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General Aspects and Instrumentation

'H and C spectra were recorded in CDCIl; (Chemical shift references IH, 7.26; 13C, 77.0) with
Varian U400 or U500 spectrometers at the University of Illinois. Chemical shifts are in ppm and
coupling constants are in Hertz. The abbreviation ‘app’ is used to describe the apparent multiplicity of the
peak and may or may not be a valid first order analysis. Mass spectra were recorded on 70V-SE

instruments. Infrared (IR) spectra were obtained using a Spectrum BX spectrophotometer referenced to
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polystyrene standard. Data are presented as the frequency of absorption (cm™). Optical rotations were
measured with a JASCO DIP-370 digital polarimeter at 25 °C.

All reactions were performed in flame-dried glassware under nitrogen. THF and Et,O were dried
and distilled from Na/benzophenone. Benzene and CH,Cl, were dried and distilled from CaH,. Hexane
and ethyl acetate were freshly distilled from CaH,. TLC analyses were performed on a silica gel 60 F254
precoated-plates (250 um layer). All retention factors (Ry) are on silica gel TLC plates unless otherwise
noted. TLC visualizations were performed with 5% phosphomolybdic acid (0.2 M in 2.5% concd
H,SO4/EtOH (v/v)), I, vapor, or UV light. Commercial reagents were used without further purification
unless specifically noted. Column chromatography was performed according to the procedure of Still et
al' using 100-700 times excess 32-64 um grade silica gel. Products separated by chromatography are
specified in elution order. In some cases the yields of products containing residual amounts of solvent
were corrected for the solvent peak integration in '"H NMR spectra and specified individually in the data
sections. The purity of reaction products was estimated to be > 90-95% by TLC and NMR analyses
unless specified otherwise.

Gas chromatography (GC) was conducted using a Shimadzu Model 14A-GC on a Rtx-5 30-m
fused silica capillary column (split ratio~ 100:1). The following program was used: initial temp of 60 °C
for 10 min, ramp 8 °C/min to 270 °C, and hold for 10 min. The standard operating conditions were 300
°C injector temp and 310 °C detector temp. A Hewlett-Packard 3395 integrator was used to integrate the

FID detector signal.

HO,C

15a

ent-16-Oxobeyeran-19-oic Acid (15a, Isosteviol) Method A. From Stevia rebaudiana. Isosteviol was

obtained from dried leaves and stems of Stevia rebaudiana Bertoni® according to a literature procedure’
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used previously at the University of Ilinois* with some modification. Dried and ground leaves and stems
(500 g) were stirred and heated at 60 °C with five 150-mL portions of 95% ethanol. The extracts were
decanted, combined, and concentrated by rotary evaporation. The residual syrupy liquid was leached with
ether (2 x 50 mL) and dissolved in 40 mL of 48% HBr, and the solution was allowed to stand at room
temp for 20 h. This treatment liberates the aglycone as a solid black precipitate and also effects pinacol
rearrangement of steviol to isosteviol.” The black precipitate was filtered and further purified by pre-
adsorption on 70 g of 0.05-0.2 mm silica gel and elution with 2-3 L of 5:1 hexane-ethyl acetate. The yield
of crude isosteviol (15a) was 12.5 g (2.4%): mp 228-230 °C (lit.® mp 230-231 °C). The 'H and °C NMR
data agree with the literature values for (+)-isosteviol.”

Method B. From Stevia extract sweetener. A mixture of Stevia extract (1.986 g) from the SweetLeaf
Company and 48% HBr (10 mL) was stirred vigorously for 36 h. The black mixture was extracted with
CH,Cl; (30 mL). The aqueous phase was extracted with CH,ClI, (2 x 50 mL), and the combined organic
extracts were washed with water (1 x 50 mL) and dried (MgSO,). Rotatory evaporation and
recrystallization of the dark brown solid from hexane/acetone gave 0.474 mg (24%). The 'H NMR

spectra of the resulting isosteviol corresponded well with those of the product from Method A.

HO,C MeO,C

15a 15b
Methyl ent-16-Oxobeyeran-19-oate (15b, Isosteviol methyl ester). A solution of 2.18 g (10
mmol) of isosteviol (1) in 20 mL of methanol was stirred as ethereal diazomethane (generated from N-
methyl-N-nitroso-p-toluenesulphonamide)® was added until a deep yellow color persisted. After nitrogen
evolution ceased, the solution was heated on a steam bath briefly to expel excess diazomethane and was

evaporated. Recrystallization from acetone provided 3.15 g (95%) of white crystalline isosteviol methyl

S3



ester 15b: mp 201-202 °C (1it.** mp 202-203 °C). The 'H and *C NMR data agree with the data in the

literature.*®°

ent-Beyeran-16-one (16). The conversion of the C-19 ester group to a methyl group was carried out
according to the literature procedures used previously at the UTUC.*™ ' Purification of beyeran-16-one
by flash chromatography on silica gel (5% EtOAc/hexane) and recrystallization from hexane gave an
analytical sample: mp 103-104 °C (lit.° 103.5-104.5 °C; lit'' 103-104 °C); TLC Ry 0.35 (1:9
EtOAc:hexane); FTIR (CHCl3) viax 3020, 1730 cm™; 'H NMR (400 MHz, CDCls) & 0.80 (s, 3H, C10
CHj3), 0.81-0.84 (m, 1H), 0.85 (s, 3H, C4 CHj3), 0.87 (s, 3H, C4 CHs), 0.89-0.93 (m, 1H), 0.96 (s, 3H, -
C13 CHs), 1.09-1.43 (m, 8H),1.49-1.69 (m,8H), 1.75 (d, 1H, J = 18.4 Hz, H15n40), 2.68 (dd, 1H, J =
18.6, 3.6 Hz, H15.,); °C NMR (100.57 MHz, CDCl;) & 14.9,18.3, 19.8, 20.0, 20.1,21.8, 33.1, 33.6, 37.3,

37.6,39.4,39.4, 41.3, 41.8, 48.7, 48.8, 54.5, 55.4, 56.3, 223.0. The 'H NMR data agree with the lower

field data in the literature.*®’

ent-16-Beyeran-16-one Oxime (17) A procedure described for 15b* was followed. A 1.50-g (4.94
mmol) portion of ent-beyeran-16-one (16) was allowed to react with 3.43 g (49.4 mmol) of NH,OH-HCl
in 35 mL of pyridine for 20 h at room temp. The pyridine was evaporated, and the crude product was
then extracted from a dilute HCI suspension with ether (3 x 50 mL). The combined ether extracts were

washed with water (2 x 20 mL), dried (MgSQOy), and evaporated. The solid residue was crystallized from
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ether and light petroleum ether to afford 1.45 g (92%)of oxime 17 as a white crystals: mp 194-196 °C;
[o]p> -10.1° (¢ = 1.98, CHCls); TLC Rt 0.34 (1:4 EtOAc:hexane); FTIR (CHCl3) Vi 3334, 2919, 1681,
1455 cm™; "H NMR (400 MHz, CDCls) & 0.76-0.85 (m, 1H), 0.81 (s, 3H, CH; at C-10), 0.86 (s, 3H, CH;
at C-4), 0.92 (s, 3H, CHs at C-4), 1.06-1.16 (m, 1H), 1.10 (s, 3H, CH3 at C-13), 1.18-1.68 (m, 8H), 1.94
(d, 1H, J = 18.4 Hz, H at C-15), 3.02 (dd, 1H, J = 19.2, 3.2 Hz, H at C-15); *C NMR (125.64 MHz,

CDCly) 6 14.9, 18.3, 19.9, 20.0, 21.8, 22.1, 33.1, 33.6, 37.0, 37.6, 39.4, 39.5, 40.5, 40.7, 41.9, 43.7, 55.6,

56.3, 56.6, 170.7.

ent-8p-Cyanomethyl-13-methyl-12-podocarpene and ent-8f-Cyanomethyl-13-methyl-13-podocarp-
ene (18a and 18b)."” A literature procedure was followed with modifications. A solution of p-TsCl
(5.1 mmol, 0.98 g) and oxime 17 (1.4 g, 4.65 mmol) in 25 mL of DMF was stirred at room temp for 5 h.
Water (60 mL) was added, and the product was extracted with hexane (3 x 100 mL). The combined
hexane extracts were washed with satd NaHCO; (1 x 30 mL), water (1 x 40 mL), and brine, and dried
(MgSOQOy). Evaporation of the solvent afforded 1.35 g of a 2.64:1 mixture of nitriles 18a and 18b (GC
analysis). A series of three successive column chromatographies using silica gel and 1% ether and hexane
as eluent provided 18a (0.82 g, 62%) and 18b (0.42g, 32%) as crystalline solids. Data for 18a: mp 122-
125 °C; [OL]D25 -18° (¢ = 2.05, CHCI3); TLC Rt 0.40 (1:9 EtOAc:hexane); FTIR (CHCIl3) Vi 3020,
2928, 2245, 1451 cm™ ; "H NMR (400 MHz, CDCl3): & 0.76-0.90 (m, 1H), 0.81 (s, 3H, CH; at C-10),
0.82 (s, 3H, CHs at C-4), 0.86 (s, 3H, CH3 at C-4), 1.05-1.44 (m, 6H), 1.46-1.61 (m, 3H), 1.64 (s, 3H, CH3
at C-13), 1.65-1.85 (m, 3H), 1.96-2.13(m, 3H), 2.40 and 2.51 (app ABdd, 2H, J,,p = 16, 2 Hz, CH,CN),
5.34 (bs, 1H, W1, = 9.5 Hz, H at C-12); >C NMR (100.57 MHz, CDCl3) & 15.4, 18.2, 18.2, 20.2, 21.5,

22.0,23.3,33.1,33.2,35.1, 36.8, 38.8, 39.4, 41.6, 45.8, 52.3, 56.5, 119.1, 119.8, 131.1.
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Data for 18b: mp 118-120 °C; TLC Ry 0.40 (1:9 EtOAc:hexane); [o]p> +56.7° (¢ = 2.13, CHCLy);
FTIR (CHCL) Vimax 3019, 2930, 2246, 1451 cm™; "H NMR (400 MHz, CDCl3) § 0.78 (s, 3H, CH; at C-
10), 0.80 (s, 3H, CH; at C-4), 0.80-0.83 (m, 1H), 0.84 (s, 3H, CH; at C-4), 0.85-0.91 (m, 1H), 1.06-1.75
(m, 10H), 1.63 (s, 3H, CHs at C-13), 1.92-2.08 (m, 4H), 2.41 and 2,67 (app ABdd, 2H, J,,p= 16, 1.6 Hz,
CH,CN), 5.33 (app q, 1H, J ~ 1 Hz, H at C-14); 3C NMR (100.57 MHz, CDCl3) 5 16.4, 17.4, 18.3, 18.4,

21.2,23.1,24.7,31.6,33.2,33.3,36.8,36.9, 38.0,39.4, 41.9, 55.1, 56.8, 119.3, 130.4, 134.2.

18a

ent-13-Methyl-12-podocarpene-8f-acetic Acid (19a).'” A literature procedure'® was followed with
modifications. A solution of 18a (500 mg, 1.75 mmol) and 85% KOH (2.5 g, 35.7 mmol) in diethylene
glycol (7.5 mL) and water (0.8 mL) in a metal bomb with a glass liner (volume capacity 50 mL) was
heated at 195 °C under 450 psi pressure for 18 h. The mixture was cooled to room temp, diluted with
water (50 mL), and extracted with ether (35 mL). After acidification of the aq. layer with cold conc HCI,
the acidic product was extracted with ether (3 x 60 mL). The combined organic extracts were washed
with water (2 x 10 mL), dried (MgSQy,), and concentrated. Crystallization of the solid residue from ether-
light petroleum afforded 490 mg (90%) of the acid 19a as white crystals: mp 125-128 °C; TLC R;0.4 (1:4
EtOAc:hexane); [a]p> -28.6° (¢ = 2.13, CHCls); FTIR(CHCls) Vinax 2928, 1700, 1446 cm™; '"H NMR
(400 MHz, CDCl3) 6 0.75-0.84 (m, 1H), 0.82 (s, 3H, CH3), 0.86 (s, 6H, 2xCH3), 0.87-0.92(m, 1H), 1.06-
1.27 (m, 4H), 1.34-1.47 (m,3H), 1.53-1.59 (m, 2H), 1.60 (s, 3H, -CH3), 1.68-1.88 (m, 2H), 1.96-2.05(m,
2H), 2.21 (dt, 1 H, J=13.6, 3.2 Hz), 2.35 and 2.46 (app ABdd, 2H, J.,, = 12.8, 1.2 Hz, CH,COOH), 5.36
(br s, 1H, =CH); *C NMR (100.57 MHz, CDCl3) & 15.5,18.4, 18.4, 21.6, 22.3, 23.3, 33.2, 33.4, 35.1,

36.1,37.1, 38.8,39.5,41.8, 45.2, 54.2, 56.0, 119.6, 131.7, 180.1.
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ent-13-Methyl-13-podocarpene-8f-acetic Acid (19b)."> Hydrolysis of 18b (50 mg, 0.17 mmol) as
described above for 18a in a solution of 85% KOH (250 mg), diethylene glycol (0.75 mL), and water
(0.08 mL) in a metal bomb with a glass liner (volume capacity 10 mL) and extractive workup furnished
19b as a white solid: yield, 53 mg (92%); TLC R; = 0.40 (1:4 ethyl acetate:hexane); 'H NMR (400 MHz,
CDCls) : 6 0.77-0.93 (m, 2H), 0.80 (s, 3H, CH3), 0.81 (s, 3H, CH3), 0.85 (s, 3H, CH3), 1.09-1.19 (m, 4H),
1.33-1.46 (m, 5H), 1.57- 1.73 (m, 4H), 1.61 (s, 3H, CHj3), 1.89-2.08 (m, 3H), 2.25 (dt, 1H, J =13.2, 3.2

Hz), 2.36 and 2.63 (app ABdd, 2H, J,p, = 13.2, 1.6 Hz, -CH,COOH), 5.24 (app q, 1H, J = 1.6 Hz, =CH).

