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A. General Information
All the reactions and manipulations were performed under atmospheric conditions except for
the synthesis of NH,B,Hs.THF (using the protocol of Shore & co-workers) !. Schlenk or
glovebox techniques [GP(Concept)-T2, Jacomex] were used for the synthesis of
NH,B,H;s.THF. 'H, 13C, °F and !'B NMR spectra were recorded on a Bruker Ascend 500 NMR
spectrometer and Bruker Ascend 400 NMR. All chemical shifts (8) are reported in ppm. All
chemical shifts are related to residual solvent peaks [CDCl;: 7.26 ('H), 77.16 (13C)]. All amide
derivatives were purchased from commercial sources. Ammonia-borane was synthesised by
the literature procedure.>? Mass Spectra were recorded on a Bruker Micro-TOF QII quadrupole

time-of-flight (Q-TOF) mass spectrometer.

B. Optimization of reaction conditions:

Table S1: Optimization of promoter and temperature for reduction of acetanilide

H H
N I, X mol%) , AB (6 eq) N
\r( > \/
o DCE (2 mL), T °C, 24h
la 2a
S. No. Promoter (X mol%) Temperature (°C) (%) of Yield?®
1 - 50 0
2 KI (30 mol%) 50 0
3 NIS (30 mol%) 50 0
4 NBS (30 mol%) 50 0
5 Br, (30 mol%) 50 27
6 I, (5 mol%) 50 15
7 I, (30 mol%) 50 41
8 I, (30 mol%) 60 55
9 I, (30 mol%) 70 76
10 I, (30 mol%) 80 94
11 I, (30 mol%) 90 95

2 Conditions: 1a (0.37 mmol), I, (as indicated), AB (6 eq.), DCE as solvent, 24h



Table S2: Effect of solvent for reduction of secondary amides

H I, (30 mol%) , AB (6 eq) H\/
-
o Solvent (2 mL) , 80 °C, 24h
S. No. Solvent Percentage Yield (%)
1. H,0 0
3 CH,CN - H,0 0
3. CH;CN 67
4. toluene 80
5. DCE 94
6. THF 82

Table S3: Effect of amount of ammonia-borane and time for reduction of secondary

amides
“\n/ I, (30 mol%) , AB (x eq) H\/
O/ o DCE (2 mL), 80 °C, T >~ ©/
S. No. Ammonia-borane (eq.) Time Percentage Yield (%)
1. 6 24h 94
2. 5 24h 93
3. 4 24h 94
4. 3 24h 78
5. 4 20h 92
6. 4 18h 93
7. 4 15h 82



Table S4: Effect of amount of iodine for reduction of tertiary amides

0 T/ I, (X mol%) , AB (4.5 eq)» ©/\T P
DCE (2 mL), 80 °C, 24h
S. No. Iodine (X mol%) (%) of Yield®
1 30 80
2 60 91
3 100 98

a. All the reactions were carried out using 50 mg of N-methyl benzamide

C. General procedure for the synthesis of ammonia-borane
Ammonia-borane was prepared according to the literature procedure.? In a 250 ml two-neck
round bottom flask, sodium borohydride (1g, 26.3 mmol) and powdered ammonium sulfate
(3.48g, 26.3 mmol) were added in 125 ml THF. One neck through a condenser is fitted to
nitrogen cylinder and second neck is fitted with a connecting tube. The connecting tube was
vented via an oil bubbler to the hood exhaust. The contents were vigorously stirred at 40 °C.
After 6h, the reaction mixture was cooled to room temperature (RT) and filtered. The filtrate
was concentrated under vacuum to obtain ammonia-borane (AB). The product AB was

obtained as a white powder: 'B NMR (CDCls, 160 MHz) 6: -22.1 (q) (Figure S1).

THF, 40°C
NaBH, + 2 (NH,),SO, —— » 2NH;BH; + 2H, + Na,SO,
2

Scheme S1: Ammonia-borane preparation using sodium borohydride and ammonium sulfate

D. General procedure for the reaction

1. For secondary amides: A 10 mL T-23 pressure tube was charged with a magnetic
bead, acetanilide (100mg, 0.74mmol), iodine (14mg, 30 mol%), ammonia-borane
(92mg, 2.95 mmol) and 2 mL DCE. This reaction was carried out at 80°C for 24 h. After

the reaction, ethyl acetate and water were added to the reaction mixture. Ethyl acetate
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layer was concentrated using a rotavapor. After evaporation, the crude mixture was
purified by silica gel column chromatography using EtOAc and hexane (10:90) as
eluent. The product was characterized by 'H NMR, '3C NMR and HRMS.

2. For tertiary amides: A 10 mL T-23 pressure tube was charged with a magnetic bead,
N, N-dimethylbenzamide (100mg, 0.67mmol), iodine (163mg, 1 eq.), ammonia-borane
(83mg, 2.68 mmol) and 2 mL DCE. This reaction was carried out at 80°C for 24 h. After
the reaction, ethyl acetate and water were added to the reaction mixture. Ethyl acetate
layer was concentrated using a rotavapor. After evaporation, the crude mixture was
purified by silica gel column chromatography using EtOAc and hexane (10:90) as
eluent The product was characterized by 'H NMR, 3C NMR and HRMS.

N NiCl, 6H,0 - O

NN ol NaBH,, MeOH N O>
> RT, 2h H s
o!
5b

5¢c

3. Total Synthesis of (+)-galipinine

Compound 5b was synthesized using the literature procedure.> Compound 5b (70 mg,

0.25 mmol) and NiCl,.6H,0 (0.05 mmol, 20 mol%) were taken in a 100 mL RB and

dissolved in 10 mL of methanol. Then NaBH,4 (1 mmol, 4 equiv.) was added in portion
at 0°C and stirred at RT for 2h. Afterwards, excess methanol was evaporated, and black
ppt. was dissolved in 10% aq. HCI, the acidic solution was basified by adding conc.
ammonium hydroxide solution and then extracted with ether. The organic layer was dried
over anhydrous Na,SO,. After evaporation of the solvent, the crude mixture was purified
by silica gel column chromatography using EtOAc and hexane (10:90) as eluent to yield
the desired product Sc as yellow oil (64 mg, 90% yield).

O I, (5 mol%) O
N o HCOOH N O>
H > CHO G
o
5¢c

1e

A mixture of 5¢ (0.23 mmol), formic acid (99% purity, 0.4mL), and iodine (4 mg, 5 mol
%) was stirred at 70 °C. After completion of the reaction as monitored by TLC (42 h),
the mixture was diluted with DCM (10 mL), washed with sat. Na,S,0; (5 mL), sat.
NaHCO; (5 mL), and brine (5 mL), and then dried over anhydrous Na,SO,. After



filtration and evaporation of the solvent, the residue was purified by column
chromatography (petroleum ether: ethyl acetate = 2:1 or 5:1) on silica gel to give the

formylated product le (65 mg, 93% yield).

O l,(1eq.), AB (45eq.) O
o)
N O o> DCE, 80 °C, 24h ITI O S
CHO o o
1e

5a, 93% yield
(¥) — Galipinine (Antimalarial)

Compound le (65mg, 0.21mmol), iodine (54mg, 1 eq.), ammonia-borane (26mg, 0.84
mmol) and 2 mL DCE. This reaction was carried out at 80°C for 24 h. After the reaction,
ethyl acetate and water were added to the reaction mixture. Ethyl acetate layer was
concentrated using a rotavapor. The product 5a was characterized by 'H NMR,'3C NMR
and HRMS.

E. "B NMR Spectra:

-20.659
-21.268
-21.877
-22.487

I
I
I
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T

Figure S1. ''B NMR spectra of NH;BHj3 (in CDCl3)
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Figure S2. "B NMR spectra of NH,B,H; (in CDCl3)
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Figure S3: 'B NMR spectra (in CDCl3) of reaction mixture of dimethylamine-borane

with iodine.
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Figure S4: ''B NMR spectra (in CDCl;) of NMe,BH, reaction mixture (prepared by protocol

reported by Ramachandran and co-workers).

F. Detailed procedure for detection of H, gas:

To detect the H; gas, first 1.0 equiv. of NH3;BH; and 2mL DCE were taken in a 10mL round
bottomed flask equipped with a stirring bar. A PVC tube of small diameter was taken, and one
end of the tube was attached to an aspiration needle. The NMR tube filled with 0.6 ml of C¢Dg
was taken and the tip of the needle was immersed into the C¢Dg. The other end of the tube was
kept ready to be sealed on the mouth of the 10 ml round bottomed flask. I, (7.5 mol%) was
then added to the reaction mixture in the flask and the free end of the tube was firmly inserted
on the mouth of the round bottomed flask. The reaction was stirred for 15 min at 80°C and the
gas generated from the reaction was found to bubble in the C4Dg taken in the NMR tube. When
the bubbles stopped, the NMR tube was capped and the spectra of the solution was recorded.
In the 'H NMR, a peak at 4.47 ppm was observed which indicated the presence of H, in the
CeDe.



