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1) Experimental Details and Characterization Data

General Method

All the reactions were carried out under nitrogen atmosphere using standard Schlenk
technique. All the starting materials were purchased from Acros, Aldrich, TCI and Alfa Aesar
without further purification. Solvents were purified by an Mbraun SPS-800 Solvent Purification
System and stored under nitrogen. Column chromatography was performed on silica gel 200-300
mesh.

'H NMR and "*C NMR were recorded on a JEOL 300 MHz spectrometer (FT, 300 MHz for
'H; 75 MHz for 13C) or a Bruker AVANCE III 400 spectrometer (FT, 400 MHz for 'H; 100 MHz
for 13C) at room temperature with CDCIl; or C¢Dg as the solvent and tetramethylsilane (TMS) as
the internal standard. Chemical shifts were reported in units (ppm) by assigning TMS resonance in
the 'H spectrum as 0.00 ppm and CDCI; resonance in the Be spectrum as 77.0 ppm, or C¢Dg
resonance in the °C spectrum as 128.0 ppm. All coupling constants (J values) were reported in
Hertz (Hz). Infrared spectra (IR) were recorded on a Thermo Nicolet Avatar 330 FT-IR
spectrometer. High-resolution mass spectra (HRMS) were recorded on a Bruker Apex IV FTMS
mass spectrometer using ESI (electrospray ionization).

Typical Procedures for Metal-free One-pot Synthesis of Cyclic Di-oxoguanidines.
Preparation of 1a—x: To an Et,O solution of N,N'-diisopropylcarbodiimide (126 mg, 1.0 mmol)
was charged with oxalyl chloride (140 mg, 1.1 mmol) at 0 °C. The reaction mixture was stirred at
room temperature for 1 h and the 2,2-dichloro-imidazolidindione intermediate was precipitated
from the solution. This precipitation was resolved by charging THF into the reaction. Then aniline
(102 mg, 1.1 mmol) and Et;N (202 mg, 2.0 mmol) were added with a syringe and the whole
reaction mixture was allowed to stirred for another 12 h at room temperature. The reaction mixture
was quenched by brine and extracted with ethyl acetate. The organic solution was dried over
Na,S0O,. After filtration, the solution was concentrated under vacuum and the product was purified
by flash column chromatography on silica gel (treated with Et;N before used). The product 1a was
obtained as yellow oil, and slowly turned to yellow solid at low temperature.

@\ iPr\N o 1a: Yellow solid, isolated yield 91% (248 mg); m.p. 42-43 °C; "H NMR (400
N=< :E MHz, CDCl;, Me,Si): 6 1.37 (d, J = 6.8 Hz, 12H, CHj3), 4.10-4.32 (m, 2H,
~ NS0 CH), 6.85-6.87 (m, 2H, CH), 7.09-7.12 (m, 1H, CH), 7.31-7.35 (m, 2H, CH);
P 13C NMR (100 MHz, CDCls, Me,Si): 6 19.02 (4 CHs), 46.44 (2 CH), 118.94
(2 CH), 123.72 (1 CH), 129.16 (2 CH), 136.06 (1 quat. C), 144.95 (1 quat. C), 157.27 (2 quat. C);
IR (neat): v 1776 (C=0), 1693 (C=N) cm'; HRMS caled for CsHN;O0, [M+H]": 274.1550;
found 274.1550.

Cy, 1b: Yellow solid, isolated yield 75% (265 mg); m.p. 126-127 °C; 'H NMR

©\ N-O (400 MHz, CDCls, Me,Si): 6 0.94-2.20 (m, 20H, CH,), 3.47-3.95 (m, 2H,

N=<NI CH), 6.84-6.86 (m, 2H, CH), 7.12-7.14 (m, 1H, CH), 7.31-7.35 (m, 2H, CH);

oy’ © e NMR (100 MHz, CDCls, Me,Si): 6 24.54 (2 CH,), 25.59 (4 CH,), 28.55

(4 CH,), 54.00 (2 CH), 118.76 (2 CH), 123.55 (1 CH), 129.02 (2 CH), 136.42

(1 quat. C), 145.20 (1 quat. C), 157.08 (2 quat. C); IR (neat): v 1776 (C=0), 1685 (C=N) em’;
HRMS caled for CoHygN30, [M+H]": 354.2176; found 354.2179.
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1c: Yellow solid, isolated yield 57% (172 mg); m.p. 98-99 °C; 'H NMR (400

@\ N-_0 MHz, CDCls;, Me;Si): 6 1.49 (s, 18H, CH3), 6.79-6.81 (m, 2H, CH), 7.06-7.10

N=< I (m, 1H, CH), 7.32-7.35 (m, 2H, CH); >C NMR (100 MHz, CDCls, Me,Si): d

28.74 (6 CHj), 60.47 (2 quat. C), 120.42 (2 CH), 123.46 (1 CH), 129.16 (2

CH), 137.41 (1 quat. C), 146.18 (1 quat. C), 158.44 (2 quat. C); IR (neat): v 1774 (C=0), 1676
(C=N) cm'l; HRMS calcd for C17Hy4N50, [M+Na]+: 324.1682; found 324.1680.

O (300 MHz, CDCl;, MesSi): 6 0.88 (t, J= 7.2 Hz, 3H, CH3), 1.76 (s, 9H, CH3),

3.30 (q,J= 7.2 Hz, 2H, CH,), 6.86-6.89 (m, 2H, CH), 7.07-7.12 (m, 1H, CH),

By © 7.30-7.35 (m, 2H, CH); ">C NMR (75 MHz, CDCls, Me,Si): 6 13.23 (1 CH3),

29.21 (3 CH3), 36.95 (1 CH,), 60.59 (1 quat. C), 119.22 (2 CH), 123.53 (1 CH), 128.93 (2 CH),

136.79 (1 quat. C), 144.44 (1 quat. C), 156.49 (1 quat. C), 158.29 (1 quat. C); IR (neat): v 1784
(C=0), 1684 (C=N) cm’; HRMS caled for C1sHy0N30, [M+H]": 274.1550; found 274.1550.

: Et 1d: Yellow solid, isolated yield 97% (265 mg); m.p. 147-148 °C; '"H NMR

le: Yellow solid, isolated yield 64% (222 mg); m.p. 124-125 °C; 'H NMR

©\ O (300 MHz, CDCl;, Me4Si): 6 1.26-2.31 (m, 10H, CH,), 4.28-4.44 (m, 1H,

I CH), 6.49-7.08 (m, 10H, CH); *C NMR (75 MHz, CDCls, Me,Si): d 24.76 (1

CH,), 25.69 (2 CH,), 28.87 (2 CH,), 53.31 (1 CH), 120.49 (1 CH), 123.17 (1

CH), 127.24 (2 CH), 128.05 (2 CH), 128.34 (2 CH), 128.58 (2 CH), 131.54 (1 quat. C), 135.79 (1

quat. C), 143.44 (1 quat. C), 155.52 (1 quat. C), 157.50 (1 quat. C); IR (neat): v 1781 (C=0), 1681
(C=N) cm'l; HRMS calcd for C,;H,,N50, [M+H]+: 348.1706; found 348.1707.

1f: Yellow solid, isolated yield 99% (284 mg); m.p. 148-149 °C; '"H NMR

\©\ O (300 MHz, CDCls, MesSi): 0 1.37 (d, J = 6.9 Hz, 12H, CH3), 2.34 (s, 3H,

CH3), 4.03-4.43 (m, 2H, CH), 6.75 (d, J= 8.1 Hz, 2H, CH), 7.12 (d, /= 8.1

,Pr/ O Hz, 2H, CH); >C NMR (75 MHz, CDCls, Me,Si): d 18.95 (4 CH;), 20.69

(1 CH3), 46.30 (2 CH), 118.70 (2 CH), 129.66 (2 CH), 133.15 (1 quat. C), 135.81 (1 quat. C),

142.16 (1 quat. C), 157.26 (2 quat. C); IR (neat): v 1777 (C=0), 1685 (C=N) cm™; HRMS calcd
for C1sH2N30, [M+H]": 288.1706; found 288.1707.

Pr 1g: Yellow solid, isolated yield 74% (233 mg); m.p. 111-112 °C; '"H NMR
\Qi :\i (300 MHz, CDCl3, Me4Si): 6 1.39 (d, J = 6.9 Hz, 12H, CH3), 2.09 (s, 6H,
o CHj), 2.27 (s, 3H, CH;), 4.18-4.33 (m, 2H, CH), 6.86 (s, 2H, CH); "*C

NMR (75 MHz, CDCl;, Me4Si): 6 18.01 (2 CHj3), 19.38 (4 CHj3), 20.44 (1

CHa), 46.00 (2 CH), 125.52 (2 quat. C), 128.47 (2 CH), 132.39 (1 quat. C), 135.49 (1 quat. C),

139.54 (1 quat. C), 156.90 (2 quat. C); IR (neat): v 1779 (C=0), 1690 (C=N) cm™; HRMS calcd
for C1gHa6N30, [M+H]": 316.2020; found 316.2020.

Pr Pry 1h: Yellow solid, isolated yield 67% (239 mg); m.p. 84-85 °C; "H NMR (300
@N{ I MHz, CDCl;, Me4Si): 6 1.21 (d, J= 6.9 Hz, 12H, CH3), 1.37 (d, J = 6.6 Hz,
12H, CHj3), 2.70-2.84 (m, 2H, CH), 4.22-4.32 (m, 2H, CH), 7.04-7.14 (m, 3H,

CH); °C NMR (75 MHz, CDCls, Me,Si): 6 19.45 (4 CHs), 22.37 (4 CHs),

28.98 (2 CH), 46.10 (2 CH), 122.86 (2 CH), 123.84 (1 CH), 134.49 (1 quat. C), 136.08 (2 quat. C),
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139.97 (1 quat. C), 157.20 (2 quat. C); IR (neat): v 1779 (C=0), 1696 (C=N) cm™; HRMS calcd
for C,;H3,N30, [M+H]": 358.2489; found 358.2492.