19a 20a
ent-N-Methoxycarbonyl-8f-aminomethyl-13-methyl-12-podocarpene (20a).'> A literature proce-

dure'> was followed with modifications. A solution of unsaturated acid 19a (305 mg, 1.0 mmol),
triethylamine (140.5 pL, 1.0 mmol), and diphenyl phosphorylazide (215.5 puL, 1.0 mmol) in benzene (5
mL) was stirred and heated at reflux for 2 h. Methanol (0.40 mL, 10 mmol) and triethylamine (140.5 pL,
1.0 mmol) were added, and the solution was stirred for 15 h at reflux temp to convert the isocyanate to the
carbamate. The solution was diluted with 25 mL of ether, washed with 10% aq citric acid (2 x 8 mL) and
10% aq. NaHCO; (2 x 8 mL), dried (MgSO,), and concentrated. Purification of the crude product (340
mg) by chromatography on silica gel (9:1 hexane:diethylether) provided 20a (267 mg, 80%) as a sticky
oil that was an 11:1 mixture of N-CO,Me rotamers: TLC Ry 0.23 (1:9 EtOAc:hexane); FTIR(CHCI3) Vinax
2925, 1722, 1522, 1449 cm™; "H NMR (400 MHz, CDCls) : & 0.76-1.00 (m, 4H), 0.82, 0.84, 0.90 (3s, 3 x
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3H, CHy), 1.11 (td, 1H, J = 12.2, 4.4 Hz), 1.23-1.59 (m, 8 H), 1.60 (s, 3H, CHs at C-13), 1.76-2.03 (m,
5H), 3.03 (app dd, 1H, Jupp = 13.6, 4.4 Hz, CH,N), 3.48 (app dd, Jopy = 13.6, 7.6 Hz, 1H CH,N), 3.64 (s,
2.75 H, CO,CHs), 3.68 (s, 0.25 H, CO,CHj), 4.42 (br, ~ 0.1H NHCO,Me), 4.50 (br t, ~0.9 H, J=6 Hz,
NHCO,,Me), 5.38( m, 1H, H at C-12); *C NMR (100.57 MHz, CDCl;) 5 16.0, 18.50, 18.53, 21.6, 22.3,

23.5,33.2,33.4,37.0,37.1,37.4,39.6,40.3,41.9,43.5, 52.0, 53.5, 57.1, 120.8, 131.0, 157.6.

20b

ent-N-Methoxycarbonyl-83-aminomethyl-13-methyl-13-podocarpene (20b). The pure A" isomer 19b
(30mg, 0.098 mmol) was converted to carbamate 20b (26 mg, 82%) following the procedure described
above for 20a. Tentative data from a spectrum of the crude carbamate: 'H NMR (500 MHz, CDCl3) &
0.83, 0.84, 0.87 (s, 3H, CHs3), 1.10-1.18 (m, 3H ), 1.34-1.83 (m, 11H ), 1.62 (s, 3H, CH3), 1.99-2.08 (m,

3H), 2.97-3.04 (m, 1H), 3.66 (s, 3H, CO,CHs), 3.71-3.77 (m, 1H), 4.56-4.62 (m, 1H), 5.08 (bs, 1H, =CH).

Hg—OZCFg

20a 22
Isolation of Organomercurial Intermediate 22. The reaction of mercuric trifluoroacetate (22 mg, 0.15
mmol) and carbamate 20a (20 mg, 0.059 mmol) in 2 mL of THF was carried out as described in the
Experimental Section for 16 h at room temp. The reaction was judged to be complete by TLC (R; = 0.22,
1:4 EtOAc : petroleum ether). The reaction mixture diluted with ether (20 mL), and the ethereal solution
was washed with water (1 x 10 mL), satd NaHCO; (1 x 10 mL), and brine (1 x 20 mL), and dried

(MgS0Oy4). Evaporation afforded the organomercurial intermediate (22) (38 mg, 99%) as a polar white
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solid that was a 2:1 mixture of N-CO,Me rotamers: TLC R; 0.22 (1:4 EtOAc:hexane); 'H NMR (400
MHz, CDCls) 6 0.77-0.89 (m, 3H), 0.80, 0.86, 0.94 (3s, 9H, 3CH3), 1.10-1.28 (m, 4H), 1.36-1.68 (m, 6H),
1.51 (s, 1H, CH3 ), 1.60 (s, 2H, CHs), 1.84 (dd, 0.7H, J =9, 2 Hz), 1.88-2.00 (m, 1.4 H), 2.10 (d, ~0.65H,
J=3 Hz), 2.14 (d, 0.35H, J = 3 Hz), 2.95 (d, ~0.65H, J = 8.8 Hz, H15 endo), 3.02 (d, ~0.35H, J = 8.8Hz,
H15 endo), 3.37 (br, 0.35H, W, = 7-8 Hz, CHHg), 3.56 (br, 0.65H, W,,, = 7-8 Hz, CHHg), 3.65 (s, 2H,
CO,CH3), 3.69 (s, 1H, CO,CHs), 3.91 (dd, 0.65H, J = 8.8, 1.2 Hz, H15exo0), 4.00 (d, 0.35H, J = 8 1H,

H15 exo).

Methyl ent-16-Azabeyerane-16-carboxylate (23.) from the A" Carbamate 20b. The pure A" isomer
20b (10 mg, 0.03 mmol) was converted to cyclic carbamate 23 (9 mg, 95%) following the procedure
described in the Experimental Section. The time for complete cyclization (ca. 16 h) estimated by TLC
analyses during the reaction was about the same as the A'? isomer. The spectral data for the product were

identical to those given in the Experimental Section.

ent-Beyeran-16B- and 16a-ols (25a and 25b). A literature procedure for isosteviol methyl ester (15b)
was followed.” A solution of beyerene-16-one (16, 600 mg, 2.09 mmol), isopropyl alcohol (20 mL),
acetone (2.5 mL), and 6.27 g (30.5 mmol) of aluminum isopropoxide was stirred and heated at reflux
temperature as acetone was distilled (through a Vigreaux distillation apparatus) over a 24-h period.'®

Isopropyl alcohol was added to keep the volume of solvent approximately constant. The mixture was
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then heated at reflux temp for an additional 16 h. The solvent was evaporated, 1.5 N HCI (10 mL) was
added, and the product was extracted with hexane (3 x 30 mL). The combined ethereal extracts were
washed with water (2 x 15 mL) and brine (1 x 15 mL) and dried (MgSQOy). Evaporation of the solvent
afforded 600 mg of a mixture of 25a and 25b according to GC analysis. A series of three successive
column chromatographies on silica gel with 4% ether and hexane as eluent provided 180 mg (30%) of 25a
and 220 mg (36%) of 25b after crystallizations from hexane. Data for 25a: mp 118-120 °C (lit."” for (+)-
25a, oil); [a]p> -27° (¢ = 2.0, CHCl;); 'H NMR (400 MHz, CDCls) & 0.77-0.81 (m, 1H), 0.79 (s, 3H, -
CH3), 0.84 (s, 3H, CH3), 0.89 (s, 3H, CH3), 0.89 (s, 3H, -CH3), 0.97-1.77 (m, 18H), 1.85 (app. ddd, 1 H, J
= 14.3, 4.8, 2.8 Hz), 3.84 (dd, 1H, J = 4.8 Hz, CHOH); °C NMR (100.57 MHz, CDCl3) & 14.8, 18.3,
20.1,20.1,21.9,24.9, 33.1, 33.6, 33.7, 37.6, 39.5, 41.5, 41.9, 42.0, 42.0, 43.1, 55.5, 56.2, 80.7.

Data for 25b: mp 98-101 °C (lit"' 98-101 °C, lit'® 102-103 °C); [a]p> +5.6° (c= 2.0, CHCl3) ; TLC
R 0.34 (1:9 EtOAc:hexane); 'H NMR (400 MHz, CDCls) & 0.78-0.82 (m, 2H), 0.80 (s, 3H, CH3), 0.85 (s,
3H, CH3), 0.87-0.92 (m, 2H), 0.93 (s, 3H, CH3), 0.98-1.27 (m, 6H), 1.31-1.63(m, 13H), 2.59 (ddd, 1H, J =
14.3, 7.6, 2.4 Hz, CHCHOH), 3.70-3.74(m, 1H); >C NMR (100.57 MHz, CDCl3) § 14.9, 18.4, 19.7, 20.1,
21.2,21.9, 33.1, 37.5, 38.2, 39.6, 41.0, 41.9, 42.7, 43.7,45.9, 53.6, 55.5, 56.3, 79.3. The '"H NMR data

agree with the lower field data in the literature.'"'®

O O
I T o
OH ----,/O—IID—O—IID—O
O O ®
''''''' , o o (NH,)3

H
ent-Beyeran-16a-yl Diphosphate, Ammonium Salt (11)'> The Cramer-Danilov pyrophosphorylation
developed by Assink'® was followed with modification. A solution of ent-beyeran-16 exo-ol (25b, 80 mg,
0.27 mmol) in CCI;CN (0.82 mL, 8.1 mmol) was magnetically stirred at room temp as BusNH,PO, (0.45
g, 1.35 mmol) in CH3;CN (2 mL) was added. After 20 min 2% ammonia-methanol (5 mL) was added, and

10 min later, the solvent was removed under reduced pressure. A suspension of the remaining yellow oil
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in 2 % ammonia-methanol (20 mL) was centrifuged to precipitate most of the inorganic salts. The
supernatant was concentrated to yield a cloudy yellow oil that was loaded onto a Dowex”™ 1x8-400 gravity
column (1.5 cm x 17 cm, formate form, Dowex® 1X8-400 chloride form resin was washed in a Buchner
funnel successively with 400 mL of 5% NaOH, 200 mL of 1 M formic acid, 200 mL of deionized water,
and 200 mL of 0.05 M NH4HCO, in MeOH to exchange chloride with formate anion). The gradient
column was eluted with 1.0 L of 0.05 M — 0.5 M NH4HCO, in MeOH. The 30 fractions (~15 mL)
collected were analyzed by silica TLC (6:3:1 i-PrOH: conc NH4OH : H,O as developing solvent,
anisaldehyde stain). Fractions 1-5 contained monophosphate (TLC Rt~ 0.55). Fractions 13-20 containing
diphosphate 11 (TLC Rt~ 0.3) were concentrated separately, the resulting white solids were dissolved in
water (5 mL), and the solutions were lyophilized (~0.0025 mm Hg) overnight. The purity of each fraction
was assessed by 'H and *'P NMR analyses in D,O: formate (84 ~ 8.2 ppm) and methyl monophosphate
(0 ~7.8 ppm, s). Fractions free of the methyl monophosphate impurity were combined and concentrated.
Dissolution of the residue in water (3 mL) and lyophilization gave diphosphate 11 as a white solid: yield
34 mg (24%); '"H NMR (400 MHz, D,0) & 0.64 (s, 3H, CHs), 0.68 (s, 3H, CH3), 0.75 (s, 3H, CH3), 0.77
(s, 3H, CHj3), 0.92-1.22 (m, 8H), 1.3-1.5 (m, 12H), 2.50-2.58 (m, 1H, CHCHOH), 4.04-4.12 (m, 1H,
CHOPP); *'P NMR (162 MHz, D,0) § -10.11 (d, 1P, J = 20.7 Hz), -9.67 (d, 1P, J = 20.7 Hz).
References

1. Still, W.C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923-2925.

2. The plant material was purchased from Penn Herb Co. Ltd, 10601 Decatur Road, Suite No. 2,
Philadelphia, PA 19154.

3. Ruddat, M.; Heftmann, E.; Lang, A. Arch. Biochem. Biophys. 1965, 110, 496-499.

4. (a) Coates, R. M.; Bertram E. F. J. Org. Chem. 1971, 36, 2625-2631. (b) Coates, R. M.; Kang, H-Y. J.
Org. Chem. 1987, 52, 2065-2074.

5. Mossetig, E.; Beglinger, F. Dolder.; Lichti, H.; Quitt, P.; Waters, J. A. J. Am. Chem. Soc. 1963, 85,

2305-2309.

S11



6. Wood, H. B.; Allerton, R.; Diehl, H. W.; Fletcher, H. G. Jr. J. Org. Chem. 1955, 20, 875-883.

7. Snider, B. B.; Kieselgof, J. Y.; Foxman, B. M. J. Org. Chem. 1998, 63, 7945-7952.

8. Furniss, B. S.; Hannaford, A. J.; Smith, P. W. G.; Tatchell, A. R. Vogel's Textbook of Practical Organic
Chemistry, 5th Ed., Longman Scientific & Technical: New York, 1989, p. 432.