NH;BH; (1 eq.)
+1, (7.5 mol%)

gas bubbled in
CeDs

Eamin | MR tabe

Figure SS: Pictorial diagram of detection of H, gas

G. Chlorine Water Test:

Addition of
chlorine
water Cyclohexane layer
Cyclohexane layer turns violet
Reaction mixture with lndlcat;l?g:.resence
few drops of HCl of iodine
I + QL - L, + CI’

Figure S6: Chlorine water test of the final reaction mixture in water medium.
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H. Probable mechanism for the reduction of secondary amides to amines

Confirmed by

HRMS
[M+H] = 149.1245

(when R = Ph,
R'=CH;, R" =H)

_ BH,NH,BH;
0)
OH '
| )%@/R
N\ B K ﬂ !
R N~ NH,BH,
ko2
hydride transfer mechanism

Scheme S2: Probable mechanism for reduction of secondary amides to amines.

I. Deuterium Incorporation Studies
H l, (30 Mol%) / H H
N?( H3NBD; (4 eq) /©/N7( + /O/ nd
O/ DCE (2 mL), MeO DD meo H A
MeO

80 °C, 24h
80% 20%

Scheme S3: Reaction of NH;BDj; and iodine with acetanilide.
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'"H NMR of spectra of deuterated mixture of N-(ethyl) 4-methoxyaniline

(=N =T ] MM %]
win O D Ot N =]
e WO NN NN [=]
MM momnm - o

"H NMR of spectra of pure
N-(ethyl) 4-methoxyaniline

~l
o -
(4]

0 ppm

[X=N
0.64
241/

Cn A oN r~ 0 0

[l B I B = NN

mommmmn A
|
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Figure S7: '"H NMR comparison of deuterated mixture of N-(ethyl) 4-methoxyaniline and

pure N-(ethyl) 4-methoxyaniline.

J. Mechanistic pathway using 1 eq. lodine and ammonia borane for

tertiary amides

H
-Bs H
O N 5
(@ NH3BH; + I, 80°C HN"SNH %
ePck B~y BH HoB. BH,
4 eq. 1eq. N Y
Borazine p-aminodiborane
doublet at 31 ppm triplet of doublet
at -26 ppm
Me
80°C N ’ H2B—NMe;
b) MeoNHBH; + 1 H,B. BH Mo N—BH
(b) 2 3+l cocl, 2B, BH: ) 5

4 eq. 1eq.

p-aminodiborane  cyclic borazane

triplet of doublet
at -16 ppm

triplet at 5.1 ppm

Scheme S4: Control experiments involving 4 eq. Amine-borane with 1 eq. .

Based on the control experiments (Scheme S4) and literature studies,* the plausible pathway
for the dehydrogenation of ammonia borane using leq. of iodine is as follows: AB undergoes
dehydrogenation to form NH,BH, (I). Characteristic peak for Me,NBH, was found in ''B
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NMR (Figure S3) confirming the formation of NH,BH, in the reaction mechanism. NH,BH,
further undergoes oligomerization to form polyaminoboranes and finally generating borazine
(Scheme S5). There is also a possibility that HI which is released during the process can
undergo acid-initiated ammonia-borane dehydrogenation reaction.’

W

n [NH,BH,] —> INHBHy |, ——— HO TNH
a2 HB.  -BH

y 1 polyaminoboranes N

Scheme S5: Plausible pathways for dehydrogenation of ammonia borane using

stoichiometric amount of iodine and ammonia borane

NH;BH; + I,
0 0
R" Rn

NH,BH + H e R!

INH,BH,],, ;BS / R/\ N~
| 4
R"

Polyaminoboranes acting as the
active reagent Aminodiborane acting as the
/BHZNHZ active reagent

BHZNH BH; Borates

R/K(l?/ R )\
@ _R
R T/

BHNH, R" 2
R" 5
on
N hydride transfer \' ® B
lll" 3 hydride transfer mechanism R/\N/ NH,BH;
N
Rn/ R'

6

Scheme S6: Probable mechanism for reduction of tertiary amides to amines.

K. Control Study involving the reaction of aminodiborane with amide at

different temperature conditions
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H H
N

(a) \n/ (Isolated aminodiborane) N~
o) DCE (2 mL),
80 °C, 24h Yield = 90%
H H
(b) N\n/ (Isolated aminodiborane) N~
(o) DCE (2 mL),
RT, 24h Yield = 0%
H H
(c) N\n/ (Isolated aminodiborane) - N~
(o) DCE (2 mL),
40 °C, 24h Yield = 18%
H H
(d) N\n/ (Isolated aminodiborane) - N~
o] DCE (2 mL),
60 °C, 24h Yield = 43%

Scheme S7: Reaction of aminodiborane with amide at different temperature conditions.
L. Identification of products

Compound 2a%

H
D

2a; 'HNMR (CDCls, 400MHz, ppm): 7.08 (m, 2H), 6.61 (t, J = 7.6Hz, 1H), 6.52 (d, J = 7.6Hz,
2H), 3.06 (q,J = 7.2 Hz, 2H), 1.16 (t, ] = 7.2Hz, 3H). *C NMR (CDCls, 125MHz, ppm) 148.6,
129.3, 117.3, 112.9, 38.6, 15.0. HRMS ([M + H]*) m/z, calcd for CgH{,N 122.0964, found
122.0968.

Compound 2b%?

H

Iohd
MeO

2b; '"H NMR (CDCls, 400MHz, ppm): 6.81-6.79 (m, 2H), 6.58-6.61 (m, 2H), 3.76 (s, 3H), 3.11
(q, J= 7.2Hz, 2H), 3.02 (s, br, 1H), 1.25 (t, J = 7.2Hz, 3H). 3C NMR (CDCls, 125MHz, ppm):

14



152.1, 142.8, 114.9, 114.1, 55.8, 39.5, 15.0. HRMS ([M + HJ*) m/z, caled for CoHsNO
152.1070, found 152.1065.

Compound 2¢®

o
Me

2¢; 'H NMR (CDCls, 500MHz, ppm): 7.01 (d, J = 8Hz, 2H), 6.57 (d, J = 8Hz, 2H), 3.15 (q, J
= 7.1 Hz, 2H), 2.26 (s, 3H), 1.26 (t, ] =+ 7.2Hz, 3h). 3C NMR (CDCls, 125MHz, ppm): 146.3,
129.8,126.5, 113.1, 38.9, 20.5, 15.0. HRMS ([M + H]*) m/z, caled for CoH 4N 136.1126, found
136.1120.

Compound 2d°

o
Et

2d; '"H NMR (CDCl;, 400MHz, ppm): 7.01(d, J = 8.4Hz, 2H), 6.56 (d, J = 8.4Hz, 2H), 3.1 (q,
J=7.2Hz 2H), 2.55 (q, J = 7.6Hz, 2H), 1.25 (t, J = 7.2Hz, 3H), 1.19 (t, ] = 7.6Hz, 3H). 13C
NMR (CDCls, 125MHz, ppm): 146.6, 133.2, 128.6, 113.0, 38.9, 28.0, 16.1, 15.1. HRMS ([M
+ H]*) m/z, caled for CioH N 150.1277, found 150.1272.

Compound 2e%

H

o
F

2e; 'H NMR (CDCls, 500MHz, ppm): 6.87-6.90 (m, 2H), 6.52-6.55 (m, 2H), 3.09-3.13 (q, ] =
7Hz, 2H), 1.23-1.26 (t, J = 7Hz, 3H). 3C NMR (CDCls, 125MHz, ppm): 155.9 (d, ] = 233 Hz),

15



144.9, 115.7 (d,J =22 Hz), 113.6 (d, J = 7.4 Hz), 39.2, 15.0. '°F NMR (CDCls, 470.6, ppm): -
128.4.

Compound 2f%2

o
Cl

2f; 'HNMR (CDCls, 400MHz, ppm): 7.12-7.10 (m, 2H), 6.52-6.50 (m, 2H), 3.12 (q, J =7.2Hz,
2H), 1.25 (t, ] = 7.2Hz, 3H). 3C NMR (CDCls, 125MHz, ppm): 147.1, 129.1, 121.8, 113.9,
38.7, 14.8. HRMS ([M + H]") m/z, calcd for CgH;;CIN 156.0575, found 156.0575.

Compound 2g%

o
Br

2g; '"HNMR (CDCl;, 400MHz, ppm): 7.12-7.15 (m, 2H), 6.41-6.38 (m, 2H), 3.05 (q, J = 7.2Hz,
2H), 1.17 (t, ] = 7.2Hz, 3H). 3C NMR (CDCls, 125MHz, ppm): 147.5, 132.0, 114.4, 108.8,
38.6, 14.8. HRMS ([M + H]") m/z, calcd for CgH;;BrN 200.0069, found 200.0075.