P 1i: Yellow solid, isolated yield 71% (211 mg); m.p. 176-177 °C; 'H
//©\ N O NMR (300 MHz, CDCl;, Me,Si): 6 1.38 (d, J= 6.9 Hz, 12H, CH3), 3.10
= N_<N:E (s, 1H, CH), 4.13-4.27 (m, 2H, CH), 6.83-6.87 (m, 1H, CH), 7.00-7.01

ip (m, 1H, CH), 7.22-7.32 (m, 2H, CH); *C NMR (75 MHz, CDCl,
Me,Si): 0 19.10 (4 CHj3), 46.66 (2 CH), 77.92 (1 quat. C), 82.73 (1 CH), 119.73 (1 CH), 122.49 (1
CH), 123.17 (1 quat. C), 127.53 (1 CH), 129.31 (1 CH), 136.80 (1 quat. C), 145.03 (1 quat. C),
157.20 (2 quat. C); IR (neat): v 1770 (C=0), 1679 (C=N) cm'l; HRMS calcd for C7H,0N;0;
[M+H]": 298.1550; found 298.1547.

. 4 1j: Yellow solid, isolated yield 82% (239 mg); m.p. 71-72 °C; 'H NMR

\©\ 'Pr\N o (300 MHz, CDCls, Me,Si): 6 1.38 (d, J = 6.6 Hz, 12H, CH3), 4.08-4.33 (m,

N=( I 2H, CH), 6.82-6.87 (m, 2H, CH), 7.02-7.07 (m, 2H, CH); *C NMR (75

,Pr/N O MHz, CDCls, Me,Si): 6 18.93 (4 CHs), 46.42 (2 CH), 11591 (d, J =223

Hz, 2 CH), 120.16 (d, J= 7.4 Hz, 2 CH), 136.67 (1 quat. C), 141.00 (d, J =

2.5 Hz, 1 quat. C), 157.14 (2 quat. C), 159.18 (d, J = 241.0 Hz, 1 quat. C); IR (neat): v 1778
(C=0), 1684 (C=N) cm™'; HRMS calcd for C;sH;oFN;0, [M+H]": 292.1456; found 292.1456.

NMR (300 MHz, CDCl;3, Me4Si): 6 1.39 (d, J = 6.9 Hz, 12H, CHj),

4.13-4.30 (m, 2H, CH), 6.76-6.79 (m, 1H, CH), 6.90-6.92 (m, 1H, CH),

ipr” 7.08-7.11 (m, 1H, CH), 7.25-7.30 (m, 1H, CH); >C NMR (75 MHz,

CDCl3, MeySi): 0 19.00 (4 CH3), 46.58 (2 CH), 117.35 (1 CH), 119.27 (1 CH), 123.76 (1 CH),

130.22 (1 CH), 134.82 (1 quat. C), 136.88 (1 quat. C), 146.10 (1 quat. C), 157.03 (2 quat. C); IR

(neat): v 1780 (C=0), 1685 (C=N) cm'l; HRMS calcd for C;5sH;9CIN;0, [M+H]+: 308.1160; found
308.1163.

ipr 1k: Yellow SOlid, isolated yield 95% (293 mg); m.p. 121-122 °C; IH
/©\ \N o
| I

(300 MHz, CDCl;, Me4Si): 6 1.38 (d, J= 6.9 Hz, 12H, CH3;), 4.14-4.30 (m,

2H, CH), 6.79 (d, J = 8.7 Hz, 2H, CH), 7.45 (d, J= 9.0 Hz, 2H, CH); "*C

NMR (75 MHz, CDCl;, Me,4Si): 0 18.89 (4 CHj3), 46.38 (2 CH), 116.30 (1
quat. C), 120.67 (2 CH), 132.03 (2 CH), 136.44 (1 quat. C), 143.92 (1 quat. C), 156.95 (2 quat. C);
IR (neat): v 1778 (C=0), 1686 (C=N) cm™; HRMS calcd for C;sH;oBrN;O, [M+H]": 352.0655;
found 352.0659.

Br\@\ 2N 11: Yellow solid, isolated yield 89% (313 mg); m.p. 122-123 °C; 'H NMR
N (0]
N= :E
N™ o
’Pr/

| o 1m: Yellow solid, isolated yield 93% (371 mg); m.p. 135-136 °C; "H NMR

\©\ . 0 (300 MHz, CDCl;, Me,Si): § 1.38 (d, J = 6.9 Hz, 12H, CHs), 4.14-4.32 (m,

N=< I 2H, CH), 6.64 (d, J = 8.4 Hz, 2H, CH), 7.63 (d, J = 8.4 Hz, 2H, CH); "*C

,-Pr/N O NMR (75 MHz, CDCl3, Me4Si): 0 19.08 (4 CHs), 46.59 (2 CH), 86.94 (1

quat. C), 121.19 (2 CH), 136.52 (1 quat. C), 138.14 (2 CH), 144.68 (1 quat.

C), 157.12 (2 quat. C); IR (neat): v 1778 (C=0), 1685 (C=N) cm'l; HRMS calcd for CsH9IN;O,
[M+H]": 400.0516; found 400.0516.
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MHz, CDCls, MesSi): 6 1.37 (d, J = 6.9 Hz, 12H, CH3), 3.80 (s, 3H, CHj3),

4.22-4.32 (m, 2H, CH), 6.85-6.97 (m, 3H, CH), 7.04-7.10 (m, 1H, CH); "*C

NMR (75 MHz, CDCl;, Me4Si): 6 19.00 (4 CH3), 46.07 (2 CH), 55.28 (1
CH3), 110.85 (1 CH), 120.00 (1 CH), 120.92 (1 CH), 124.33 (1 CH), 133.67 (1 quat. C), 136.97 (1
quat. C), 148.41 (1 quat. C), 157.12 (2 quat. C); IR (neat): v 1777 (C=0), 1686 (C=N) cm;
HRMS calcd for C16H,,N305 [M+H]': 304.1656; found 304.1654.

P 1n: Yellow solid, isolated yield 87% (264 mg); m.p. 51-52 °C; "H NMR (300
N (0]
SNt
MeO
’Pr/

0N o 1o: Yellow solid, isolated yield 61% (194 mg); m.p. 161-162 °C; 'H

@\ .0 NMR (300 MHz, CDCl;, Me,Si): 6 1.41 (d, J = 6.6 Hz, 12H, CH),

N=( I 4.13-4.22 (m, 2H, CH), 7.03 (d, J= 9.3 Hz, 2H, CH), 8.25 (d, J= 8.7 Hz,

,.Pr/N O 2H, CH); >C NMR (75 MHz, CDCls, Me,;Si): § 19.02 (4 CHz), 46.79 (2

CH), 119.50 (2 CH), 125.24 (2 CH), 137.27 (1 quat. C), 143.58 (1 quat.

C), 151.21 (1 quat. C), 156.74 (2 quat. C); IR (neat): v 1784 (C=0), 1690 (C=N) cm™; HRMS
caled for CysH;oN4O4 [M+H]": 319.1401; found 319.1401.

NC Pr 1p: Yellow solid, isolated yield 71% (282 mg); m.p. 134-135 °C; 'H

©\ N~ NMR (300 MHz, CDCls, Me,Si): d 1.40 (d, J = 6.6 Hz, 12H, CHj),

N 4.12-4.22 (m, 2H, CH), 7.02 (d, J = 8.4 Hz, 2H, CH), 7.66 (d, J = 8.7 Hz,

Pr 2H, CH); *C NMR (75 MHz, CDCls, Me,Si): § 18.88 (4 CHs), 46.56 (2

CH), 106.67 (1 quat. C), 118.64 (1 quat. C), 119.82 (2 CH), 133.26 (2 CH), 136.98 (1 quat. C),

149.12 (1 quat. C), 156.75 (2 quat. C); IR (neat): v 2223 (C=N), 1779 (C=0), 1674 (C=N) cm;
HRMS calcd for CigH;oN4O, [M+H]: 299.1502; found 299.1500.

N=

0 1q: Yellow solid, isolated yield 82% (258 mg); m.p. 126-127 °C; '"H NMR
/U\©\ N (300 MHz, CDCl3, MesSi): 6 1.39 (d, J = 6.9 Hz, 12H, CH3), 2.62 (s, 3H,
N:<N:Eo CHa), 4.10-4.26 (m, 2H, CH), 6.94 (d, J = 8.4 Hz, 2H, CH), 7.97 (d, J =

/N o 84 Hz, 2H, CH); C NMR (75 MHz, CDCls, Me,Si): 6 19.08 (4 CHs),

'Pr 26.38 (1 CH3), 46.67 (2 CH), 119.05 (2 CH), 129.90 (2 CH), 132.72 (1

quat. C), 136.58 (1 quat. C), 149.53 (1 quat. C), 156.99 (2 quat. C), 196.73 (1 quat. C); IR (neat):

v 1785 (C=0), 1686 (C=0), 1672 (C=N) cm'l; HRMS caled for C17H,,N30; [M+H]+: 316.1656;
found 316.1655.