9. Avent, A. G.; Hanson, J. R.; De Olivera, B. H. Phytochemistry 1990, 29, 2712-2715.

10. Crossley, N. S.; Dowell, R. J. Chem. Soc. C 1971, 2496-2498.

11. Bowen, D. H.; Cloke, C.; MacMillan, J. J. Chem. Soc., Perkin Trans. 1 1975, 378-382.

12. The IUPAC nomenclature was followed according to which the o or B configuration of

substituents in ent-diterpenes is that designated in the systematic name for the "normal" antipode. See
Rigaudy, J.; Klesney, S. P. Nomenclature of Organic Chemistry, Sections A, B, C, D, E, F, and H;
Pergamon Press: Oxford, 1979, p 511.

13. Mammato, D. C.; Eadon., G.A. J. Org. Chem. 1975, 40, 1784-1792.

14. Corey. E. J.; Kania. R. S. J. Am. Chem. Soc. 1996, 118, 1229-1230.

15. De Kimpe, N.; Boeykens, M.; Tehrani, K. A. J. Org. Chem. 1994, 59, 8215-8219.

16. Wilcox, C. F.; Sexton, M. Jr.; Wilcox, M. F. J. Org. Chem. 1963, 28, 1079-1082.

17. Bell, R. A.; Ireland, R. E.; Mander, L. N. J. Org. Chem. 1966, 31, 2536-2542.

18. Sobti, R. R.; Dev, S. Tetrahedron Lett. 1966, 33, 3939-3942.

19. Assink, B. K. MS thesis, University of Illinois at Urbana-Champaign, 1999.

S12



qa wa

000°00T sut

oL a3

8°L98T dazx

T°9S8¢€ 3=

00°00S ST

9Z°9T wmrzg

0se om

0 o8

S6%09 sa

8 €90V dan

ZeLLT- ds
AvIidsIa

Jua

sqm

Aaxen

II0M

z qaem

pesn jou a3

a3 ooxd

eTT3aM

0€°0 qat
ONISSEOOUA

0z andp

002 Fup

° wp

wun up

0 Jop

= wp
LA ® °DIA

oa sq
X dp
a uat
a T

SOV
pesn j0u uted
a 3}ooTe
00T an
00T aa
L°STYP- Fo3
0 P
0°6 ad
€9 ands
9T 8q
(11144 qz
0°0008 a#s
9€559 du
960°Y e
TH u3
TG6°66¢ bx3s

NOIIISINOOVY

dxo oTT3
oza JueAlos
$00Z 9T 320 e3ep

FTARYS

qipas T1dxe

FAYESHO HT AQEYANVLS

«

S13



o _P,
w ki

18T°0T-

w5UT0L=

9€EL 6~

809°6~

Jua

sqm
axes
azom

3 qaew
pesn j0u ug
£+ soxd
STTFIM
00°€ qat
ONISSEDOUd
u owmoq
0°T sexp
besp
TTTIT Fup
u mip
AKX Cwp
€°T60T- 3op
87 andp
TH ap
TS6°66¢€ bazp
LA ¥ DA

L VLEGT 33
ov-vse ST
S0°6 umrzy
114 on
[+] o8
29T sA
€£°€922 an
0°GE62Z~ das
Xv1dsIa

ua sq
X dp
o ut
] T

SOVvIa
pesn jou areb
u 3ooTe
POST I
0002 u
0 303
000°T ™
Lv ada
1 7 andsy
9T sq
00022 qaz
0°0000% us
9€£569 du
61870 e
Ted a3
€06°T9T bx3s

NOILISINBOY
dxe T3
oza JueaTOos
Y00T LT 320 e3ep
TTANYS
Tndzs zdxe

NOIDEY IFLVHASOHd - HAWHASHO T€4

S14



9 L
L J 1 _ 1 1 1 1 _ 1
J 14. ——
qa e
000°00T sat
14 93
9°€06Z azx
T°E06Y 3z
00°00S ST
9S°TIT wmzy oo 5
082 omn X ip
0 28 u 3
9T 8a uw 33
0°T68C an SOVl
8°10T ds pesn j0u ures
AVIdSIa = yoofe
Jun g o
sqa g pa
a=es - L°GTy- FO3
xI0M 0 P
0°6 i
3 Yyjem €9 aafy
pesn jou uz 9T
¥ poxd  00%Y
oTTFIA 0°0008
0€°0 qr 9£669
ONISSEOOUYd 960°Y
0z _andp 1R
002 FUP  IS6°66€ bz
o P NOILISINDOY
Taa wp dxe oITF
0 Jop €IDad jueaTos
= up P00Z 0T 3I20  e3ep
LA 3 *DEA TIdRVYS
qIpas 1dxe

FAYESEO HT QUYANVIS

S15



09

1°12 v88°€68T €LO°ST zz
z°9C TOL°9EET L6S°8T 134
0°6T 144481414 z82°02 '14
vy ZTEE"TIST G8€°0Z 6T
0°zz 897°S8S2 SLS°02 8T
LA 4 68L°Y9LZ v00°22 LT
6°92 6TG°6LLZ 1343844 9T
z°8 982°G8EE Tr6°92 ST
T°9T 986°88TY 6EE"EE 141
9°1Z v6L 092V 0T6°EE £T
0°21 OLL"6SLY TBB LE (43
T°LT YEY PI6Y CIT 6€ T
L°P2 v69°P00S TE8 6E 0T
T°L 20L°S10S 8T6°6€ 6
vez T6¥°962S €8T 2V 8
T°L €6Z°9TLS P6V°SP L
§°8 2T6°6V69 TIE"SS 9
S°TE TL8 PSOL 8y1°9S -
1°s2 €86°660L LOS 98 14
v°8C €66°VL96 000°LL €
8°92 SLT°LOLE 982 LL 14
8°9¢2 9LV 8ELE 90S°LL T
IHOIEH (ZH) AONZODFEE (KHAQ) AONIODEUA XEANT

S16



y 1o
0009 0001 00ST 000T

ds gidmes\ensads\erep [ody:o

000¢

0'00Ch

m@._mm:

68°0LET

LEVSPT

Qe

(6C -

€6TIEE

F9'19

| OL

K42

YL

9L

| 8L

L%

S17



00S 08y 09 Ovv 0Zv 00F 08 O9E Ove 0Zc OOE 08 092 OvZ 022 00 08L 09} OVl

2/ elaghosnsdissetin sl sy

€26¢

cgze €yl
£20¢
€v0€
€LLT

£ov0°'e €9.2
+S3 SN 401}

0cl 00L 08 09

%

-00}

(€15'}) 12 €2¥S Jo10
IITyV Aoy qewry|

S18



T 9 L
_ 1 L _ 1 1 Il 1 _ L 1
qd wa
000°00T sutT
0z u3
9°€£062 dazx
Z° €06V 33
00°00S 8T
zS° 1T wzy 84
0SZ on X dp
0 os u -3
291 sA U 1T
§°6L8T dn SOVIA
L a:149 ds pesn jou areb
XV1451Ia L oote
s v D
sqs P 3u
dzem L°GTV- 303
xzen 0 T®
0°6 ad
3 gsw €9 anay
pesn j0u a3 9T sq
3z sozd 009y q3
eTTI32 0°0008 us
0€°0 qr  9€SS9 aa
ONISSED0Ud 960°V aw
0z andp TH w3
00z Fup TS6°66€ bazs
o P NOILISINDOV
wau up daxe oTT3
0 Jop €1Dad AUeATOS
TH TP S00Z L IPH 03P
IA 3 *DEQ FIIRVS

ypas Taxe

HAYISEO HT CQUVYANVLS

S19



wdd 0z o€ ov 0s 09 0L
L | ! ) ft | | | L t 1 ! L I 1 1
S°IvT 926°2TVT SYT'PT (44
T°0vT vL8°018T L00°8T 114
¥°9ST 70S5°818T 280°8T (114
S°L9T 968°LZ0T 19T°02 6T
€°LTT 6TS°6902 8LS°0T 8T
Z2°99T ST0°L8TZ LYL TZ LT
S°€L £66°E0EE vS8°ZE 91
L°S9T STZT T9€E X4 A3 ST
T°8€T TE6T°1SSE TIE'SE 143
9°98 LOZ T08¢E 808°LE €T
T°99T €96°VEGE 8ZT°6€ <t
£°€S LEO° LSOV (4 40411 4 T
€°8€T TTE LITY 1v6°0V 0T
1°061 96v°9TZY LZ6 1Y 6
ToLE 99Z°V6EY S69°€Y 8
8°67T SS6°068Y vES“8Y L
6°0ST SZE Z6TS 0€9°TS 9
L ELT 652°98SS 6¥C°SS <
SLYT VI8 LY9S 09T°9S 14
6°TIT 829°TTILL T89°9L €
0°LTT €L EVLL 000°LL [4
§°STT LTL°SLLL 6TE"LL T
JHOITH (ZH)ZONZODAMZ  (MAQ) AONIAODIIE  XIAANI

S20



wdd 9 L
i ' 1 1 | I 1 ! 1 i L
) N
qda wx
000°00T sut
0z 93
9°£06T azz
0°€E06¥ 13z ux sq
00°00S 8T X dap
LT IT wmzy o ot
0sZ on uw T
0 o8 sovIa
29T 8A pesn j0u areb
8°Z6LZ an u YooTR
6°L9T as v £
AVIdSIQ v EL
us  LeSTYy- 3o3
sqa 0 h1
daxes (0°6 nd
IxoM €9 ands
9T sq
H yaew 00vY as
pesn 30u w3 0°0008 us
a3 ooxd 9€£6S9 du
STFIIM  960°V £
0€E*0 qr IH a3
DNISSEDOUE TS6°66€ bazs
0z andp NOILISINBOY
002 Fup PTI-HI-403
° wmp ~808T/X02/Q0¥D/RIRP
eqgt o m ~/ewoy/3z0a%8/ OTT3
0 JOP E€TOaD jueatos
" up G00Z 8 uep  e3wp
IA 3 D€ FTINYS
qipas 1daxe

FAYASEO BT TUVANVILS

S21



8°69 98L°PEET ‘dLzegt 4
LS VL T68T TT8°8T }44
p-es 686°€66T LZ8°6T 12
09 TS0°ZV0T S0€°0Z 0z
68§ 0€Z°0LTZ 085°TT 6T
0°8L POE*0T6Z 6£6°82 8T
€°L9 LT LYLE . 19T LE LT
9°29 L09°TBLE §09°LE 9T
~§°0L 0PS°9€8E 6¥T°8€ ST
16°9L PPZ 996€ &Ev-6€ 121
T°v9 659°066€ “Z89°6€ €1
S 79 STE TITY F68€° TV zT
egT §°99 66€° LBEY N LT EY 1T
§°6S 628°898Y T YIV8Y ot
LoL 0TI 006V ‘SZL 8V 6
S°€9 €EL°TSYS 012 9S 8
6°18 LVYL*96YS LS9 VS L
€°06 §T6°LTLS 956°9S 9
T°LOT 8Z9°TTLL T89°9L S
L*TTT €LI"EVLL 000°LL v
€°TTT LIL*SLLL 6TELL €
z 6V PIL"LBYBT vE8 €8T z
L°0oY 60Z°9TYZT 868°22C T

odmad  (Wad)ADNENOMII XIANI

S22



9 L
1 _ 1 1 1 “ ]
<
2
£ 8
<
38 Rl
000°00T sut
ST a3
9°€062 dzx
ZT 06V 132
00°00S ST
9°1TT wmzy  uww sq
0sz om X dap
0 os w uf
29T 84 ®w TF
L°2062 da SOVI
8°T0T ds pesn jou ures
AVIdSIaQ a Joote
e Jua g 30
2 sqa g Ju
[ dzea L-GZp- 303
IIOM 0 TP
9°6 ad
3 yewm €9 andy
pesn j0u uz 9% 8q
3z soxd  QO¥Y q3
SITIIA  0°0008 &as
0E°0 qr 9€SS9 du
5 DNISSADOE 960V L
o 0z aadp IH w3
S . ¢ 00z FUp  156°66€ bazs
ﬂ M“ -] P NOILISINDOY
o 'Y g up dxe o1T3
0 JoP €10aD Jueatos
TH up  P00Z €T I=H o3wp
LA 3 °D3EA TTIINVS
qipas 1dxe

HSANESEO HT QUVANVIS

S23



wdd 114 oy 09 08 00T 02T ovT 09T 08T 002 oce

‘__.__:__.__::___._T__.:_:—_:__,.._,__,__:________:_;.______,_____:_.:______:_______r______.__.___j_:

Lt

0°€T 180°8¥9T LIT €T €2
T°2C 6TS°ELET 06881 (44
1°02 926°68V2 €T8°6T kx4
6°€T S09°97ST 892°0T [:14
L*6T z09°02LZ ¢S9°1T 6T
T°ST 9%0°0Z9¢ 118°82 8T
9°ST 0TS 189V 6ST°LE LT
6°92 €69°09LY 688°LE ST
€°€T OPE°0S6Y 86€£°6¢E ST
9°vC TISP° G667 LSL 6€E 143
veze (A1 011141 :14 A3 4 £1
£°TT 1:14 A8 43 4 8L EY T
v°9zC Zys° v8o09 114 814 T
T°0T €P8°STTI9 vi9°8y oT
T°vT 6ET°LEYS TET TS 6
T2 YIS ST89 £V PS 8
T €T 0t6°8989 899°yS L
6°22 LBS°TITL §00°LS 9
9°S¢ VS9°EV96 TSL 9L S
voLE §S6°VL96 000°LL 1 4
z°9¢ LLT LOLE 9sT LL €
£°s TLT LYEZT SS8°LLT (4
S°L 069°696LT T09°2ZTT T

