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A Note about Compound Designations.
All compounds that are discussed in the main body of the text are identified by bold numbers 1-
12 in the Supporting Information. Virtual compounds created in silico for ab initio studies are
designated by capitol bold letters A — F in both the text and the Supporting Information. Throughout,
lower case bold letters are added to indicate stereoisomers; for a few in silico compounds additional
Greek bold letters are used to indicate rotational conformers. Synthetic intermediates or other

compounds that are only discussed in the Supporting Information are designated as SI1, SI2, etc.

Crystallographic Data
The stereostructures of compounds ent-3c, ent-3d, SI-10 (analogue of compound 5), SI-11 (analogue
of compound 11) were verified by X-ray crystallography. The details of these analuses can be accessed
through CCDC entries 647651 (ent-3¢), 647652 (SI-10), 647654 (SI-11), and 683831 (ent-3d) contain
the supplementary crystallographic data for this paper. Note that the X-ray structures for racemic
compounds 3¢ and 3d were solved in forms enantiomeric to those depicted in the paper. These data can
be obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccde.cam.ac.uk/data_request/cif.
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Computational Methodology

The Gaussian98' and Gaussian03 programs were used to perform optimization, single point,
and frequency calculations. Only the Gaussian03 program was used for the solvent calculations. The
levels of theory and basis sets utilized were MP2/6-31G*, and MP2/6-311+G**//MP2/6-31G*.
Frequency calculations were performed to confirm the identity of minima. The MP2/6-31G*
frequencies were then scaled based on the recommendations of Scott and Radom” and used to convert
the electronic energies to free energies. All of the solvent calculations were single points at the MP2/6-
311+G**//MP2/6-31G* level of theory and used the CPCM method with a dielectric of 8.93, which is

that of dichloromethane, the experimental solvent.

In calculations for the (methoxymethyl)hydroxyethyl azides, the initial conformational searches
used a model system in which the terr—butylcyclohexane ring was substituted with hydrogens. The
hydrogens were then replaced with methyl groups in all located minima and reoptimized. Not
surprisingly, some conformers were no longer minima on the potential energy surface due to new steric

interactions. All located minima along with their energies are listed below.

SI-4



Cation—n Through-Space Interactions Ribelin et al.

Table 1S. Total Energies (HF) and Relative Energies (kcal/mol) of the Heteroatom-Substituted
Cyclohexane Intermediate Model System, A, for R = Methoxy (@, B and y are different rotational
conformers of the methoxy group)

N N N
LNO\j\O‘CH:,, LNO\j\gH LNO\j\O‘\CH3
Aag Aap ’ Aay

wenae | WESTIGE | e
Conformer Total Energy | Rel. E | Total Energy | Rel. E | Total Energy | Rel. E
Aaa -509.3607392 6.7 -509.6502942 6.5 -509.7284358 | 4.4
Aaf -509.3537409 11.0 -509.6434077 10.8 -509.7234012 | 7.6
Aay -509.3600171 7.1 -509.6493108 7.1 -509.7277374 | 4.9
Aba -509.3713410 0.0 -509.6605836 0.0 -509.7354688 | 0.0
Aby -509.3694586 1.2 -509.6577753 1.8 -509.7341690 | 0.8
Acou -509.3560575 9.6 -509.6456783 9.4 -509.7246449 | 6.8
Acp -509.3485749 14.3 -509.6383574 13.9 -509.7196747 | 9.9
Ad CNL — CNL — CNL —

Table 2S. Total Energies (HF) and Relative Energies (kcal/mol) of the Heteroatom-Substituted
Cyclopentane Intermediate Model System, C, for R = CH,OCHj (1, 2, 3, 4, 5, and 6 are different
conformers of the five-membered ring)

wnenae | WESTGE | MGG
Conformer Total Energy | Rel. E | Total Energy | Rel. E | Total Energy | Rel. E
Cal -587.724808 0.0 -588.072203 0.0 -588.139453 0.0
Ca2 -587.711118 8.6 -588.060392 7.4 -588.132327 4.5
Ca3 -587.715968 5.5 -588.064355 4.9 -588.132812 4.2
Ch4 -587.716059 5.5 -588.064108 5.1 -588.132618 4.3
Cb5 -587.705800 11.9 -588.054558 11.1 -588.126999 7.8
Cb6 -587.710967 8.7 -588.059338 8.1 -588.128691 6.8
Cb7 -587.711884 8.1 -588.060850 7.1 -588.130136 5.8
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Table 3S. Total Energies (HF) and Relative Energies (kcal/mol) of the Heteroatom-Substituted

Ribelin et al.

Cyclopentane Intermediate Model System, E, for R = CH,OCH; (1, 2, 3, 4, 5, 6, and 7 are different
conformers of the five-membered ring)

MP2/6-316G(0) 316 | MPas 316(d) Cron
Conformer Total Energy Rel. E Total Energy Rel. E | Total Energy | Rel. E
Ea1 -587.722221 0.0 -588.071031 0.0 | -588.137952 | 0.0
Ea2 -587.721498 0.5 -588.070231 0.5 | -588.136688 | 0.8
Ea3 -587.719873 1.5 -588.068568 1.5 | -588.136437 | 1.0
Eb4 -587.720915 0.8 -588.069906 0.7 | -588.136496 | 0.9
EbS -587.713206 5.7 -588.062282 55 | -588.131721 | 3.9
Eb6 -587.712890 5.9 -588.062160 56 | -588.132392 | 3.5

Table 4S. Corrections (HF) Based on MP2/6-31G* Frequencies Used to Convert Energies to Free
Energies for N," Axial Conformers

Compound a, R equat. b, R axial
A (@) 0.155696 0.156735
ca,4) 0.209666 0.208964
E1, 4) 0.209467 0.209030

Table 5S. MP2/6-31G* Cartesian Coordinates for Aag

Atom X Y Z

O -0.6308 -1.5957 0.6501
C 0.7476 -1.3352 0.2868
C 0.9409 0.1654 0.0613
C -0.0386 0.6743 -0.9985
N -1.4367 0.1933 -0.6961
C -1.4860 -1.3115 -0.3826
H 1.0090 -1.8854 -0.6266
H 1.3475 -1.7076 1.1169
H 0.1937 0.2426 -1.9759
H -0.0441 1.7631 -1.0861
H -1.2093 -1.7558 -1.3466
H -2.5090 -1.5640 -0.1004
N -2.0457 0.9002 0.1992
N -2.6796 1.5450 0.9053
O 2.2011 0.4508 -0.4899
H 0.7741 0.7029 1.0094
C 3.2450 0.6209 0.4873
H 4.1396 0.8652 -0.0820
H 3.4145 -0.2974 1.0570
H 3.0018 1.4427 1.1688
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Table 6S. MP2/6-31G* Cartesian Coordinates for Ab

Atom X Y Z

O -1.8064 -0.5450 1.4017
C -1.7379 0.8688 1.0968
C -0.8248 1.1513 -0.1017
C -1.3779 0.3428 -1.2854
N -1.4931 -1.1086 -0.8981
C -2.3351 -1.2764 0.3666
H -2.7533 1.2395 0.8945
H -1.3699 1.3469 2.0056
H -2.4077 0.6136 -1.5442
H -0.7659 0.4059 -2.1874
H -3.3233 -0.9398 0.0269
H -2.3466 -2.3338 0.6352
N -0.3476 -1.7233 -0.8107
N 0.5648 -2.4180 -0.8497
C 0.6151 0.7043 0.1234
C 1.5323 0.8385 -0.9360
C 2.8414 0.3739 -0.8168
C 3.2639 -0.2288 0.3710
C 2.3747 -0.3354 1.4419
C 1.0615 0.1250 1.3228
H 1.2384 1.3245 -1.8649
H 3.5327 0.4899 -1.6475
H 42827 -0.5945 0.4667
H 2.7015 -0.7809 2.3779
H 0.3936 0.0036 2.1687
C -0.9139 2.6464 -0.4332
H -1.9517 2.9546 -0.6009
H -0.5063 3.2301 0.3967
H -0.3354 2.8889 -1.3277

Table 7S. MP2/6-31G* Cartesian Coordinates for Cal

Atom X Y Z

N 0.8158 0.5051 -0.8692
C 1.4423 -0.0376 0.4544
C 0.2279 -0.6714 -1.5912
O 0.8405 -1.3096 0.5836
C -0.1256 -1.6120 -0.4371
H 1.0300 -1.0547 -2.2241
H -0.6183 -0.3563 -2.2042
N 0.0376 1.5225 -0.7442
N -0.5292 2.5158 -0.6966
H 0.0295 -2.6579 -0.7225
C -1.5385 -1.4187 0.0707
H -2.2518 -1.8659 -0.6393
H -1.6462 -1.9240 1.0398
O -1.7591 -0.0195 0.1885
C -3.0701 0.2784 0.6968
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-3.1468 1.3647 0.7404
-3.8405 -0.1201 0.0285
-3.1975 -0.1427 1.6990
1.1014 0.8450 1.6329

