-0.28260 1.99565 0.43438
-1.18469  -1.59905  -0.99332
2.57252 1.25243  -0.85721
1.94872 2.78094  -0.14933

0.32387 0.05790 1.02762

-1.76742  -0.45789  -0.06604
-1.13795  -1.58167  -0.65330
0.89083  -1.16088 0.55833
2.16209  -1.57195 0.65972
3.05755  -0.29192  -0.60589
2.56140 0.89750  -0.21343
1.30628 1.38336  -0.55884
0.83721 0.56379 1.83968

-1.65157  -2.23604  -1.34988
247852  -0.64851  -1.37964
3.13199 1.41978 0.55695

0.78133 0.87247  -1.37070
2.60448  -1.09704 1.45511

ITITIZOIIITOOIITITOIIIIIOOZZOO0O0O0
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0.85953 2.77286  -0.23398 There are no imaginary frequencies.

1.11120 3.44553  -1.06301

-0.22528 2.81672  -0.10040 SCF energy: -587.006691 hartree

1.34778 3.14519 0.67109 ao/BP: -0.235548593 hartree

-3.05912  -0.30400  -0.42842 af: -1.331342446 hartree

-3.74278 0.84149 0.12614 SCS-MP2 energy: -588.7613343 hartree

-3.23672 1.76429 -0.16855 zero-point correction: +0.233952 hartree

-4.74296 0.80445  -0.30022 enthalpy correction: +0.247360 hartree

-3.79325 0.76368 1.21453 free energy correction: +0.195770 hartree

0.11527 -1.87142 -0.33945 quasiharmonic free energy correction: +0.196185

-1.05315 0.32840 0.82394 hartree

-1.50258 1.18534 1.31385

0.54479  -2.70702  -0.75477 S-128
1 imaginary frequency: —207.86 cm™. C 0.47377 -0.19038 -0.64646

C -1.87903 0.20600  -0.04240

SCF energy: -586.896850 hartree C -1.44737 1.42922 0.62948
ao/Bp: -0.248699516 hartree C 0.68421 1.25373  -0.23745
ap: -1.360164178 hartree N 1.74967 1.86199  -0.62518
SCS-MP2 energy: -588.6948467 hartree N 3.41952 -0.40017 -0.63033
zero-point correction: +0.232212 hartree C 2.71429  -1.29684  -0.03829
enthalpy correction: +0.245320 hartree C 1.25754  -1.19491 0.24088
free energy correction: +0.194179 hartree H 1.77089 2.81302  -0.23678
quasiharmonic free energy correction: +0.195012 H 0.86132  -0.28485  -1.67002
hartree H -2.19151 1.94943 1.23367

S134
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H 3.23749  -2.18881 0.30103 H -1.14198  -1.59915  -1.01671
H 0.86102  -2.19496 0.01854 H -0.09363 2.87430 0.68164
C 1.08404  -0.94994 1.74952

H 1.53815 -1.76175 2.32395 There are no imaginary frequencies.

H 1.55415  -0.00849 2.04646

H 0.01737 -0.91310 1.98542 SCF energy: -586.988720 hartree

) -3.22598 0.00956 0.07621 aa/Bp: -0.235237941 hartree

C -3.72024  -1.20715  -0.51002 af: -1.334807932 hartree

H -3.26063  -2.07599 -0.03026 SCS-MP2 energy: -588.7473148 hartree

H -4,79370  -1.20185  -0.32848 zero-point correction: +0.234947 hartree

H -3.51995  -1.22405  -1.58502 enthalpy correction; +0.248476 hartree

N -0.25569 1.93635 0.57562 free energy correction: +0.196472 hartree
C -0.97489  -0.58396  -0.66003 quasiharmonic free energy correction: +0.196965
H -1.23445  -1.52583  -1.13384 hartree