LHOTHEH (ZH) AONENDAMA  (Mdd) AONIQDHEI NHQZH‘

S24



wdd 8°0 0°T T°T VT 9°T 8°T 0°2 (44 v°c 9°¢ 8°¢C 0°¢

v bt e v b Bt ety st bt bt by b Do b e b b b s b

TR il

ua wa
000°00T say
oz a3
9° €062 dazz
2°€06Y 3%
00°00S ST
€TV wmzy  Ta sq
0sZ on X dp
0 o8 u uF
29T L7 33
8°TEOT an sovia
v 0TIZ ds pesn jou ures
A¥I4SIQ T 3o0T®
ua ¢ 32
sqa ¢ L
azea L GZy- 303
zIoHn 0 114
T°0T ad
3 y3em €9 and3
pesn jo0u uz 9T sq
EH doxd  00%¥ I
eTT3IA  0°0008 Ll
0€°0 qr  9€SS9 du
ONISSEOOuA 960°Y e
14 andp IR w3
00Z I TS6°66€ bx3zs
2 wmp NOILISIODOY
ua wp dxe oTT3
[ Fop €10ad JUGATOS
= TP Pp00T 9T Bnv  e3jwp
IA 3 *DEQ TTIIHYS
qIpIs Tdxe

SANESEO HI QUVANVLIS

S25



wdd (114 oy 09 08 00T 02T orT 09T 08T 1]+ 14 oce
Nl RN REEEN EEENE SRR T N R PR SN RN N SN SR SRS R RS PR R RS N NN SR R )
bl L v i diall i
el . | i - I TR . ,
6°Z8 TTT TOST 926°PT £2
€°68 6T6°TY8T SZTE“ST (44
8°SL 680°000C 888°6T 12
9°v8 800°0TO0T L86°61 0z
v°L6 LES"LTOT €90°02 6T
€°68 ST9°P6TT £28° 12 8T
6°LS S86°TEEE TPT EE LT
§°96 68T 08EE TT9° €€ ST
0°98 SS6°LSLE 89€°LE ST
80V LO9°TI8LE €09°LE vT
9°06 62ZV°T96¢€ TO¥°6€ €T
T°2S §56°€96€ 9TV 6€ Tt
oT 8°p6 LOY 2ZSTY 06Z° TV TT
- T €8 629°60ZV 658° TV 0T
~ 9°19 £L8° 0067 TEL 8Y 6
9°88 OPL°LO6Y 108°8Y 8
0°L8 990°98%S TSS°7S L
‘, z°T6 6ZZ°69SS 8LE"SS 9
P L°S8 ¥8L°099S 682°9S S
= §°L8 8Z9°TTLL T89°9L v
= 0°06 ELIEVLL 000°LL €
o=, v8s LTIL SLLL 6TE"LL (4
\ 0°92Z 6LT 6TV (X4 2144 T
JHOIEE  (ZH)XONEADTYA (RAQ)AONIODIMA XHANI

S26



LZP T
8¥S T
ves 1T—

88T L

Y W

S27

. Ppm




VST €€9°€L8T ZT6°v1 €3
S*PT €ZE*90ET SGSE°8T 143
VLT ZVS°2IST L66°6T T2
S°LT L06°6TST §50°02 0z
L°LT 9LL TVLZ 128°12 6T
8°LT YZT°¥8LZ 8ST°22 8T
0°ST ZET VITY TVI €€ LT
L*LT VEL®92ZZY 6E€9°€EE 9T
S°LT T06°€S9P 6£0°LE ST
8°1IT ZIE0ELY LY9°LE 144
0°9T SOL°LS6V LSV 6€ €T
L*6T (34984134 80G6°6¢€ 2T
6°v1 6TL"°960S €96°0V IT
€°LT L09°60TS 999°0V 0T
T°8T ZT1°99¢Cs TT6 1Y 6
0°9T 056°667S CLL Y 8
z 02T 6VL°9869 S09°SS L
S°TZ TLS T8OL 09€°9§ 9
V6T T6T°60TL 086°9S S
L°8€E PS9°EPI6 TSL 9L v
z Ty SS6°VLI6 000°LL €
24 4 LLT"LOLE 982 LL z
6°9 S90°SYPIT SL9°OLT T,
LHOIZH (ZH) AONENDEYE  (WAQ) AONANDTMA XAANT

S28



wdd 9 L
1 = 1 ] L ﬁ 1 L i _ ]
M 1 <\ ﬁ
qd wx
000°00T STy
0z q3
9°€06Z azx
CTE06V 3=
00°00S ST
6Z°TT wmzy  Tw 9
0se on X dp
[ os uw uy
z9T sa uw 17
-2 X414 dan Sovia
P 6V ds pesn jou ures
AV14SIA u yooTe
Jus 9 30
sqa 9 u
dwes  L°GZV- 303
zIen @ P
0T ad
3 qIsw €9 amdy
Ppesn jou u3 9T sq
aF ooxd  00%V q3
OTTFaR 0°0008 as
0€°0 qT 9£sS9 du
ONISSHEDONA 960°Y L
0z andp IR w3
ooz FUp TG6°66€ bazs
2 i NOILISINOOY
b wp dxe oITS
] 3op E€TOaD IUSATOS
™= TP P00Z OT TRL  ®3%p
LA ® DEQ TTANVYS
yrpas jdze

¥HESEO HI TUYANVLS

- o

S29



wdd og oy 0s 09 oL 08 06 00T oTT 02T 0€T
! i L 1 i _ 1 * _ _ 7 _ _ _ 1 1 1 7 1 1 L 7 1 1 L k 1 1 ]
o }Izij i %
v 9zZZ LZT 9VST PLE"ST €2
0°0TE TO0 " EEBT LZT 8T zz
T EEE 68Z°SEST 6vT° 8T Iz
T°682Z B8EZ°BEOZ L9z 0Z oz
L*892 TE9°S91T PES TT 6T
T E¥2 6TL €TITT cto°zT 8T
€°62T 98T PYET 0TE’€ET LT
8°98T TLT"6ZEE YOI €E ST
8°962 €6T SVEE €9Z°€E ST
PLIT 969°9€SE 89T S€E vT
€°LYT 009°LOLE L98°9¢€ (44
L*062 662 806¢ z98°8¢ (43
6°08Z 8LE"6S6E OLE*6E T
9°v6Z 8L6°SSTY P9 IV ot
T°862 YLV ZIOV S98°SV 6
8°L6Z T66°092ZS €TE"ZS 8
§°662 88Yy° L89S P&S°9S L
6°00T 8T9°TTLL T89°9L 9
0°00T €L9EVLL 000°LL S
VL6 LIL°SLLL 6TE"LL A 4
9°2%6 89T T86TT 9€T 61T €
S PEE 0Z0°9v0ZT T8L 61T 14
8°vZT L6S EBTET TE0"TET T
LHOIIH (ZH)ZONENDTME  (WAL) ZONINDEWE NHANT

S30



NO

3

1 HT-OSLRIRO-9[INIU, - SIANUIM 0091 8 VN] 33006 -Md Mdzs XA
] 9€669 ‘PISId S$v661 ‘140 0008 -IMS 1S6'66€ -C| 1S6°66¢ 14 |
¥00C 61 9NV HLVQ — -9ds(1 U YUBIG-HAYHS YO HI QAVANVLS
Wdd 3 c 14 9 L
I L 1 1 ) 1 L | L 1 L 1 | 1 1 1 L L 1 1 L i L i 1 L 1
j Y Y A
8T .
S,

S31



0T a1

9CLC VN

[ 9€669 ‘PISId

T°C6LET " TAO

F00C LT 3NV HLVA — ~gdS(1

STHILHANVIVd NOTIVO GIVANVLS

S32

6reELl
€Sy’ 0L
802’ vEL

Sve LL
g

£ag0/

oL 9L

g



PIHIPOES - SN _ 00 dT| §VN] 35 00 °0d] 550 101 AAd]| TOZS"XH|

[ 9¢S59 PISLA]| _ £6661 “TH0| _ 0008 “TAS| TS666¢ 2] TS666¢ T4

V00T TCTOT ALV — “9asTT S YEHAYASHO HT QAVANVIS
S 9 L

Wdd 3 4 € 14
L ! 1 ! I 1 1 L 1 I | i i 1 1 { L I 1 I L 1 1 '

1 1 | 1 $ ! 1 1 I 1 L I

e i

1280 ——uo
vo80

9S8} ——nun
609} —

2r)
6261
v9e'2
19€°2
£5h'2
o5H2

sz

e

1’

S33



wdd 0c oy 09 08 00T 0zt ovT 09T 08T
i L ISR I S N RS AN S AN R RSN N A SN EVE AN A RS S SR 11 1 I IR RIS IV ARSI S B ST ST i AN A
6°L6T 808°9GST 08¥°ST (44
8°L6T 98L" 6781 ¥6€£°8T 1z
6°L0Z TLS°SLTZ €€E9°TT [14
T LST 659°6€£2Z oLz-zz 6T
0°V8T 9ZS"6VET €9€E°€ET 8T
0°69T LEO"9EEE TLI"€E LT
8°60Z E9T°8SEE T6EEE 9T
0°66T OLT GESE ZST°SE ST
$°82T €96°SZ9¢E §60°9€ 1 43
€°69T STO0°ZELE 0TT LE €T
L*8ST YV PO6E »Z8°8E (413
9°L6T 9Z6°9L6E SVS°6€ T
€°T8T 68Z°v02ZY 908° 1Y 0T
P°69T VLY 0SSY 0sZ SV 6
€°S€T 26€°9YVS LST vS 8
L°80C LL6"OELS L86°9S L
v°SL 8TYTTLL T89°9L 9
T 2L €LY EVLL 000°LL S
0°zZL PS6°PLLL TTE"LL 14
z°82ZT L66°6202T ZTY"6TT €
9°02T TIT 6PIET SYL TET 4
0°0LT 88E€°STIBT TET 08T T
LHOTHH (ZH)ADNZADMMZ (NAJ) AONENDEYA XIANT

S34



TMAzs XH |

HT PIOE €T BI3S - SINNUIM 0091 8 VN 995 0°0-ad 3006 -Md
9000 -T40 0008 ‘TS TS6°66€ “Td| 156°66¢ 14
S00C 9T 9°d -H1Vd — ¥dSN S JURIG-HAJISHO HI QAVANVLS
Wdd € 14 S
! I L 1 I 1 1 L ! I 1 I 1 ] 1 i 1
oo o R = g o o
Q@ 00 0 - =N » [=23 DN NN .
O = N WD WS w0 [=3 = wW A
© ON WM (=] (3] O N o N

S35



0 PPM

€919l 1
290°L1
ol '8l
viz8l
L1012
6v6°22
185°0€
g2y 1g
y50°ee |
E90EE Pi—

2v6'9¢
9z1"L€
cev'Le
192'6€
1268
058’1y

[

w

USER:

[PTS1d: 65536

VS 9g
¥06°9S

LB:1.0

PSL9L
900°LL
Y9 LL

LN
N

T
o
[OFL: 137783

[NA: 160

IPD: 1.0 sec

192°0¢€1 / L -
iLSi'zel

T
[SW1: 30166

[PW: 4.3 usec

[F2: 499.698

1
200

STANDARD CARBON PARAMETERS

86.°90¢ —— J———

F1: 125.663
EX: s2pul

S36



wdd 8°0 0°T T°T 7T 9°T '8°T 0°2 (A4

Lovv v v bvv v b v v Pvv v b e bvrv v b v b v v by b v v b e by b v b v b g

N

qd wa
000°00T suy
6S 3
9°€06Z azx
Z €067 132
00°00S ST
L9°T wzy o sq
0sZ on X dap
(] o8 uw 133
- €0Z sa u 4
6899 an sovia
9°2€T ds pesn jou ares
AVIaSIA u yootw
qus p 30
sqm ¥ Ja
dxea [°GZy- 303
Iaes P
06 L
3 qawm €9 anda
pesn jou u3 9T sq
a3 ooxd 00V qaz
oTTFaM  0°0008 as
B 0€0 qr  9€SS9 du
3 ONISSFOOUd 960°% EL
» 0z andp TH a3
& b s 00z JWP  TS6°66€ bazs
@ fo © ° wp NOILISIODOY
e 2 e wp daxe °TT3
V] FOP ETOAD AUSATOS
= wp POOT 9T Sny  e3wp
IA 2 *0EA TTIHYS
qyIpas 1dxe
HANASIO HT QUVYANYLS

S37



0s 09 oL 08 06 00T

A

TUE€TT TTT 9091 » TS6°ST 144
9°v8 L9T°098T 00S°8T €2
6°LOT 6TS°€98T 0€G°8T (44
L AR4 21 SVO°PLIZ 8T9°12 Tz
8°69 LET PYTT 9te"zT 0z
6°89 TTO"PIET LOS €T 6T
6°LS TPT ZPEE EET EE 81
0°8TT 007" LSEE S8€°€E LT
veve TT6°SZTLE 690°LE ST
L°8L 990°SELE 0PI LE ST
v°69 T8V 6SLE €8E°LE 143
6°66 T80°986¢ 9€9°6€ €T
s°89 TIS SS0Y 9zE OV (44
L-zs PYPCETCY L68 TV IT
8°0L T8V LLEY 8ZS°EV ot
€LY GTS €€2S 0v0°2S 6
S°8TT 9EV SLES TSV €S 8
£€°€8 9€T9VLS 8ET LS L
§°26 8Z9°TILL 9
0°20T ELITEVLL S
T°L6 LTL SLLL v
0°LL TBL"6PITT €
Leze 9ST BLTET (4
€°8T 00T°LPSST LLS°LST T