0.0197 0.8925 1.7688

1.5401 0.3789 2.5182

1.5320 1.8455 1.5311

2.9233 -0.1875 0.1842

3.4018 0.7877 0.0689

3.3687 -0.7082 1.0358

anjjerBlaniii @l jas] janflani (@] jun] junfjan

3.0934 -0.7884 | -0.7117

Table 8S. MP2/6-31G* Cartesian Coordinates for Cb4

Atom X Y V4

1.2417 -0.3618 -0.7230

0.8716 0.9407 0.0936

0.1233 0.4028 1.1472

-0.5205 -0.8491 0.8135

0.0569 -1.2717 | -0.5513

0.3716 -2.3163 -0.6042

-0.6174 | -1.0408 -1.3753

-2.0338 -0.7413 0.7982

-2.4625 | -1.7568 | 0.8196

-2.3521 -0.2197 1.7118

-2.4281 -0.0482 | -0.3666

-3.8461 0.1638 -0.4099

-4.3807 | -0.7924 | -0.3978

-4.1710 | 0.7764 0.4378

-4.0488 | 0.6869 -1.3431

2.3669 -0.8948 | -0.3907

3.4239 -1.3158 -0.2279

-0.2237 | -1.5492 1.6028

2.1039 1.6122 0.6492

2.7693 1.9498 -0.1496

1.7703 2.4894 1.2082

2.6332 0.9603 1.3481

0.0803 1.7969 -0.8707

-0.8153 1.2825 -1.2166

-0.2396 | 2.6850 -0.3184

TR EQEEEQE|ZZ|IB|Z|EQIO|Z|EQZ|EQIQ|C|O|Z

0.7047 2.1063 -1.7118

Table 9S. MP2/6-31G* Cartesian Coordinates for Eal

Atom X Y Z

O 1.6901 1.3889 -0.1217
C 1.6673 0.0108 -0.2997
C 0.3522 1.8798 0.0112
N 0.5106 -0.3235 0.7547
C -0.3066 0.9247 1.0187
H 0.4239 2.8971 0.3977
H -0.1853 1.8736 -0.9406
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N -0.1029 -1.4317 0.6252
N -0.5681 -2.4805 0.5772
C -1.7902 0.6980 0.7966
H -2.2151 0.0450 1.5760
H -2.2998 1.6711 0.8716
O -1.9172 0.1218 -0.4866
C -3.2910 -0.1130 -0.8451
H -3.7633 -0.7995 -0.1340
H -3.2728 -0.5604 -1.8372
H -3.8459 0.8300 -0.8722
H -0.0918 1.2154 2.0511
C 2.9595 -0.5824 0.1953
H 3.7615 -0.2556 -0.4723
H 2.9228 -1.6747 0.1806
H 3.1703 -0.2266 1.2045
C 1.2275 -0.4470 -1.6749
H 0.2315 -0.0829 -1.9302
H 1.2395 -1.5384 -1.7473
H 1.9520 -0.0544 -2.3935
Table 10S. MP2/6-31G* Cartesian Coordinates for Eb4

Atom X Y V4

O 1.8786 -1.1704 -0.5758
C 0.6690 -1.9153 -0.3899
C -0.4251 -0.8681 -0.5955
N 0.2533 0.2830 0.0976
C 1.8175 0.0155 0.1623
H 0.6155 -2.3683 0.6067
H 0.6492 -2.6948 -1.1519
H -0.5294 -0.6185 -1.6571
C -1.7778 -1.0931 0.0394
N -0.1541 1.4633 -0.1595
N -0.4901 2.5526 -0.2989
C -2.3016 -1.9053 -0.4875
C -1.6673 -1.3744 1.0976
O -2.4377 0.1479 -0.1032
C -3.7781 0.1224 0.4134
H -3.7754 -0.1173 1.4821
H -4.1826 1.1211 0.2580
H -4.3835 -0.6106 -0.1292
C 2.5966 1.0864 -0.5593
H 2.2590 1.1787 -1.5941
H 2.5338 2.0493 -0.0454
H 3.6450 0.7778 -0.5698
C 2.1597 -0.1463 1.6274
H 1.9980 0.7897 2.1679
H 1.5616 -0.9304 2.0945
H 3.2164 -0.4179 1.7001
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General Information. All commercial materials were used as supplied unless otherwise noted. 'H and
3C NMR spectra were recorded on Bruker instruments in CDCl; at 400 MHz for 'H and and 125 MHz
for °C. IR spectrum was taken on a FT/IR-8000S. Dry flasks (noted) were flame dried under vacuum.

Solvents were dried using an Innovative Technologies Pure-Solv solvent system.

List of Known Compounds
The following azides and intermediates are known: 3-azido-2-methoxypropan-1-ol (1a)’, 3-
azido-2-phenylpropan-1-ol (2a)’, 2-azido-1-cyclohexylethanol (7), 2-azido-2-cyclohexylethanol (13),
2-(4'-methoxybenzyloxy)methyl oxirane®, 3-methoxypropane-1,2-diol (SI-4).”
Figure S1: Known intermediates and compounds.

HO/\(\N3 HO/\(\N:; PMBO/\<\O MeO/\%
OMe Ph
(1a) (2a)

LY N, [>T OH
OH N3
7 13

Scheme S1. Synthesis of 1c.

NaN3, NH,Cl NaH, then CHal
PMBO™ >} PMBO Ny — - - >
o H,O/EtOH /\OC ° THF
100 °C, 3 h 88%
829% SI-1
DDQ
PMBO™ N HO™ >N
OMe CH,Cl, / H,0 OMe
SI-2 50% 1c

3-Azido-2-methoxy-propan-1-ol (x)-l¢ was prepared in three steps from commercially
available starting materials (Scheme S1). Taking into consideration that (+)-1c is a low molecular
weight azide and therefore volatile, the synthesis entailed a protection/deprotection strategy to increase

the molecular weight and subsequent ability to handle the intermediates during the synthesis. Hence, 2-

SI-10
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(4'-methoxybenzyloxy)methyl oxirane* underwent nucleophilic ring opening with sodium azide in
water/ethanol (1:1) to afford the PMB-protected alcohol (+)-SI-1 as a single regioisomer.
Deprotonation of the secondary alcohol by sodium hydride followed by O-alkylation with iodomethane
then gave the desired PMB-protected azide (x)-SI-2. Deprotection of the PMB protecting group by

DDQ in water/dichloromethane (1:18) gave ()-1¢ in 37% overall yield over three steps.

PMBO/\ﬁ N;

OH
SI-1

(x)-1-Azido-3-(4"-methoxybenzyloxy)propan-2-ol (SI-1). To a stirred solution of 2-(4'-
methoxybenzyloxy)methyl oxirane* (2.0 g, 10.3 mmol) in 10.3 mL EtOH and 2.5 mL H,O at room
temperature, NaN; (0.80 g, 12.4 mmol) and NH4Cl (0.72 g, 13.4 mmol) were added. After 10 min, the
mixture was heated to reflux for 1 h and then allowed to cool to room temperature, diluted with H,O,
and extracted with Et;O (4 x 20 mL). The combined organic layers were washed with water, brine,
dried (Na,SO.), and concentrated to an oil that was purified by column chromatography (5-33%
EtOAc/hexane) to provide a SI6 as a colorless oil (2.0 g, 82%); Ry = 0.40 (33% EtOAc/hexane). 'H
NMR (400 MHz, CDCls) & 7.23 (m, 2H), 6.87 (m, 2H), 4.46 (s, 2H), 3.91 (m, 1H), 3.78 (s, 3H), 3.45
(m, 2H), 3.33 (m, 2H), 2.77 (br s, 1H). >C NMR (100.6 MHz, CDCls) & 159.4, 129.7, 129.5, 113.9,
73.2, 71.0, 69.7, 55.3, 53.5. IR (neat) 3450, 2100 cm™. MS (ES+) m/z 260 [M]"; HRMS (ES+) calcd

for C;1H;sN303Na [M+1]" 260.1011, found 260.1025.

PMBO/Y N;

OMe
Sl-2

(2)-1-(3'-Azido-2'-methoxypropoxy)methyl-4-methoxybenzene (SI-2). A solution of
compound SI-1 (1.00 g, 4.2 mmol) in anhydrous THF (10 ml) was added to a suspension of NaH

(60%, 0.19 g, 4.8 mmol) via a cannula, and the resulting solution stirred for 1 h. lodomethane (0.53

SI-11
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mL, 8.4 mmol) was added dropwise and the reaction mixture was stirred for 45 min, cooled to 0 °C in
an ice bath, quenched slowly with H,O, and extracted with Et,O (4 x 10 mL). The combined organic
layers were washed with water, brine, dried (Na;SQO4), and concentrated to a yellow oil that was
purified by column chromatography (25% EtOAc/hexane) to provide SI7 as a colorless oil (0.94 g
88%); Ry=0.73 (33% EtOAc/hexane). 'H NMR (400 MHz, CDCl3) & 7.27 (m, 2H), 6.90 (m, 2H), 4.49
(s, 2H), 3.82 (s, 3H), 3.52 (m, 3H), 3.48 (s, 3H), 3.40 (m, 2H). °C NMR (100.6 MHz, CDCl;) & 159.3,
130.0, 129.3, 113.8, 79.3, 73.1, 68.7, 57.8, 55.2, 51.6. IR (neat) 2960, 2110 cm™. MS (ES+) m/z 251

[M]"; HRMS (ES+) calced for C1,H7N305 [M+1]" 251.1270, found 251.1272.

Ho/\ﬁ N,

OMe
1c

(x)-3-Azido-2-methoxypropan-1-ol (1c). DDQ (1.00 g, 4.6 mmol) was added to a stirred
mixture of SI-2 (0.66 g, 3.5 mmol) in CH,Cl, (66.7 mL) and H,O (3.70 mL) at room temperature.
After 3 h the reaction was quenched slowly with saturated NaHCO; (20 mL) followed by of H,O (40
mL) and then extracted with CH,Cl, (5 x 20 mL). The combined organic layers were washed with
saturated NaHCOs, water, brine, dried (Na;SO4), and then concentrated to a yellow oil that was
purified by column chromatography (20-80% Et,O/pentane) to provide a colorless oil (0.35 g 75%). Ry
=0.19 (33% EtOAc/hexanes). 'H NMR (400 MHz, CDCl3) & 3.68 (dd, J=4.2, 3.9 Hz, 1H), 3.58 (dd, J
= 4.8, 4.5 Hz, 1H), 3.45 (s, 3H), 3.39 (m, 3H), 2.74 (br s, 1H). °C NMR (100.6 MHz, CDCl;) & 80.5,
61.6, 57.8, 50.8. IR (neat) 3440, 2960, 2110 cm”. MS (FAB) m/z 131 [M+1]"; HRMS calcd for

C4HoN305 [M+1]" 131.0695, found 131.0681.