E10,C _ Ir: Yellow solid, isolated yield 82% (283 mg); m.p. 125-126 °C; 'H

\©\ PN, o NMR (300 MHz, CDCl;, MeSi): & 1.37-144 (m, 15H, CHy),

N=( I 4.15-4.22 (m, 2H, CH), 4.39 (q, J = 7.2 Hz, 2H, CH,), 6.92 (d, J = 8.4

,Pr/N O Hz, 2H, CH), 8.04 (d, J = 8.7 Hz, 2H, CH); °C NMR (75 MHz, CDCl,

Me,Si): 0 14.26 (1 CH3), 19.04 (4 CH;), 46.61 (2 CH), 60.94 (1 CH,),

118.84 (2 CH), 125.75 (1 quat. C), 130.89 (2 CH), 136.47 (1 quat. C), 149.21 (1 quat. C), 157.01

(2 quat. C), 166.02 (1 quat. C); IR (neat): v 1778 (C=0), 1751 (C=0), 1692 (C=N) cm’'; HRMS
caled for CigHagN;O4 [M+H]': 346.1761; found 346.1760.
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O "Pr\ o st Yellow solid, isolated yield 75% (242 mg); m.p. 119-120 °C; 'H NMR
O I (300 MHz, CDCls, Me,Si): 6 1.28-1.39 (m, 12H, CH3), 4.01-4.43 (m, 2H,
0 CH), 6.89-6.92 (m, 1H, CH), 7.39-7.88 (m, 6H, CH); *C NMR (75 MHz,

CDCls, Me,Si): 6 19.10 (4 CHj), 46.52 (2 CH), 113.47 (1 CH), 122.91 (1

CH), 123.73 (1 CH), 125.50 (1 quat. C), 125.54 (1 CH), 126.06 (1 CH), 126.61 (1 CH), 128.11 (1
CH), 133.84 (1 quat. C), 137.02 (1 quat. C), 141.21 (1 quat. C), 157.18 (2 quat. C); IR (neat): v
1781 (C=0), 1685 (C=N) cm™; HRMS calcd for C,9H,,N;0, [M+H]": 324.1706; found 324.1705.

1t: Yellow solid, isolated yield 71% (194 mg); m.p. 117-118 °C; '"H NMR

(j\ O (300 MHz, CDCl;, Me4Si): 0 1.41 (d, J = 6.9 Hz, 12H, CH3), 3.93-4.19 (m,

I 2H, CH), 6.96-7.12 (m, 2H, CH), 7.72-7.77 (m, 1H, CH), 8.39-8.41 (m, 1H,

CH); *C NMR (75 MHz, CDCls, Me,Si): § 18.77 (4 CHs), 46.55 (2 CH),

115.02 (1 CH), 119.17 (1 CH), 137.93 (1 CH), 138.26 (1 quat. C), 148.35 (1 quat. C), 156.67 (2

quat. C), 156.98 (1 CH); IR (neat): v 1780 (C=0), 1685 (C=N) cm™'; HRMS calcd for C14H;sN4O,
[M+H]": 275.1502; found 275.1502.

2\ 1u: Orange solid, isolated yield 54% (159 mg); m.p. 128-129 °C; 'H NMR

)\ (300 MHz, CDCl;, Me,Si): 0 1.45 (d, J = 6.9 Hz, 12H, CHj;), 2.36 (s, 3H,

I CHs), 4.17-4.27 (m, 2H, CH), 6.66 (s, 1H, CH); >°C NMR (75 MHz, CDCl,

Me,Si): 6 17.24 (1 CHs), 19.12 (4 CH3), 47.39 (2 CH), 110.50 (1 CH), 141.83

(1 quat. C), 149.85 (1 quat. C), 156.56 (2 quat. C), 164.72 (1 quat. C); IR (neat): v 1773 (C=0),
1661 (C=N) cm'l; HRMS calced for C3H;9N4O,S [M+H]+: 295.1223; found 295.1223.

1v: Colorless solid, isolated yield 93% (259 mg); m.p. 39-40 °C; 'H NMR

O\ (300 MHz, CDCl3, Me4Si): 6 1.05-1.76 (m, 22H, CH;3 and CH,), 3.59-3.68 (m,

I 1H, CH), 3.89-3.98 (m, 1H, CH), 4.36-4.50 (m, 1H, CH); *C NMR (75 MHz,

CDCl;, MeySi): 6 18.87 (2 CH3), 24.02 (2 CHj3), 24.32 (2 CH,), 25.32 (1 CHy),

32.88 (2 CHz), 45.65 (1 CH), 46.84 (1 CH), 57.15 (1 CH), 138.97 (1 quat. C), 140.56 (1 quat. C),

156.70 (1 quat. C); IR (neat): v 1728 (C=0), 1701 (C=N) cm'l; HRMS calcd for C;5sHyN30;
[M+H]": 280.2020; found 280.2018.

,Pr\ 1w: Colorless liquid, isolated yield 87% (244 mg); "H NMR (300 MHz, CDCl;,

Hex_ Me,Si): 0 0.87 (t, J = 6.6 Hz, 3H, CH3), 1.12-1.49 (m, 18H, CH; and CH,),

N_< I 1.65-1.75 (m, 2H, CH,), 3.53 (t, J = 6.9 Hz, 2H, CH,), 3.98-4.06 (m, 1H, CH),

4.46-4.56 (m, 1H, CH); *C NMR (75 MHz, CDCls, Me,Si): 6 13.97 (1 CHj),

18.88 (2 CHj3), 22.47 (1 CHyp), 23.97 (2 CH3), 26.96 (1 CH,), 29.75 (1 CHy), 31.39 (1 CH,), 45.66

(1 CH), 46.89 (1 CH), 48.48 (1 CH,), 138.83 (1 quat. C), 141.94 (1 quat. C), 156.47 (1 quat. C);

IR (neat): v 1774 (C=0), 1672 (C=N) cm'l; HRMS calcd for C;sH,gN3O, [M+H]": 282.2176;
found 282.2175.

N 1x: Colorless solid, isolated yield 77% (243 mg); m.p. 73-74 °C; '"H NMR
©\N=< (400 MHz, CDCls, Me4Si): 6 1.29 (d, J = 6.8 Hz, 12H, CHj3), 1.50 (s, 6H,
N CH3), 4.21-4.48 (m, 2H, CH), 6.88-6.90 (m, 2H, CH), 7.08-7.12 (m, 1H, CH),

P’ O 7.34-7.38 (m, 2H, CH); *C NMR (100 MHz, CDCl;, Me,Si): 6 19.55 (4
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CHj3), 21.88 (2 CH3), 48.62 (2 CH), 51.24 (1 quat. C), 120.13 (2 CH), 123.97 (1 CH), 129.35 (2
CH), 141.52 (1 quat. C), 145.73 (1 quat. C), 171.77 (2 quat. C); IR (neat): v 1725 (C=0), 1641
(C=N) em™; HRMS calcd for C;sH,,N30, [M+H]": 316.2020; found 316.2014. It is noted that
Et;N was added before aniline during the second step of preparation of 1x.

Preparation of 2a and 2b: To an Et,O solution of N,N'-diisopropylcarbodiimide (252 mg, 2.0
mmol) was charged with oxalyl chloride (280 mg, 2.2 mmol) at 0 °C. The reaction mixture was
stirred at room temperature for 1 h and the 2,2-dichloro-imidazolidindione intermediate was
precipitated from the solution. This precipitation was resolved by charging THF into the reaction.
Then 1,4- or 1,2-diaminobenzene (119 mg, 1.1 mmol) and Et;N (404 mg, 4.0 mmol) were added
with a syringe and the whole reaction mixture was allowed to stirred for another 12 h at room
temperature. The products 2a or 2b was obtained as yellow solid in a manner analogous to that
described for the synthesis of 1a.

Q Q 2a: Yellow solid, isolated yield 73% (342 mg); m.p. 97-98 °C; 'H
O%N—’Pr ’Pr\NN\fo NMR (300 MHz, CDCls, Me,Si): § 1.41 (d, J = 6.9 Hz, 24H, CH3),
"Pr/N\<\N ON)/ Mipr 4.22-438 (m, 4H, CH), 687 (s, 4H, CH); *C NMR (75 MHz,

CDCls, MesSi): 6 19.10 (8 CH;), 46.51 (4 CH), 119.97 (4 CH),
136.53 (2 quat. C), 140.95 (2 quat. C), 157.19 (4 quat. C); IR (neat): v 1735 (C=0), 1680 (C=N)
cm'lg HRMS calcd for C4H33N6O4 [M+H]+: 469.2558; found 469.2563.

ipy ipy 2b: Yellow solid, isolated yield 74% (346 mg); m.p. 203-204 °C; 'H
0o N/ N-©° NMR (300 MHz, CDCl;, Me4Si): ¢ 1.35 (d, J = 6.6 Hz, 24H, CHs),
Oj:N>:N N:<Ni(0 3.97-4.46 (m, 4H, CH), 6.87-6.90 (m, 2H, CH), 7.10-7.13 (m, 2H,
Pr @ ipf CH); "*C NMR (75 MHz, CDCls, Me,Si): 6 18.98 (8 CHs), 46.24 (4
CH), 119.56 (2 CH), 124.50 (2 CH), 134.93 (2 quat. C), 136.74 (2
quat. C), 156.62 (4 quat. C); IR (neat): v 1779 (C=N), 1672 (C=N) cm’; HRMS calcd for
C14H33N60,4 [M+H]": 469.2558; found 469.2568.
Preparation of 2¢: To an Et,0O solution of N, N'-diisopropylcarbodiimide (378 mg, 3.0 mmol) was
charged with oxalyl chloride (419 mg, 3.3 mmol) at 0 °C. The reaction mixture was stirred at room
temperature for 1 h and the 2,2-dichloro-imidazolidindione intermediate was precipitated from the
solution. This precipitation was resolved by charging THF into the reaction. Then 1,2,4-
triaminobenzene (135 mg, 1.1 mmol) and Et;N (606 mg, 6.0 mmol) were added with a syringe and
the whole reaction mixture was allowed to stirred for another 12 h at room temperature. The

product 2¢ was obtained as yellow solid in a manner analogous to that described for the synthesis
of 1a.