Compound 2hb¢

H

o
O,N

2h; 'H NMR (CDCls, 400MHz, ppm): 8.06 (d, J = 9.2Hz, 2H), 6.51 (d, J = 9.2 Hz, 2H), 4.50
(s, br, 1H), 3.27-3.25 (m, 2H), 1.29 (t, ] = 7.2Hz, 3H). *C NMR (CDCl;, 125MHz, ppm):
153.5, 137.9, 126.6, 111.0, 38.1, 14.5. HRMS ([M + Na]*) m/z, caled for CgH;oN,NaO,
189.0634, found 189.0632.
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Compound 2i¢?

o
F3C

2i; 'H NMR (CDCls, 500MHz, ppm): 7.40 (d, J = 8.5Hz, 2H), 6.60 (d, J = 8.5 Hz, 2H), 3.91
(s, br, 1H), 3.19 (q, J = 7Hz, 2H), 1.28 (t, ] = 7Hz, 3H). *C NMR (CDCls, 125MHz, ppm):
150.9, 126.7 (q, J = 3.9 Hz), 125.3 (q, J = 268.3 Hz), 118.6 (q, J = 25 Hz), 111.8, 38.1, 14.7.
19F NMR (CDCls, 470.6, ppm) : -60.9. HRMS ([M + H]*) m/z, caled for CoH,F3N 190.0838,
found 190.0843.

Compound 2j%
H
N~

Br

2j; 'H NMR (CDCls, 400MHz, ppm) : 7.03 (t, ] = 8Hz, 1H), 6.78 (d, J = 0.8Hz, 1H), 6.73 (t,J
= 2Hz, 1H), 6.49-6.51 (m, 1H), 3.62 (s, br, 1H), 3.12 (q, J = 7.2Hz, 2H), 1.23 (t, J = 7.2 Hz,
3H).3C NMR (CDCl;, 125MHz, ppm): 149.8, 130.5, 123.4, 119.9, 115.2, 111.6, 38.4, 14.8.
HRMS ([M + H]") m/z, calcd for CgH;;BrN 200.0075, found 200.0076.

Compound 2k

H
C[N\/

OPh
2k; '"H NMR (CDCl;3, 400MHz, ppm): 7.34-7.29 (m, 2H), 7.06-7.05 (m, 2H), 7.00-6.98 (m,
2H), 6.86-6.85 (m, 1H), 6.83-6.72 (m, 1H), 6.64-6.63 (m, 1H), 4.02 (s, br, 1H), 3.20 (q, J =
7.2Hz, 2H), 1.24 (t, J = 7.2 Hz, 3H).13C NMR (CDCls, 125MHz, ppm): 157.7, 143.0, 140.8,

129.8, 125.0, 122.8, 119.3, 117.5, 116.6, 111.5, 38.2, 14.9. HRMS ([M + H]") m/z, calcd for
Ci4sH6NO 214.1232, found 214.1222.
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Compound 21

H
@N ~

SO,Me
21; 'THNMR (CDCls, 400MHz, ppm): 7.73-7.75 (m, 1H), 7.42 (m, 1H), 6.73-6.76 (m, 2H), 5.99
(s, br, 1H), 3.18-3.21 (m, 2H), 3.02 (s, 3H), 1.24 (t, ] = 7.2Hz, 3H). 13C NMR (CDCls, 125MHz,

ppm): 147.2,135.6,129.9,121.3,116.2,112.4,42.3,37.9, 14.5. HRMS ([M + NaJ") m/z, caled
for CoH 3NNaO,S 222.0559, found 222.00559.

Compound 2m®

H
N~

Br

2m; '"H NMR (CDCl;, 500MHz, ppm): 7.40-7.42 (m, 1H), 7.16-7.19 (m, 1H), 6.62-6.64 (m,
1H), 6.54-6.57 (m, 1H), 4.21 (s, br, 1H), 3.20 (q, J = 7Hz, 2H), 1.29-1.32 (t, ] = 7Hz, 3H).!3C
NMR (CDCls, 125MHz, ppm): 145.2, 132.4, 128.6, 117.6, 111.3, 109.6, 38.5, 14.8. HRMS
(M + H]") m/z, caled for CgH1BrN 200.0069, found 200.0061.

Compound 2n5?
H
SRas

2n; '"H NMR (CDCl;, 400MHz, ppm): 7.25-7.24 (m, 2H), 7.19-7.09 (m, 5H), 6.64-6.62 (m,
1H), 6.56-6.53 (m, 2H), 3.61 (s, br, 1H), 3.34 (t, J = 7.2Hz, 2H), 2.85 (t, J = 7.2Hz, 2H).!13C
NMR (CDCl;, 125MHz, ppm): 148.1, 139.4, 129.4, 128.9, 128.7, 126.5, 117.6, 113.1, 45.1,
35.6. HRMS ([M + H]") m/z, calcd for C4H (N 198.1283, found 198.1281.
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Compound 20°f

H
N

OMe

20; '"HNMR (CDCl;, 500MHz, ppm):7.33-7.31 (m, 2H), 7.24-7.22 (m, 3H), 5.89 (s, 1H), 5.81
(s,2H), 3.75 (s, 6H), 3.38 (t, J=7.2Hz, 2H), 2.93 (t, ] = 7.2Hz, 2H)."3C NMR (CDCls, 125MHz,
ppm): 161.9, 150.0, 139.4, 128.9, 128.7, 126.6, 91.9, 89.9, 55.3, 45.1, 35.6. HRMS ([M + H]*)
m/z, calcd for C;cH,oNO; 258.1489, found 258.1496.

Compound 2p%e

H
o0

|

2q; 'H NMR (CDCls, 400MHz, ppm): 7.34-7.32 (m, 2H), 7.24-7.11 (m, 5H), 6.31 (d, J =

8.8Hz, 1H), 3.63 (s, br, 1H), 3.28 (t, J = 6.8Hz, 2H), 2.82 (t, J = 6.8Hz, 2H).3C NMR (CDCl,,

125MHz, ppm): 147.7,139.1, 137.9, 128.9, 128.7, 126.7, 115.3, 44.9, 35.4. HRMS ([M + H])
m/z, calcd for C4HsIN 324.0244, found 324.0245.

Compound 2q°¢

o OO

2q; 'H NMR (CDCls, 500MHz, ppm): 7.82 (d, ] = 7.5Hz, 1H), 7.71 (d, J = 5H, 1H), 7.47-7.27
(m, 9H), 6.70 (d, 8Hz, 1H), 4.43 (s, br, 1H), 3.60 (t, J = 7Hz, 2H), 3.12 (t, J = 7Hz, 2H).13C
NMR (CDCls, 125MHz, ppm): 143.3, 139.4, 134.5, 128.9, 128.8, 128.7, 126.7, 126.6, 125.8,
124.8, 123.6, 119.9, 117.6, 104.6, 45.3, 35.5. HRMS ([M + H]*) m/z, caled for CigH gN
248.1434, found 248.1429.

Compound 2roh
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Cl

2r; '"H NMR (CDCls, 400MHz, ppm): 6.64 (t, J = 2Hz, 1H), 6.36-6,35 (d, ] = 2Hz, 2H), 3.73
(s, br, 1H), 3.14-3.08 (m, 2H), 1.24 (t, ] = 7.2 Hz, 3H).3C NMR (CDCl;, 125MHz, ppm):
150.0, 135.5, 116.8, 110.8, 38.3, 14.7. HRMS ([M + H]*) m/z, caled for CsH;CLLN 190.0185,
found 190.0184.

Compound 2s

H
~_N

HO

2s; 'TH NMR (CDCl;, 400MHz, ppm): 7.15 (t, J = 6.4Hz, 1H), 6.68 (d, J = 6Hz, 1H), 6.62 (s,
1H), 6.52-6.50 (m, 1H), 4.78 (q, J = 6.4Hz, 1H), 3.16 (q, J = 5.6Hz, 2H), 1.47 (d, J = 4.8Hz,
3H), 1.25 (t, J = 5.6Hz, 3H).13C NMR (CDCl;, 125MHz, ppm): 148.7, 147.2, 129.4, 114.4,
111.9, 109.9, 38.6, 25.0, 14.9. HRMS ([M + HJ") m/z, calcd for C;(H;sNO 166.1226, found
166.1228.

Compound 2t°

0

2t; 'H NMR (CDCls, S00MHz, ppm): 7.20 (t, J = 7.5Hz, 2H), 6.74 (t, J = 7Hz, 1H), 6.67 (d, J
= 8.5Hz, 2H), 4.012-3.98(m, 1H), 3.30-3.23 (m, 2H), 1.79-1.76 (m, 1H), 1.75-1.71 (m, 1H),
1.25 (d, J = 6Hz).3C NMR (CDCly, 125MHz, ppm): 148.4, 129.3, 117.8, 113.4, 67.4, 43.9,
38.1,23.9. HRMS ([M + H]") m/z, caled for C1oH;gNO 166.1226, found 166.1226.
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Compound 2u®

N7
H
MeO

2u; 'H NMR (CDCl;, 500MHz, ppm): 7.24-7.22 (d, J = 8.5Hz, 2H), 6.86-6.84 (d, ] = 8.5Hz,
2H), 3.78(s, 1H), 3.73 (s, 2H), 2.68 (q, J = 7Hz, 2H), 1.13 (t, ] = 7.5Hz, 3H).'3C NMR
(CDCl;, 125MHz, ppm): 158.8, 131.9, 129.6, 113.9, 55.3, 53.1,43.4, 14.9. HRMS ([M +
H]") m/z, caled for CoHsNO 166.1226, found 166.1222.