H 442164  -0.54846  -0.76588

H 2.99760 0.50752 -0.92064 Noa-methylated hydrazine

There are no imaginary frequencies. S-130

SCF energy: -587.002777 hartree

ao/Bp: -0.235551559 hartree

af: -1.334526805 hartree

SCS-MP2 energy: -588.7612435 hartree
zero-point correction; +0.234700 hartree
enthalpy correction; +0.247992 hartree

free energy correction: +0.196686 hartree
quasiharmonic free energy correction: +0.197167

1.54052 0.25571 1.11692
155042  -0.37340  -1.22638
3.17095  -1.23002 0.15505
2.66261  -0.55413 1.26612
0.99780 0.32791  -0.16162
-0.18493 115251  -0.41528
-1.29172 0.65745 0.41607
-2.26351 0.19775  -0.29192

hartree -3.46331 -0.36529 0.38146
-0.42772 1.07189 -1.42147
S-129 1.11505 -0.30719 -2.22214

4.04715  -1.86497 0.25578
3.14003  -0.66335 2.23475
1.10895 0.79168 1.95712
-2.23068 0.18661  -1.38641
-3.37661  -0.21829 1.46111
-4.33769 0.19294 0.02760
-3.62128  -1.84888 0.03664
-3.70350  -1.99407  -1.04398
-2.76371  -2.42169 0.39885
-4.52495  -2.24520 0.50604
2.63735  -1.15146  -1.07968
0.02759 2.60494  -0.11740
0.87979 293711  -0.70989
-0.88261 3.12889  -0.40629
0.22082 2.70855 0.94788

0.53289  -0.21932  -0.61162
-1.86939 0.17287  -0.07068
-1.51376 1.46867 0.44427
0.77536 1.23618  -0.30316
1.81680 1.95107  -0.49676
3.32949  -0.61508  -0.90655
2.76634  -1.25324 0.05631
1.30254  -1.14495 0.37547
2.52476 1.34943  -0.94332
0.94746  -0.40334  -1.61091
3.31947  -1.93491 0.71278
0.88823  -2.15523 0.24097
432679  -0.85562  -0.93599
1.10747  -0.74982 1.84150
1.56695  -1.49754 2.49428

ITIITTOZIIIOIIIIIIIIOOZZOOOOO

157468  0.21701  2.05303 There are no imaginary frequencies.
0.04295 -0.69193 2.08839

-2.25718  2.09875  0.92573 SCF energy: -512.132264 hartree
-3.20269  -0.07022  0.05355 ao/PB: -0.212699658 hartree

-3.63762  -1.35077  -0.44386 af: -1.206693003 hartree

-3.43234  -1.43288  -1.51455 SCS-MP2 energy: -513.7220954 hartree
-3.13958  -2.15864  0.09906 zero-point correction: +0.230105 hartree
-4.71007  -1.37779  -0.26193 enthalpy correction: +0.242790 hartree
-0.91115  -0.61646  -0.61598 free energy correction: +0.191504 hartree

ZOITTOOIIIIOIIIIITOOZZ0000

-0.30503 1.93118 0.33553
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quasiharmonic free energy correction: +0.192973

hartree

1
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w
[y
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-2.19984
-1.26406
-3.46752
-3.40251
-1.10427
0.17236
1.16314
2.18473
3.25761
-0.43009
-4.39452
-4.28138
-2.13406
2.23868
3.37222
2.98347
4.56674
4.46864
5.36498
4.84536
-2.41656
1.04802
0.32554
-0.38278
0.15147
1.33892

1.02515
-1.08652
-1.02096

0.34773

0.28505
0.87229
0.14897
-0.36434
-1.05496
-1.67747
-1.56750

0.88092

2.09010
-0.23639
-2.04730
-1.17602
-0.26560
0.73032
-0.79917
-0.16263
-1.74415
0.06003
2.30161

2.85942

2.50921

2.59378

0.24657
-0.44480
0.20050
0.44484
-0.20405
-0.49607
0.21042
-0.37958
0.36087
-0.81808
0.35384
0.79506
0.44182
-1.45823
-0.08920
1.41213
0.21321
0.65109
0.73326
-0.83822
-0.24058
1.23345
-0.17035
-0.78241
0.89145
-0.44558

There are no imaginary frequencies.

