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Isolation of the Saddle and Crown Conformers of Cyclotriveratrylene (CTV) Oxime
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Experimental Section

All solvents and reagents were used without further purification unless otherwise noted.
Reactions were performed under an atmosphere of nitrogen. Merck silica gel 60 (230-400 mesh)
was used for flash chromatography. Merck Kieselgel 60 F254 DC-Fertigplatten (0.25 mm, Art.
5719) were used for TLC. "H NMR spectra were obtained from either a Varian INOVA 300 or
Varian Gemini 2000 300 MHz spectrometer with tetramethylsilane (TMS) as an internal
standard. Noise-decoupled and '°C NMR spectra were recorded at 75 MHz on either the Varian
INOVA 300 or Varian Gemini 2000 spectrometer. IR spectra were recorded on a Thermo
Nicolet Nexus 670 FT-IR using an Alfa Aesar NaCl crystal polished optic disc, (25mm x 4mm).
Mass spectra were run on a Thermo Finnigan LCQ Advantage instrument. UV-Vis spectra were
obtained from an Agilent 8452 Value Analysis UV-Vis Spectrometer and using Agilent UV-Vis
Chemstation version 8.2 software. Melting points were obtained using an Electrothermal Mel-
Temp®. CTV was prepared from veratryl alcohol in formic acid according to the procedure of
Collet [Garcia, C.; Andraud, C.; Collet, A. Supramolecular Chemistry. 1992, 1, 31-45] and was
recrystallized from dry toluene affording guest-free crystals according to Atwood [Zhang, H.;
Atwood, J. L. J Cryst Spec Res. 1990, 20, 465-470].

10,15-Dihydro-2,3,7,8,12,13-hexamethoxy-5SH-tribenzo[a,d,g]cyclononen-5-one, CTV
Ketone — (2). An improvement of the method of Stevens [Cookson, R. C.; Halton, B.; Stevens,
I. D. R. J Chem Soc B: Phys Org. 1968, 767-774] was employed. To a solution of
cyclotriveratrylene (13.52 g, 30.0 mmoL, 1.0 eq) in glacial acetic acid (91 mL) was added water
(107 mL) and sodium dichromate (16.2 g, 54.0 mmoL, 1.6 eq) and the dark orange solution was
heated under reflux for 25 h. "H NMR indicated only 2-3% CTV remaining. The dark green
solution was cooled to room temperature, diluted with methylene chloride (120 mL) and washed
with sodium bicarbonate until the pH was basic by pH paper. The aqueous portion was extracted
with methylene chloride (2 X 20 mL) and the combined organic layers were successively washed
with water and brine. The organic layer was then dried over Na,SO4 and concentrated to give a
yellow-brown foam which was chromatographed on silica gel (1080 g) eluting with EA/CH,Cl,
(15/85) to afford the desired ketone (6.67 g, 48%) as a pale yellow crystalline solid: mp 207-
208°C (lit 213-214 °C: Cookson, R. C.; Halton, B.; Stevens, I. D. R. J Chem Soc B: Phys Org.
1968, 767-774]. UV-vis and IR identical to reported values; 60 MHz "H NMR reported
previously. 'H NMR (300 MHz, CDCls) & 7.43 (2H, s), 6.76 (2H, s), 6.49 (2H, s), 3.96 (6H, s),
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3.92 (6H, s), 3.81 (6H, s), 3.77 (4H, br s). *C NMR (75 MHz, CDCls) & 194.3, 152.8, 148.0,
147.7,133.2, 133.0, 132.2, 114.5, 112.9, 111.7, 56.4, 56.2, 56.0, 37.1.

10,15-Dihydro-2,3,7,8,12,13-hexamethoxy-5H-tribenzo[a,d,g]cyclononen-5-oxime, CTV
Oxime Crown (3) and CTV Oxime Saddle (4). To a solution of CTV ketone 2 (194 mg, 0.430
mmol, 1.0 eq) in pyridine (2.0 mL) was added hydroxylamine hydrochloride (4.30 mmol, 10.0
eq) and the resulting solution was heated under reflux for 16 h. The reaction mixture was
concentrated in vacuo and the residue was dissolved in methylene chloride (12 mL) and washed
successively with 1N hydrochloric acid (2 X 25 mL), water (1 X 20 mL), and brine. The organic
layer was then dried over Na,SO, and concentrated to give an off white foam which was
chromatographed on silica gel (18 g) eluting with EA/CH,Cl, (20/80) to afford the oxime crown
conformer 3 (0.144 g, 70%) as a colorless solid that was crystallized from MeOH to afford
colorless needles: mp139-141°C; UV-Vis (EtOH): Amax 235 (log € =4.54), 290 (log € = 4.07);
IR (thin film from CH,Cl,) 3441 , 3288, 3203, 3057, 3001, 2934, 2846, 1606 (str, C=N), 1514,
1464, 1345, 1263, 1223, 1127, 1081, 734 cm™. 'H NMR (300 MHz, CDCls) & 9.41 (1H, br s),
6.96 (1H, s), 6.90 (1H, s), 6.86 (1H, s), 6.81 (2H, s), 6.71 (1H, s), 4.77 (1H, d, J = 13.8 Hz), 4.38
(1H, d, J=13.5 Hz), 3.89 (3H, s), 3.87 (3H, s), 3.83 (12 H, s), 3.58 (1H, d, J = 13.8 Hz), 3.50
(1H, d, J=13.5 Hz). C NMR (75 MHz, CDCls) & 158.4, 149.2, 149.1, 147.7, 147.5, 147 4,
147.2,133.0, 131.2, 131.1, 131.0, 128.0, 127.0, 112.6, 112.5, 112.4, 110.9, 108.6, 56.0, 55.9,
55.8,55.7,36.7,36.0. MS MH" calcd for C,7H29NO7 480.20, found 480.20. The sample was
stored at -80°C immediately after chromatographic isolation and concentration.