Compound 2v%k

o)

2v; 'H NMR (CDCls, 500MHz, ppm): 7.13 (d, J = 7.5Hz, 1H), 7.01 (t, J = 7.5Hz, 1H), 6.72 (t,
J=7.5Hz, 1H), 6.66 (d, ] =8 Hz, 1H), 3.56 (t, ] = 8.5Hz, 2H), 3.42 (s, 1H), 3.04 (t, ] = 8.5Hz,
2H).3C NMR (CDCls, 125MHz, ppm): 151.7, 129.4, 127.3, 124.7, 118.8, 109.6, 47.4, 29.9.
HRMS ([M + H]*) m/z, caled for CsH;oN 120.0808, found 120.0808.

Compound 2w®b
H
o :
MeO

2w; 'H NMR (CDCl;, 500MHz, ppm): 7.33 (d, J = 8.5Hz, 2H), 7.22 (t, J = 7.5Hz, 2H), 6.93
(d, J=8.5Hz, 2H), 6.77 (t,] = 7.5Hz, 1H), 6.68 (d, ] = 8Hz, 2H), 3.84 (s, 3H).]3C NMR (CDCl;,
125MHz, ppm): 158.9, 148.3,131.5, 129.3,128.9, 117.5, 114.1, 112.9, 55.3, 47.8. HRMS (|[M
+ H]*) m/z, caled for C14HcNO 214.1226, found 214.1225.

Compound 2x
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N

2x; 'H NMR (CDCls, 500MHz, ppm): 7.11 (d, J = 3.5Hz, 1H), 6.47 (d, J = 3.5Hz, 1H), 5.65
(s, br, 1H), 3.30 (q, J = 7Hz, 2H), 1.29 (t, ] = 7Hz, 3H). *C NMR (CDCls, 125MHz, ppm):
170.8, 139.1, 106.3, 40.9, 14.7. LRMS ([M + HJ") m/z, caled for CsHoN,S 129.04, found
129.04.

Compound 2y®!

HH

N I\
H N

2y; 'H NMR (CDCls, 500MHz, ppm): 8.58-8.57 (m, 1H), 7.66 (t, J = 8.5Hz, 1H), 7.38-7.32
(m, 6H), 7.29-7.27 (m, 2H), 7.20-7.18 (m, 1H), 3.96 (s, 2H), 3.87 (s, 2H). 3C NMR (CDCls;,
125MHz, ppm): 159.3, 149.3, 139.7, 136.5, 128.4, 128.3, 127.1, 122.5, 122.1. HRMS ([M +
H]*) m/z, caled for C3H 5N, 199.1229, found 199.1226.

Compound 3a®

©/\T/
3a; '"H NMR (CDCls, 500MHz, ppm): 7.42-7.40 (m, 3H), 7.36-7.34 (m, 2H), 4.05 (s, 2H), 2.53

(s, 6H); 3C NMR (CDCls, 125MHz, ppm): 132.5, 129.9, 129.5, 128.7, 63.7, 46.3. HRMS ([M
+ NaJ]*) m/z, calcd for CoH;3NNa 158.0940, found 158.0940.

Compound 3b%™
JOR
Me
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3b; 'TH NMR (CDCl3, 500MHz, ppm): 7.26-7.22 (m, 4H), 4.02 (s, 2H), 2.52 (s, 6H), 2.38 (s,
3H); 3C NMR (CDCls, 125MHz, ppm): 139.6, 132.4, 129.4, 126.9, 63.5, 46.2, 21.3. HRMS
([M + Na]*) m/z, caled for C;oH;sNNa 172.1097, found 172.1093.

Compound 3¢o™

N
|
a

3¢; 'H NMR (CDCls, 500MHz, ppm): 7.38 (d, J = 8.5 Hz, 2H), 7.28 (d, J = 8 Hz, 2H), 3.94 (s,
2H), 2.50 (s, 6H); '*C NMR (CDCls, 125MHz, ppm): 135.5, 133.6, 129.8, 128.8, 66.9, 50.0.
HRMS ([M + HJ*) m/z, caled for CoH;CIN 170.0731, found 170.0731.

Compound 3d%»

O

3d; '"H NMR (CDCls, 500MHz, ppm): 7.25-7.22 (m, 2H), 6.65 (t, J = 7 Hz, 1H), 6.61 (d, J =
8Hz, 2H), 3.90-3.87 (m, 1H), 3.45-3.41 (m, 1H), 3.18-3.16 (m, 1H), 2.08-2.07 (m, 2H), 2.07-
2.05 (m, 1H), 1.99-1.97 (m, 1H), 1.20 (d, J = 6.2 Hz, 3H); *C NMR (CDCl;, 125MHz, ppm):

147.3, 129.2, 115.2, 111.8, 53.7, 48.2, 33.2, 23.4, 19.5. HRMS ([M + HJ") m/z, calcd for
C11H 6N 162.1277, found 162.1274.

Compound 3e®
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OMe

O
3e; 'H NMR (CDCls, 500MHz, ppm): 6.88-6.86 (m, 2H), 6.57-6.55 (m, 2H), 3.78 (s, 3H), 3.26-

3.24 (m, 4H), 2.02-1.99 (m, 4H); 3C NMR (CDCls, 125MHz, ppm): 150.8, 143.3, 115.1,
112.6, 56.0, 48.3, 25.4. HRMS ([M + H]*) m/z, calcd for C;;H;gNO 178.1232, found 178.1226.

Compound 3f%

NO,

O
3f, 'H NMR (CDCls, 500MHz, ppm): 8.11-8.08 (m, 2H), 6.47-6.44 (m, 2H), 3.41-3.38 (m,

4H), 2.08-2.05 (m, 4H); 3C NMR (CDCls, 125MHz, ppm): 151.9, 136.6, 126.4, 110.5, 48.0,
25.5. HRMS ([M + Na]*) m/z, calcd for C;yH,N,NaO, 215.0791, found 215.0787.

Compound 3g°p

o

\

3g; 'H NMR (CDCls, 500MHz, ppm): 7.09-7.08 (m, 2H), 6.69 (t, J = 7Hz, 1H), 6.51 (d,J = 10
Hz, 1H), 3.2 (t, ] = 8.5, 2H), 2.95 (t, J = 8.5 Hz, 2H), 2.76 (s, 3H); 3C NMR (CDCls, 125MHz,
ppm): 153.5, 130.4, 127.4, 124.4, 117.9, 107.3, 56.3, 36.4, 28.9. HRMS ([M + H]*) m/z, calcd
for CoH},N 134.0970, found 134.0966.
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Compound 3h%4

N/ﬁ
(o
3h; '"H NMR (CDCls, 500MHz, ppm): 7.16 (d, J = 8.5 Hz, 2H), 7.08-7.07 (m, 2H), 3.54 (t, J =
4.5 Hz, 4H), 3.3 (s, 2H), 2.27 (m, 4H), 1.14 (s, 9H); '3C NMR (CDCls, 125MHz, ppm): 150.2,

134.4, 129.1, 125.2, 67.0, 63.1, 53.6, 34.5, 31.5. HRMS ([M + H]") m/z, calcd for C;sH,sNO
234.1852, found 234.1844.

Compound 3i¢"

3i; 'H NMR (CDCls, 500MHz, ppm): 6.83 (d, J = 7.5 Hz, 2H), 6.56 (t, ] = 7THz, 1H), 3.16 (¢, J
= 5.5 Hz, 4H), 2.05-2.04 (m, 4H); '3C NMR (CDCls, 125MHz, ppm): 142.5, 127.1, 122.1,
116.4, 50.3, 27.6, 22.1. HRMS ([M + H]") m/z, calcd for C1,H N 174.1277, found 174.1277.

Compound 4a®

H
N

~

CF;

4a; '"H NMR (CDCl;, 500MHz, ppm): 7.22 (t, J = 8 Hz, 2H), 6.81 (t, J = 8Hz, 1H), 6.70 (d, J
= 8 Hz, 2H), 3.92 (s, br, 1H), 3.80-3.74 (m, 2 H); *C NMR (CDCl;, 125MHz, ppm): 146.4,
129.5,125.2 (q,J =278.4 Hz), 119.2, 113.3, 46.1 (q, ] = 33.2 Hz). '°F NMR (CDCl;, 470.385,
ppm): -72.3.

Compound 4b®%
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ZZ

MeO CF;

OMe

4b; '"H NMR (CDCl;, 500MHz, ppm): 5.99 (s, 1H), 5.89 (s, 2H), 3.90 (m, 1H), 3.78 (s, 6H),
3.77-3.75 (m, 2 H); 3C NMR (CDCls, 125MHz, ppm): 161.9, 148.3, 125.0 (q, 278.1 Hz), 92.3,
91.3, 55.3,46.1 (q,J=33.5 Hz). ’F NMR (CDCl;, 470.6, ppm): -72.3. HRMS ([M + H]*) m/z,
calcd for CoH3F3NO, 286.0893, found 236.0893.