IHDIIHE (zH) XOoNEODAEA  (KAd) ZONENDAME XEANI

S38



—PIFSIRWEqIES ¢ TIPS - STNUIA 00 g1 8VN 35 00°Ad >0 9L Md THazsXd

[ 9£S69 ‘PISId $°00SC -T40 0008 -IMS SLO00S “Td] SL0°00S T4

S00C 8C 924 *H.LVA -~ -¥dSN " STHIHANVAVA NOLOId QAVANVLS
Wdd 3 4 € 14 9 L

I ! I L L 1 1 L l 1 I ] L L L 1 1 1 ! 1 1 L 1 1 1 1

i 'e 0 B

€€8°0
0v80
G280
cev't
€29t

799'€

S39

oL

2002




IoWRTeTTd

H

oes gT ‘UTW (0 eWTr3 TeIOL
9€£SS9 OZTS LI
ONISSHEOOHd vYIva

ZHH 8G77969°66Y ‘TH  FANESHO

SUOTITISAST §

ZH 6°PZOL UIPTM
oes g599°y ewr3 -bov
seexfep 0°Sy esIna

7.005R, 00S-ZINO
eInjeredms) JUFqWY
€100 t3ueATOS

ndzs :eouenbes esTng

SHEIHNWEVE ROLOUd QUVONVLS

S40



0s 09 oL 08 06 00T 0TT 0zt 0€T

L°Le LES*SO9T 996°ST (44
v°6€ YL0°ZS8T 9TP°8T 114
9°6% VEE"LIBT 896°8T oz
€°LY 6S8°LLIZ 989°TZ 6T
v-oy 9ST°¥SZTT vip-ze 8T
T°6€ €9E°69€ET 09S°€T LT
0°6 PL8°9POE L6Z°0€ 91
£°12 OPT ZPEE EET EE ST
v-ov STZ T9€EE ETP EE 141
?°vE T80°LLSE €9S°9€ €T
L 38 £4 £96°8TLE 6LO"LE T
6°0V 000°966€ GEL°6E II
£°vC TTT ESOV TOE“ OV o1
£°6S EEL°STTY 0ZT6° TV 6
R 4 8vE T8TY zLs Ty 8
L*6¢ LYE PIPS 8E8° €S L
ST 998°€SLS vIT°LS 9
0°vé 8Z9°TTLL T89°9L S
1°S6 EL9EVLL 000°LL v
€°¢€6 LIL*SLLL 6TIELL €
k344 LTT T9TTT 926°0ZT (4
9°9T 9TZT T6TET 89T TET T

JHOTHH (ZH)XONANDMIE (Wd4A) AONENDENE XHANT

S41



o8 gT ‘Urm 0 ewWT3 I®IOL
9€SS9 ©ZFS Id

ONISSEOONd VILVd

ZHH 9SYV969°66% ‘TH  HANASHO
Eﬂﬂﬂﬂ'ﬂﬂk 4

ZH 6°PZ0L HIPTM

oes $99°p ewy3 °Dov

gooaep (°SYy OSTNA

«00S0s 00S-ALINQ
eanjuredme) JUOTAWY
€100 :3uealos

S42

Indzs :eouendes esing ¢

£y
STHLERVIVE NOLOWd UVANVLS



wudd 9 L
1 I 1 - 1 1 1 1 _ 1 1
— 11/4 T
qa wa
000°00T saf
(114 93
9°€06Z dza
Z €06V 3%
00°00S ST
99°'TT wmzy  ua Y
0sZ on X dap
0 o8 w uT
z9T sa © ¥
Z°VI6T an sovIa
S"€TIT ds poesn jo0u ﬂ..nﬂu .
AVIASIA o yooT®
3us 9 30
squ 9 k34
azem L°GZT¥- Fo3
Izem 0 1
0°6 ad
3 qivwm €9 anda
pesn jou w3 9T sq
L H ooxd  Q0VY q3
oTTIIA 0°0008 ns
0e°0 qT  9€SS9 du
ONISSHO0ud 960° ¥ £
0z andp 1H u3
002 FuP  TS6°66€ bags
° D NOILISIODOV
uua wp dxe oTT3
0 JOoP E£IOaD 3ITOATOS
™ TP P00Z 8T I°0  e3wp
IA 3 *DEA FIARVS
qIpas  Tdxe

HANASEO HI CUVYANVIS

S43



wdd T

8 6 0T 1T

T AN WU N NN WA NN SN SO MO TR GO ST S S S !

ve

aresold \

\
\

\
\\

b R

o9s 9T ‘U ( SWE3 TRIOL
9€6S9 OZTE LI

ZH €°0 Suruepwoaq euyI
ONISSEDO¥d Viva

ZHH 8LL98P6°66€ ‘TH  HANASHO
suoTatiedex

ZH 0°0008 H3IPTM

298 960°y W3 °boY

seeoxfep 0°Gy esInd

=00PMa OOV-XLINO
eanjeredmey FUSTAWY
£I0ad :3ueATOs

Indzs :eouendbes esTng

SAMESEO HT QUVANVIS

S44



a1eloid

—I_\
+

N

1

s°9 90Z°VLLT
€°9 v6Z°¥PTIT
T°L 9S0°LYTIT
6°S 88€°vTTT
s°9 €6T°0LYT
79 9TE"TILT
9y 690°0ETY
v-9 TV6 LLTY
€°9 £26°8TEY
L 48 4 LOV°ZSLY
89 8y LI8Y
L'y 690°€20S
€°9 T80°022S
8°9 LTO°ST9S
T°9 VT E9LS
€L S€9°TTTY
LS 066°T6€9
Ly vL9°L699
€L 660°€T69
6°LT ¥S9°€V96
LLT SS6°VLI96
L°LT LLT°LOLG
6°TT 0Z0°Z06ST
z°T PSTTETST
6°T LLT 2ZO8LT
v 0ZL SEL0T

0ZT"¥T 9z
990°LT 14
880°LT 144
€O0LLT €T
099°6T 144
98S8°TT b4
0L8°2¢E [:14
TST €€ 6T
€Sy Ve 81
€Z8°LE LT
6EL 8E 91
LL6 6E ST
SPS TV 143
889° PV €T
898°SY T
yZs 6V T
088°0S [}
S0€° €S 6
6T0°SS 8
TSL 9L L
000°LL 9
98Z°LL 1
6SS°92T 14
¥8€°82T €
T89°TPT 4
978°191T T

LHOISH (ZH) 2oNE0DTIL

(H3d) AONNADENA X=aNT,

S45



wdd 9 L
! 1] _ 1 1 1 ﬁ 1 L
S I
qa wx
000°00T SuT
[14 3
9°€062 dzz
0°€06% 3
00°00S §T
TS IT wmzy  Uw sy
0sZ on X dp
0 o8 uw ur
29T sa © TF
S°6L82 an SOVl
T°09T ds pesn jou aresb
AVI4SIa a Jootw
qum 9 30
sqs 9 B
axes L°GZ¥- Jo3
xIen 0 ™
T°0T ad
3 qasw €9 Iy
pesn jou Tz 9T sq
I sozd  00%¥ a3
®TITFIA 0°0008 as
0€°0 qt  9€£SS9 du
ONISSEDO¥E 960°V e
oz andp 1H a3
002 FUp TS6°66€ bazs
2 wmp NOILISINDOVY
auu wp dxe o1t
0 JoP €TOM ueatos
TH TP 00T TI TS  ©3ep
LA 3 "D3A ATARVYS
qIipis  1dxe

FAYHSHO HT QUVANVLS

S46



wdd (114 o€ oy 0s 09 oL 08
| l l | ! | I I I | I L L |
0°P9T ?06°88PT §08°%T ET
voevt 6T6°CP8T STE°ST 44
9°G6T TSP TZOT TOT 02 | £4
v°102 8L6°2202 9TT 0T pz
6°TST z68°9022 YP6°TT 5T
€°SPT 969°90S2 9T6°¥T BT
L* €9 T88°9Z¢E€ T80°E€E LT
8°69T TPE€BEE EP9°€E PT
L°S8T EEL TEEE 9ZL EE S
v-8s TIL LBLE £€99°LE 141
0°06T TTT €EL6E LOS°6€ €T
8°99T TIT 6LTY SSS° TV zT
1°86T 8VS°61T¥ 8S6°TV T
0°STT 9TT YZTY €00°2v (12
T°€0T 169°szTY 810°2ZV 6
S°8YT EOL TEEY ELOEY 8
S°L6T TST S8SS B8ES°SS L
S°9ST LOZ 9598 EVT° 95 9
6°LLT ¥8€° T89S £69°9S <
8°18 8Z9°TTLL T89°9L v
S°18 €LY EVLL 000°LL €
0°LL LIL°SLLL 6TE°LL z
T°SST 866°STT8 zoL 08 T
LHEOIEH (ZH)AONEODIME (KAd4) ADNENDENZ XEANI

S47



udd 9 L
il i 1 — 1 i 1 p 1
ey gj
qda wx
000°00T L33
(114 q3
9°€062 azx
T E06V Tz
00°00S ST
99°TT umzy U sq
0sz on X ap
0 o8 . aT
z9T A w 113
(28 4114 dan SoVId
9°8L ds pesn jou ures
AVIdSIa a jootw
Jus g -3
sqa g .
= dxes L Ty~ 303
I8 0 P
0°6 ad
F wawvw €9 Ty
pesn jou u3 91 sq
a3 00xd  00¥¥ qaz
OTTIIM  0°0008 us
0€°0 q1 9€gS9 au
ONISSADOUE 960°V Ie
(14 andp 1H a3
00T FuP TS6°66€ bazs
Bl TP NOILISINDOY
o wp dxe oTT3
0 Jop EID@ Jueatos
" up ¥00Z 6 des  e3wp
LA ? °D3EA FTIaNVS
qipas  1dxe

FAYISEO HT QUVANVLS

S48



wdd 0z o€ oy 0s 09 oL 08
I | | I | 1 i I | L ! ] 1
9°6T 9ST°6L8T 966 °PT €2
§°LT §80°60€EZ LLE"| (44
6782 9LB ELYT 689 | TT
L €T PS6°0€ST EVI| oz
8°vC €09°2992 T6T T 6T
6°6T £28°28LZ 606°1Z 8T
8°6 809°8STV L60"E€ LT
£°ST 9TV 0ETY 699° €€ ST
£°6 YvESILY ZeS°LE 14
0°LZ Z96°€08P €ET 8E 143
8°22 TP9°T86Y LY9°6€ £T
0°82 V61 °6VIS 186°0% T
9°T¢ PL8°89CS £E6°TY k11
8°6 6€S°G9€ES £0L°2Y 0T
L8 80T °867S 8SL°EY 6
6°vT €SV ZLLS Tv6°SYy 8
S€T PY6°0VLY 6v9°€S L
6°92 E€VS°LLEY CES°SS 9
6°€Z v09°690L §92°9§ H
L-zz VELTYIE YPL 9L v
S*€T SS6°VLI6 000°LL €
HO 0°zz LLT LOLE 96Z°LL z
\ 6°LT LPE" 0966 TLZ 6L T
LHOIEH (ZH) XONANDAYE  (HA4) AONENDEII XIANT

S49



ORTEP diagram and Tables of crystal data, atomic coordinates, bond angles and bond lengths, and
anisotropic displacement parameters from the X-ray crystal determination with unsaturated nitrile

18a (ID code g30bam)

Table 1. Crystal data and structure refinement for unsaturated nitrile 18a

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

Unit cell dimensions

g30bam

C20 H31 N
285.46
1932)K
0.71073 A
Monoclinic
P21
a=7.903(6) A
b=9.454(7) A
c=11.846(9) A

S50

o= 90°.
B=97.736(12)°.
¥ = 90°.



Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.56°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(])]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

877.0(12) A3

2

1.081 Mg/m?

0.061 mm'!

316

0.70 x 0.32 x 0.20 mm?
1.73 to 25.56°.

-9<=h<=9, -11<=k<=11, -14<=I<=14

9150

1735 [R(int) = 0.1151]

99.1 %

Numerical

0.99213 and 0.96142
Full-matrix least-squares on F2
1735/1/194

0.911

R1=0.0462, wR2=10.1138
R1=0.0616, wR2 =0.1241
-10(10)

0.211 and -0.149 e.A3
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Table 2. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 103)

for g30bam. U(eq) is defined as one third of the trace of the orthogonalized U tensor.