Q ? 2¢: Yellow solid, isolated yield 46% (305 mg); m.p. 135-136 °C; 'H
O%N’ipr iPr\N)X\fo NMR (300 MHz, CDCl;, Me,Si): § 1.37-1.44 (m, 36H, CHj;)
fpr/N%\N ON)’ Nipr 4.21-4.47 (m, 6H, CH), 6.58 (s, 1H, CH), 6.66 (d, J = 9.3 Hz, 1H,

, CH), 6.89 (d, J = 8.4 Hz, 1H, CH); °C NMR (75 MHz, CDCL,

N\% /Pr Me4Si): 6 19.11 (8 CHs), 19.14 (4 CHs), 46.48 (6 CH), 110.94 (1

ipr— 7{&0 CH), 115.12 (1 CH), 120.33 (1 CH), 131.07 (1 quat. C), 136.32 (1
(0]
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quat. C), 136.60 (1 quat. C), 137.34 (1 quat. C), 137.55 (1 quat. C), 141.80 (1 quat. C), 157.03 (6
quat. C); IR (neat): v 1778 (C=0), 1676 (C=N) cm'l; HRMS caled for C33HyNoOg [M+H]":
664.3566; found 664.3563.

Isolation of 2,2-Dichloro-imidazolidindione 3.

To a 40 mL Et,0O solution of N,N'-diisopropylcarbodiimide (1.6 mL, 10 mmol) was slowly
charged with oxalyl chloride (0.94 mL, 11 mmol) at 0 °C. The reaction was highly exothermic and
required keeping cool at 0 °C for several minutes. Then the reaction was allowed to stir at room
temperature. After 2 days, the reaction was put into the glovebox. The solvent and excess acid
dichloride were removed under vacuum. The residue was washed by hexane and dried under
vacuum. 2,2-Dichloro-imidazolidindione 3 was obtained quantitatively as white powder.

iPr\ o 3: Colorless solid, isolated yield 99% (2.53 g); 'H NMR (300 MHz, C¢Dg): 6 1.26 (d,
C|><NI J = 6.9 Hz, 12H, CH3) 3.64-3.74 (m, 2H, CH); '°*C NMR (75 MHz, C¢Ds): & 18.94
C'P N"No (4 CHy), 49.25 (2 CH), 103.28 (1 quat. C), 154.29 (2 quat. C).

¢
Typical Procedure for the AlMes-Catalyzed One-pot Synthesis of Cyclic Di-oxoguanidines 4.
General procedure for AlMe; catalyzed guanylation between anilines and carbodiimides were
performed according to the literature.' In the glovebox, a solution of aniline (188 mg, 2.02 mmol)
in benzene (3 mL) was added to a solution of AlMe; (40 pL, 0.04 mmol) in a Schlenk tube.
N,N'-Diisopropylcarbodiimide (252 mg, 2.00 mmol) was then added to the above reaction mixture.
The Schlenk tube was taken out of the glovebox, and the reaction was carried out at room
temperature for 1 h. White solid was precipitated from the solution. This precipitation was
resolved by charging 3 mL of THF into the reaction. Then oxalyl chloride (254 mg, 2.2 mmol) and
Et;N (202 mg, 2.0 mmol) were added and the reaction was allowed to stirred for another 12 h at
room temperature. The reaction mixture was quenched by brine and extracted with ethyl acetate.
The organic solution was dried over Na,SO,. After filtration, the solution was concentrated under
vacuum and the product 4a was purified by flash column chromatography on silica gel (treated
with Et;N before chromatography) as a colorless solid.

,-Pr\ 4a: Colorless solid, isolated yield 92% (251 mg); m.p. 140-141 °C; '"H NMR

N_O (400 MHz, CDCl;, MesSi): 6 0.90 (d, J = 6.0 Hz, 6H, CH3), 1.51 (d, /= 7.2 Hz,

,Pr/N=<N:EO 6H, CHj3), 3.32-3.41 (m, 1H, CH), 4.68-4.79 (m, 1H, CH), 7.30-7.33 (m, 2H,

CH), 7.49-7.51 (m, 3H, CH); °*C NMR (100 MHz, CDCls, Me,Si): d 19.26 (2

CHj3), 24.04 (2 CHs;), 44.72 (1 CH), 46.13 (1 CH), 127.56 (2 CH), 129.67 (2

CH), 129.69 (1 CH), 132.30 (1 quat. C), 133.72 (1 quat. C), 155.47 (1 quat. C),

158.31 (1 quat. C); IR (neat): v 1777 (C=0), 1692 (C=N) cm'l; HRMS calcd for C;5sHoN;0,
[M+H]": 274.1550; found 274.1546.

ipr 4b: Colorless solid, isolated yield 96% (276 mg); m.p. 131-132 °C; 'H NMR

\N O (400 MHz, CDCl;, MesSi): 6 0.91 (d, J = 6.0 Hz, 6H, CH3), 1.50 (d, J = 6.8 Hz,
,Pr/N:<NI 6H, CH3), 2.41 (s, 3H, CH3), 3.38-3.47 (m, 1H, CH), 4.67-4.78 (m, 1H, CH),
© 7.18 (d, J = 8.0 Hz, 2H, CH), 7.28 (d, J = 8.4 Hz, 2H, CH); '*C NMR (100 MHz,

CDCl;, MeySi): 6 19.32 (2 CHj3), 21,13 (1 CH3), 24.13 (2 CHj3), 44.72 (1 CH),
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46.07 (1 CH), 127.32 (2 CH), 130.36 (2 CH), 131.06 (1 quat. C), 132.51 (1 quat. C), 139.94 (1
quat. C), 155.58 (1 quat. C), 158.54 (1 quat. C); IR (neat): v 1785 (C=0), 1686 (C=N) cm™;
HRMS calcd for C16H,,N30, [M+H]': 288.1706; found 288.1707.

ipr\ 4¢: Colorless solid, isolated yield 85% (299 mg); m.p. 115-116 °C; 'H NMR

N<° (300 MHz, CDCl;, Me,Si): 6 0.93 (d, J = 6.3 Hz, 6H, CHs), 1.48 (d, J = 6.9 Hz,

/Pr/N:<NIO 6H, CHs;), 3.37-3.45 (m, 1H, CH), 4.66-4.75 (m, 1H, CH), 7.24 (d, J = 8.4 Hz,

2H, CH), 7.62 (d, J = 8.4 Hz, 2H, CH); °C NMR (75 MHz, CDCls, MeSi): 6

19.14 (2 CHj3), 23.96 (2 CH3), 44.73 (1 CH), 46.18 (1 CH), 123.64 (1 quat. C),

B/ 129.14 (2 CH), 131.80 (1 quat. C), 132.66 (1 quat. C), 132.81 (2 CH), 155.11 (1

quat. C), 158.05 (1 quat. C); IR (neat): v 1777 (C=0), 1691 (C=N) cm™; HRMS calcd for
C,5H,oBrN;0, [M+H]": 352.0655; found 352.0654.

,-Pr\ 4d: Colorless liquid, isolated yield 75% (227 mg); "H NMR (400 MHz, CDCl;,

N_LO  MesSi): 0 0.85-0.89 (m, 6H, CH3), 1.49-1.52 (m, 6H, CH3), 3.39-3.45 (m, 1H,

,Pr/N:<NIO CH), 3.80 (s, 3H, CHj;), 4.70-4.76 (m, 1H, CH), 6.98-7.06 (m, 2H, CH),

7.27-7.29 (m, 1H, CH), 7.43-7.47 (m, 1H, CH); °*C NMR (100 MHz, CDCl;,

OMe Me,Si): 0 19.35 (1 CHs3), 19.41 (1 CHj;), 24.08 (1 CHj3), 24.36 (1 CHj3), 44.68

(1 CH), 45.90 (1 CH), 55.60 (1 CHs3), 111.79 (1 CH), 121.05 (1 CH), 122.53 (1

quat. C), 129.47 (1 CH), 131.40 (1 CH), 132.45 (1 quat. C), 155.01 (1 quat. C), 155.82 (1 quat. C),

158.62 (1 quat. C); IR (neat): v 1776 (C=0), 1692 (C=N) cm'l; HRMS calcd for C;sH2,N305
[M+H]": 304.1656; found 304.1656.

'PF\N o 4e: Colorless solid, isolated yield 73% (218 mg); m.p. 114-115 °C; '"H NMR

. /N=< I (300 MHz, CDCl3, MesSi): 0 0.95 (d, J = 6.0 Hz, 6H, CH3), 1.50 (d, J = 6.9 Hz,

Pr N™ o 6H, CHj), 3.29-3.37 (m, 1H, CH), 4.67-4.79 (m, 1H, CH), 7.53 (d, J = 8.4 Hz,

2H, CH), 7.83 (d, J = 8.4 Hz, 2H, CH); >C NMR (75 MHz, CDCl;, Me,Si): 6

19.38 (2 CH3), 24.13 (2 CHs), 45.33 (1 CH), 46.97 (1 CH), 113.69 (1 quat. C),

NC 117.64 (1 quat. C), 128.69 (2 CH), 131.68 (1 quat. C), 133.67 (2 CH), 137.99 (1

quat. C), 155.20 (1 quat. C), 157.98 (1 quat. C); IR (neat): v2231 (C=N), 1778 (C=0), 1693 (C=N)
cm'lg HRMS calcd for C;sH9N4O, [M+H]+: 299.1502; found 299.1501.