Further elution afforded saddle oxime 4 (0.055 g, 27%) as a colorless glass: mp 222-224°C
(softens at 201-203°C); UV-Vis (EtOH): Ama.x 237 (log € =4.54), 286 (log € =4.10) nm. IR (thin
film from CH,Cl,) 3442, 3296, 3057, 3001, 2933, 2851, 1607 (str, C=N), 1514, 1464,1347,
1263, 1214, 1215, 1081, 735 cm™. "H NMR (300 MHz, CDCI3) & 8.88 (1H, br), 7.32 (1H, s),
6.70 (2H, s), 6.67 (1H, s), 6.64 (1H, s), 6.53 (1H, s), 4.02 (2H, s), 3.89 (3H, s), 3.86 (3H, s), 3.85
(3H, s), 3.84 (6H, s), 3.80 (3H, s), 3.54 (2H, s). *C NMR (75 MHz, CDCl;) &

157.3, 149.6, 149.4, 147.4, 147.2, 147.0, 146.9, 132.8, 132.1, 130.4, 130.3, 127.2, 125.1, 113.9,
113.7,113.6, 112.2, 110.8, 110.5, 60.3, 55.8, 38.7, 36.9 ppm. MS MH" calcd for C,7;HxNO;
480.20, found 480.20. The sample was stored at -80°C immediately after chromatographic
isolation and concentration.

'"H NMR Study of the Cyclotriveratrylene Oxime Saddle-Crown Equilibrium and Its
Interconversion Kinetics

'"H NMR was utilized to study the conversion of the saddle conformer to the crown conformer.
The equilibrium constants K4 and conversion time constants for the oxime of CTV dissolved in
CDCl; and dmso-ds were determined at 25°C.

Samples of the crown and saddle conformers of the oxime of CTV were isolated by column
chromatography. Samples of the saddle conformer dissolved in CDCl; and dmso-ds were
maintained at 25°C for one week until the ratio of the two conformers ceased to change and
equilibrium had been reached. The equilibrium ratio of saddle and crown conformers was then
determined by 'H NMR spectroscopy at 25°C by measuring the ratio of saddle to crown peak
intensities in the aromatic region of the spectra. This ratio was found to be 48:52 (saddle to



crown) for the oxime dissolved in CDCl3, and 8:92 (saddle to crown) for the oxime dissolved in
dmso-ds. These data furnished an equilibrium constant K¢q= 0.92 for the oxime dissolved in
CDCl3, and a K¢q= 0.087 in dmso-d;s at 25°C.

Freshly prepared samples of the saddle conformer dissolved in CDCl; and dmso-ds were
maintained at 25C in the NMR for 18 and 20 hrs, respectively. The decrease in the 'H NMR
saddle peak intensities in the aromatic region was recorded as a function of time. Non-linear
curve fitting of the exponential decrease of the saddle peak intensity, utilizing the Varian kinetics
software, furnished the time constant t = 1.275¢+04 s (3.54 hr) for the conversion of saddle to
crown dissolved in CDCl3 and t = 1.926e+04 s (5.35 hr) in dmso-d; at 25C.

The time constant 7 is the inverse of the rate constant k. Thus, k= 7.843¢” 57! for the conversion
of saddle to crown dissolved in CDCl; and k = 5.192¢7 s'in dmso-ds. From the first order rate
law, the half-life for the conversion is t;, = In(2) / k. Therefore,

t1 = In(2) /7.843¢” s = 8,837.6 s (2.45 hr) in CDCl; and t, = In(2) /5.192¢” s = 13,350.0 5™
(3.71 hr) in dmso-ds at 25C.

This investigation shows that there is a definite solvent dependence for both the rate of
conversion from saddle to crown and the final equilibrium saddle : crown ratio. Conversion of
the saddle to the crown is faster for the CTV oxime dissolved in CDCl; than in dmso-ds at 25C,
and the final equilibrium ratio of crown to saddle is an order of magnitude greater in dmso-ds
than in CDCls.