X y z U(eq)
(1) -144(3) 6220(3) 6674(3) 53(1)
CQ) 590(4) 7589(3) 6233(3) 60(1)
CQ3) 1980(4) 7283(3) 5495(3) 59(1)
C(4) 3462(3) 6369(3) 6079(2) 50(1)
C(5) 2674(3) 5027(3) 6579(2) 38(1)
C(6) 3986(3) 3945(3) 7114(2) 41(1)
C(7) 3141(3) 2505(3) 7196(2) 39(1)
C(8) 1628(3) 2526(3) 7894(2) 34(1)
C(9) 408(3) 3783(3) 7518(2) 38(1)
C(10) 1242(3) 5267(3) 7347(2) 37(1)
(1) -1084(3) 3820(4) 8236(3) 55(1)
C(12) -1828(3) 2376(4) 8382(3) 57(1)
C(13) -1122(3) 1177(3) 8120(2) 49(1)
C(14) 585(3) 1157(3) 7671(2) 42(1)
C(15) 2326(3) 2594(3) 9196(2) 41(1)
C(16) 3278(3) 1312(3) 9586(2) 47(1)
c(17) 4557(5) 5921(4) 5151(3) 74(1)
C(18) 4635(4) 7249(4) 6969(3) 63(1)
C(19) 1876(3) 5990(3) 8501(2) 46(1)
C(20) -1956(5) -245(4) 8214(3) 68(1)
N(1) 4013(3) 300(3) 9890(2) 68(1)
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Table 3. Bond lengths [A] and angles [°] for g30bam.

C(1)-C(2)
C(1)-C(10)
C(1)-H(1A)
C(1)-H(1B)
C(2)-C(3)
C(2)-HQ2A)
C(2)-H(2B)
C(3)-C(4)
C(3)-H(3A)
C(3)-H(3B)
C(4)-C(17)
C(4)-C(18)
C(4)-C(5)
C(5)-C(6)
C(5)-C(10)
C(5)-H(5A)
C(6)-C(7)
C(6)-H(6A)
C(6)-H(6B)
C(7)-C(8)
C(7)-H(7A)
C(7)-H(7B)
C(8)-C(14)
C(8)-C(9)
C(8)-C(15)
C(9)-C(11)
C(9)-C(10)
C(9)-H(9A)
C(10)-C(19)
C(11)-C(12)
C(11)-H(11A)
C(11)-H(11B)
C(12)-C(13)
C(12)-H(12A)
C(13)-C(20)
C(13)-C(14)

1.538(5)
1.553(4)
0.9900
0.9900
1.521(5)
0.9900
0.9900
1.542(4)
0.9900
0.9900
1.547(5)
1.549(4)
1.564(4)
1.532(4)
1.561(4)
1.0000
1.525(4)
0.9900
0.9900
1.543(3)
0.9900
0.9900
1.538(4)
1.557(4)
1.568(3)
1.544(4)
1.575(4)
1.0000
1.550(4)
1.506(5)
0.9900
0.9900
1.318(5)
0.9500
1.508(4)
1.515(4)
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C(14)-H(14A)
C(14)-H(14B)
C(15)-C(16)
C(15)-H(15A)
C(15)-H(15B)
C(16)-N(1)
C(17)-H(17A)
C(17)-H(17B)
C(17)-H(17C)
C(18)-H(18A)
C(18)-H(18B)
C(18)-H(18C)
C(19)-H(19A)
C(19)-H(19B)
C(19)-H(19C)
C(20)-H(20A)
C(20)-H(20B)
C(20)-H(20C)
C(2)-C(1)-C(10)
C(2)-C(1)-H(1A)
C(10)-C(1)-H(1A)
C(2)-C(1)-H(1B)
C(10)-C(1)-H(1B)
H(1A)-C(1)-H(1B)
C(3)-C(2)-C(1)
C(3)-C(2)-H(2A)
C(1)-C(2)-H(2A)
C(3)-C(2)-H(2B)
C(1)-C(2)-H(2B)
H(2A)-C(2)-H(2B)
C(2)-C(3)-C(4)
C(2)-C(3)-H(3A)
C(4)-C(3)-H(3A)
C(2)-C(3)-H(3B)
C(4)-C(3)-H(3B)
H(3A)-C(3)-H(3B)
C(3)-C(4)-C(17)
C(3)-C(4)-C(18)

0.9900
0.9900
1.468(4)
0.9900
0.9900
1.151(4)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800

113.0(2)

109.0

109.0

109.0

109.0

107.8

111.7(3)

109.3

109.3

109.3

109.3

107.9

114.4(2)

108.7

108.7

108.7

108.7

107.6

107.4(2)

110.7(3)
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C(17)-C(4)-C(18)
C(3)-C(4)-C(5)
C(17)-C(4)-C(5)
C(18)-C(4)-C(5)
C(6)-C(5)-C(10)
C(6)-C(5)-C(4)
C(10)-C(5)-C(4)
C(6)-C(5)-H(5A)
C(10)-C(5)-H(5A)
C(4)-C(5)-H(5A)
C(7)-C(6)-C(5)
C(7)-C(6)-H(6A)
C(5)-C(6)-H(6A)
C(7)-C(6)-H(6B)
C(5)-C(6)-H(6B)
H(6A)-C(6)-H(6B)
C(6)-C(7)-C(8)
C(6)-C(7)-H(7A)
C(8)-C(7)-H(7A)
C(6)-C(7)-H(7B)
C(8)-C(7)-H(7B)
H(7A)-C(7)-H(7B)
C(14)-C(8)-C(7)
C(14)-C(8)-C(9)
C(7)-C(8)-C(9)
C(14)-C(8)-C(15)
C(7)-C(8)-C(15)
C(9)-C(8)-C(15)
C(11)-C(9)-C(8)
C(11)-C(9)-C(10)
C(8)-C(9)-C(10)
C(11)-C(9)-H(9A)
C(8)-C(9)-H(9A)
C(10)-C(9)-H(9A)
C(19)-C(10)-C(1)
C(19)-C(10)-C(5)
C(1)-C(10)-C(5)
C(19)-C(10)-C(9)

106.9(3)
107.9(2)
109.6(3)
114.22)
111.0(2)
114.6(2)
117.42)
104.0
104.0
104.0
110.1(2)
109.6
109.6
109.6
109.6
108.1
113.6(2)
108.8
108.8
108.8
108.8
107.7
109.5(2)
107.25(18)
110.5(2)
108.3(2)
109.41(18)
111.8(2)
110.42)
114.5(2)
117.62(18)
104.2
104.2
104.2
108.6(2)
113.86(19)
107.6(2)
111.7Q2)
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C(1)-C(10)-C(9)
C(5)-C(10)-C(9)
C(12)-C(11)-C(9)
C(12)-C(11)-H(11A)
C(9)-C(11)-H(11A)
C(12)-C(11)-H(11B)
C(9)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
C(13)-C(12)-C(11)
C(13)-C(12)-H(12A)
C(11)-C(12)-H(12A)
C(12)-C(13)-C(20)
C(12)-C(13)-C(14)
C(20)-C(13)-C(14)
C(13)-C(14)-C(8)
C(13)-C(14)-H(14A)
C(8)-C(14)-H(14A)
C(13)-C(14)-H(14B)
C(8)-C(14)-H(14B)
H(14A)-C(14)-H(14B)
C(16)-C(15)-C(8)
C(16)-C(15)-H(15A)
C(8)-C(15)-H(15A)
C(16)-C(15)-H(15B)
C(8)-C(15)-H(15B)
H(15A)-C(15)-H(15B)
N(1)-C(16)-C(15)
C(4)-C(17)-H(17A)
C(4)-C(17)-H(17B)
H(17A)-C(17)-H(17B)
C(4)-C(17)-H(17C)
H(17A)-C(17)-H(17C)
H(17B)-C(17)-H(17C)
C(4)-C(18)-H(18A)
C(4)-C(18)-H(18B)
H(18A)-C(18)-H(18B)
C(4)-C(18)-H(18C)
H(18A)-C(18)-H(18C)

107.74(19)
107.1(2)
112.4(3)
109.1
109.1
109.1
109.1
107.9
124.6(2)
117.7
117.7
123.1(3)
121.3(3)
115.7(3)
114.2(2)
108.7
108.7
108.7
108.7
107.6
111.9(2)
109.2
109.2
109.2
109.2
107.9
179.5(3)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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H(18B)-C(18)-H(18C)
C(10)-C(19)-H(19A)
C(10)-C(19)-H(19B)
H(19A)-C(19)-H(19B)
C(10)-C(19)-H(19C)
H(19A)-C(19)-H(19C)
H(19B)-C(19)-H(19C)
C(13)-C(20)-H(20A)
C(13)-C(20)-H(20B)
H(20A)-C(20)-H(20B)
C(13)-C(20)-H(20C)
H(20A)-C(20)-H(20C)
H(20B)-C(20)-H(20C)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (A2x 103)for g30bam. The anisotropic

displacement factor exponent takes the form: -2n?[ h2a*2U!! + ... + 2 h k a* b* U12 ]

Ull U22 U33 U23 U13 U12
c(1) 44(1) 44(2) 65(2) 2(2) -8(1) 4(1)
CQ) 59(2) 44(2) 71(2) 11(2) -14(2) 6(2)
c@3) 73(2) 47(2) 52(2) 11(2) -9(2) -12(2)
C(4) 56(2) 49(2) 42(2) 9(1) 2(1) -9(1)
C(5) 43(1) 38(1) 31(1) 2(1) 2(1) -8(1)
C(6) 36(1) 48(2) 39(1) 1(1) 8(1) 0(1)
c(7) 43(1) 42(1) 34(1) -1(1) 5(1) 7(1)
C(®) 31(1) 42(1) 27(1) -3(1) 1(1) 2(1)
C(9) 31(1) 42(2) 39(1) -1(1) -3(1) -1(1)
C(10) 35(1) 37(1) 38(1) 1(1) 2(1) 1(1)
c(11) 33(1) 57(2) 76(2) 8(2) 10(1) 10(1)
C(12) 33(1) 71(2) 68(2) 17(2) 7(1) 2(2)
C(13) 42(1) 56(2) 46(2) 14(2) -4(1) -7(2)
C(14) 45(1) 43(2) 35(1) 4(1) -3(1) -1(1)
C(15) 37(1) 55(2) 28(1) -1(1) 1(1) 2(1)
C(16) 39(1) 62(2) 37(1) 6(1) -3(1) -3(1)
c(17) 92(2) 73(2) 62(2) 18(2) 32(2) -6(2)
C(18) 57(2) 57(2) 70(2) 6(2) -7(2) -20(2)
C(19) 50(1) 44(2) 43(2) -9(1) 3(1) 1(1)
C(20) 67(2) 70(2) 65(2) 15(2) 502) 21(2)
N(1) 63(2) 76(2) 60(2) 21(2) -10(1) 8(2)

S58



Table 5. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2x 10%)

for g30bam.
X y z U(eq)

H(1A) =729 5680 6019 63
H(1B) -1007 6469 7174 63
H(2A) -341 8130 5782 72
H(2B) 1067 8181 6889 72
H(3A) 2450 8193 5264 71
H(3B) 1459 6795 4794 71
H(5A) 2077 4531 5893 45
H(6A) 4927 3865 6644 49
H(6B) 4476 4267 7885 49
H(7A) 4007 1825 7549 47
H(7B) 2730 2164 6417 47
H(%9A) -142 3513 6738 46
H(11A) -673 4220 8996 66
H(11B) -1991 4451 7861 66
H(12A) -2881 2325 8683 68
H(14A) 384 983 6840 50
H(14B) 1268 357 8027 50
H(15A) 3084 3427 9343 49
H(15B) 1358 2716 9638 49
H(17A) 3909 5255 4625 111
H(17B) 5607 5465 5511 111
H(17C) 4848 6758 4729 111
H(18A) 3937 7741 7470 94
H(18B) 5266 7944 6576 94
H(18C) 5442 6618 7424 94
H(19A) 2984 5592 8816 69
H(19B) 1048 5826 9033 69
H(19C) 1996 7009 8383 69
H(20A) -3024 -124 8539 102
H(20B) -1186 -863 8709 102
H(20C) -2202 -671 7456 102
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Table 6. Torsion angles [°] for g30bam.