SI-12
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Scheme S3. Synthesis of methylthio-substituted hydroxyalkyl azide 1d.

Br2 Agon
MeS-SMe —m MeS—Br MeS-OTf
hexanes, 0 °C CH3CN, 0 °C 5 min
10 min
/\/OAC, NaN3 ACO/\/\NS K2003 HO/\(\N3
0°C—rt, 18h SMe MeOH/H,O SMe
11%
si-3 L 1d

Preparation of Methyl trifluoromethanesulfono(thioperoxoate).® A flame dried 1000 mL RBF
equipped with a magnetic stirring bar and distilled hexanes (200 mL) was cooled to 0 °C under argon
and bromine (42.4 mmol, 2.2 mL) was added. Methyl disulfide (42.4 mmol, 3.8 mL) was added to the
cooled reaction mixture drop wise with an addition funnel slowly over a period of 5 minutes. After an
additional stirring of 10 minutes, the cooled reaction mixture is diluted with 500 mL of dry acetonitrile
and silver trifluoromethanesulfonate (84.92 mmol, 22.6 g) was added in one portion to the solution and
then the flask was covered in aluminum foil.® The crude reaction mixture containing methyl

trifluoromethanesulfono(thioperoxoate) was taken forward without purification or isolation.

AcO” YN,
SMe
si-3
(x)-3-Azido-2-(methylthio)propyl ethanoate (SI-3). Allyl acetate (77.2 mmol, 8.3 mL) was
added to the cooled flask in which methyl trifluoromethanesulfono(thioperoxoate) (84.93 mmol, 16.7
g) was prepared in situ, followed by addition of sodium azide (308.2 mmol, 20.07 g) in one portion.
The reaction mixture was covered in aluminum foil and allowed to heat to room temperature over a
period of 18-24 hours, after which time the reaction was filtered through a fritted funnel containing
potassium carbonate. The mother liquor was concentrated under reduced pressure and directly

adsorbed onto silica gel, which could be purified by column chromatography (3-25 Et,O/pentane) to

provide SI-3 as tan tinted oil (1.90 g, 11%). Ry = 0.34 (25% EtOAc/hexanes). '"H NMR (400 MHz,

SI-13
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CDCls) 6 4.35-4.30 (dd, J = 16.0, 4.4 Hz, 1H), 4.18-4.13 (dd, /= 11.6, 4.0 Hz, 1H), 3.55 (d, J = 6.0
Hz, 2H), 2.97-2.93 (m, 1H), 2.19 (s, 3H), 2.09 (s, 3H). °C NMR (100.6 MHz, CDCl;) § 170.5, 63.6,
52.2,45.4, 20.8, 14.4. 1R (neat) 2100, 1741, 1232 em™. Attempts to detect a molecular ion in the MS

of this compound were unsuccessful (FAB and ESI).

HO™ > N,

SMe
1d

(x)-3-Azido-2-(methylthio)propan-1-ol (1d). To a 100 mL round bottom flask containing SI-
3 (5.2 mmol, 0.99 g) and a magnetic stirring bar was added deionized water (25 mL) and methanol
(mL) at room temperature, follwed by the addition of anhydrous K,COs (20.9 mmol, 2.9 g) in one
portion. The resulting solution was allowed to stir at room temperature for a duration of 4 hours at
which time the solution was diluted with water (50 mL) and extracted with Et,O (4x’s @ 50 mL each
time). The combined organic layers were washed with water (1x @ 20 mL) and brine (1X @ 35 mL),
and concentrated to give a yellow oil which could then be purified by column chromatography (40%-
80% Et,O/pentane) to give 1d as a colorless oil (0.43 g, 56%). Ry = 0.26 (25% EtOAc/hexanes). 'H
NMR (400 MHz, CDCls) ¢ 3.84-3.78 (m, 1H), 3.74-3.68 (m, 1H), 3.62-3.51 (m, 2H), 2.91-2.84 (m,
1H), 2.18 (s, 3H). >C NMR (100.6 MHz, CDCL) & 61.7, 52.2, 49.4, 13.9. IR (neat) 3404, 2920, 2100
cm™. Attempts to detect a molecular ion in the MS of this compound were unsuccessful (FAB and

ESI).

Scheme S4. Synthesis of 4.

MeO/\<| NaNs3, NH4C| MeO/\ﬁNg
O EtOH/H,0 OH
100 °C, 2 h
81% 4
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Azide (£)-4 was synthesized in 81% yield by treatment of glycidyl methyl ether (TCI America)

with sodium azide in EtOH/H,O (Scheme S4).

Meo/\|/\N3
OH

4

(x)-1-Azido-3-methoxypropan-2-ol (4). NH4ClI (1.20 g, 22.1 mmol) and NaN3 (1.30 g, 20.4
mmol) were added sequentially to a solution of racemic glycidyl methyl ether (TCI America, 1.53 mL,
5.7 mmol) in EtOH (23 mL) and H,O (23 mL), which was then heated to reflux. After 2 h the reaction
was allowed to cool to room temperature, diluted with H,O (20 mL), and extracted with Et,O (5 x 30
mL). The combined organic layers were washed with water, brine, dried (Na,SO,), and concentrated to
a yellow oil that was purified by column chromatography (20-50% Et,O/pentane) to provide a
colorless oil (0.61 g, 81%). Ry= 0.65 (50% EtOAc/hexanes). "H NMR (400 MHz, CDCl;) & 3.89 (m,
1H), 3.38 (m, 2H), 3.35 (s, 3H), 3.31 (m, 2H), 3.20 (br s, 1H). °C NMR (100.6 MHz, CDCl3) § 73.9,
69.4, 59.1, 53.4. IR (neat) 3420, 2950, 2110 em™, Attempts to detect a molecular ion in the MS of this

compound were unsuccessful (FAB and ESI).

Scheme S8. Synthesis of 10.

Moo ] __HCIOs _ Meo™> "o _ TIPSCI MeO™ > oTiPs _ MsCl ELN
O no OH DMF, 2 h OH CH,Cl,
80°C, 24 h SI-4 85% 0°C—>rt,16h
98% SI-5 94%

MeO™ " OTIPS NaN3 MeO” > OTIPS TBAF MeO” > “OH

OMs DMF N3 THF, 4 h N3

100°C, 4 h 98%
Si-6 59% SI-7 10

The synthesis of azide (+)-10 was accomplished in five steps in 45% overall yield. Glycidyl

methyl ether (TCI America) was treated with perchloric acid in water to give the known 1,2-diol SI-4.
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The primary alcohol was then protected with triisopropylsilyl chloride to give alcohol SI-5, and
subsequent mesylation of the secondary alcohol gave intermediate SI-6. Displacement of the
mesylated alcohol with sodium azide gave the TIPS-protected azide SI-7. Deprotection by

tetrabutylammonium fluoride gave azide 10 in 46% overall yield from the 1,2-diol.

Meo/\/\OTlps

OH
SI-5

(¥)-1-Methoxy-3-triisopropylsilyloxypropan-2-ol (SI-5). Imidazole (5.10 g, 75.4 mmol) was
added to a stirred solution of glycidyl methyl ether (TCI America, 4.00 g, 37.7 mmol) in DMF (75
mL), which was then allowed to stir for 10 min at room temperature, TIPS-CI (8.90 mL, 41.5 mmol)
was then added over 5 min. After 2 h the reaction was diluted with H,O (40 mL) and extracted with
CH,Cl; (3 x 50 mL). The combined organic layers were washed with water, brine, dried (Na,SO,), and
concentrated to a colorless oil that was purified by column chromatography (20-30% EtOAc/hexanes)
to provide SI-5 as colorless oil (8.4 g, 85%). Ry = 0.81 (50% EtOAc/hexanes). '"H NMR (400 MHz,
CDCls) & 3.83 (m, 1H), 3.73 (m, 2H), 3.46 (m, 2H), 3.38 (s, 3H), 1.07 (m, 21H). "C NMR (100.6
MHz, CDCls) § 73.5, 70.6, 64.3, 59.1, 17.7, 11.9. IR (neat) 2950, 2880 cm™. MS (ES+) m/z 285

[M+1]"; HRMS (ES+) calcd for C13H3003SiNa [M+1]" 285.1862, found 285.1889.

Meo/\(\onPs

OMs
SI-6

(x)-1-Methoxy-3-triisopropylsilyloxypropan-2-yl methanesulfonate (SI-6). Triethylamine
(8.6 mL, 61.9 mmol) and methanesulfonyl chloride (4.8 mL, 61.9 mmol) were added sequentially to a
mixture of SI-5 (8.10 g, 30.9 mmol) in anhydrous CH,Cl, (77 mL) at 0 °C. The reaction was allowed

to slowly warm to room temperature and stirred for 16 h. Saturated NH4Cl (50 mL) and H,O (55 mL)
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were added and the solution was extracted with CH,Cl, (4 x 45 mL). The combined organic layers
were washed with water, brine, dried (Na,SO,), concentrated, and purified by column chromatography
(10-15% Et,O/pentane) to provide SI-6 as a colorless oil (9.94 g, 94%). Ry = 0.60 (25%
EtOAc/hexanes). 'H NMR (400 MHz, CDCl3) & 4.75 (m, 1H), 3.90 (m, 2H), 3.66 (m, 2H), 3.40 (s,
3H), 3.10 (s, 3H), 1.07 (m, 21H). °C NMR (100.6 MHz, CDCl3) & 81.7, 71.7, 62.9, 59.2, 38.3, 17.8,
11.6. IR (neat) 2960, 2890, 1340 cm’'. MS (ES+) m/z 341 [M+1]"; HRMS (ES+) calcd for

C13H33058Si [M+1]" 341.1818, found 341.1810.