Cy, 4f: Colorless solid, isolated yield 66% (233 mg); m.p. 131-132 °C; 'H NMR

N-C (400 MHz, CDCl;, Me,4Si): 6 0.72-0.78 (m, 2H, CH,), 1.07-1.85 (m, 16H, CH,),

Cy/N=<N:EO 2.25-2.33 (m, 2H, CH,), 2.92-2.94 (m, 1H, CH), 4.27-4.34 (m, 1H, CH),

7.32-7.47 (m, 5H, CH); *C NMR (100 MHz, CDCls, Me,Si): 6 23.38 (2 CH,),

@ 24.70 (1 CH,), 24.86 (1 CH,), 25.50 (2 CH,), 28.56 (2 CH,), 33.65 (2 CH,),

52.22 (1 CH), 53.52 (1 CH), 127.44 (2 CH), 129.25 (2 CH), 129.32 (1 CH),

132.15 (1 quat. C), 132.56 (1 quat. C), 155.24 (1 quat. C), 157.94 (1 quat. C); IR (neat): v 1776
(C=0), 1691 (C=N) cm’; HRMS caled for Co1HygN30, [M+H]": 354.2176; found 354.2178.

Pr. 0  4g: Colorless solid, isolated yield 78% (307 mg); m.p. 175-176 °C; 'H NMR
N:<N (400 MHz, CDCl3, Me4Si): 6 0.87 (d, J = 6.0 Hz, 6H, CH3), 1.48-1.49 (m, 12H,
o
Pr N CH3), 3.30-3.36 (m, 1H, CH), 4.89-4.96 (m, 1H, CH), 7.11 (d, J = 8.4 Hz, 2H,
6}
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CH), 7.54 (d, J = 8.4 Hz, 2H, CH); >C NMR (100 MHz, CDCls, Me4Si): 6 19.52 (2 CH3), 21.70
(2 CH3), 22.82 (2 CH3), 48.34 (1 CH), 48.45 (1 CH), 48.65 (1 quat. C), 121.06 (1 quat. C), 127.79
(2 CH), 132.22 (2 CH), 136.33 (1 quat. C), 137.15 (1 quat. C), 170.35 (1 quat. C), 171.00 (1 quat.
C); IR (neat): v 1730 (C=0), 1654 (C=N) cm™'; HRMS calcd for C,sH,sBrN;0, [M+H]": 394.1125;
found 394.1123.

Reference:

1. W.-X. Zhang, D. Li, Z. Wang, Z. Xi, Organometallics, 2009, 28, 882.
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2) X-ray Crystallographic Studies for 1e, 1i and 4c.

Single crystals of le suitable for X-ray analysis were grown in CH,Cly,/hexane at room
temperature for 1 days. Single crystals of 1i suitable for X-ray analysis were grown in
CH,Cly/hexane at room temperature for 1 day. Single crystals of 4¢ suitable for X-ray analysis
were grown in CH,Cly/hexane at room temperature for 1 days. Data collections for 1i and 4¢ were
performed at 20 °C on a Rigaku RAXIS RAPID IP diffractometer, using graphite-monochromated
Mo Ko radiation (A= 0.71073 A). Data collections for le were performed at -100 °C on a
RIGAKU CCD SATURN 724 diffractometer, using graphite-monochromated Mo Ka radiation
(L= 0.71073 A). The determination of crystal class and unit cell parameters was carried out by
Rapid-AUTO (Rigaku 2000) program package for 1i and 4c¢ or the CrystalClear (Rigaku Inc.,
2007) for 1e. The raw frame data was processed using Crystal Structure (Rigaku/MSC 2000) for
1i and 4¢ or Crystal Clear (Rigaku Inc., 2007) for 1e to yield the reflection data file. The structures
of 1e, 1i, and 4¢ were solved by use of SHELXTL program. Refinement was performed on F~
anisotropically for all the non-hydrogen atoms by the full-matrix least-squares method. The
hydrogen atoms were placed at the calculated positions and were included in the structure
calculation without further refinement of the parameters. Crystallographic data (excluding
structure factors) have been deposited with the Cambridge Crystallographic Data Centre as
supplementary publication nos. CCDC-857963 (1e), CCDC-857966 (1i), and CCDC-857964 (4c¢).
Copies of these data can be obtained free of charge from the Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.

" S
c19 20

SFigure 1. ORTEP drawing of 1e with 30% thermal ellipsoids.

STable 1. Crystal data and structure refinement for 1e.

Identification code le

Empirical formula C,1Hy1N30,

Formula weight 34741

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=11.086(2) A o =73.23(3)°
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b=12.727(3) A B =84.08(3)°
c=13.649(3) A y =83.37(3)°

Volume 1826.4(6) A®

V4 4

Density (calculated) 1.263 Mg/m’

Absorption coefficient 0.083 mm’'

F(000) 736

Crystal size 0.26 x 0.24 x 0.23 mm’

Theta range for data collection 2.50 to 25.00°

Index ranges -12<=h<=13, -15<=k<=135, -16<=1<=16

Reflections collected 13045

Independent reflections 6362 [R(int) = 0.0389]

Completeness to theta = 25.00° 99.0 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 1.0000 and 0.6891

Refinement method Full-matrix least-squares on F

Data / restraints / parameters 6362 /0/469

Goodness-of-fit on F> 1.143

Final R indices [[>2sigma(I)] R1=0.0655, wR2 =0.1300

R indices (all data) R1=0.0755,wR2 =0.1364

Largest diff. peak and hole 0.380 and -0.217 e. A”

STable 2. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A* x 10°)
for 1e. U(eq) is defined as one third of the trace of the orthogonalized U tensor.

X y z U(eq)
o(1) 10042(2) 5308(1) 1020(1) 40(1)
0(2) 12030(2) 3512(1) 1597(1) 41(1)
0Q3) 12518(2) 6522(2) 1114(1) 42(1)
04) 10745(2) 7756(1) -355(1) 41(1)
N(1) 8871(2) 3874(2) 1852(1) 30(1)
N(2) 8417(2) 2036(2) 2900(2) 37(1)
N@B3) 10387(2) 2542(2) 2350(2) 35(1)
N#4) 10952(2) 6883(2) 2273(1) 32(1)
N(5) 9102(2) 7493(2) 2986(2) 35(1)
N(6) 9597(2) 7835(2) 1143(1) 31(1)
C(1) 7693(2) 4484(2) 1688(2) 30(1)
C(2) 7352(2) 4871(2) 693(2) 35(1)
C@3) 6216(2) 5441(2) 523(2) 45(1)
C4) 5448(2) 5603(2) 1340(2) 49(1)
C(5) 5811(2) 5221(2) 2326(2) 45(1)
C(6) 6953(2) 4669(2) 2502(2) 37(1)
C(7) 7128(2) 2174(2) 2892(2) 33(1)
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C(8) 6559(2) 2315(2) 1996(2) 41(1)
C(9) 5302(3) 2422(2) 2028(2) 53(1)
C(10) 4608(3) 2368(2) 2937(3) 58(1)
C(11) 5172(3) 2192(2) 3832(2) 51(1)
C(12) 6432(2) 2086(2) 3806(2) 39(1)
C(13) 9113(2) 2752(2) 2406(2) 32(1)
C(14) 9937(2) 4357(2) 1479(2) 32(1)
C(15) 10954(2) 3438(2) 1796(2) 33(1)
C(16) 11077(2) 1462(2) 2763(2) 36(1)
C(17) 11033(3) 1138(2) 3919(2) 44(1)
C(18) 11835(3) 65(2) 4328(2) 46(1)
C(19) 11487(3) -845(2) 3908(2) 50(1)
C(20) 11533(2) ~493(2) 2754(2) 42(1)
C21) 10711(2) 562(2) 2355(2) 35(1)
C(22) 8558(2) 8508(2) 670(2) 31(1)
C(23) 7823(2) 8045(2) 177(2) 42(1)
C(24) 6854(2) 8706(3) 313(2) 54(1)
C(25) 6630(2) 9795(3) 313(2) 53(1)
C(26) 7375(2) 10240(2) 177(2) 47(1)
C(27) 8358(2) 9598(2) 663(2) 36(1)
C(28) 7880(2) 7964(2) 2986(2) 33(1)
C(29) 6974(2) 7525(2) 2642(2) 39(1)
C(30) 5786(2) 7978(2) 2692(2) 49(1)
C(31) 5483(3) 8868(2) 3085(2) 52(1)
C(32) 6379(3) 9293(2) 3439(2) 50(1)
C(33) 7567(2) 8841(2) 3402(2) 41(1)
C(34) 9768(2) 7423(2) 2200(2) 30(1)
C(35) 10601(2) 7541(2) 567(2) 33(1)
C(36) 11512(2) 6898(2) 13312) 33(1)
C(37) 11420(2) 6274(2) 3277(2) 35(1)
C(38) 11314(3) 5040(2) 3502(2) 46(1)
C(39) 11749(3) 4426(3) 4564(2) 58(1)
C(40) 13037(3) 4662(2) 4659(2) 54(1)
C(41) 13142(3) 5892(2) 4407(2) 48(1)
C(42) 12730(2) 6493(2) 3336(2) 39(1)

STable 3. Bond lengths [A] and angles [°] for 1e.