SCF energy: -512.137338 hartree

ao/Bp: -0.212176858 hartree
af: -1.200282242 hartree
SCS-MP2 energy: -513.7191279 hartree
zero-point correction: +0.229684 hartree
enthalpy correction: +0.242332 hartree
free energy correction: +0.191476 hartree

quasiharmonic free energy correction: +0.192647

hartree

%
[y
w
N

TOOZZO00000

-2.15714
-1.27582
-3.59920
-3.41433
-1.05030
0.20431
1.21823
2.44913
3.54005
-2.03698

1.04743
-1.10561
-0.88287

0.46955

0.26625

0.79518
-0.13700
0.26111
-0.75459

2.09780

0.31703
-0.31695
0.20232
0.44778
-0.08671
-0.26794
-0.34222
-0.28782
-0.36962
0.55549

S136

2.74039 1.30382  -0.15634
416998  -0.52638  -1.23866
3.09648  -1.74180  -0.53119
4.39968  -0.74890 0.89609
3.79733  -1.00745 1.77164
5.21261  -1.47570 0.81179
4.84193 0.23754 1.06395
-2.51574  -1.59978  -0.16164
-2.63965  -2.60061  -0.34065
-0.50656  -1.80314  -0.61389
-4.26084 1.07173 0.75964
-453764  -1.41529 0.28702
0.46923 2.22636  -0.19605
-0.43121 2.76880  -0.47624
0.79769 2.53681 0.80125
1.24105 247267  -0.92763

ITITOIIIIZIIIOIITIT

There are no imaginary frequencies.

SCF energy: -512.136041 hartree

ao/Bp: -0.214849679 hartree

af: -1.210455137 hartree

SCS-MP2 energy: -513.7318203 hartree
zero-point correction: +0.229078 hartree
enthalpy correction: +0.242087 hartree

free energy correction: +0.190168 hartree
quasiharmonic free energy correction: +0.191596
hartree

2
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-1.32777 0.16018  -1.08285
-1.11041  -0.39860 1.26481
-2.37455  -1.76104  -0.08270
-2.12856  -0.97118  -1.20696
-0.82968 0.43399 0.18699

0.05853 1.58121 0.40598

1.39978 142291  -0.19317
2.01293 0.22925 0.29086

242020  -0.75936  -0.51742
0.24080 1.66043 1.42130

-0.71395  -0.18158 2.25535
-2.99312  -2.65088  -0.16434
-2.55321  -1.24384  -2.16793
-1.10310 0.78621  -1.94257
1.22795 135272  -1.20352
2.20852 0.23445 1.36160

219227  -0.69838  -1.58187
3.20875  -1.93595  -0.03916
420246  -1.95483  -0.49922
3.33336  -1.91258 1.04689
2.70909  -2.87058  -0.31380
-1.88293  -1.49261 1.14251
-0.51431 2.89267  -0.03321
-1.48720 3.00258 0.44358
0.17613 3.66788 0.29279