MeO/\/\OTIPS

Ns

SI-7
(x)-2-Azido-3-methoxypropoxytriisopropylsilane (SI-7). NaN; (6.78 g, 104 mmol) was
added to a stirred solution of SI-6 (7.10 g 20.9 mmol) in DMF (42 mL). The solution was heated to
100 °C for 7 h after which it was allowed to cool to room temperature, diluted with H,O (50 mL), and
extracted with Et;O (4 x 20 mL). The combined organic layers were washed with water, brine, dried
(NaxSQ4), and concentrated to a colorless oil that was purified by column chromatography (5%
Et,O/pentane) to provide SI-7 a colorless oil (3.56 g, 59%). Ry=0.90 (25% EtOAc/hexanes). "H NMR
(400 MHz, CDCls) 6 3.87 (dd, J = 10.2, 4.8 Hz, 1H), 3.81 (dd, J = 10.2, 5.8 Hz, 1H), 3.55 (m, 3H),
3.40 (s, 3H), 1.10 (m, 21H). °C NMR (100.6 MHz, CDCl3) § 71.6, 63.7, 62.4, 59.2, 17.9, 11.9. IR

(neat) 2960, 2880, 2100, 1120 cm™. MS (ES+) m/z 288 [M+1]"; HRMS (ES+) caled for Ci3H3oN;05Si

[M+1]"288.2115, found 288.2107.
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MeO” " “OH

N3

10
(x)-2-Azido-3-methoxypropan-1-ol (10). Tetrabutylammonium fluoride (1 M in THF, 4.20
mL, 16.1 mmol) was added dropwise to a stirred solution of SI-7 (3.60 g, 12.4 mmol) in anhydrous
THF (250 mL). After 5 h of stirring at room temperature the solution was diluted with H,O (60 mL)
and extracted with Et;O (4 x 20 mL). The combined organic layers were washed with water, brine,
dried (Na;SOs), and concentrated to a yellow oil that was purified by column chromatography (20-80%
Et,O/pentane) to provide 10 as a colorless oil (1.59 g, 98%). Ry = 0.30 (20% EtOAc/hexanes). 'H
NMR (400 MHz, CDCl;) & 3.69 (m, 1H), 3.61 (m, 2H), 3.51 (m, 2H), 3.36 (s, 3H), 3.18 (br s, 1H). °C

NMR (100.6 MHz, CDCl3) § 72.3, 62.4, 62.3, 59.2. IR (neat) 3410, 2950, 2100 cm™'. Attempts to

detect a molecular ion in the MS of this compound were unsuccessful (FAB and ESI).
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Ring Expansion Reactions

General procedure for the synthesis of N-alkylated caprolactams. A solution of 4-tert-
butylcyclohexanone in anhydrous CH,Cl, (0.04 M) was cooled to -78 °C and BF3-OEt; (5.0 equiv) was
added. After 30 min a solution of hydroxyalkyl azide (1.2 equiv) in anhydrous CH,Cl, (0.04 M) was
added to the cooled solution drop wise via a cannula. The reaction mixture was allowed to warm to
room temperature slowly over 18-24 h at which time it was concentrated under reduced pressure and
15% KOH was added slowly to the residual oil. The reaction mixture was stirred vigorously at room
temperature for 30 min and then partitioned between CH,Cl, and H,O. The organic layer was washed
with water, brine, dried (Na,SO4) and concentrated to an oil.

Diastereoselectivities were determined from crude reaction mixtures by HPLC or GC.
Diastereomers were separated by column chromatography, preparative TLC, or crystallization; see
individual examples for details. Once crystals were obtained they were identified as a particular isomer
by HPLC, GC or LCMS comparison with the crude reaction mixture.

Lactams 1a, 1b, 2a, 2b in Sahasrabudhe et al.’ and 8, 9, and 14 in Katz et al.” have been
previously reported. The full experimental information regarding these compounds is provided in the

Supporting Information of these respective publications.

Figure S2. Lactams and diastereomeric ratios that have been previously reported.

0 0 0 o)
Me Me Ph Ph
tBu £Bu |tBu £Bu
2a 3a 2b 3b
2a:3a =74:26 2a:3b = 60:40
o) 0
o %
N> Cets CGH11/\|AN N :
OH OH /\
3 + ”, OH
t-Bu tBu . Bs
8 9 e
8:9 = 56:44 14
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o o] OH OH o
PPN 1. BFy OEL, N
. Ng~ 7 ToH 2. 15% KOH 5Me + OMe
OMe N ’
t-Bu t-Bu

98%
t-Bu
1c 2c (minor) 3c (major)
X-ray

* Ratio (*)-2¢:(x)-3¢ =4:96
* Diastereomeric ratio determined by "H and °C NMR, and GC (tr major: 27.7, tg minor: 27.1;
Carbowax; 80 — 250 °C at 5 °C/min).
* ent-3c¢ was recrystallized from Et,0.
5-tert-Butyl-1-(3'-hydroxy-2'-methoxypropyl)azepan-2-one. Compound (+)-3¢: white solid
(0.54 g, 98%). Mp 114.2-116.8 °C. Ry=0.38 (100% EtOAc). '"H NMR (400 MHz, CDCls) & 4.13 (m,
1H), 3.73 (m, 1H), 3.43 (m, 9H), 2.50 (m, 2H), 1.92 (m, 2H), 1.17 (m, 3H), 0.82 (s, 9H). °C NMR
(100.6 MHz, CDCls) & 177.6, 80.3, 59.5, 57.4, 51.5, 51.1, 47.7, 35.9, 33.0, 28.9, 27.5, 24.1. IR (neat)
3400, 2985, 1630 cm™. MS (ES+) m/z 280 [M+Na]"; HRMS (ES+) calcd for C 4H,7NO;Na [M+Na]”
280.1889, found 280.1905. The X-ray for this compound can be obtained from the CCDC (647651);
the structure of this racemic compound was arbitrarily solved as the enantiomer of 3¢ depicted above.

Compound (+)-2¢: >C NMR (100.6 MHz, CDCl;, diagnostic peaks only) & 80.2, 59.6, 57.3, 51.4,

47.9,36.1, 28.6, 24.2.

(0]
PPN 1. BF OEL, N
+ N3 : OH 2.15% KOH SMe + SMe
SMe 98% 2 B
o B t-Bu
£-Bu t-Bu
1d 2d (minor) 3d (major)
X-ray

* Ratio (¢)-2d:(x)-3d = 1.8:98.2

* Diastereomeric ratio determined by '"H and BC NMR, and LCMS of crude reaction mixture (tg
minor: 6.27 (MS 273.18), tg major: 6.54 (MS 273.18); Xterra MS C-18 column (5 uM, 4.6 x
150 mm) @ 10% CH;3;CN to 100% CH3CN.

* ent-3d was recrystallized from CH,Cly/hexanes.

5-tert-Butyl-1-(3'-hydroxy-2'-(methylthio)propyl)azepan-2-one. Compound (+)-3d: white solid

(0.82 g, 98%). Mp 86.2-88.4 °C. R, = 0.5 (100% EtOAc). 'H NMR (400 MHz, CDCL3) & 4.48 (t, J =
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14.4, 7.2, 1H), 3.86 (d, J = 14 Hz, 1H), 3.66 (m, 1H), 3.57-3.39 (m, 3 Hz), 2.81 (m, 1H), 2.57 (m, 2
Hz) 2.15 (s, 3H), 1.99 (m, 2 H), 1.29-1.11 (m, 4 H), 0.87 (s, 9H). °C NMR (100.6 MHz, CDCl;) &
177.6, 61.2, 51.5, 51.2, 48.8, 48.4, 36.0, 33.1, 29.4, 27.5, 24.1, 14.6. IR (neat) 3367, 2952, 1625 cm™",
MS (ES+) m/z 273 [M]"; HRMS (ES+) caled for C14H,sNO,S [M+H]" 274.1841, found 278.1852. The
X-ray for this compound can be obtained from the CCDC (683831); the structure of this racemic
compound was arbitrarily solved as the enantiomer of 3d depicted above. Compound (+)-2d: a high
resolution MS was obtained from the LCMS separated data. MS (ES+) m/z 273 [M]"; HRMS (ES+)

caled for C14H,sNO,S [M+H]" 274.1841, found 278.1849.

Figure S3. Chromatogram obtained from LCMS of the crude reaction to give 2d and 3d, respectively.

3-87-Crude File TR031408L02 Date 14-Mar-2008 Time 10:56:42 Description

UV Detector: 214 (3)
273.1763
6.54
6.0e-1
4.0e-1 Major
2.0e-1
(1)
5.20  Minor
7 /S B i B M oo oo o e =
2.00 4.00 6.00 8.00 10.
eak Number Time  AreaAbs Area %Total Height Mass Found
1 521 4951 8.62 43895
2 627 914 1.59 10401 273.18
3 654 50950 88.72 617986 273.18

The ring expansion reaction of 4 and 4-fert-butyl-cyclohexanone gave a 98% yield of an
inseparable mixture (by chromatography, HPLC, and GC) of lactams 5 and 6. Acylation of the
secondary alcohol by DMAP, Et;N, and 3,5-dichlorobenzoic acid gave easily separable lactams SI-8
and SI-9 (Scheme S9a), from which a ratio was obtained by HPLC. Unfortunately, all attempts to
obtain crystals from either the crude reaction mixture or the acylated products proved unsuccessful.
However, it proved possible to benzylate the crude reaction mixture of 5 and 6 to afford a single

crystalline product SI-10 by recrystallization in ca. 80% yield (Scheme S6b; the fact that a single
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crystalline product could be obtained in such high yield from the 97:3 mixture of § and 6 clearly
identifies it as a derivative of the major isomer). The structure of SI-10 was solved by X-ray

crystallography, thus proving the stereostructure of the major isomer 5.

Scheme S6. Determination of diastereomeric ratio and structure of 5 and 6.