Compound 4c¢

pa--1

Cl CF,

Cl

4c; 'H NMR (CDCl, 500MHz, ppm): 6.78 (s, 1H), 6.55 (s, 2H), 4.10 (m, 1H), 3.77-3.70 (m,
2 H); 13C NMR (CDCls, 125MHz, ppm): 148.0, 135.9, 124.7 (q, J = 278.1), 119.2, 111.6, 45.7
(g, J = 34 Hz). '°F NMR (CDCl3, 470.6 MHz, ppm): -72.2. LRMS ([M + H]") m/z, caled for
CsH;Cl,F;N 243.99, found 243.99.

Compound 4d%

4d; '"H NMR (CDCl;, 500MHz, ppm): 7.30 (t, ] = 8.5 Hz, 2H), 6.84 (m, 3H), 3.87 (q, 2H), 3.06
(s, 3H); BC NMR (CDCls, 125MHz, ppm): 148.8, 129.4, 125.8 (q, J =287.5 Hz), 118.4, 112.9,
54.5 (q, J = 32.4 Hz), 39.2. '’F NMR (CDCls, 470.385 MHz, ppm): -70.5. LRMS ([M]") m/z,
calcd for CoHoF5;N 189.07, found 189.07.

Compound 5a%
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5a; 'H NMR (CDCls, S00MHz, ppm): 7.09 (t, ] = 7.6 Hz, 1H), 6.98 (d, ] = 6.8Hz, 1H), 6.74-
6.69 (m, 2H), 6.64-6.63 (m, 2H), 6.63-6.61 (m, 1H), 5.92 (s, 2H), 3.28-3.27 (m, 1H), 2.92 (s,
3H), 2.82-2.80 (m, 1H), 2.71-2.62 (m, 2H), 2.55-2.51 (m, 1H), 1.95-1.92 (m, 3H), 1.71-1.69
(m, 1H), 0.94 (t, ] = 7.5Hz, 3H); '*C NMR (CDCls, 125MHz, ppm): 147.8, 145.8, 145.4, 135.9,
128.8,127.2,122.1,121.0, 115.6, 110.8, 108.8, 108.3, 100.9, 58.4, 38.2, 33.3, 32.2, 24.5, 23.7.
HRMS ([M+H]*) m/z, caled for C1oH2,NO, 296.1645, found 296.1632.

Compound 6a%

H
N
CF,

6a; '"H NMR (CDCls, 500MHz, ppm): 8.09 (d, J = 8Hz, 1H), 7.90-7.88 (m, 2H), 7.80 (d, 1H),
7.54-7.48 (m, 3H), 7.35-7.26 (m, 2H), 7.24-7.22 (m, 2H), 4.90-4.89 (m, 1H), 2.74-2.56 (m,
4H), 2.02-2.01 (m, 2H), 1.73 (d, J = 6Hz, 3H); 13C NMR (CDCls, 125MHz, ppm): 142.1, 137.1,
134.0, 131.8, 131.1, 130.7 (q, ] = 32.1 Hz), 129.3, 128.8, 128.4, 126.6, 125.9, 125.8, 125.0 (q,
J=3.6Hz), 124.2 (q, ] =272.3 Hz), 123.9, 122.9 (q, ] = 3.5 Hz), 122.3, 54.0, 46.7, 33.1, 29.8,
22.5. 9F NMR (CDCls, 470.6 MHz, ppm): -62.4. HRMS ([M+H]*) m/z, caled for Co,Hy;F5N
358.1777, found 358.1769.

3

Compound 7a®

H

:: /N\/\/
MeOQOC

7a; 'H NMR (CDCls, S00MHz, ppm): 7.84 (d, ] = 9 Hz, 2H), 6.52 (d, J = 8.5Hz, 2H), 4.23 (s,
1H), 3.83 (s, 3H), 3.14-3.11 (m, 2H), 1.59-1.56 (m, 2H), 1.42-1.38 (m, 2H), 0.94 (t, J = 7.5Hz,
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3H); BC NMR (CDCl;, 125MHz, ppm): 167.4, 152.3, 131.7, 117.7, 111.2, 51.4, 43.0, 31.3,
20.2, 13.8. HRMS ([M+Na]") m/z, calcd for C;;H;;NNaO, 230.1151, found 230.1142.

M. Representative NMR Spectra:

"H-NMR & 3C{'H} (in CDCIl;) spectra of compound 2a

OO NM~® ne~oN ne-o
COWVNHONO © W W ™~ M
O 0WWwInwnn [ == = = ) R Rl
H I N T TR @om e A
N N ~ \
\ \ e /
N i N

©,N\/

28



820'GT—
L6S 8E—
LO6°9L
9T L
st L
Z88° 21T
TSELTT
26€°62T—
986 8FT—
=

T

T T T T T

21I0 200 190 180 170 160 150 140 130

Ppm

10

20

70 60 50 40

80

120 110 100 90

'H-NMR & 3C{!'H} (in CDCls) spectra of compound 2b

£EZ°
182’
692"

0z0°
9607
FIL:
ZET"
QST
09L”

68G "
565"
209"
e
£6L°
86L"
608"
ST8”
192"

YWY YY oYW
=y

MeO

ppm

13 12 11 10

14

g

29



PSOST—

605 6t —

TL8 55—
T06° 9L
98T LL

cﬂv.rhw

ST PTT—__
€96 FTT

998" ZFT —

12T 25T —

MeO

T T
190 180

210 200

50 40 30 20 10 0  ppm

80 70 60

100 90

110

170 160 150 140 130 120

'H-NMR & 3C{'H} (in CDClI;) spectra of compound 2¢

vee’
85T’
€LE

652"

62T’
€PT°
88T’
CLT”

2559
PPIPAN
000°L
910 L
8sz L
=

Me

30



—146.346
—129.823
=126, 551
113.088
77.409
77.158
76.901
38.949
—20.499
—l5: 071

o
g

T T T T (Egadsaes) T T T T T T T 2
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0O ppm

'H-NMR & BC{'H} (in CDCl;) spectra of compound 2d

31



QLT
FeT”
€12
Tec”
(14
Lee”

LIS"
9€S”
S68°
VLS’
LIT”
GET’
€8T’
EELS

B8GG "
6LS"
110°
(A3}
652"

£
e
£

1%

N

Et

v

|

860 ST
20T 9T
€50 82—
z26° 88—
906°9L
19T LL
mﬁq.nr\\\

F90 ETT—

999" 82T —

ZET EET—

L9G 9PT—

Et

70 60 50 40 30 20 10 0  ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90

'TH-NMR, BC{'H} & ""F{!H} (in CDCls) spectra of compound 2e

32



peEZ”
6ve’
€927

€60°
LOT"
12T”
9ET"

24
825”
EES
LES”
Zvs’
9%S”
085"
198"
cLe’
188°
688"
688"
868"
206"
092"

FOWUVVLOUYWELWYOYWYWYWYWYYW
e N
) e

L

Ill

Fer ——o
=602

T10°

88C"

¥o6°

88T

ZIp”

T£9°
069"
959"
Te8°

TLS”

TL6°
GED”

ST—

6E—

oL
.EW
LL

£TT
ETT—
STT—
STT

PFT—

PET—
95 b=

T 1 T
180 170

190

200

0 ppm

70 60 50 40 30 20 10

100 90 80

150 140 130 120 110

160

33



-128.420

T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm

'H-NMR & 3C{'H} (in CDCl;) spectra of compound 2f

~omo N~ ~o ner-o
NHONHO o LR
o A 00 - NN N
M~ -0 WY ) il

T
14 13 12 1 10 9 8 7 6 5 4 3 2 1 ppm

g g g 3

34



™8 b1
8L9'8E—
¥06' 9L
mma.__....v
TIY LL~
658°ETT
LSLTTZT—
PTT 62T
Z0T LPT—

Cl

210 200 190 180 170 160 150 140 130 120 110 100 90

ppm

"H-NMR & *C{'H} (in CDCl;) spectra of compound 2g

0ST"
89T°
981"

£10°
TE0°
6v0°
L90°

FBE”
68E "
0%
90¥% "
EST’
8ST’
69T
SLT®
I8T°

YWY W
S\

N_~

Br

35



TSR BT —

8T9 8 —

S06°9L
mmH.t.V
g

0Eg 80T —
BEE PIT—

920 ZET—

€29 LYT —

Br

T T T T T T T
210 200 190 180 170 160 150 140 130

70 60 50 40 30 20 10 0  ppm

80

120 110 100 90

'H-NMR & 3C{'H} (in CDC]l;) spectra of compound 2h

08z
B6Z"
91E:

05z’
9ge’
Lo’

S96v”
B LS

ogz’

8GO
180°

O,N

ppm

g

F® %61

36



SIS PT—

PET 8E—

omm.mf
PP LL

mmm.hh\

810 TIT—

¥95° 92T —

668 LET— —

S9F "EST— —

O,N

T T T T T T T T T T T
210 200 190 180 170 160 15C 140 130 120 110 100 90 &0

'TH-NMR, BC{'H} & F{'H} (in CDCls) spectra of compound 2i

29z’
LLZ’
162"