ITITOZIITIIOIIIIIIIIOOZZOOOOO
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H -0.60719 2.88808  -1.11769 S-135
There are no imaginary frequencies. C 2.13123 1.13341  -0.11336
C 139071  -1.15575  -0.00162
SCF energy: -512.113277 hartree C 3.72971 -0.66893 -0.01324
ao/pp: -0.213544162 hartree C 3.44804 0.68647  -0.08408
ap: -1.207835007 hartree C 1.06526 0.20950  -0.07743
SCS-MP2 energy: -513.7050418 hartree N -0.25929 0.59707 -0.17555
zero-point correction: +0.229651 hartree N -1.15437  -0.34610 0.41687
enthalpy correction; +0.242656 hartree C -2.40338  -0.37531  -0.25122
free energy correction: +0.189959 hartree C -3.58614 -0.29192 0.37730
quasiharmonic free energy correction: +0.192520 H 1.93829 219906  -0.15842
hartree H -1.28017  -0.10628 1.40877
H -2.32629  -0.55945  -1.32088
S-134 H -3.60036  -0.09630 1.45011
C -4.90138  -0.49683  -0.30778
C -1.06016 0.26154 1.17936 H -5.56427 0.36093  -0.15205
C -1.37091 0.32680  -1.20901 H -4.76555  -0.63675  -1.38421
C -2.76931  -0.99336 0.04101 H -5.42084  -1.37787 0.08564
C -2.14533  -0.61302 1.22655 N 2.68401  -1.52058 0.02417
C -0.66903 0.74219  -0.07129 H 0.65626  -1.94789 0.03281
N 0.40875 1.66747  -0.28128 H 2.88271  -2.52374 0.07840
N 1.54462 0.92269  -0.88411 H 4.26760 1.39656  -0.10763
C 2.09534  -0.17495  -0.09427 H 472122  -1.10185 0.01992
C 172414  -1.43023  -0.36079 C -0.59320 1.99818 0.09458
H -1.09240 0.71571  -2.18783 H -0.31489 2.29655 1.11356
H -3.60923  -1.68345 0.05614 H -0.10036 2.64789  -0.62970
H -2.49378  -1.00969 2.17553 H -1.67089 2.10349  -0.03367
H -0.55216 0.55790 2.09166
H 2.26576 1.63665 -1.08212 There are no imaginary frequencies.
H 2.77424 0.13289 0.69171
H 1.03401 -1.61800 -1.18326 SCF energy: -512.122937 hartree
H 1.21549 0.57995  -1.80049 ao/BP: -0.213785707 hartree
C 2.21997  -2.60577 0.41225 ap: -1.20651874 hartree
H 2.71953  -3.31416  -0.25567 SCS-MP2 energy: -513.7132833 hartree
H 2.91879 -2.30327 1.19558 zero-point correction: +0.228863 hartree
H 1.37829 -3.13285 0.87302 enthalpy correction: +0.241807 hartree
N -2.39819 -0.53688 -1.17420 free energy correction: +0.190347 hartree
C 0.89718 2.37505 0.91149 quasiharmonic free energy correction: +0.191741
H 0.05764 2.95026 1.30183 hartree
H 1.28581 1.71875 1.69575
H 1.68036 3.06688 0.59355 TS S-136
There are no imaginary frequencies. C -0.61740 1.65539 -0.62774
C 0.55574 0.33480 1.05236
SCF energy: -512.111195 hartree C 1.68380 2.02577  -0.00955
ao/BP: -0.214049219 hartree C 0.56051 2.35464  -0.79464
af: -1.208347294 hartree C -0.64169 0.65865 0.37256
SCS-MP2 energy: -513.7039112 hartree N -1.72176  -0.17897 0.54860
zero-point correction: +0.230178 hartree N -1.33424  -1.74800  -0.50842
enthalpy correction: +0.242726 hartree C -0.09409  -2.11672  -0.11410
free energy correction: +0.192304 hartree C 1.06127  -1.51950  -0.57510
quasiharmonic free energy correction: +0.193602 H 0.52880  -0.36858 1.88238
hartree H 2.60752 258778  -0.12707
H 0.63180 3.15430  -1.52555
H -1.50108 1.90150  -1.20843
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H -1.24640  -1.16427  -1.35556

H -0.04048  -2.83135 0.70704 1 imaginary frequency: —345.83 cm™.