0] OMe OMe )
1. BF(? OEt, N/\,) Kl/\N
/\lﬂ 2. 15/o KOH H
OH + OH
o, R
8/0 t-Bu t-Bu
5 6

inseparable mixture

Et3N DMAP
@ OMe OMe O
@) OMe OMe O
N/\_) KlAN o
OH  OH
\ / 95%
t-Bu t-Bu
crude reaction mixture Cl
5 6 SI- 8 (major) SI-9 (minor)
NaH, THF
@ o} OMe OMe
\ 80 %
t-Bu
crude reaction mixture
5 6 SI-10

O
o}
2. 15% KOH :
+ MeO/\l/\N3 ° OH + OH
OH /

98%
t-Bu

* Ratio (¥)-5:(%)-6 97:3

* Diastereomeric excess determined by 'H— and ?C-NMR, and HPLC of SI-8/SI-9 (tx major:
88.7, tr minor: 91.4; Phenomenex C18; 10 to 80% gradient ACN/H,O over 130 min; flow rate
1.0 mL/min; 40 °C isothermal; UV 254 nm).

e SI-10 (5 benzyl derivative) was recrystallized from hexanes
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5-tert-Butyl-1-(2'-hydroxy-3’-methoxypropyl)azepan-2-one (two isomers 5,6): colorless oil
(0.52 g, 98%). Rr=0.41 (70% EtOAc/hexanes). Major Isomer (5): "H NMR (400 MHz, CDCl;) &
4.02 (m, 1H), 3.86 (s, 1H), 3.47 (m, 2H), 3.32 (m, 7H), 2.48 (m, 2H), 1.87 (s, 2H), 0.95 (s, 3H), 0.79
(s, 9H). °C NMR (100.6 MHz, CDCls) § 177.7, 74.4, 70.2, 59.0, 52.5, 51.2, 50.8, 36.1, 33.1, 29.6,
27.5, 24.0. Minor Isomer (6): °C NMR (100.6 MHz, CDCls, diagnostic peaks only) & 177.6, 74.5,
69.9, 52.7, 51.4, 50.8, 29.1. IR (neat) 3405, 2980, 2890, 1630 cm™. MS (ES+) m/z 280.2 [M+Na]";

HRMS (ES+) caled for C14H,7NO;Na [M+Na]" 280.1889, found 280.1902.

Et;N, DMAP

OMe OMe O
O OMe OMe /5\
TNy 22 U T
\ OH , 5%
t-Bu £Bu
i i Cl

crude reaction mixture
5 6 SI-8 ( maJor) SI-9 (mlnor)

1-(5'-tert-Butyl-2'-oxoazepan-1'-yl)-3-methoxypropan-2-yl 3,5-dichlorobenzoate.
Triethylamine (1.58 ml, 11.3 mmol) and 4-di(methylamino)pyridine (0.02 g, 0.2 mmol) were added to
a stirred solution of 5§ and 6 (0.16 g, 0.60 mmol) in anhydrous CH,Cl, (19 ml, 0.2 M), which was then
cooled to 0 °C. After 10 min of stirring at 0 °C, 3,5-dichlorobenzoic acid (1.03 g, 4.97 mmol) was
added to the homogenous solution and allowed to slowly warm to room temperature. After 18-24 h of
stirring at room temperature, the solution was quenched with saturated NH4Cl, then diluted with H,O
(20 mL) and extracted with CH,Cl, (4 x 20 mL). The combined organic layers were washed with
brine, dried (Na,SO,), and concentrated to an orange oil that was purified by column chromatography
(20-70% EtOAc/hexanes) to provide pure compounds SI-8 and SI-9. Compound (+)-SI-8: colorless
oil (1.47 g, 96%). Ry=0.50 (50% EtOAc/hexanes). 'H NMR (400 MHz, CDCl3) § 7.71 (m, 2H), 7.33

(t, J =4.0 Hz, 1Hz), 5.21 (m, 1H), 3.54 (m, 2H), 3.44 (d, J = 4.8 Hz, 1H), 3.30 (m, 1H), 3.20 (m, 1H),
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3.17 (s, 3H), 2.34 (dd, J = 14.0, 8.0 Hz, 1H), 2.26 (t, J = 11.6 Hz, 1H), 1.73 (m, 2H), 1.01 (m, 3H),
0.63 (s, 9H), 0.59 (s, 1H). *C NMR (100.6 MHz, CDCl;) & 177.7, 163.4, 135.0, 132.7, 132.6, 127.9,
73.0, 71.8, 59.0, 51.1, 50.0, 48.4, 36.0, 32.8, 30.5, 29.5, 27.3. IR (neat) 2970, 1730, 1650, 1540 cm™.
MS (ES+) m/z 430.2 [M+1]"; HRMS (ES+) caled for CyH3CLLNO, [M+1]" 430.1552, found
430.1532. Compound (+)-SI-9: >C NMR (100.6 MHz, CDCls, diagnostic peaks only) & 177.2, 163.9,

135.3,132.9, 132.8, 128.1, 72.8, 71.9, 60.2, 51.2, 50.1, 48.7, 36.1, 32.9, 29.6, 27.4, 23.9.

NaH, THF
O OMe OMe
N 80 %
t-Bu
crude reaction mixture
5 6 SI-10

1-(2’-Benzyloxy-3'-methoxypropyl)-5-tert-butylazepan-2-one. A crude reaction mixture of 5
and 6 (1.0 g, 4.2 mmol) in anhydrous THF (1.5 mL) was added to a flask containing NaH (60%, 0.48
g, 14.0 mmol) via a cannula, and the resulting murky solution was stirred for 30 min. Benzyl bromide
(0.66 mL, 5.6 mmol) was added dropwise and the reaction mixture was stirred for an additional 30
min, at which time the reaction was quenched slowly with H,O (35 mL), and extracted with Et,O (4 x
40 mL). The combined organic layers were washed with water, brine, dried (Na,SO.), and
concentrated to a yellow oil. Excess benzyl bromide was removed in vacuo and the resulting off-white
solid was purified by crystallization from hot hexanes to give colorless crystals (1.24 g, 80%). A single
diastereomer SI-10 was isolated in 80% yield, providing sufficient evidence that 5 is indeed the major
diastereomer from the ring expansion reaction. The minor diastereomer resulting from alkylation of 6
was not observed or isolated from the mother liquor. Compound (+)-SI-10: R, = 0.34 (70%
EtOAc/hexane). 'H NMR (400 MHz, CDCls) & 7.34 (d, J = 4.4 Hz, 2H), 7.29 (m, 3H), 5.21 (m, 1H),

4.72 (d, J = 11.6 Hz, 1H), 4.54 (d, J = 12 Hz, 1H), 3.82 (m, 2H), 3.54 (dd, J = 10.8, 3.6 Hz 1H), 3.46
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(dd, J = 10.4, 4.8 Hz 1H), 3.40 (m, 5H), 3.22 (dd, J = 13.6, 7.6 Hz, 1H), 2.51 (dd, J = 14, 7.2 Hz, 1H),
2.40 (m, 1H), 1.90 (m, 2H), 1.20 (m, 3H), 0.86 (s, 9H). °C NMR (100.6 MHz, CDCl;) & 176.0, 138.6,
128.3, 127.8, 127.6, 73.3, 72.3, 59.3, 51.6, 51.0, 50.2, 36.4, 33.1, 29.1, 27.6, 24.1. IR (neat) 3000,
1655, 1460 cm™. MS (ES+) m/z 370.2 [M+1]"; HRMS (ES+) caled for C,;H33NO3;Na [M+Na]

370.2358, found 370.2358. The X-ray for this compound can be obtained from the CCDC (647652).

The ring expansion reaction of 10 and 4-tert-butyl-cyclohexanone gave a 96% yield of an
inseparable mixture (by chromatography, HPLC, and GC) of 11 and 12. Acylation of the secondary
alcohol by 4-nitrobenzoic acid, DMAP, and Et;N and gave easily separable lactams SI-11 and SI-12
(Scheme S10), from which a ratio was obtained by HPLC. This method also provided structure of SI-
11 which could be solved by X-ray crystallography, thus proving the stereostructure of the major

isomer 11.

Scheme S10. Determination of diastereomeric ratio and structure of 11,12.

OMe MeO

(0] -
1. BF3'OEt2 Q = Q
.\ MeO/\E/\OH 2.aq KOH @ﬁ . @
N3 CH,Cl,, \ OH OH ‘
tBu -78°C—>rt,24h & -
10 96% tBu gy 12 B

inseparable mixture

OMe
EDC, DMAP o E/ MeO o
OMe  MeO HO )
o 7 o "y Vo, N N
: (0] 0.0
N/\ + N ° N ° + g
OH OH CH,ClyTHF t-Bu tBu
. t, 24 h
t-Bu t-Bu 89%
crude reaction mixture HPLC dr = 82:18 NO, NO,
11 12 SI-11 SI-12
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OMe MeO
O -
1. BF3+OEt, Q@ o
. MeO/\E/\OH 2. aq KOH @/\ . @
Ns CH,Cl,, \ OH OH ’
£Bu -78°C—>1t,24h ¢ e
10 96% FBU 4y 12 Y

* Ratio (%)-11 : (¢)-12 83:17

e Diastereomeric excess determined by 'H— and ?C-NMR, and HPLC of SI-11/SI-12 (tz minor:
56.200, tg minor: 58.377; Phenomenex C18; 5 to 95% gradient ACN/H,O over 95 min; flow
rate 1.0 mL/min; 40 °C isothermal; UV 254 nm).