C(10)-C(1)-C(2)-C(3) 56.4(3)
C(1)-C(2)-C(3)-C(4) -55.6(3)
C(2)-C(3)-C(4)-C(17) 169.1(3)
C(2)-C(3)-C(4)-C(18) -74.6(3)
C(2)-C(3)-C(4)-C(5) 51.0(3)
C(3)-C(4)-C(5)-C(6) 175.6(2)
C(17)-C(4)-C(5)-C(6) 59.0(3)
C(18)-C(4)-C(5)-C(6) -60.9(3)
C(3)-C(4)-C(5)-C(10) -51.4(3)
C(17)-C(4)-C(5)-C(10) -168.0(2)
C(18)-C(4)-C(5)-C(10) 72.1(3)
C(10)-C(5)-C(6)-C(7) 63.6(3)
C(4)-C(5)-C(6)-C(7) -160.5(2)
C(5)-C(6)-C(7)-C(8) -58.1(3)
C(6)-C(7)-C(8)-C(14) 165.4(2)
C(6)-C(7)-C(8)-C(9) 47.4(3)
C(6)-C(7)-C(8)-C(15) -76.1(3)
C(14)-C(8)-C(9)-C(11) 61.9(2)
C(7)-C(8)-C(9)-C(11) -178.8(2)
C(15)-C(8)-C(9)-C(11) -56.6(3)
C(14)-C(8)-C(9)-C(10) -164.1(2)
C(7)-C(8)-C(9)-C(10) -44.8(3)
C(15)-C(8)-C(9)-C(10) 77.3(3)
C(2)-C(1)-C(10)-C(19) 70.8(3)
C(2)-C(1)-C(10)-C(5) -52.9(3)
C(2)-C(1)-C(10)-C(9) -168.1(2)
C(6)-C(5)-C(10)-C(19) 66.8(3)
C(4)-C(5)-C(10)-C(19) -67.8(3)
C(6)-C(5)-C(10)-C(1) -172.8(2)
C(4)-C(5)-C(10)-C(1) 52.6(3)
C(6)-C(5)-C(10)-C(9) -57.2(2)
C(4)-C(5)-C(10)-C(9) 168.2(2)
C(11)-C(9)-C(10)-C(19) 56.3(3)
C(8)-C(9)-C(10)-C(19) -75.8(3)
C(11)-C(9)-C(10)-C(1) -62.9(3)
C(8)-C(9)-C(10)-C(1) 165.0(2)
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C(11)-C(9)-C(10)-C(5)
C(8)-C(9)-C(10)-C(5)
C(8)-C(9)-C(11)-C(12)
C(10)-C(9)-C(11)-C(12)
C(9)-C(11)-C(12)-C(13)
C(11)-C(12)-C(13)-C(20)
C(11)-C(12)-C(13)-C(14)
C(12)-C(13)-C(14)-C(8)
C(20)-C(13)-C(14)-C(8)
C(7)-C(8)-C(14)-C(13)
C(9)-C(8)-C(14)-C(13)
C(15)-C(8)-C(14)-C(13)
C(14)-C(8)-C(15)-C(16)
C(7)-C(8)-C(15)-C(16)
C(9)-C(8)-C(15)-C(16)

-178.3(2)

49.5(3)
-44.1(3)

-179.6(2)

11.8(4)

-176.3(3)

2.0(5)
17.7(4)

-163.8(2)
-168.4(2)

-48.5(3)
72.4(3)
54.003)
-65.2(3)
172.0(2)

Symmetry transformations used to generate equivalent atoms:
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ORTEP diagram and Tables of crystal data, atomic coordinates, bond angles and bond lengths, and
anisotropic displacement parameters from the X-ray crystal structure determination of methyl ent-
trachyloban-19-oate (3 with axial carbomethoxy group at C4, ID code g24fasm)

. é‘“ﬂ%{

.

Table 1. Crystal data and structure refinement for g24fasm.

Identification code g24fasm

Empirical formula C21 H32 02

Formula weight 316.47

Temperature 1932) K

Wavelength 0.71073 A

Crystal system Orthorhombic

Space group P212121

Unit cell dimensions a=7.430Q2) A a=90°.
b=28.883(2) A B=90°.
¢ =26.604(7) A v =90°.
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Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.37°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(])]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

1755.8(8) A

4

1.197 Mg/m?

0.074 mm'!

696

0.42x 0.31 x 0.22 mm?3
2.42 to 25.37°.

-8<=h<=8, -10<=k<=10, -30<=1<=32

11593

1875 [R(int) = 0.0415]

99.8 %

Integration

0.9876 and 0.9629
Full-matrix least-squares on F2
1875/0/213

1.041

R1=0.0487, wR2 =0.1307
R1=0.0590, wR2 = 0.1401
-10(10)

0.010(4)

0.299 and -0.210 e.A3
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Table 2. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 103)

for g24fasm. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
(1) -1420(4) 1307(3) 1711(1) 38(1)
o(1) 2481(3) -1995(2) 1896(1) 53(1)
0(2) 4424(3) -418(2) 1531(1) 41(1)
CQ) -1043(4) -44(3) 2047(1) 45(1)
CQ3) 576(4) 256(4) 2385(1) 43(1)
C(4) 2290(4) 670(3) 2095(1) 35(1)
C(5) 1855(4) 2046(3) 1750(1) 31(1)
C(6) 3440(4) 2763(3) 1467(1) 37(1)
C(7) 2904(4) 4337(3) 1289(1) 38(1)
C(8) 1251(4) 4350(3) 947(1) 32(1)
C(9) -285(4) 3410(3) 1182(1) 32(1)
C(10) 213(4) 1827(3) 1396(1) 32(1)
(1) -1948(4) 3412(4) 826(1) 41(1)
C(12) -1743(4) 4458(3) 381(1) 42(1)
C(13) -651(4) 5880(3) 411(1) 38(1)
C(14) 525(4) 5963(3) 875(1) 37(1)
C(15) 1617(4) 3879(3) 397(1) 41(1)
C(16) 47(5) 4544(4) 113(1) 43(1)
c(17) 3753(4) 1109(4) 2482(1) 45(1)
C(18) 3003(4) -729(3) 1833(1) 36(1)
C(19) 592(4) 627(3) 989(1) 39(1)
C(20) -1316(5) 7303(4) 171(1) 45(1)
C@1) 5234(4) -1683(3) 1282(1) 45(1)

S64



Table 3. Bond lengths [A] and angles [°] for g24fasm.

C(1)-C(2)
C(1)-C(10)
C(1)-H(1A)
C(1)-H(1B)
O(1)-C(18)
0(2)-C(18)
0(2)-C(21)
C(2)-C3)
C(2)-HQ2A)
C(2)-H(2B)
C(3)-C(4)
C(3)-H(3A)
C(3)-H(3B)
C(4)-C(18)
C(4)-C(17)
C(4)-C(5)
C(5)-C(6)
C(5)-C(10)
C(5)-H(5A)
C(6)-C(7)
C(6)-H(6A)
C(6)-H(6B)
C(7)-C(8)
C(7)-H(7A)
C(7)-H(7B)
C(8)-C(14)
C(8)-C(9)
C(8)-C(15)
C(9)-C(11)
C(9)-C(10)
C(9)-H(9A)
C(10)-C(19)
C(11)-C(12)
C(11)-H(11A)
C(11)-H(11B)
C(12)-C(13)

1.522(4)
1.546(4)
0.9900
0.9900
1.202(3)
1.353(3)
1.437(3)
1.524(4)
0.9900
0.9900
1.533(4)
0.9900
0.9900
1.521(4)
1.548(4)
1.562(4)
1.537(4)
1.554(3)
1.0000
1.529(4)
0.9900
0.9900
1.528(4)
0.9900
0.9900
1.543(4)
1.545(4)
1.548(4)
1.557(4)
1.561(4)
1.0000
1.545(4)
1.513(4)
0.9900
0.9900
1.503(4)
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C(12)-C(16)
C(12)-H(12A)
C(13)-C(20)
C(13)-C(14)
C(13)-C(16)
C(14)-H(14A)
C(14)-H(14B)
C(15)-C(16)
C(15)-H(15A)
C(15)-H(15B)
C(16)-H(16A)
C(17)-H(17A)
C(17)-H(17B)
C(17)-H(17C)
C(19)-H(19A)
C(19)-H(19B)
C(19)-H(19C)
C(20)-H(20A)
C(20)-H(20B)
C(20)-H(20C)
C(21)-H(21A)
C(21)-H(21B)
C(21)-H(21C)
C(2)-C(1)-C(10)
C(2)-C(1)-H(1A)
C(10)-C(1)-H(1A)
C(2)-C(1)-H(1B)
C(10)-C(1)-H(1B)
H(1A)-C(1)-H(1B)
C(18)-0(2)-C(21)
C(1)-C(2)-C(3)
C(1)-C(2)-H(2A)
C(3)-C(2)-H(2A)
C(1)-C(2)-H(2B)
C(3)-C(2)-H(2B)
H(2A)-C(2)-H(2B)
C(2)-C(3)-C(4)
C(2)-C(3)-H(3A)

1.511(4)
1.0000
1.501(4)
1.513(4)
1.520(4)
0.9900
0.9900
1.510(4)
0.9900
0.9900
1.0000
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800

114.2(2)

108.7

108.7

108.7

108.7

107.6

116.1(2)

110.7(3)

109.5

109.5

109.5

109.5

108.1

113.6(2)

108.8
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C(4)-C(3)-H(3A)
C(2)-C(3)-H(3B)
C(4)-C(3)-H(3B)
H(3A)-C(3)-H(3B)
C(18)-C(4)-C(3)
C(18)-C(4)-C(17)
C(3)-C(4)-C(17)
C(18)-C(4)-C(5)
C(3)-C(4)-C(5)
C(17)-C(4)-C(5)
C(6)-C(5)-C(10)
C(6)-C(5)-C(4)
C(10)-C(5)-C(4)
C(6)-C(5)-H(5A)
C(10)-C(5)-H(5A)
C(4)-C(5)-H(5A)
C(7)-C(6)-C(5)
C(7)-C(6)-H(6A)
C(5)-C(6)-H(6A)
C(7)-C(6)-H(6B)
C(5)-C(6)-H(6B)
H(6A)-C(6)-H(6B)
C(8)-C(7)-C(6)
C(8)-C(7)-H(7A)
C(6)-C(7)-H(7A)
C(8)-C(7)-H(7B)
C(6)-C(7)-H(7B)
H(7A)-C(7)-H(7B)
C(7)-C(8)-C(14)
C(7)-C(8)-C(9)
C(14)-C(8)-C(9)
C(7)-C(8)-C(15)
C(14)-C(8)-C(15)
C(9)-C(8)-C(15)
C(8)-C(9)-C(11)
C(8)-C(9)-C(10)
C(11)-C(9)-C(10)
C(8)-C(9)-H(9A)

108.8
108.8
108.8
107.7
108.9(2)
105.5(2)
108.0(2)
116.2(2)
108.1(2)
109.9(2)
110.86(19)
117.0(2)
114.92)
104.1
104.1
104.1
109.4(2)
109.8
109.8
109.8
109.8
108.3
113.6(2)
108.8
108.8
108.8
108.8
107.7
111.2(2)
110.5(2)
107.1(2)
114.9(2)
101.22)
111.4(2)
109.9(2)
117.3(2)
114.32)
104.7
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C(11)-C(9)-H(9A)
C(10)-C(9)-H(9A)
C(19)-C(10)-C(1)
C(19)-C(10)-C(5)
C(1)-C(10)-C(5)
C(19)-C(10)-C(9)
C(1)-C(10)-C(9)
C(5)-C(10)-C(9)
C(12)-C(11)-C(9)
C(12)-C(11)-H(11A)
C(9)-C(11)-H(11A)
C(12)-C(11)-H(11B)
C(9)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
C(13)-C(12)-C(16)
C(13)-C(12)-C(11)
C(16)-C(12)-C(11)
C(13)-C(12)-H(12A)
C(16)-C(12)-H(12A)
C(11)-C(12)-H(12A)
C(20)-C(13)-C(12)
C(20)-C(13)-C(14)
C(12)-C(13)-C(14)
C(20)-C(13)-C(16)
C(12)-C(13)-C(16)
C(14)-C(13)-C(16)
C(13)-C(14)-C(8)
C(13)-C(14)-H(14A)
C(8)-C(14)-H(14A)
C(13)-C(14)-H(14B)
C(8)-C(14)-H(14B)
H(14A)-C(14)-H(14B)
C(16)-C(15)-C(8)
C(16)-C(15)-H(15A)
C(8)-C(15)-H(15A)
C(16)-C(15)-H(15B)
C(8)-C(15)-H(15B)
H(15A)-C(15)-H(15B)

104.7
104.7
108.5(2)
111.6(2)
108.85(19)
114.2(2)
106.3(2)
107.1(2)
113.42)
108.9
108.9
108.9
108.9
107.7
60.5(2)
121.92)
119.3(3)
114.8
114.8
114.8
120.4(3)
119.8(3)
113.42)
123.22)
60.0(2)
105.5(2)
105.02)
110.8
110.8
110.8
110.8
108.8
103.5(2)
111.1
111.1
111.1
111.1
109.0
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C(15)-C(16)-C(12)
C(15)-C(16)-C(13)
C(12)-C(16)-C(13)
C(15)-C(16)-H(16A)
C(12)-C(16)-H(16A)
C(13)-C(16)-H(16A)
C(4)-C(17)-H(17A)
C(4)-C(17)-H(17B)
H(17A)-C(17)-H(17B)
C(4)-C(17)-H(17C)
H(17A)-C(17)-H(17C)
H(17B)-C(17)-H(17C)
0(1)-C(18)-0(2)
O(1)-C(18)-C(4)
0(2)-C(18)-C(4)
C(10)-C(19)-H(19A)
C(10)-C(19)-H(19B)
H(19A)-C(19)-H(19B)
C(10)-C(19)-H(19C)
H(19A)-C(19)-H(19C)
H(19B)-C(19)-H(19C)
C(13)-C(20)-H(20A)
C(13)-C(20)-H(20B)
H(20A)-C(20)-H(20B)
C(13)-C(20)-H(20C)
H(20A)-C(20)-H(20C)
H(20B)-C(20)-H(20C)
0(2)-C(21)-H(21A)
0(2)-C(21)-H(21B)
H(21A)-C(21)-H(21B)
0(2)-C(21)-H(Q21C)
H(21A)-C(21)-H(21C)
H(21B)-C(21)-H(21C)

115.02)
107.92)
59.5(2)
119.8
119.8
119.8
109.5
109.5
109.5
109.5
109.5
109.5
121.7(3)
126.1(3)
112.1Q2)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (A2x 103)for g24fasm. The anisotropic

displacement factor exponent takes the form: -2n?[ h2a*2U!! + ... + 2 h k a* b* U12 ]