0(1)-C(14) 1.205(3) N(1)-C(13) 1.419(3)
0(2)-C(15) 1.204(3) N(1)-C(1) 1.443(3)
0(3)-C(36) 1.205(3) N(2)-C(13) 1.258(3)
0(4)-C(35) 1.206(3) N(2)-C(7) 1.421(3)
N(1)-C(14) 1.378(3) N(3)-C(15) 1.356(3)
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N(3)-C(13)
N(3)-C(16)
N(4)-C(36)
N(4)-C(34)
N(4)-C(37)
N(5)-C(34)
N(5)-C(28)
N(6)-C(35)
N(6)-C(34)
N(6)-C(22)
C(1)-C(6)
C(1)-C(2)
C(2)-C(3)
C(3)-C(4)
C(3)-H(3)
C(4)-C(5)
C(5)-C(6)
C(7)-C(12)
C(7)-C(8)
C(8)-C(9)
C(9)-C(10)
C(10)-C(11)
C(11)-C(12)
C(14)-C(15)
C(16)-C(17)
C(16)-C(21)
C(17)-C(18)
C(18)-C(19)
C(19)-C(20)
C(20)-C(21)
C(22)-C(27)
C(22)-C(23)
C(23)-C(24)
C(24)-C(25)
C(25)-C(26)
C(26)-C(27)
C(28)-C(29)
C(28)-C(33)
C(29)-C(30)
C(30)-C(31)
C(31)-C(32)
C(32)-C(33)
C(35)-C(36)
C(37)-C(42)

1.405(3)
1.480(3)
1.364(3)
1.409(3)
1.480(3)
1.256(3)
1.417(3)
1.375(3)
1.411(3)
1.443(3)
1.372(3)
1.381(3)
1.384(3)
1.380(4)
0.9500

1.378(4)
1.383(3)
1.381(3)
1.390(3)
1.382(4)
1.379(4)
1.378(4)
1.386(4)
1.526(3)
1.509(3)
1.519(3)
1.532(3)
1.533(4)
1.506(3)
1.526(3)
1.377(3)
1.384(3)
1.387(4)
1.380(4)
1.374(4)
1.388(3)
1.385(3)
1.388(3)
1.379(3)
1.381(4)
1.374(4)
1.377(4)
1.520(3)
1.524(3)
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C(37)-C(38)
C(38)-C(39)
C(39)-C(40)
C(40)-C(41)
C(41)-C(42)

C(14)-N(1)-C(13)
C(14)-N(1)-C(1)
C(13)-N(1)-C(1)
C(13)-N(2)-C(7)
C(15)-N(3)-C(13)
C(15)-N(3)-C(16)
C(13)-N(3)-C(16)
C(36)-N(4)-C(34)
C(36)-N(4)-C(37)
C(34)-N(4)-C(37)
C(34)-N(5)-C(28)
C(35)-N(6)-C(34)
C(35)-N(6)-C(22)
C(34)-N(6)-C(22)
C(6)-C(1)-C(2)
C(6)-C(1)-N(1)
C(2)-C(1)-N(1)
C(1)-C(2)-C(3)
C(4)-C(3)-C(2)
C(5)-C(4)-C(3)
C(4)-C(5)-C(6)
C(1)-C(6)-C(5)
C(12)-C(7)-C(8)
C(12)-C(7)-N(2)
C(8)-C(7)-N(2)
C(9)-C(8)-C(7)
C(10)-C(9)-C(8)
C(11)-C(10)-C(9)
C(10)-C(11)-C(12)
C(7)-C(12)-C(11)
N(2)-C(13)-N(3)
N(2)-C(13)-N(1)
N(3)-C(13)-N(1)
O(1)-C(14)-N(1)
0(1)-C(14)-C(15)
N(1)-C(14)-C(15)
0(2)-C(15)-N(3)
0(2)-C(15)-C(14)

1.527(3)
1.533(4)
1.518(4)
1.518(4)
1.530(3)

110.96(18)
121.96(18)
127.07(19)
124.4(2)
112.39(19)
121.52)
125.9(2)
111.89(18)
126.28(19)
121.44(19)
125.12)
110.80(18)
121.61(19)
127.57(19)
121.9(2)
120.3(2)
117.7(2)
118.52)
120.1(2)
120.5(2)
119.9(2)
119.02)
119.6(2)
119.0(2)
121.22)
119.2(3)
121.0(3)
119.8(3)
119.6(3)
120.7(2)
122.5(2)
131.6(2)
105.80(19)
127.1Q2)
127.5(2)
105.35(19)
128.12)
126.5(2)
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N(3)-C(15)-C(14) 105.4(2) C(29)-C(30)-C(31) 120.8(3)
N(3)-C(16)-C(17) 111.5(2) C(32)-C(31)-C(30) 119.3(3)
N(3)-C(16)-C(21) 113.09(18) C(31)-C(32)-C(33) 120.5(3)
C(17)-C(16)-C(21) 112.5(2) C(32)-C(33)-C(28) 120.4(2)
C(16)-C(17)-C(18) 110.8(2) N(5)-C(34)-N(4) 121.5(2)
C(17)-C(18)-C(19) 110.5(2) N(5)-C(34)-N(6) 132.3(2)
C(20)-C(19)-C(18) 111.6(2) N(4)-C(34)-N(6) 106.17(18)
C(19)-C(20)-C(21) 111.4(2) 0(4)-C(35)-N(6) 127.4(2)
C(16)-C(21)-C(20) 109.37(19) 0(4)-C(35)-C(36) 126.6(2)
C(27)-C(22)-C(23) 121.6(2) N(6)-C(35)-C(36) 105.91(19)
C(27)-C(22)-N(6) 120.1(2) 0(3)-C(36)-N(4) 129.3(2)
C(23)-C(22)-N(6) 118.2(2) 0(3)-C(36)-C(35) 125.4(2)
C(22)-C(23)-C(24) 118.1(3) N(4)-C(36)-C(35) 105.18(19)
C(25)-C(24)-C(23) 121.0(3) N(4)-C(37)-C(42) 111.8(2)
C(26)-C(25)-C(24) 119.9(3) N(4)-C(37)-C(38) 110.8(2)
C(25)-C(26)-C(27) 120.1(3) C(42)-C(37)-C(38) 110.6(2)
C(22)-C(27)-C(26) 119.2(2) C(37)-C(38)-C(39) 110.2(2)
C(29)-C(28)-C(33) 119.1(2) C(40)-C(39)-C(38) 111.3(2)
C(29)-C(28)-N(5) 121.6(2) C(41)-C(40)-C(39) 111.2(2)
C(33)-C(28)-N(5) 119.2(2) C(40)-C(41)-C(42) 111.2(2)
C(30)-C(29)-C(28) 119.9(2) C(37)-C(42)-C(41) 109.4(2)

Symmetry transformations used to generate equivalent atoms:

STable 4. Anisotropic displacement parameters (A* x 10%) for 1e. The anisotropic displacement
factor exponent takes the form: 2 [ h*a** U+ ..+ 2hka* b* U ]

Ull U22 U33 U23 U13 U12
o(1) 40(1) 29(1) 48(1) -5(1) 7(1) -5(1)
0Q) 31(1) 40(1) 50(1) -11(1) -6(1) 3(1)
0(3) 33(1) 53(1) 42(1) 20(1) (1) 4(1)
0(4) 42(1) 47(1) 30(1) -10(1) 2(1) 2(1)
N(1) 30(1) 26(1) 35(1) 7(1) -7(1) -1(1)
N(2) 33(1) 32(1) 43(1) 4(1) -6(1) 2(1)
N(3) 29(1) 29(1) 45(1) -6(1) -10(1) 1(1)
N(4) 29(1) 38(1) 30(1) -11(1) 3(1) 3(1)
N() 32(1) 40(1) 33(1) -12(1) 1(1) (1)
N(6) 31(1) 30(1) 32(1) -10(1) 2(1) 1(1)
c(l) 29(1) 23(1) 39(1) -8(1) -6(1) -1(1)
CQ2) 34(1) 33(1) 37(1) -8(1) -4(1) -4(1)
¢6)) 38(2) 38(1) 53(2) -1(1) -15(1) -3(1)
C4) 28(1) 38(2) 78(2) -11(1) -6(1) 3(1)
C(5) 37(1) 38(1) 59(2) -18(1) 8(1) -1(1)
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C(6)
C(7)

C(8)

C(9)

C(10)
c(11)
C(12)
C(13)
C(14)
C(15)
C(16)
c(17)
C(18)
C(19)
C(20)
c@l)
C(22)
C(23)
C(24)
C(25)
C(26)
C(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
C41)
C42)

42(1)
35(1)
50(2)
58(2)
38(2)
46(2)
40(1)
36(1)
31(1)
34(1)
34(1)
59(2)
62(2)
73(2)
50(2)
35(1)
29(1)
41(2)
37(2)
33(2)
45(2)
34(1)
32(1)
38(1)
34(2)
37(2)
50(2)
40(2)
31(1)
38(1)
32(1)
36(1)
50(2)
68(2)
59(2)
44(2)
39(1)