* SI-11 (p-NO,-benzoylated 11) was recrystallized from EtOH/Acetone/H,O

5-tert-Butyl-1-(1'-hydroxy-3'-methoxypropan-2'-yl)azepan-2-one (two isomers 11,12):
colorless oil (0.62 g, 96%). Ry= 0.40 (70% EtOAc/hexanes). Major isomer (11): "H NMR (400 MHz,
CDCl) 6 4.49 (m, 1H), 3.7 (m, 1H), 3.57 (m, 5H), 3.28 (m, 4H), 2.50 (t, J = 3.10 Hz, 2H), 1.90 (m,
2H), 1.12 (m, 3H), 0.81 (s, 9H). °C NMR (100.6 MHz, CDCl;) § 177.3, 71.0, 61.6, 58.7, 56.8, 51.3,
45.6, 36.6, 32.9, 29.5, 27.5, 24.1. Minor isomer (12): °C NMR (100.6 MHz, CDCl;, diagnostic peaks
only) 6 177.1, 70.9, 61.9, 58.8, 58.2, 56.8, 51.3, 45.6, 36.6, 32.9, 29.5, 27.5, 24.1. IR (neat) 3405,
2980, 2890, 1630 cm”. MS (ES+) m/z 280.2 [M+ Na]"; HRMS (ES+) caled for C;4H,7NO;Na

[M+Na]" 280.1889, found 280.1893.

EDC, DMAP Me MeO

1 0= S A

: 3 rt, 24 h
t-Bu t-Bu 89%

HPLC dr = 82:18 NO, NO,
10 11 SI-11 SI-12

2-(5"-tert-Butyl-2'-oxoazepan-1’-yl)-3-methoxypropyl 4-nitrobenzoate (SI-11, SI-12). 4-
Nitrobenzoic acid (0.11 g, 0.7 mmol) and 4-dimethylaminopyridine (0.01 g, 0.10 mmol) were added to

a stirred solution of 10 and 11 (0.16 g, 0.6 mmol) in anhydrous THF/CH,Cl, (1:1, 4 mL) and then
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cooled to 0 °C. After 10 min of stirring at 0 °C, N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide,
(EDC) (0.13 g, 0.6 mmol) was added to the homogenous solution, which was allowed to warm to room
temperature and strirred 18-24 h. The solution was then quenched with 1M aq HCI, diluted with H,O
(20 mL), and extracted with CH,Cl, (4 x 20 mL). The combined organic layers were washed with
saturated NaHCO; and brine, then dried (Na,SO,), and concentrated to a yellow oil. Purification by
chromatography (40-100% EtOAc/hexanes) provided pure compounds SI-11 and SI-12. Compound
(+)-SI-11: white solid (0.27 g, 81%). Ry = 0.68 (50% EtOAc/hexanes). Mp 100.5-101.4 °C. '"H NMR
(400 MHz, CDCl3) 6 8.28 (d, J = 8.8 Hz, 2H), 8.19 (d, J = 8.8 Hz, 2H), 5.09 (m, 1H), 4.61 (dd, J =
11.6, 8.4 Hz, 1H), 4.46 (dd, J = 11.6, 5.2 Hz, 1H), 3.66 (dd, J = 10.0, 6.4 Hz, 1H), 3.58 (m, 2H), 3.34
(m, 4H), 2.58 (dd, J = 14.5, 7.0 Hz, 1H), 2.44 (m, 1H), 1.97 (dd, J = 11.2, 8.0 Hz, 2H), 1.24 (m, 3H),
0.86 (s, 9H). >C NMR (100.6 MHz, CDCl3) § 176.6, 164.3, 150.6, 135.2, 130.8, 132.6, 127.9, 71.2,
63.4, 52.4, 51.3, 44.8, 36.5, 33.0, 29.9, 27.5, 24.2. IR (neat) 2990, 1740, 1655 cm™. MS (ES+) m/z
407.2 [M+1]"; HRMS (ES+) caled for Ca;H3N,06Na [M+ Na]': 429.2001, found 429.2010. The X-
ray for this compound can be obtained from the CCDC (647654).

Compound (+)-SI-12: white solid (0.06 g, 19%). Rr= 0.31 (50% EtOAc/hexanes). Mp 90.1-
91.6 °C. '"H NMR (400 MHz, CDCl3) & 8.29 (d, J = 8.8 Hz, 2H), 8.21 (d, J = 8.8 Hz, 2H), 5.16 (m,
1H), 4.54 (d, J = 6.8 Hz, 2H), 3.66 (dd, J = 8.8 Hz, 2H), 3.66 (s, 1H), 3.57 (m, 1H), 3.36 (s, 3H), 2.62
(m, 2H), 1.97 (m, 1H), 1.14 (m, 4H), 0.77 (s, 9H). °C NMR (100.6 MHz, CDCl3) § 176.7, 164.3,
150.7, 135.1, 130.8, 123.6, 71.6, 63.6, 59.1, 52.1, 51.3, 44.5, 36.5, 33.0, 29.9, 27.4, 24.2. IR (neat),
2990, 1740, 1645, 1545 cm™. MS (ES+) m/z 407.2 [M+Na]"; HRMS (ES+) calcd for C,H3N,OgNa

[M+Na]" 429.2001, found 429.2001.

SI-27



Cation—n Through-Space Interactions Ribelin et al.

References:

1. Gaussian 98, F., M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G.; E.; Robb, M. A. C., J. R;
Zakrzewski, V. G.; Montgomery, J. A.;; Stratmann, R. E. B., J. C.; Dapprich, S.; Millam, J. M.;
Daniels,; A. D.; Kudin, K. N. S., M. C.; Farkas, O.; Tomasi, J.; Barone, V.;; Cossi, M. C., R.;
Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford,; S.; Ochterski, J. P., G. A.; Ayala, P. Y.; Cui,
Q.; Morokuma,; K.; Malick, D. K. R., A. D.; Raghavachari, K.; Foresman, J. B.;; Cioslowski,
J. O, 1. V.; Stefanov, B. B.; Liu, G.; Liashenko, A.;; Piskorz, P. K., I.; Gomperts, R.; Martin,
R. L.; Fox, D. J;; Keith, T. A.-L., M. A.; Peng, C. Y.; Nanayakkara, A.; Gonzalez, C.;;
Challacombe, M. G., P. M. W.; Johnson, B. G.; Chen, W.; Wong, M. W.;; Andres, J. L. H.-G.,
M.; Replogle, E. S.; Pople, J. A., Gaussian,; Inc., P., PA, 1998.

2. (a) Scott, A. P. R, L., J. Phys. Chem. 1996, 100, 16502-16513; (b) Hehre, W. J. R., L.;
Schleyer, P. v. R.; Pople, J. A. Ab Initio; Molecular Orbital Theory; John Wiley & Sons: New
York.

3. Sahasrabudhe, K.; Gracias, V.; Furness, K.; Smith, B. T.; Katz, C. E.; Reddy, D. S.; Aube, J. J.
Am. Chem. Soc. 2003, 125, 7914-7922.

4, Mouzin, G.; Cousse, H.; Rieu, J. P.; Duflos, A. Synthesis 1983, 117-119.

5. Dishong, D. M.; Diamond, C. J.; Cinoman, M. L.; Gokel, G. W. J. Am. Chem. Soc. 1983, 105,
586-593.

6. Effenberger, F.; Russ, W. Chem. Ber. 1982, 115, 3719-3736.

7. Katz, C. E., Ribelin, T., Withrow, D., Basseri, Y., Manukyan, A. K., Bermudez, A., Nuera, C.
G., Day, V. W., Powell, D. G., Poutsma, J. L., Aubé, J. J. Org. Chem. 2008, 73, 3318-3327.

SI-28



PMBO™ "N
OH

~ 0 @@ oa—=~Qoaor~o ol EFQ
geRes SEGRRITLERBRAR SI-1
g IN858 2223280930 RRAR
~ ~ 0 W0 W0 T MmMMMAMMMMM™MMMMN :l;‘umumnnm;;—u.:uu
Tina 19.42
INSTRUM 1pect
PROBHD 5 sa ONP (W/15
PULPROG 133
] 2788
SOLYENT mc13
- 18
o 2
S 4789.272 Hr
FIDRES 0. 146157 Mt
AQ 3.4210291 sec
PG 57
1] 104, 400 usec
[+ 3 6.00 usec
1® 290.3 x
o1 1.00000000 sec
MCREST 0.00000000 3uc
. 0.01500000 sac
sesssmns CHAMMEL || ssssssasn
Ct iH
M 7.03 uiec
Al =1.00 o8
501 400, 1320007 Wiz
F2 - Processing pacasalers
51 32788
S 400.1300133 iz
WO Ex
558 L]
La 0.30 W
G 0
PC 1.00
}L. L 10 WA plol parasaters
cx 20.00 cm
cr 0.00 cs
Fip 10.950 pom
- 14 438,35 Mt
? 3|5 A [3Rl2)18 (£ e <1.019 ppm
: g (@ 8 #&2E & r2 2
g oaf | = = lolnl=|=| |eo PPWCR 0.59848 ppa/ce
HICH 219.45358 Hi/em
T T T T T T T T T T T T O T T T T O T T T T T T T T e e T
ppm 10 6 4 0
- ~ - =
3 EH%E e 223433 2%
5 T in3aae 2 PMBO™ Y N
- - - Ll el ] oW
v VAl @
Si-1
F2 - Acquialclon Parameters
Date_ 20050907
Timé 15.09
INSTRUM apect
PROBHO S mm QWP 1H/1S
PULPROG zgpgl0
™ 65516
SOLVENT cocl)
NS | 49
D3 4
SHH 23980.814 Hx
FIDRES 0.365918 H2
AQ 1.3664756 smc
RG 2048
D 20.850 usec
DE 6.00 usec
TE 296.7 & .
o1 0.15000001 sec
dil 0.03000000 sec
DELTA 0.05000000 aac
HCAEST 0.00000000 sac
HCWRE 0.01500000 sec
mmmannas CHANNEL [] sssscwces
NUCL 13c
Pl 7.20 uaac
PL1 -2,00 dB
SFOl 100.5228298 MHz
Ci 2
CPOPRG2 waltzlé
Wuc2 14
PCPD2 98.40 usec
PL2 =3.00 48
PL12 19.96 dB
PL1] 120.00 dB
3roz 400.131600% HHz
F2 - Processlng parametscs
§I 7
" " - L L | 4 N SF 100.6127690 MKz
" pree— w v v bk v * WOW EM
3sa ]
LB 1.00 Hz
1 | v v T T I— — T - GB 0

1.40

I T 1 I I
200 180 160 140 120 100 80 60 40 20 0 ppm .