69T
E8T”
L6T"
It

016"

85"
109"

192"
(4] &
(-39

37



TL9"

¥RTC

£06°

LST

0Tk’

908"
¥eTl
TS¥
oTL
696"
110°
091
90€"
L?9
LLg
80L
8tL
9SF "
T€6°

vT—
- p— \m
o
2 8TT~_ Fd
S 8TT—
LUBTT— o
0°6TT—" e
9L LIS
.hh/ —
LL »
Fy
1344
‘BIT
"BTT
"BTT
8TT
(441
.vNH//,.
92T —7
"9ZT
‘92T
92T/ s
92T : f
0'Z2T— 4
82T , [ &
05T—
£ ~
V 2 ¥2T— [ o
€921 | w
97 92T\ S
A R —
L'921
L'92ZT
O F LS
R § 82T — £ |7

210 200 190 180 170 160 150 140 130 120 110 100 90

70 60 50 40 30 20 10 0  ppm

80

SZ6°09-—

ppm

T T T T T T T T
-60 -80 -100 -120 -140 -160 -180 -200

T
-40

38



'TH-NMR & '*C{'H} (in CDCl;) spectra of compound 2j
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'TH-NMR & 3C{'H} (in CDCls) spectra of compound 2k
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'TH-NMR & 3C{'H} (in CDCls) spectra of compound 21
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'TH-NMR & "3C{'H} (in CDCls) spectra of compound 2m
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'TH-NMR & "3C{'H} (in CDCls) spectra of compound 2n
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TH-NMR & "3C{'H} (in CDCls) spectra of compound 20
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'TH-NMR & "3C{'H} (in CDCls) spectra of compound 2p
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TH-NMR & "3C{'H} (in CDCls) spectra of compound 2q
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'TH-NMR & '3C{'H} (in CDCls) spectra of compound 2r
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'TH-NMR & "3C{'H} (in CDCls) spectra of compound 2s
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'TH-NMR & 3C{'H} (in CDCls) spectra of compound 2t

8EZ' T
omm.ﬁ/
0TL'T
veL'I
0PL T
PSL°T
PoL T
69L°T
LLL'T
£8L°T
06L°T
vEZ €
9vz'€
652 €
LLZ'€E
062°¢€
zos €
SL6'E
£86°¢€
L86°€
Z66°¢€
£
€
¥
v
9
9
9
9
9
L
L
L
L

S66°
666"
Foo”
10’
069"
L99°
oEL”
PPL”
65L:
¥8T’
ooc”
STZ°
g9z’

N
L0
2 1

216’

660"
LEB"

zZzv”
668°9L
.hhwv
“EL

EST
LOF

£ —

8L —
Th—

L9 —

99E. ETT—
PEBLIT—

6TE 6T —

PIF 87T —

L=

OH

210 200

70

50 40 30 20 10 O ppm

60

80

190 180 170 160 150 140 130 120 110 100 90

49



'TH-NMR & "3C{'H} (in CDCls) spectra of compound 2u
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'TH-NMR & 3C{'H} (in CDCls) spectra of compound 2v
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'TH-NMR & 3C{'H} (in CDCls) spectra of compound 2w
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TH-NMR & "3C{'H} (in CDCls) spectra of compound 2x
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'TH-NMR & 3C{'H} (in CDCls) spectra of compound 2y

910"

Pi8°
096"

9LT"
06T"
10¢°
eLe’
08z
L8ec’
:14o0
SyE”’
18¢€"
ZLE”
LBE"
699"
£99°
089"
SLS”
785"

[ o

102°
ELT
08¢’
L8z’
8z’
Ste
T9€"
cLE’
Lag’

679’
€99
089"

0 ppm

/20T
F < 210z

] s
0PT pG—

68L°9L
£70° LL>

sez LLS
L90°221T

89F " ZTT-\
TOT LZT~
SPE 8ZT—
€57 82T

PSS 9ET—
¥IL ST
ELE 6V —
8Z€ 65T —

70 60 50 40 30 20 10 O  ppm

80

150 140 130 120 110 100 90

210 200 190 180 170 160

54



'TH-NMR & "3C{'H} (in CDCls) spectra of compound 3a
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'TH-NMR & "3C{'H} (in CDCls) spectra of compound 3b
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TH-NMR & "3C{'H} (in CDCls) spectra of compound 3¢
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'TH-NMR & "3C{'H} (in CDCls) spectra of compound 3d
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TH-NMR & "3C{'H} (in CDCls) spectra of compound 3e
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TH-NMR & "3C{'H} (in CDCls) spectra of compound 3f
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'H-NMR & '*C{'H} (in CDCl;) spectra of compound 3g
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'TH-NMR & "3C{'H} (in CDCls) spectra of compound 3h
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'TH-NMR & 3C{'H} (in CDCls) spectra of compound 3i
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'TH-NMR, BC{'H} & ""F{'H} (in CDCls) spectra of compound 4a
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'TH-NMR, BC{'H} & "F{'H} (in CDCIls) spectra of compound 4b
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'TH-NMR, BC{'H} & ""F{!H} (in CDCls) spectra of compound 4¢
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'TH-NMR, BC{'H} & F{!H} (in CDCls) spectra of compound 4d
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'TH-NMR (in CDCl;) spectra of compound 5b
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TH-NMR & "3C{'H} (in CDCls) spectra of compound 1e
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'TH-NMR & "3C{'H} (in CDCls) spectra of compound 5a
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'TH-NMR, BC{'H} & ""F{'H} (in CDCls) spectra of compound 6a
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N. Computational details

All the density functional theory (DFT) calculations were performed using Gaussian 09
Revision D.01.° The geometry optimisation of all the stationary points in gas phase was
performed using M06-2X7 functional with a combination of a LanL08(d)? basis set for iodine
(I) consisting of a single polarization and diffusion function and a Pople type basis set with
single polarisation 6-31g(d)° for all other atoms. To confirm the nature of the stationary points,
the harmonic vibrational frequencies of normal modes were computed using the same level of
theory. From the vibrational frequency analysis, it was confirmed that all the intermediates are
at minimum with no imaginary frequencies, whereas all the transition states were accompanied
with exactly one imaginary frequency. Additionally, the intrinsic reaction coordinates (IRC)!?
was followed to verify the energy profiles connecting the key transition structures to the correct
associated local minima. Further, the single point energies were calculated using LanL.08(d)
basis set for iodine (I) and a higher basis set 6-31g++(d, p) consisting of double polarisation
and diffusion function was used for other atoms. To incorporate the effect of solvent, a
continuum solvation model SMD!! was used with DCE as the solvent where the continuous
quantum mechanical charge density of the solute serves as the basis for this model. All the 3D

structures were illustrated using CYLview!? software.
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Coordinates for optimised structure

Ammonia borane (NH;BH3)

Zero-point correction= 0.071075 (Hartree/Particle)

Thermal correction to Energy= 0.074883

Thermal correction to Enthalpy= 0.075827

Thermal correction to Gibbs Free Energy= 0.048639

Sum of electronic and zero-point Energies= -83.084153

Sum of electronic and thermal Energies= -83.080346

Sum of electronic and thermal Enthalpies=-83.079401

Sum of electronic and thermal Free Energies=-83.106589

Cartesian coordinates

N

0.00000000 0.00000000 0.72827700
0.84461000 0.43869500 1.09220900
-0.04238400 -0.95080100 1.09220900
-0.80222600 0.51210600 1.09220900
0.00000000 0.00000000 -0.93298100
0.05263500 1.16903700 -1.23655200
0.98609800 -0.63010200 -1.23655200

-1.03873300 -0.53893500 -1.23655200

Ammonia borane (NH3;BHj;) + lodine (1)

Zero-point correction= 0.072331 (Hartree/Particle)

Thermal correction to Energy= 0.080286

Thermal correction to Enthalpy= 0.081230
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Thermal correction to Gibbs Free Energy= 0.035859

Sum of electronic and zero-point Energies= -105.784650
Sum of electronic and thermal Energies=-105.776695
Sum of electronic and thermal Enthalpies=-105.775751
Sum of electronic and thermal Free Energies=-105.821122

Cartesian coordinates

N -3.74687800  1.30052700 -0.07845100
H -4.45058400 1.86394900 0.39877000
H -3.83648000 1.46998100 -1.08059900
H -2.82452800 1.63366800 0.21144400
B -3.94585300 -0.28893300 0.28328300
H -3.79650600 -0.38207700 1.47411500
H -5.03495800 -0.59677100 -0.12878200
H -3.07537800 -0.87529400 -0.36049400
I -0.66658900 -0.43694800 -0.05955800
I 1.96802000 0.23369300 0.03348800
TS 1

Zero-point correction= 0.068680 (Hartree/Particle)

Thermal correction to Energy= 0.075618

Thermal correction to Enthalpy= 0.076563

Thermal correction to Gibbs Free Energy= 0.033660

Sum of electronic and zero-point Energies= -105.725905

Sum of electronic and thermal Energies=-105.718967
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Sum of electronic and thermal Enthalpies=-105.718023