H 0.97258  -0.81148  -1.40244

H -1.71998  -0.67785 1.44649 SCF energy: -512.054835 hartree

C 2.42864  -1.96005  -0.19599 ao/Bp: -0.222037679 hartree

H 3.07043  -1.09113  -0.02242 af: -1.229912403 hartree

H 2.41638  -2.58907 0.69757 SCS-MP2 energy: -513.678755 hartree

H 287374  -2.52826  -1.02244 zero-point correction: +0.227525 hartree
N 1.69427 1.06388 0.91798 enthalpy correction: +0.239600 hartree

C -3.07964 0.18136 0.09828 free energy correction: +0.191219 hartree
H -3.07569 0.33530  -0.97934 quasiharmonic free energy correction: +0.191562
H -3.73265  -0.65083 0.35165 hartree

H -3.39561 1.08960 0.61448

TS S-138

1 imaginary frequency: —275.19 cm™.

0.44916  -1.78911  -0.50491
-0.55200  -0.08052 0.91052
-1.91903  -1.78608  -0.04942
-0.80801  -2.32979  -0.70287
0.63553  -0.69309 0.38038
1.79729  -0.07787 0.67788
1.57258 1.62891  -0.47138
0.39614 2.15244  -0.10707
-0.77689 1.54533  -0.56190

SCF energy: -512.059803 hartree

ao/Bp: -0.221475179 hartree

af: -1.228038875 hartree

SCS-MP2 energy: -513.6810998 hartree
zero-point correction: +0.228536 hartree
enthalpy correction; +0.240632 hartree

free energy correction: +0.192123 hartree
quasiharmonic free energy correction: +0.192522

hartree -0.50194 0.57822 1.77031
-2.55361  -0.37818 1.26751
TS S-137 -2.92525  -2.18246  -0.12560

-0.95201  -3.18674  -1.35202
1.30581  -2.26420  -0.97299
2.32288 2.11317 0.04034
0.32209 2.91785 0.67071
-0.68382 0.85928  -1.40470
-2.12938 2.12444  -0.29785
-2.90910 1.35824  -0.31962
-2.16272 2.64893 0.66049
-2.36365 2.84266  -1.09294
-1.73806  -0.75113 0.77238
2.99219  -0.59802 0.00690
3.80637 0.10908 0.17602
3.27596  -1.55426 0.45931
2.86999  -0.73463  -1.07156

-1.12806  -1.43628  -0.83533
-0.53164 0.00475 1.02287
-2.66647 0.10931 0.17371
-2.38091  -0.86541  -0.80564
-0.17333  -1.04764 0.13983
1.08249  -1.59240 0.03349
1.89802  -0.24023  -1.09757
1.74933 0.97594  -0.51355
0.52169 1.60326  -0.55836
0.12424 0.29699 1.83695
-3.65978 0.55103 0.22376
-3.14948  -1.15478  -1.51622
-0.86320  -2.20818  -1.55435
1.31105  -0.46463  -1.90765

ITIITITOZIIIOIIIIIIIIOOZZOOOOO

2.55569 1.30879 0.13098 1 imaginary frequency: —-121.20 cm™.
-0.21038 1.26223  -1.29087

0.28193 2.91680 0.10169 SCF energy: -512.039899 hartree
-0.71914 2.94469 0.53815 aa/Bp: -0.22368334 hartree

1.02483 3.11726 0.87666 af: -1.235256326 hartree

0.33275 3.70997  -0.65317 SCS-MP2 energy: -513.6713288 hartree
2.84216  -0.63631  -1.15627 zero-point correction: +0.227280 hartree
-1.79073 0.52301 1.08956 enthalpy correction: +0.239377 hartree
1.93103 -1.46021 1.22252 free energy correction: +0.191124 hartree
290786  -1.89204 0.99363 quasiharmonic free energy correction: +0.191401
2.07762  -0.43446 1.57972 hartree

ITITTOZIIIIOIIIIIIIOOZZOOOOO0

1.47589  -2.03635 2.03391
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