30(1)
23(1)
32(1)
42(2)
45(2)
39(2)
32(1)
27(1)
33(1)
31(1)
31(1)
34(1)
37(1)
33(1)
33(1)
32(1)
35(1)
49(2)
83(2)
75(2)
42(2)
36(1)
35(1)
35(1)
56(2)
51(2)
41(2)
45(2)
30(1)
31(1)
34(1)
40(1)
44(2)
53(2)
55(2)
58(2)
38(1)

39(1)
39(1)
42(1)
61(2)
87(2)
58(2)
43(1)
34(1)
35(1)
37(1)
43(1)
40(1)
38(1)
43(2)
44(2)
37(1)
31(1)
42(1)
48(2)
43(2)
45(2)
40(1)
30(1)
46(2)
57(2)
62(2)
59(2)
43(1)
33(1)
30(1)
35(1)
29(1)
42(2)
43(2)
41(2)
45(2)
41(1)

-12(1)
-5(1)
-10(1)
-5(1)
-5(2)
4(1)
-4A(1)
-8(1)
-11(1)
-12(1)
9(1)
-14(1)
-10(1)
9(1)
-13(1)
9(1)
-10(1)
-19(1)
23(2)
-6(2)
-6(1)
-13(1)
-7(1)
-15(1)
-16(1)
-13(2)
21(1)
-20(1)
-11(1)
-10(1)
-14(1)
-12(1)
-6(1)
3(1)
-5(1)
-20(1)
-15(1)

-2(1)
-6(1)
-11(1)
-29(2)
-16(2)
6(1)
-8(1)
-8(1)
-6(1)
-7(1)
-10(1)
-10(1)
-17(1)
-14(1)
-14(1)
-9(1)
0(1)
-1(1)
-10(1)
-7(1)
-1(1)
-4(1)
3(1)
2(1)
-1(1)
4(1)
12(1)
4(1)
-3(1)
2(1)
-2(1)
-4(1)
-4(1)
-72)
-12(1)
-13(1)
-8(1)

-3(1)
-A(1)
-7(1)
-14(1)
-6(1)
-2(1)
-1(1)
-2(1)
-3(1)
-4(1)
3(1)
7(1)
7(1)
8(1)
3(1)
0(1)
-4(1)
-12(1)
-14(2)
7(1)
9(1)
-2(1)
-2(1)
-6(1)
-9(1)
7(1)
2(1)
-7(1)
-5(1)
-5(1)
-2(1)
3(1)
-9(1)
-7(2)
11(1)
8(1)
2(1)
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C8 Dco

SFigure 2. ORTEP drawing of 1i with 30% thermal ellipsoids.

STable 5. Crystal data and structure refinement for 1i.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.48°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [[>2sigma(I)]

1i

Ci7H19N30

297.35

293(2) K

0.71073 A

Monoclinic

P2(1)/n

a=11.0822) A o =90°
b =8.7000(17) A B =100.67(3)°
c=16.612(3) A v=90°
1573.9(5) A’

4

1.255 Mg/m’

0.084 mm™'

632

0.40 x 0.40 x 0.20 mm’

2.05 to 27.48°.

-14<=h<=14, -11<=k<=11, -21<=1<=21
6400

3575 [R(int) = 0.0827]

98.9 %

Empirical

0.9834 and 0.9671

Full-matrix least-squares on F*
3575/0/204

1.008

R1=0.0598, wR2 =0.1324

S17



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

R indices (all data) R1=0.1370, wR2 =0.1391
Extinction coefficient 0.0113(11)
Largest diff. peak and hole 0.367 and -0.266 ¢. A™

STable 6. Atomic coordinates (x 10*) and equivalent isotropic displacement parameters (A x 10°)

for 1i. U(eq) is defined as one third of the trace of the orthogonalized UY tensor.

X y z U(eq)
C(1) -445(3) 8605(4) 1995(2) 21(1)
C(2) -2014(3) 7250(4) 2381(2) 26(1)
C(@3) -2370(3) 7602(4) 1458(2) 24(1)
C4) -116(3) 7577(4) 3481(2) 22(1)
C(5) -650(3) 8373(4) 4149(2) 29(1)
C(6) 56(3) 5868(4) 3631(2) 30(1)
C( -1223(3) 8892(4) 457(2) 23(1)
C(8) -1971(3) 10364(4) 250(2) 34(1)
C©Y) -1569(3) 7666(4) -202(2) 32(1)
C(10) 1317(3) 9971(4) 2628(2) 20(1)
C(11) 2541(3) 9570(4) 2724(2) 22(1)
C(12) 3376(3) 10171(4) 3373(2) 20(1)
C(13) 2981(3) 11198(4) 3907(2) 25(1)
C(14) 1755(3) 11628(4) 3789(2) 26(1)
C(15) 937(3) 11023(4) 3153(2) 24(1)
C(16) 4648(3) 9724(4) 3481(2) 28(1)
C(17) 5670(4) 9320(5) 3557(3) 39(1)
N(1) -867(2) 7884(3) 2658(2) 20(1)
N(2) -1348(2) 8307(3) 1280(2) 21(1)
NQ@3) 500(2) 9391(3) 1949(2) 20(1)
o(1) -2644(2) 6523(3) 2776(2) 33(1)
0(2) -3348(2) 7300(3) 1021(2) 34(1)
H(4) 699 8019 3487 26
H(5A) =758 9447 4022 43
H(5B) -100 8254 4664 43
H(50) -1430 7923 4183 43
H(6A) =732 5383 3584 46
H(6B) 522 5700 4172 46
H(6C) 487 5438 3234 46
H(7) -357 9152 478 28
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H(8A) -2823 10154 247 52
H(8B) -1875 10727 -280 52
H(8C) -1686 11135 654 52
H(9A) -1084 6760 -52 48
H(9B) -1416 8049 716 48
H(9C) -2424 7418 -254 48
H(11) 2804 8900 2356 26
H(13) 3537 11599 4345 30
H(14) 1491 12327 4143 31
H(15) 117 11321 3072 28
H(17) 6482 8999 3618 47
STable 7. Bond lengths [A]and angles [°]for 1i.

C(1)-NQ3) 1.265(4) N(3)-C(1)-N(1) 132.9(3)
C(1)-N(1) 1.419(4) N(3)-C(1)-N(2) 120.6(3)
C(1)-N(Q) 1.428(4) N(1)-C(1)-N(2) 106.5(3)
C(2)-0(1) 1.220(4) O(1)-C(2)-N(1) 127.6(3)
C(2)-N(1) 1.384(4) O(1)-C(2)-C(3) 124.8(3)
C(2)-C3) 1.541(5) N(1)-C(2)-C(3) 107.6(3)
C(3)-02) 1.217(4) 0(2)-C3)-N(2) 130.53)
CG)NQ) 1.368(4) 0(2)-C3)-C(2) 126.03)
C(4)-N(1) 1.488(4) N(2)-C(3)-C(2) 103.6(3)
C(4)-C(6) 1.514(4) N(1)-C(4)-C(6) 111.13)
C(4)-C(5) 1.518(4) N(1)-C(4)-C(5) 111.33)
C(T)-NQ) 1.489(4) C(6)-C(4)-C(5) 112.53)
C(7)-C(9) 1.526(5) N(2)-C(7)-C(9) 111.53)
C(7)-C(8) 1.530(4) N(2)-C(7)-C(8) 110.73)
C(10)-C(11) 1.381(4) C(9)-C(7)-C(8) 111.83)
C(10)-C(15) 1.383(4) C(11)-C(10)-C(15) 120.13)
C(10)-N(3) 1.403(4) C(11)-C(10)-N(3) 118.4(3)
C(11)-C(12) 1.386(5) C(15)-C(10)-N(3) 121.23)
C(12)-C(13) 1.387(4) C(10)-C(11)-C(12) 119.6(3)
C(12)-C(16) 1.441(5) C(11)-C(12)-C(13) 119.8(3)
C(13)-C(14) 1.388(5) C(11)-C(12)-C(16) 119.53)
C(14)-C(15) 1.363(5) C(13)-C(12)-C(16) 120.8(3)
C(16)-C(17) 1.169(5) C(12)-C(13)-C(14) 120.03)
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C(15)-C(14)-C(13) 119.9(4) C(1)-N(1)-C(4) 125.7(3)
C(14)-C(15)-C(10) 120.5(4) C(3)-N(2)-C(1) 112.4(3)
C(17)-C(16)-C(12) 178.0(5) C(3)-N(2)-C(7) 125.0(3)
C(2)-N(1)-C(1) 109.4(3) C(1)-N(2)-C(7) 122.1(3)
C(2)-N(1)-C(4) 123.9(3) C(1)-N(3)-C(10) 124.4(3)

Symmetry transformations used to generate equivalent atoms:

STable 8. Anisotropic displacement parameters (A x 10%) for 1i. The anisotropic displacement

factor exponent takes the form: —27:2[ h?a**U'" + ... +2hka*b*U" ]

Ull U22 U33 U23 U13 UIZ
C(1) 25(2) 26(2) 14(2) -12) 5(2) 10(2)
C(2) 27(2) 28(2) 23(2) 2(2) 6(2) -4(2)
C(3) 27(2) 25(2) 21(2) -4(2) 5(2) 2(2)
C(4) 17(2) 30(2) 18(2) 0(2) 2(2) 2(2)
C(5) 28(2) 35(2) 23(2) 0(2) 2(2) 12)
C(6) 29(2) 36(3) 24(2) 4(2) -12) 5(2)
C(7) 24(2) 29(2) 17(2) 5(2) 7(2) 2(2)
C(8) 42(3) 30(2) 30(3) 3(2) 7(2) 3(2)
C©9) 42(3) 31(2) 24(2) -6(2) 8(2) 2(2)
Cc(10)  21(2) 23(2) 16(2) -5(2) 6(2) -6(2)
c(1l) 192 25(2) 212) -4(2) 3(2) -4(2)
C(12) 150 21(2) 25(2) 12) 6(2) -5(2)
C(13)  26(2) 28(2) 212) 3(2) 12) -6(2)
C(14)  28(2) 24(2) 27(2) -5(2) 9(2) 2(2)
C(15) 192 23(2) 29(2) 2(2) 7(2) 2(2)
c(16)  30(2) 30(2) 24(2) 12) 5(2) -4(2)
Cc(17)  35Q3) 35(3) 48(3) 7(2) 11(2) 2(2)
N(1) 14(2) 25(2) 19(2) 4(1) 3(1) 3(1)
N(Q) 19(2) 23(2) 20(2) 2(2) 5(1) 1(1)
NQ@3) 16(2) 24(2) 212) 2(2) 6(1) -6(2)
o(1) 24(2) 51(2) 25(2) 3(1) 6(1) -14(1)
0(2) 20(2) 46(2) 32(2) 0(1) -5(1) 9(1)

S20



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

SFigure 3. ORTEP drawing of 4¢ with 30% thermal ellipsoids.