SI-29



PMBO™ Y N;

v
OMe
Sl-2
- ~E@ OO W NG D =
3583% LR R R R
ey - o @ 1) m =
E AN3EaE sEagS Y e sennans £2 - Acouiailion Farssatery
= ~~E 88 T mmmmammmmnna nate 20050911
\ S \ / Tise 19 42
N [THEY soect
pADE) S = D (H/LS
PULPRDG 530
o 12788
SOLVENT [=rb]
"3 1]
s ?
e aTey 272 Wt
FLORES 0. 148157 HE
wg 1.4210291 sec
a a7
o 108 400 usec
o § 00 usec
e 2 24
o | 00000000 sec
WCREST 0.,20000000 1ec
o 9.91500000 wec
sansases CHAMEL 1] ssmemenes
“cl ™
Ll T 05 wsec
L) -3.00 of
o1 400. 1320007 btz
F2 - Procesaing garaseLers
Hi 12788
o 400 1300119 w1
i En
558 e
(£ L2
@ L}
PC 1.00
10 WA glot peraseters
o 20 00 ca
' cr 0 00 ca
\ ! FiP 10,750 goa
4] -
2 3 1= N ERER £y 2 -1 018 gpe
) 3| |5 Y ala|l@ R £] ~07.92 M
5 w1 = |lalnl=[=i |a PP 0 S9848 apalc
) HICH 239 46239 Arfcw
e T TYTryYyr s T i
pom ]
2 b3z 8 srecin PMBO/\(\N3
b EEE bt Tt
= iU nEedes OMe
F21 - Acquislelon Paramecers
Dats_ 20050907
Tima 15.09
[HSTRAUM apect
PROBHD 5 nwm QNP LH/LS
PULPRY zgpgll
T 63336
SOLVENT cocil
HE L1}
os 4
SWH 21980.414 Hx
FIDRES 0.365918 Hzx
AQ 1.3664756 sec
RG 2048
oW 20.350 uaec
DE 6,00 usec
TE 296.7 X
oL 0.15000001 sec
dit 0.01000000 sec
DELTA 0.05000000 swc
MCREST 0.00000000 sec
HCWRE 0.01500000 sec
smsssmas CHANHEL (] ssssmcse=s
NuCH 1o
Pl 7.20 usec
PLl -1.00 48
srol 100.6228298 MHz
wanmmmmn CHANNEL (2 smms=ass
CPDPRG2 walczlé
HUC2 W
PCPO2 38.40 usec
rL2 =1.00 48
PLL2 19.36 da
PL1) 120.00 ga
SFo2 400.1315005 MHz
F1 - Processing pacamecers
I 12748
! . sF 100.6127630 Mnz
tas WM EM
558 a
La 1.00 Hz
ca o
i ) T 1 T T ] - " 1] T T BC 1.40
200 180 160 140 120 100 80 60 40 20 0 ppm

SI-30




Q“?Q?“QEQE;?S:;E
g §38CRR8c3A23RRAN
= AmMmmommmmAMmEmMmmmMmmmmmm
L JJ i
: gl |3
E Ead B 171 Liad o
v e r e T FrrrTeeTT e -
con 10 -1 4
ToNm S49zm
a & ih A 3233
L] i M e
3:\;3 i AR
- o . ,L | ; -
y vy - v oo o int v —
i 260 ; T T T —r T . .
173 150 125 100 79 50 25 0

SI-31

HO" > N,
OMe

1c

cm T ACOUAEILAGA Yaramscery ':

Date_ 20050920

Time 14,40 'l
INSTRUM Tpact 3
PROBMD 5 ma O (WIS
PULPROG 1330 2
o wea
SOLVENT (= b} {
NS 16 1
os 2 i
S A8 272 we
FORES 0 146157 Wz ¢
g 1.4210291 sec §
ag 50.8 H
o™ 104, 800 usec,
[+ 3 6.00 usec:
TE 23k 1
o1 1,00000000 sec |
MCREST 0,00000000 sec |
nC ©.01500000 sec
nmmnne CHANMEL || semssass]
ML) ™ E
B 7,08 usec!
At -3.30 B
SFOI 4001320007 Mrr
F2 - Process.ng garaseters

st R7E8

Ea 400 1300000 WHp |
wou e

558 (]

u 0.30 Wt

] ]

rc 194

10 NMA gt perameters "Il
cx 20 00 ca il‘
cr 000 ca {1
Fir 11.000 ppm & :
Fi wot awr &
g -1 000 pos §°
F2 400,13 m2 2!
PR 0 50000 ppa/de.
HICH 240 07800 Hi/ca

&

¥

HO/Q_'“T/\‘Na

OMe
1c

7 - deanintien peaminies )
Qanr, 0080 3

N

%
ge
weemenn CHAMEL 17 tsresns T,
cPoPagy wailalh 1
s " $
OO I T T
Az -1.00 8 3
a2 19.% o |
L1t ) 139,98 o8 '
w2 400, 1216003 i -
Tl - Pracessing corsmaters 3
s 12768 i
L 100 8127090 maq
bl o )
58 [ )
8 1.8 np y
@ ] ¢
[ 140 ¥
4
10 e aloc parsmeiers 1
cx .00 cn it
o 0.00 cn ar
ris 214,000 oew it
n 21821 1% W 2}
Lt ~3 000 pga ¢
] =303 04 Wy -
=] 11.00000 opares
L= 1108, 74040 mpsen )
5
%

-



NILMNOMO0O0NNOFNMOANRM-AdDOWANFHNTCTO AN MO
WoIdMdOoOO VNI MIMOITITMMeE-OCOVOOVINITSODONWNO Aco
NN MAN A A"A A NONONNONNNONNRN O OO0 A A A A Na
OO IS T TOMAINNI NI NI NN NN NI NN ™ SMe
\S\\W ; S
K =
g E
H
F2 - Acquisition Parameters
Date_ 20080317
Time 13.44
INSTRUM drxd00
PROBHD 5 mm QNP 1H/13
PULPROG zg30
TD 65536
SOLVENT cpcll
NS 16
DS 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 90.5
oW 60.400 usec
DE 6.00 usec
TE 296.2 K
Dl 1.00000000 sec
TDO 1
==z=z=== CHANNEL fl ========
NUCl 1H
Pl 10.50 usec
PL1 -5.00 dB
SFOl1 400.1324710 MHz
FZ - Processing parameters
SI 32768
SF 400.1300000 MH=z
WDW EM
S5SB 0
LB 0.30 Hz
GB 0
PC 1.00
1 "
AL AN | | I T i ] | BAE | I I 1
10 9 8 7 6 5 4 3 2 1 0 ppm
, -l - =] ool
" L
= o%% 3 &8 R R
g ST g AcO N
W SMe
Cuz -
SI-3 &
EX1
PRI
F2 - Acguisition Parameters
Date_ 20080317
Time 313.55
INSTRUM drx400
PROBHD 5 mm QNP 1lH/13
PULPROG zgpg3g
™D 65536
SOLVENT cpecll
NS 28
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 6502
o 20.850 usec
DE 65.00 usec
TE 296.2 K
Dl 2.00000000 sec
dii 0.03000000 sec
DELTA 1.89999998 saec
DO 1
=======zx CHANNEL fl ss=s====
NuUCl 13c
-2 3 9.85 usec
PL1 -2.00 d8
SFOLl 100.6228298 MHz
======== CHANNEL £2 s=======
CPDPRG2 waltzlé
NUC2 1H
PCPD2 100.00 usec
PL2 -5.00 dB
PL12 14.58 dB
PL13 16.00 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
ST 32768
F 100.6127690 MHz
WDW EM
S5B 0
LB 1.00 Hz
GB 0
i I T N T N I ] I T 1 ! 1 BC 1.40
200 180 160 140 120 100 S8 60 40 20 0 ppm



- SNwonNwwooOSmo
[= 4] COOWMmedWOUUN M- ON
™~ [ e e e e TR M TR R T MV l- -l o R
™~ MO NNNN }+()
,/N\\T’,,\\’qa
SMe
1d
F2 - Acquisition Parameters
Date_ 20080318
Time 10.18
INSTRUM drx400
PROBHD S mm QNP 1H/13
PULFROG zg30
™ 65536
SOLVENT CcDCl3
NS 9
Ds 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 406.4
W 60.400 usec
DE 6.00 usec
TE 296.2 K
D1 1.00000000 sec
TDO 1
s=z===== CHANNEL fl oosss==s=
NUC1 1H
Pl 10.50 usec
PL1 -5.00 4B
SFOl 400.1324710 MHz
F2 - Processing parameters
SI 12768
SF 400.1300000 MH=z
WDoW EM
SS5B 0
LB 0.30 Hz
GB 0
Ill ' i PC 1.00
s l P . |
T T I T T T T T AR T I g
10 9 8 ¥ 6 5 4 3 2 1 0 ppm

MmN o oo ~

mor~ o -~ E--3

9 - Mo -

[l o o = - HO N

Vol Y

SMe
1d

F2 - Acquisition Parameters
Date_ 20080318
Time 10.22
INSTRUM drx400
PROBHD 5 mm QNP 1H/13
PULPROG zgpg30
™D 65536
SOLVENT cpcll
NS 88
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG B132
W 20.850 usec
DE 6.00 usec
TE 296.2 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
Pl usec
PL1 ds
SFOl MHz
s======= CHANNEL f2 s===s====
CPDPRG2 waltzl6
Nuc2 1H
PCPD2 100.00 usec
PL2 -5.00 48
PL12 14.58 dB
PL13 16.00 4B