10,15-Dihydro-2,3,7,8,12,13-hexamethoxy-5H-tribenzo[a,d,g]cyclononen-5-one, CTV

Ketone — (2). Infrared spectrum
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10,15-Dihydro-2,3,7,8,12,13-hexamethoxy-5H-tribenzo[a,d,g]cyclononen-5-one, CTV

Ketone — (2). 'H NMR Spectrum
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10,15-Dihydro-2,3,7,8,12,13-hexamethoxy-SH-tribenzo[a,d,g]cyclononen-5-oxime, CTV
Oxime Crown (3) Infrared Spectrum
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10,15-Dihydro-2,3,7,8,12,13-hexamethoxy-SH-tribenzo[a,d,g]cyclononen-5-oxime, CTV
Oxime Crown (3) 'HNMR Spectrum
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10,15-Dihydro-2,3,7,8,12,13-hexamethoxy-5H-tribenzo[a,d,g]cyclononen-5-oxime, CTV
Oxime Saddle (4) Infrared Spectrum
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10,15-Dihydro-2,3,7,8,12,13-hexamethoxy-5H-tribenzo[a,d,g]cyclononen-5-oxime, CTV
Oxime Saddle (4) '"H NMR Spectrum
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= 48:52

CTYV oxime saddle and crown equilibrium mixture in CDCl; at 25°C for 7 days

saddle to crown
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CTYV oxime saddle and crown equilibrium mixture in CDCl; at 25°C for 7 days

saddle to crown
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CTYV oxime saddle and crown equilibrium mixture in dmso-d6 at 25°C for 6 days
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CTYV oxime saddle to crown interconversion in CDCI; kinetics data at 25°C

Exponential data analyeia: CTV axime saddic (o crown mlercanversiin
in D at 25°C
peak tau error
F | 1.275e+04 640.7
peak number 1
tan = 1.28e+04 eYTror = 541
L ime obeerved calculated difference
1783 75.4 T5.5 -0.0295
3566 T3 F2.5 0,721
5348 589.7 G39.6 0,124
7134 67.7 a7.2 0553
£914 54.8 SEL1 =15313
1.07e+04 63.1 563.3 -0.187%
1.Z4Be+04 1 BT -B. T8
1.426e+04 55.1 a0.3 - L.26
1.505e+04 GE 5342 g e
1.783%3=+04 £ | GE.1 =1 01
1.961=+04 57 57.2 - 0. 201
2.139=+04 EG.3 E6.5 -0 .18
2.318e+0d L | 55.8 G.28%
2.490e+04 ES.H L D.5BQ
2.674e+04 55,4 L o.733
Z.B53e+04 E5 54,2 0.815%
31.031e+04 54,0 53.8 1.02
3.2052+04 54,4 B2 .5 0.935
3_.538T=+04 4,4 5% .2 1.22
3_.586e+04 4.2 E2.% 1.2+
3, T44e+04 Ln 52.7 1.47
3.522e+04 E2.8 Bd.h 0,318
4.101e«05 2.6 BE2.4 0,206
4.27%2+04 2.4 52.2 0.162
4.4572+04 GE.d 2.1 gt I
4.6362=+04 L P 52 -1.08
4.814m+04 1.8 1.5 =0. 035
4.5%%2e+04 BT Gi.8 -9.132
5.17e+04 51,5 55..7 -0.2499
9,34 %92+0q 0.6 BL:} -1.47
5.B527e+04 Bil.8 2B -0, 0612
5. T05e+04 i 51.6 -0,494
G.8H4m+04 50.2 51.58 =1 .28
b.062e+043 51.4 51.5 -0, 045



lot at 25°C
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CTYV oxime saddle to crown interconversion in dmso-d; kinetics data at 25°C

CTV oxime saddle o crown inlerconversion

Exponential data analysis:
i ¥ in dmso-da ol 2550

peak L&l errar
] 1o9Z6e+04d TS 32

peak numbar 1

tau = 1.9%e+04 Srror = 75
[ e ohesrved calculated difference
303.1 181 151 0.1&E7
2853 1340 13q -0.247
T483 111 113 -1.,84
1.107=2+04 58,3 93 .4 0.3086
1.4c8e+04 BV.2 BE.4 0.301
1.8282+04 7.6 JEe.5 1 R B
2. 184a4+04 69.2 68 .2 0.207
2.543e+04 61.3 61.4 -0.08%7
2.802a+04 558 pai T -0.179
1. 261e+04 51.4 51 0.358
3.62e+04 47.1 47,1 -0, 0565
3. 979a 0 42 .4 43 .59 =y
4,.338e+04 35,8 41.3 -1.,43
3. 697e+04 3723 1% =1.65%
5. {0582+04 35.6 = i P -1.18
5. 4l5s+04 5.7 3i5.6 .10
5. 774e+04 3q.8 4.3 ~.148
5.,1332+04 34 .3 33,2 1.03
G,492e+04 3.5 2.4 1.16

6. 852e+0q 33 1,5 1.32



ics plot at 25°C
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