Sum of electronic and thermal Free Energies=-105.760926

Cartesian coordinates

N

H

Int 1

-0.18732900

-0.73428900

-0.86509100

0.34101700

0.73507500

1.79478000

0.09060100

1.01093500

-1.65265900

2.68687800

3.54943500

1.89640800

2.69214700

2.52035200

3.05572900

2.60288200

1.21064800

-0.37300900

-0.54460700

-0.49703200

-0.57998600

-1.41894300

0.73592800

0.60359700

1.74010200

0.71094800

0.02973200

1.57714900 -0.50278700 -0.03777100

Zero-point correction= 0.062207 (Hartree/Particle)

Thermal correction to Energy= 0.072054

Thermal correction to Enthalpy= 0.072999

Thermal correction to Gibbs Free Energy= 0.021235

Sum of electronic and zero-point Energies= -105.787915

Sum of electronic and thermal Energies=-105.778068

Sum of electronic and thermal Enthalpies=-105.777124

Sum of electronic and thermal Free Energies= -105.828887

Cartesian coordinates

78



N -0.51514600 3.03382500 -0.10423900
H -1.20469700 3.14769600 0.62678900
H -1.14328000 0.83582400 -0.08532200
H -0.89106000 3.15919400 -1.03454800
B 0.85601800 2.92411400 0.15566800
H 1.61461000 2.89691300 -0.76565900
H 1.22468700 2.86567200 1.28845700
H 1.19008700 -1.75556300 0.15809400

-2.15667300 -0.44011800 0.00586800

2.12904200 -0.44680900 -0.01033000

Int_1 + Ammonia borane (NH;BH;)

Zero-point correction= 0.144345 (Hartree/Particle)
Thermal correction to Energy= 0.156951

Thermal correction to Enthalpy= 0.157895

Thermal correction to Gibbs Free Energy= 0.101100

Sum of electronic and zero-point Energies= -188.922150
Sum of electronic and thermal Energies= -188.909544
Sum of electronic and thermal Enthalpies= -188.908600
Sum of electronic and thermal Free Energies= -188.965395

Cartesian coordinates

H 2.71088800 2.22851600 -0.82806600
H -0.65247900 -1.17124100 -0.00093700
I 2.13872200 -0.87817300 0.00029600

79



-2.26447000 -0.89806300

2.11209100

1.59465100

2.71092400

1.02239300

0.39747200

0.39671400

-0.49679300

0.14997100

0.14862400

-1.07649200

-1.63496700

-1.21524600

-2.23371500

-2.23452600

2.26498600

3.15874300

2.23004900

1.09859400

1.17280300

1.17173900

4.21222600

4.03631300

4.03591400

5.26807400

3.04075500

2.10539900

3.10529100

3.10460000

-0.00018200

-0.00150400

-0.00228600

0.82509500

-0.00045000

1.02128000

-1.02178700

0.00021000

1.01621300

-1.01660100

0.00034600

0.00117200

0.00135700

0.82448700

-0.82160600

TS 2

Zero-point correction= 0.143013 (Hartree/Particle)
Thermal correction to Energy= 0.154701

Thermal correction to Enthalpy= 0.155645

Thermal correction to Gibbs Free Energy= 0.101187
Sum of electronic and zero-point Energies= -188.894056
Sum of electronic and thermal Energies= -188.882368

Sum of electronic and thermal Enthalpies= -188.881424
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Sum of electronic and thermal Free Energies=-188.935882

Cartesian coordinates

H 243858600 2.03904800 -0.60320900
H -0.11757000 -0.98758700 -0.01944500
I 2.07065500 -0.64274200 -0.01402100
I -1.85794300 -1.12880800 -0.00221500
N 1.80147400 2.66147600 -0.09064800
H 1.46884400 3.40708300 -0.70967700
H 2.31976000 3.07617000 0.68564800
B 0.57844300 1.77297400 0.38332700
H 0.47424100 1.52152400 1.53363100
H -0.08850800 1.39585400 -0.51439000
B -1.17822600 3.71146600 -0.05295100
H -0.33154800 3.23080700 0.71366500
H -0.75317200 3.80537000 -1.18097000
H -1.58832600 4.73739700 0.42236500
N -2.38484600 2.63691600 -0.05059300
H -2.08058200 1.68481900 -0.30051100
H -2.81198700 2.56381800 0.87425900
H -3.12095600 2.90691600 -0.70405900
Int_2

Zero-point correction= 0.144491 (Hartree/Particle)

Thermal correction to Energy=0.156111
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Thermal correction to Enthalpy= 0.157055

Thermal correction to Gibbs Free Energy=0.103115

Sum of electronic and zero-point Energies= -188.924194
Sum of electronic and thermal Energies= -188.912575
Sum of electronic and thermal Enthalpies=-188.911631
Sum of electronic and thermal Free Energies= -188.965571
Cartesian coordinates
H -0.54040400

1.70767000 1.23151100

H -0.91439500 -0.61511300 -0.13390600

-2.43050400 0.20016400 -0.14808200

I 1.19555800 -1.46155700 0.11532000

N 0.48275100 1.82879800 1.22981300
H 0.86940400 0.86714600 1.16494800
H 0.76111900 2.23554400 2.12412000
B 0.86249000 2.71006300 -0.02155200
H 0.43092200 3.81943700 0.07757300
H 0.65751400 2.11885700 -1.03974600
B 3.17940400 2.25697800 0.09122900
H 2.13398600 3.02878000 0.04385600
H 3.20316200 1.70162700 1.14975000
H 4.00655900 3.09468300 -0.11704600
N 3.12553700 1.20569200 -1.09138300
H 2.46997500 0.41969200 -0.88645200
H 2.85783100 1.61732100 -1.98722000
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H 4.04898700 0.78153200 -1.20838500

Int 3

Zero-point correction= 0.123919 (Hartree/Particle)
Thermal correction to Energy= 0.133820

Thermal correction to Enthalpy= 0.134764

Thermal correction to Gibbs Free Energy= 0.084959

Sum of electronic and zero-point Energies= -187.787426
Sum of electronic and thermal Energies=-187.777525
Sum of electronic and thermal Enthalpies=-187.776580
Sum of electronic and thermal Free Energies= -187.826385

Cartesian coordinates

N 0.55037100 2.17671400 -0.98687300
H 0.82594300 1.18491100 -1.00703900
H -0.08404100 2.39477200 -1.74936200
B 1.70569600 3.15375100 -0.66538200
H 1.70038300 4.18363300 -1.25848000
H 1.15273700 3.57197000 0.55661000
B 0.15393800 2.75924700 0.37840900
H -0.82934300 3.42364800 0.42266600
H 2.70424700 2.61367300 -0.30800600
N 0.26900900 1.69861800 1.52952700
H -0.59955900 1.13508100 1.52830800
H 1.03462900 1.01146000 1.37683400
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H 0.37699400 2.12053300 2.45377800

H -0.35349100 -0.85388500 -0.08350700
I -2.10710000 -0.36711600 -0.07688700
I 1.71158400 -1.09473500 -0.00416100

TS 3

Zero-point correction= 0.196067 (Hartree/Particle)
Thermal correction to Energy=0.210916

Thermal correction to Enthalpy=0.211861

Thermal correction to Gibbs Free Energy= 0.149715

Sum of electronic and zero-point Energies= -270.887009
Sum of electronic and thermal Energies=-270.872160
Sum of electronic and thermal Enthalpies=-270.871215
Sum of electronic and thermal Free Energies=-270.933361

Cartesian coordinates

N -0.64712300 2.15547600 -0.16348900
H -0.64231600 1.15702700 0.07590200
H -0.29071400 2.67895400 0.63308100
B -1.98086400 2.60428700 -0.70951300
H -2.28473100 3.74079700 -0.57787700
H -0.94464100 2.95143100 -2.22696900
B -0.00162000 2.53674400 -1.55634300
H 0.87073900 3.34652400 -1.46398700
H -2.62877500 1.77761500 -1.26184100
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Int 4

0.51933000

1.37281700

1.20242100

0.86782100

-0.15928700 0.42407900

0.74137000

0.89483000

2.39929000

-1.09536500

-2.78839300

-3.40616700

-1.59272300

-3.06609600

-3.28968200

-2.78932100

-3.11816800

-4.28813000

1.36018900

-0.80180700

-0.02891100

-1.48739900

1.62023800

2.09710400

1.56055700

2.16780300

0.07905700

-0.40512100

-0.45017200

0.02660500

-2.24849900

-1.77875100

-2.18726200

-3.23268900

0.22147500

0.62000300

-0.55311300

2.12079100

3.03923900

2.31942600

1.06301400

1.95444700

1.19670100

2.80963600

1.75381100

Zero-point correction= 0.198982 (Hartree/Particle)

Thermal correction to Energy= 0.213554

Thermal correction to Enthalpy= 0.214498

Thermal correction to Gibbs Free Energy= 0.154159

Sum of electronic and zero-point Energies= -270.903284

Sum of electronic and thermal Energies=-270.888712

Sum of electronic and thermal Enthalpies=-270.887768
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Sum of electronic and thermal Free Energies=-270.948108