SFO2 400.1316005 MHz

M2 - Processing parameters
ST

32768
SF 100.6127690 MHz

WOW EM
ss8 [
LB 1.00 Hz
GB 0
T T T T T | T T | | T °C 1.40
200 180 160 140 120 100 80 60 40 20 0 ppm

SI-33



MeO™ ™" N,

OH

[
ELRB8ARABRNTIGONG 4
g BTa882R3T52253
s BoAAmalafank i
MMM MMM F2 - acquisition Paraseters 38
Oate_ 081229 *
Tima 10.18 #
INSTRM 1oect 3
PRCBHD 5 mm GNP IH/1S ¢ :
PULPADG 1930 ! :
0 78 ! :
SOLVENT toci3 :
] 18 : ¥
0s 2 f
S 4789.272 Wt
FIORES 0. 146157 Wz |
“ 3.4210291 sec
G k-4
ow 104,400 usec 5
DE 8,00 usec. P
3 258K
o1 1.00000000 sec 1 i
HCREST 0.00000000 sec | &
MO 0.01500000 sz | 1
ko i
ssssesss CHAMMEL || ........% ¥
N H i
Pl 7.05 usec |
L8 -0 . |
o 400. 1320007 WHr ! £
Fi - Procesting paraseters
L] 12788
& 400, 1300000 M4z
WO EW
558 []
La 0.3 Mt
] ]
PC 1.00

1

10 M alot paraseters oyt
=] 2000 |

cr 0.00 ca :
Fie 11,000 pos ;

= o @] Fi 401,41 M
; 8 E‘ggﬁ Fep -1.000 pom [
- o| |bjnialo F2 -00.43 M | 4
s =rEmie PEMCH 0.50000 paa/c £
HICH 240.07800 H.d':-[ [
pom 10 8 6 4 2 0
i
i
MeO Ny !

agwer 5@ OH
5 ARE8Y =T

RREDEG 34 4 !
KN X | i

o e e et et e T

1
LPOPRGY walbeis H !
LT = H *
e 9,40 unec e
L =).00 o8 . i
P 19.56 o8 ! ]
Lt ] 120.00 a0 i
m 400, 1718003 mir
Vo
F2 = Procussing oarasetery
5 s
L 1008127890 Wi
o L+ ]
i a
L 1.00 mr
@ a
L3 1.9 i
10 W alol sarseriers L
|_1 41 2000 cn §
—o o I N ™ { i cr 2.00 ca 1}
- ’ L b Ly —_—— bt 2 . Fip 213,000 ppa i
f 2161073 e
e -3.000 pos
"'l'--|----[.-'—,....1.71.{..,-|...,|....[ i I;”’-NL
opa 200 175 150 125 100 75 50 25 0 oy T T

SI-34



Meo/\(\om:s
OH

S 8822388838580 R80 0085300 R5R98858E: SI-5
g SAARSBBAARNES33BARNNRRTIILITISRAZTZC2838833
a £ .-..-p-..n.n.n.n.n.n-mmnmnmmmﬂﬂ-"‘f‘"‘”’""”“‘“"'"‘"""""_“ F2 - Acouisition Parwmeters
\ \ Tae 17,20

INSTALM soech
PR0BM] 5 ma ON (/13
BULPROG 1530
fa 32758
SOLVENT coct3 i
NS 16
o0s 2
S 4789.272 W2
7 |ORES 0.146157 He
a0 34210291 sec .
G 12
ow 104 400 usec
26 6.00 uses

Pt 7.05 usec T |
my -1.00 o8 * :
SFO1 4001320007 MMt P
F2 - Pracessing parameters i 4
st 32788 to
= 400 1200000 Mt -
win EM

558 0

La 0.30 He

_lu__,L N = oo

}
i
10 NMA glot garanetery }
20.00 ca 4
" } ! f cr 0.00 ca |
! Fi# 11 000 oow '
: Bigiely) (8 = £ 0103 1t g
z el = o N[ Fam =1 000 pua ]
: e YR E I il Fa -400.13 He 13
3 J ! b bk PPN 0.60000 ppm/en 1
L= 240.07800 Hifcm H
BAUABEESORE RAAARE ARSI Aok ass Rosaalop antanEelosrssndsnnson: T YT T T T T T T waalh ™y
pom 10 g B 4 2
Meo/\(\OTIPS
o Mmoo =~ g =t
mS m = @& % m e~ T o~ S"‘5
g ﬁagi‘tﬂﬁ: 85881
= ~~wWOmMmowao ~r~ N - 2 - dcquinition Paamiers |
N~~~ aa Ve Qate_ 10080108 i H
| 1 Time na 1
| NS TR Frey g
PROB 4 me O /1S 3
T megl0 ]
il 43334
SaLvEMl @iy 1
N *
.1 )
St 980 814 Wi
FloREs 9.364318 Wr E
w0 [.684758 1ec v
5 min
ow 20,850 uaec I
[ 3 5.00 usec H
" T 4
o 0. 15000001 3ec i
an 0.03000000 see
ofLta 0.03000000 3¢
L ) 0.00000000 S8
= 9.01300000 vec .
messanss CameEL 1] -
gt 1
" 7.20 usee b
L] -2.00 of !
ol 100. 5276294 W
L}
waemssse CHIMMEL 17 sessenns ll
=] waltelf 3
e " .
sernz 28,40 usec
2 -1.00 o8
LYY 19,96 o8
il 12 04 of i
oz 400, 1316009 Mt ‘
F2 - Processing gerseelers 3y
H] 12758 I '
¥ 109, 8127890 Mt T
e i F
ssa a §
] 1.00 W .
o8 a '
3 1 s
10 M9 plot perasaters
1 20.00 e "
! 2 cr 0.00 c= :
i J L T B SR 37 L Tl . w Hisi.0on FiR 213 000 ooa 1
£y 2183175 He &
e -3,200 poa i
r2 =300 08 Wy H
LIS (M AT ST TR B SO e o e, B Bt e e, s e P Jo L e, T [N T B T e e
pom 200 175 150 125 100 75 50 25 (] ey ML el

SI-35



A A 2 Py T N i T
S s NmANALTELTYSssURELNANIA25E  MeO” T OTIPS
NN IDOWOOOMOI A~ A4~ D 33C OM
e TTE M MMAMMEIMAMMEAMM PN = S
S\
== \ SI-6
F2 - Auquiaition PacameCsrs
Dace_ 20060111
Time 23.23
INSTRUM spect
PROBHD 5 mm QNP LH/LS
PULPROG zg910
T0 12768
SOLVENT cocLl
NS 16
os 2
SWH 4789.272 Hz
FIDRES d,146157 He
AQ 1.4210291 sec
AL 1]
oW 104.400 usec
0E §.00 uszec
TE 293.8 K
ol 1.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
mmmasmas CHANMEL £l mm=====s
NUC1 iH
Pl 7.03 usec
eLLl -1.00 d8
5F01 400.1320007 MHz
F2 - Procesaing pacamecacs
] 4 12748
5¥ 400,1300000 MHz
WO EM
558 ]
La Q.30 Hz
| j| 2 Lot
eC I
. A I
T T =T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
L ! |
= 2(38|s b
i P i al
;R 2 s MeO” "NoTiPs
rin o -
o ~ - -
| i
Sl-6
F2 - Acquislcion Pacamacers
. Date_ 20060111
Time 23.27
INSTRUM apect
PROBHD 5 mm QNP 1H/15
PULPROG zgpql0
T0 63536
SOLVENT cocl)
NS 117
0s H
SwWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.1664736 3ec
RG 2048
oW 20.850 usec
DE 6.00 usec
TE 296.0 X
o1 0.1500000% sec
dil 0.03000000 sec
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HMCREST 0.00000000 sec
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PL! -2.00 a8
SFO1 100.6228298 MHz
semsmmns CHANNEL [ =ecsssma
CPOPRG2 waltzlé
HUCZ2 I
PCPD2 98.40 usec
PL2 -1.00 48
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F2 - Acquisition Parameters
Date_ 20080227
Time 11.19
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-5.00 4B
14.58 B
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F2 ~ Processing parameters
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NO2
Si-12

NO,
SI-12
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Fé - Acqulsition Parametera
60

Date_ 731
Time 17.40
INSTRUM apect
PROBHD 5 mm QNP 1H/LS
PULPROG =10

T0 65516
SOLVENT cocll

NS 14 1

DS 2

SWH B27E. 146 He
FICRES 0.126314 Hz
AQ 3. 958124! sec
RG

oW 60. ADD use
DE 5.00 uses
TE 297.0 ¥
oL 1.00000000 sec
T0Q 1
mmmmmmme CHANNEL £l s=mm=we=
NuCL L

Pl 8.70 usec
PL1 -4.00 dB
5F01 400.1324710 MEz

:z - Proceasing parametec:
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F2 - Acquisition Paramecers
Date_ 20060711
Time 17.42
[HSTRUM spect
PROABIID 5 mm QNP LH/LS
PULPROG gpql0
10 65516
SOLVENT copcll
M5 62
[+3] i
SWH £3980.814 Hz
FLORES 0.363918 Bz
A 1.3664756" sec
RG 2896.1
oW 20.850 user
DE 6.00 vder
TE 291.2 K
ol 2.00000000 sec
dll 0,03000000 sec
DELTA 1.89995998 sec
T00 1
——mammns CHANNEL [l ===asee
wucl 1ic
Pl 7.80 vam
PL1 -2.00 aB
srol 100.6228258 MH:e
—————— CHMNEL :2 -
CPOPRGZ waltilé
wuci 1H
PCPO2 80.00 uaer
PL2 -4.00 48
PL1Z 15.27 48
PL1] 15.00 d8
sFo2 400, 1315005 MHz
FZ - Procesaing pacanmeCers
5[ 32768
13 100.6127690 MHz
WoW EM
3as o
L8 1.00 Hez
—GB ']
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200 180 160 140 120 100 80 60 40 20 0 ppm

SI-46