STable 9. Crystal data and structure refinement for 4c.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.48°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [[>2sigma(I)]

4c

CisH1sBrN3;O,

352.23

293(2) K

0.71073 A

Orthorhombic

P2(1)2(1)2(1)

a=8.8707(18) A o =90°
b=10.082(2) A B=90°
c=18.499(4) A v=90°
1654.3(6) A°

4

1.414 Mg/nn’

2.492 mm’

720

0.30 x 0.20 x 0.20 mm’

2.30 to 27.48°.

-11<=h<=11, -13<=k<=13, -24<=1<=24
2200

2177 [R(int) = 0.0526]

99.9 %

Empirical

0.6356 and 0.5218

Full-matrix least-squares on F*
217770/ 195

0.735

R1=10.0398, wR2 = 0.0521
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R indices (all data) R1=0.1173, wR2 =0.0610
Absolute structure parameter 0.50(3)

Extinction coefficient 0.0128(6)

Largest diff. peak and hole 0.279 and -0.396 ¢. A~

STable 10. Atomic coordinates ( x 10*) and equivalent isotropic displacement parameters (A* x

10°) for 4¢. U(eq) is defined as one third of the trace of the orthogonalized UY tensor.

X y z U(eq)
Br(1) 10619(1) 4132(1) 8426(1) 87(1)
C(1) 9114(6) 4829(6) 4712(3) 41(1)
C(2) 10889(6) 3803(6) 3975(3) 47(2)
C(3) 11425(7) 3776(6) 4766(3) 47(2)
C4) 8552(6) 4711(6) 3375(2) 53(2)
C(5) 8162(8) 3500(6) 2959(3) 94(2)
C(6) 9282(7) 5770(6) 2919(3) 106(2)
C(7) 7352(6) 5979(6) 5496(2) 49(2)
C(8) 6039(6) 5130(6) 5758(3) 86(2)
C©) 6860(7) 7379(5) 5342(3) 75(2)
C(10) 10379(6) 4392(6) 5936(2) 36(1)
C(11) 11362(6) 5206(5) 6296(2) 44(2)
C(12) 11448(6) 5154(5) 7055(2) 43(2)
C(13) 10538(7) 4253(6) 7397(2) 50(2)
C(14) 9541(7) 3426(6) 7047(3) 59(2)
C(15) 9529(7) 3479(5) 6288(2) 47(2)
N(1) 9522(5) 4410(4) 4004(2) 42(1)
N(2) 7905(5) 5428(4) 4810(2) 44(1)
N(@3) 10346(4) 4428(4) 5155(2) 41(1)
o(1) 11529(4) 3348(4) 3459(2) 63(1)
0Q2) 12581(4) 3279(4) 4978(2) 70(1)
H(4) 7607 5079 3563 63
H(5A) 7595 2906 3260 141
H(5B) 9070 3070 2801 141
H(5C) 7568 3741 2545 141
H(6A) 10281 5494 2786 160
H(6B) 9338 6582 3189 160
H(6C) 8694 5910 2490 160
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H(7) 8161 5978 5857 59
H(8A) 6396 4255 5870 129
H(8B) 5288 5077 5386 129
H(8C) 5607 5522 6183 129
H(9A) 6198 7384 4931 112
H(9B) 7728 7916 5241 112
H(9C) 6339 7729 5755 112
H(11) 11971 5791 6039 53
H(12) 12093 5706 7313 58
H(14) 8906 2860 7301 71
H(15) 8938 2887 6027 56
STable 11. Bond lengths [A] and angles [°] for 4.

Br(1)-C(13) 1.909(4)

C(1)-N(2) 1.245(6) N(2)-C(1)-N(1) 119.8(5)
C(D)-N(1) 1.423(5) N(2)-C(1)-N(3) 135.7(5)
C(1)-N(3) 1.424(6) N(1)-C(1)-N(3) 104.5(4)
C(2)-0(1) 1.202(5) O(1)-C(2)-N(1) 128.7(5)
C(2)-N(1) 1.359(6) 0(1)-C(2)-C(3) 127.1(5)
C(2)-C(3) 1.539(7) N(1)-C(2)-C(3) 104.2(4)
C(3)-0(2) 1.207(6) 0(2)-C(3)-N(3) 128.6(5)
C(3)-N(3) 1.366(6) 0(2)-C(3)-C(2) 125.4(5)
C(4)-N(1) 1.478(5) N(3)-C(3)-C(2) 106.0(5)
C4)-C(5) 1.485(6) N(1)-C(4)-C(5) 112.1(4)
C(4)-C(6) 1.509(7) N(1)-C(4)-C(6) 109.6(5)
C(7)-N(2) 1.470(5) C(5)-C(4)-C(6) 113.0(4)
C(N)-C(9) 1.504(6) N(2)-C(7)-C(9) 106.7(4)
C(7)-C(8) 1.525(7) N(2)-C(7)-C(8) 108.5(5)
C(10)-C(15) 1.356(6) C(9)-C(7)-C(8) 111.4(5)
C(10)-C(11) 1.370(6) C(15)-C(10)-C(11) 121.8(4)
C(10)-N(3) 1.446(5) C(15)-C(10)-N(3) 119.1(5)
C(11)-C(12) 1.408(5) C(11)-C(10)-N(3) 118.9(5)
C(12)-C(13) 1.369(7) C(10)-C(11)-C(12) 119.8(5)
C(13)-C(14) 1.377(7) C(13)-C(12)-C(11) 117.0(5)
C(14)-C(15) 1.405(5) C(12)-C(13)-C(14) 124.3(4)
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C(12)-C(13)-Br(1)
C(14)-C(13)-Br(1)
C(13)-C(14)-C(15)
C(10)-C(15)-C(14)

C(2)-N(1)-C(1)
C(2)-N(1)-C(4)

118.7(4)
117.0(4)
116.8(6)
120.1(6)
113.4(4)
125.5(4)

C(1)-N(1)-C(4)
C(1)-N@2)-C(7)
C(3)-NG)-C(D)
C(3)-N(3)-C(10)
C(1)-N(3)-C(10)

Symmetry transformations used to generate equivalent atoms:

121.0(4)
126.6(5)
111.8(4)
120.0(5)
126.7(4)

STable 12. Anisotropic displacement parameters (A” x 10°) for 4¢. The anisotropic

displacement factor exponent takes the form: -2n’[ h* a**U'' + ... +2hka*b* U'?]
yll U22 U33 U23 yl3 ul2
Br(1) 81(1) 138(1) 43(1) 14(1) -3(1) 5(1)
C(1) 43(3) 41(4) 41(3) -2(3) 6(3) -3(4)
C(2) 49(4) 51(4) 41(3) -2(3) -4(3) 9(4)
C(3) 45(3) 52(5) 43(3) 1(3) -6(3) -4(4)
C4) 59(3) 62(4) 36(2) -2(3) -6(3) 8(3)
C(5) 98(5) 95(5) 89(4) -15(5) -31(5) -25(5)
C(6) 113(5) 98(5) 108(5) 58(5) -43(5) -26(6)
C(7) 47(3) 60(4) 41(3) -3(4) -1(3) 16(4)
C(8) 73(5) 102(6) 83(4) 5(4) 21(4) 2(5)
C©) 96(5) 55(4) 75(4) -11(4) -20(5) 25(5)
C(10) 31(3) 44(4) 34(2) 1(3) -4(3) 5(4)
C(11) 38(3) 55(4) 39(2) 7(3) -4(3) -3(4)
C(12) 59(4) 38(4) 47(3) -3(3) -7(3) -2(4)
C(13) 54(4) 57(4) 40(3) 11(3) -11(3) 4(5)
C(14) 56(4) 69(4) 51(3) 21(3) 11(4) -2(5)
C(15) 41(3) 54(4) 45(3) 1(3) -2(3) -13(4)
N(1) 40(2) 52(3) 34(2) -3(2) 0(2) 3(3)
N(2) 38(2) 55(3) 39(2) -7(2) 0(2) 9(3)
N(@3) 31(2) 53(3) 37(2) -4(2) -4(2) 4(3)
o(1) 64(2) 80(3) 47(2) -10(3) 11(2) 19(2)
0Q2) 57(3) 103(3) 49(2) -6(3) -9(2) 36(3)
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3) '"HNMR and “C NMR Spectra of All New Compounds
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