Cartesian coordinates

N

H

0.68993100

0.78765100

-0.14079500

1.95963100

1.88936700

1.55822300

0.50035500

-0.10390200

2.97203500

-0.40687600

-1.32444200

0.06229400

-0.55897200

-0.85390400

-2.35222000

1.16383200

1.91389100

2.33956100

0.78857200

1.98712200

2.90514100

2.53630100

1.96461200

1.00030600

2.34281700

2.77147700

3.93042200

1.76390700

1.94256100

2.91635900

2.18903500

0.63727400

0.65641100

-0.22585800

0.56321000

-0.75427100

0.09917400

-1.64783700

2.10411300

2.76846900

1.70490300

2.94934400

0.88677800

0.21392800

0.68342700

0.34136400

0.22351800

0.29690400

0.57988300

2.79976800

2.25943900

2.61900700

0.56910300

2.57895200

2.11950400

2.26543900

3.58564200

-0.32843200

-0.50084600

0.17438900

-2.00261500

-2.90241000

-2.08666000

-1.04016700

-1.71991800

-1.02443700

86



H 3.03323000 0.35379800 -2.58325700
H 3.82542800 1.19498900 -1.40154500
TS 4

Zero-point correction= 0.193301 (Hartree/Particle)
Thermal correction to Energy= 0.209254

Thermal correction to Enthalpy=0.210198

Thermal correction to Gibbs Free Energy= 0.145726

Sum of electronic and zero-point Energies=-270.850152
Sum of electronic and thermal Energies=-270.834200
Sum of electronic and thermal Enthalpies=-270.833255
Sum of electronic and thermal Free Energies=-270.897728

Cartesian coordinates

N 0.53972500 1.95957200 0.68571200
H 0.60582800 0.94786900 0.51498500
H -0.43873900 2.23757700 0.67649900
B 1.55774500 2.87111800 0.00380500
H 2.29835100 3.18415700 0.98954000
H 2.15009400 1.58857800 2.29430100
B 1.36255000 2.38713400 1.89960000
H 0.94761100 3.29384500 2.54509100
H 2.47922500 2.17987300 -0.56967000
N -0.65219400 0.52303900 2.90858900
H -1.61825500 0.27511300 2.70055400
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H -0.09596800 -0.29937700 2.67218600

H -0.59228200 0.62827400 3.91910900
H -0.97310500 -0.72812900 -0.26814500
I -2.42758200 0.09073900 -0.54591100
I 1.19607000 -1.58706600 0.23350600
B 2.28340500 1.95333600 -1.87509200
H 2.96544800 2.77139500 -2.41016600
H 1.13343000 1.86865000 -2.17215400
H 1.19993000 3.84857500 -0.56141200
N 2.95542700 0.51362500 -1.90096500
H 245385800 -0.16844800 -1.28281600
H 2.89380600 0.13852600 -2.85092000
H 3.94168000 0.50727300 -1.63445100
Int_ S

Zero-point correction= 0.194261 (Hartree/Particle)
Thermal correction to Energy= 0.210069

Thermal correction to Enthalpy=0.211013

Thermal correction to Gibbs Free Energy= 0.146811

Sum of electronic and zero-point Energies= -270.858978
Sum of electronic and thermal Energies=-270.843171

Sum of electronic and thermal Enthalpies=-270.842226
Sum of electronic and thermal Free Energies= -270.906429

Cartesian coordinates
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-0.89470200

-0.94751900

-0.09583200

-1.01816500

-2.24785100

-3.20167800

-2.29164100

-2.36260800

-1.26231600

1.52189000

2.07889500

2.02334600

1.51695000

0.36698200

2.10133200

-1.70693300

-0.13402500

-0.28681000

0.86439000

-0.34705200

-0.40482400

-0.88185000

0.49972700

-0.95730800

2.22716300

1.20342300

2.52898800

2.96959100

3.36566400

2.10807500

2.86936800

3.89370500

2.19894300

2.68434600

3.49766200

1.86275900

2.62795100

-1.04879700

-0.64609300

-1.33322000

1.83527800

2.39190200

2.03486900

3.92378900

0.27279200

-0.13980000

-0.21211900

0.00529200

-0.57925400

-0.54550000

-1.18587400

0.74230700

0.67844200

-0.58028500

-0.67016000

-1.27312400

1.74416000

-1.99793800

-1.74649800

-1.65755200

-3.01382800

-0.25967400

0.02781100

-0.35728700

2.38699200

3.42990700

1.77475500

0.94709700

2.48662500

1.65493400

2.53051600

3.30302600
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TS S

Zero-point correction= 0.193726 (Hartree/Particle)
Thermal correction to Energy= 0.209012

Thermal correction to Enthalpy= 0.209956

Thermal correction to Gibbs Free Energy= 0.146755
Sum of electronic and zero-point Energies= -270.852541
Sum of electronic and thermal Energies=-270.837255
Sum of electronic and thermal Enthalpies=-270.836311

Sum of electronic and thermal Free Energies=-270.899512

Cartesian coordinates

N -3.58828300 0.67267800 -0.91860400
H -2.83368000 -0.01604500 -0.82021500
H -3.88133900 0.76399300 -1.88510800
B -3.42978400 1.98923100 -0.13887400
H -4.39395300 1.82790000 0.73205600
H -4.46996100 -0.15624800 1.04589400
B -4.70042800 0.60192200 0.15757400
H -5.80502700 0.79812500 -0.24209000
H -2.45860500 1.98096100 0.60937600
N 1.35308800 3.35369400 -0.30364200
H 1.07694300 4.20441300 -0.79044800
H 2.15101200 3.59890500 0.28122900
H 1.71133600 2.70875500 -1.00761300
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H 1.00422200 -0.86812100

I 2.61750500 -0.10072100
I -0.96710500 -1.65091200
B -0.96078900 2.57158000
H -1.19352300 3.67101600
H -0.93400600 2.21418500
H -3.66436800 3.00050400
N -0.32247100 1.58408000
H -0.64044200 0.60302600
H 0.69166800 1.58320500
H -0.47275800 1.83512600
BH,(NH;)," HI;

-0.11851000

-0.09834000

0.05410800

0.21080600

0.58338700

-0.91958600

-0.71802200

1.23598100

1.08730300

1.04899400

2.21401400

Zero-point correction= 0.110917 (Hartree/Particle)

Thermal correction to Energy= 0.120251

Thermal correction to Enthalpy= 0.121195

Thermal correction to Gibbs Free Energy= 0.073325

Sum of electronic and zero-point Energies= -162.350337

Sum of electronic and thermal Energies=

-162.341003

Sum of electronic and thermal Enthalpies=-162.340059

Sum of electronic and thermal Free Energies=-162.387929

Cartesian coordinates

H -0.00015900 -0.73091400

-0.00015700

I 1.93149800 -0.60230100 -0.00001500
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-1.93143800 -0.60242500 0.00002300

-0.00056900

-1.01726200

1.01528600

-0.00006900

0.82395900

-0.82389600

0.00018900

0.82429200

0.00038800

-0.00020000

-0.82357400

3.11304800

3.74918300

3.75051800

2.14388100

1.52410200

1.52382100

2.14396800

1.52429200

2.70278200

2.70260400

1.52390500

-0.00006200

-0.00008900

-0.00009300

-1.27697800

-1.29969100

-1.29966400

1.27699600

1.29942700

2.13179800

-2.13184500

1.30003700

Aminodiborane

Zero-point correction= 0.085178 (Hartree/Particle)
Thermal correction to Energy= 0.089122

Thermal correction to Enthalpy= 0.090066

Thermal correction to Gibbs Free Energy= 0.060316

Sum of electronic and zero-point Energies=-108.550557
Sum of electronic and thermal Energies= -108.546614
Sum of electronic and thermal Enthalpies=-108.545669
Sum of electronic and thermal Free Energies=-108.575419
Cartesian coordinates

N -0.00013600 0.78836400 0.00005400
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H -0.00013100 1.36009900 0.83592300
H -0.00006900 1.36010000 -0.83581800
B -0.95768700 -0.44120700 0.00002000
H -1.52023000 -0.61183300 -1.03783000
H 0.00027500 -1.38021900 -0.00029600
B 0.95775700 -0.44111800 -0.00009300
H 1.52004400 -0.61127000 -1.03818300
H -1.51937800 -0.61209700 1.03830600
H 1.52008500 -0.61170900 1.03789000
H,

Zero-point correction= 0.010319 (Hartree/Particle)
Thermal correction to Energy= 0.012680

Thermal correction to Enthalpy=0.013624

Thermal correction to Gibbs Free Energy=-0.001153
Sum of electronic and zero-point Energies= -1.153393
Sum of electronic and thermal Energies=-1.151033
Sum of electronic and thermal Enthalpies=-1.150088
Sum of electronic and thermal Free Energies=-1.164866
Cartesian coordinates

H 0.00000000 0.00000000 0.36849600

H 0.00000000 0.00000000 -0.36849600
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