Ull U22 U33 U23 U13 U12
c(1) 33(2) 39(2) 43(1) 7(1) 2(1) -4(1)
o(1) 56(1) 33(1) 71(1) 4(1) 8(1) 3(1)
0Q) 38(1) 36(1) 49(1) -3(1) 5(1) 1(1)
CQ) 35(2) 47(2) 54(2) 16(2) 9(1) 2(1)
c@3) 42(2) 47(2) 39(1) 12(1) 6(1) 502)
C(4) 34(2) 35(1) 35(1) 2(1) -3(1) 1(1)
C(5) 28(1) 29(1) 35(1) -1(1) 2(1) 2(1)
C(6) 29(1) 36(1) 47(2) 4(1) 2(1) 1(1)
c(7) 32(1) 34(1) 49(2) 4(1) -3(1) -5(1)
C(®) 28(1) 30(1) 39(1) 2(1) 2(1) -1(1)
C(9) 30(1) 31(1) 34(1) 0(1) 2(1) 2(1)
C(10) 30(1) 31(1) 34(1) 1(1) 1(1) -3(1)
c1) 32(2) 42(2) 47(2) 5(1) -8(1) -3(1)
C(12) 44(2) 45(2) 37(1) 1(1) -7(1) 2(1)
C(13) 41(2) 38(2) 35(1) 3(1) 1(1) 3(1)
C(14) 36(2) 33(1) 43(2) 2(1) 0(1) -1(1)
c(15) 50(2) 33(1) 41(1) 2(1) 10(1) 4(1)
C(16) 56(2) 44(2) 29(1) 1(1) 5(1) 4(2)
c(17) 47(2) 46(2) 43(2) -1(1) -9(2) 6(2)
c(18) 33(1) 35(2) 39(1) 2(1) 0(1) 0(1)
C(19) 43(2) 32(1) 41(1) -4(1) -3(1) 2(1)
C(20) 41(2) 44(2) 52(2) 9(1) -1Q2) 4(2)
c@1) 46(2) 43(2) 45(2) -8(1) 0(1) 702)
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Table 5. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2x 10%)

for g24fasm.
X y z U(eq)

H(1A) -1824 2156 1924 46
H(1B) -2419 1050 1480 46
H(2A) -806 -940 1836 54
H(2B) -2112 -255 2258 54
H(3A) 816 -654 2589 51
H(3B) 278 1086 2618 51
H(5A) 1456 2847 1990 37
H(6A) 4499 2831 1692 45
H(6B) 3769 2132 1175 45
H(7A) 2658 4974 1587 46
H(7B) 3930 4789 1106 46
H(%9A) -678 4003 1482 38
H(11A) -2151 2376 701 49
H(11B) -3024 3715 1020 49
H(12A) -2820 4518 156 51
H(14A) -186 6283 1171 45
H(14B) 1526 6683 825 45
H(15A) 2772 4298 275 50
H(15B) 1644 2770 362 50
H(16A) 83 4594 -263 52
H(17A) 3945 271 2716 68
H(17B) 3360 1999 2670 68
H(17C) 4880 1334 2306 68
H(19A) 533 -378 1140 58
H(19B) 1794 790 847 58
H(19C) -310 707 721 58
H(20A) -1916 7061 -147 68
H(20B) -296 7975 106 68
H(20C) -2171 7802 396 68
H(21A) 6306 -1349 1099 67
H(21B) 4370 -2122 1046 67
H(21C) 5579 -2440 1532 67
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Table 6. Torsion angles [°] for g24fasm.

C(10)-C(1)-C(2)-C(3) 54.4(3)
C(1)-C(2)-C(3)-C(4) -56.4(4)
C(2)-CR3)-C(H-C(18) -72.0(3)
C(2)-CB3)-CH-C(17) 173.92)
C(2)-CB3)-CH-CG) 55.1(3)
C(18)-C(4)-C(5)-C(6) -63.8(3)
C(3)-C(4)-C(5)-C(6) 173.5(2)
C(17)-C(4)-C(5)-C(6) 55.8(3)
C(18)-C(4)-C(5)-C(10) 68.9(3)
CB3)-C(4)-C(5)-C(10) -53.9(3)
C(17)-C(4)-C(5)-C(10) -171.5(2)
C(10)-C(5)-C(6)-C(7) 63.3(3)
C(4)-C(5)-C(6)-C(7) -162.3(2)
C(5)-C(6)-C(7)-C(8) -58.3(3)
C(6)-C(7)-C(8)-C(14) 167.5(2)
C(6)-C(7)-C(8)-C(9) 48.7(3)
C(6)-C(7)-C(8)-C(15) -78.4(3)
C(7)-C(8)-C(9)-C(11) -179.1(2)
C(14H)-C(8)-C(9)-C(11) 59.6(3)
C(15)-C(8)-C(9)-C(11) -50.2(3)
C(7)-C(8)-C(9)-C(10) -46.4(3)
C(14)-C(8)-C(9)-C(10) -167.7(2)
C(15)-C(8)-C(9)-C(10) 82.5(3)
C(2)-C(D)-C(10)-C(19) 70.0(3)
C(2)-C(D)-C(10)-C(5) -51.7(3)
C(2)-C(D)-C(10)-C(9) -166.8(2)
C(6)-C(5)-C(10)-C(19) 67.9(3)
C(4)-C(5)-C(10)-C(19) -67.6(3)
C(6)-C(5)-C(10)-C(1) -172.4(2)
C(4)-C(5)-C(10)-C(1) 52.1(3)
C(6)-C(5)-C(10)-C(9) -57.8(3)
C(4)-C(5)-C(10)-C(9) 166.7(2)
C(8)-C(9)-C(10)-C(19) -73.4(3)
C(11)-C(9)-C(10)-C(19) 57.4(3)
C(8)-C(9)-C(10)-C(1) 167.0(2)
C(I1)-C(9)-C(10)-C(1) -62.2(3)
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C(8)-C(9)-C(10)-C(5)
C(11)-C(9)-C(10)-C(5)
C(8)-C(9)-C(11)-C(12)
C(10)-C(9)-C(11)-C(12)
C(9)-C(11)-C(12)-C(13)
C(9)-C(11)-C(12)-C(16)
C(16)-C(12)-C(13)-C(20)
C(11)-C(12)-C(13)-C(20)
C(16)-C(12)-C(13)-C(14)
C(11)-C(12)-C(13)-C(14)
C(11)-C(12)-C(13)-C(16)
C(20)-C(13)-C(14)-C(8)
C(12)-C(13)-C(14)-C(8)
C(16)-C(13)-C(14)-C(8)
C(7)-C(8)-C(14)-C(13)
C(9)-C(8)-C(14)-C(13)
C(15)-C(8)-C(14)-C(13)
C(7)-C(8)-C(15)-C(16)
C(14)-C(8)-C(15)-C(16)
C(9)-C(8)-C(15)-C(16)
C(8)-C(15)-C(16)-C(12)
C(8)-C(15)-C(16)-C(13)
C(13)-C(12)-C(16)-C(15)
C(11)-C(12)-C(16)-C(15)
C(11)-C(12)-C(16)-C(13)
C(20)-C(13)-C(16)-C(15)
C(12)-C(13)-C(16)-C(15)
C(14)-C(13)-C(16)-C(15)
C(20)-C(13)-C(16)-C(12)
C(14)-C(13)-C(16)-C(12)
C(21)-0(2)-C(18)-0(1)
C(21)-0(2)-C(18)-C(4)
C(3)-C(4)-C(18)-0(1)
C(17)-C(4)-C(18)-0(1)
C(5)-C(4)-C(18)-0(1)
C(3)-C(4)-C(18)-0(2)
C(17)-C(4)-C(18)-0(2)
C(5)-C(4)-C(18)-0(2)

50.8(3)
-178.5(2)
-6.9(3)
-141.12)
-30.8(4)
40.8(4)
113.13)
-138.8(3)
-95.0(3)
13.1(4)
108.1(3)
-168.7(3)
39.2(3)
-24.3(3)
161.7(2)
-77.5(3)
39.3(3)
-158.9(2)
-39.0(3)
74.5(3)
-38.8(3)
25.2(3)
96.8(3)
-15.4(4)
-112.2(3)
142.2(3)
-109.0(3)
0.7(3)
-108.8(3)
108.4(3)
1.6(4)
177.7(2)
-9.8(4)
105.9(3)
-132.2(3)
174.3(2)
-70.0(3)
51.93)
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Symmetry transformations used to generate equivalent atoms:
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ORTEP figure and Tables of crystal data, atomic coordinates, bond angles and bond lengths, and
anisotropic displacement parameters from the X-ray crystal structure determination of
azatrachylobane picrate salt (24, ID code No. g6leam)

Table 1. Crystal data and structure refinement for g61eam.

Identification code g6leam
Empirical formula C25 H34 N4 O7
Formula weight 502.56
Temperature 1932) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group P21
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Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.30°
Absorption correction

Max. and min. transmission
Refinement method

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

Final R indices [[>2sigma(])]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

a=10.701(5) A o= 90°.
b=7.1793) A B=104.052(7)°.
c=16.525(8) A v =90°.
1231.5(10) A3

2

1.355 Mg/m?

0.100 mm'!

536

0.60 x 0.20 x 0.12 mm?

1.96 to 25.30°.

-12<=h<=12, -8<=k<=8, -19<=I<=19
9799

2444 [R(int) = 0.0577]

100.0 %

Numerical

0.99021 and 0.95830

Full-matrix least-squares on F2

2444 /1/332

1.028

R1=0.0443, wR2 =0.1036
R1=0.0687, wR2=10.1120

10(10)

0.216 and -0.183 e.A3
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Table 2. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 103)

for g6leam. U(eq) is defined as one third of the trace of the orthogonalized U tensor.

X y z U(eq)
o(1) 6859(3) 6807(4) 9415(2) 64(1)
(1) 8830(3) 4507(5) 5394(2) 38(1)
N(1) 7871(3) 7207(5) 8115(2) 44(1)
0(2) 3022(3) 6679(6) 8257(2) 86(1)
NQ) 4139(4) 7167(6) 8540(2) 66(1)
CQ) 8310(3) 3887(6) 4490(2) 46(1)
N@G3) 7682(3) 7465(8) 11124(2) 69(1)
CQ3) 8112(3) 5548(5) 3896(2) 43(1)
0(3) 4837(3) 7637(9) 8094(2) 115(2)
N(4) 3191(3) 7623(5) 11265(2) 47(1)
C(4) 7214(3) 7052(5) 4104(2) 37(1)
0(4) 8024(3) 6573(8) 11759(2) 117(2)
C(5) 7704(3) 7578(5) 5049(2) 32(1)
0(5) 8389(3) 8459(7) 10832(2) 97(1)
0(6) 3584(2) 7794(5) 12028(2) 65(1)
C(6) 6933(3) 9124(5) 5345(2) 37(1)
0(7) 2044(2) 7589(5) 10911(2) 64(1)
C(7) 7709(3) 9934(5) 6169(2) 39(1)
C(8) 8157(3) 8497(5) 6855(2) 33(1)
C(9) 8734(3) 6756(5) 6533(2) 32(1)
C(10) 7950(3) 5946(4) 5681(2) 30(1)
(1) 9100(4) 5304(5) 7249(2) 41(1)
C(12) 9031(3) 6052(6) 8091(2) 44(1)
C(13) 9204(3) 8035(6) 8304(2) 44(1)
C(14) 9190(3) 9332(5) 7586(2) 40(1)
C(15) 7118(3) 7943(6) 7309(2) 39(1)
C(16) 7297(4) 8778(6) 3565(2) 51(1)
c(17) 5811(3) 6356(6) 3857(2) 47(1)
C(18) 6696(3) 4955(5) 5759(2) 37(1)
C(19) 9793(4) 8664(7) 9190(2) 62(1)
C(20) 5997(4) 7149(6) 9792(2) 47(1)
1) 4629(4) 7219(6) 9440(2) 44(1)
C(22) 3714(3) 7336(6) 9908(2) 44(1)
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C(23) 4128(3) 7444(6) 10772(2) 39(1)
C(24) 5433(3) 7462(6) 11157(2) 45(1)
C(25) 6313(3) 7375(6) 10687(2) 45(1)
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Table 3. Bond lengths [A] and angles [°] for g61eam.

0(1)-C(20)
C(1)-C(2)
C(1)-C(10)
C(1)-H(1A)
C(1)-H(1B)
N(1)-C(15)
N(1)-C(12)
N(1)-C(13)
N(1)-H(1)
0(2)-N(2)
N(2)-0(3)
N(2)-C(21)
C(2)-C(3)
C(2)-H(Q2A)
C(2)-H(2B)
N(3)-0(4)
N(3)-0(5)
N(3)-C(25)
C(3)-C(4)
C(3)-H(3A)
C(3)-H(3B)
N(4)-0(7)
N(4)-0(6)
N(4)-C(23)
C(4)-C(17)
C(4)-C(16)
CH-C(5)
C(5)-C(6)
C(5)-C(10)
C(5)-H(5A)
C(6)-C(7)
C(6)-H(6A)
C(6)-H(6B)
C(7)-C(8)
C(7)-H(7A)
C(7)-H(7B)

1.256(4)
1.528(5)
1.547(4)
0.9900
0.9900
1.477(5)
1.501(5)
1.507(5)
0.87(4)
1.225(4)
1.218(5)
1.452(5)
1.527(5)
0.9900
0.9900
1.207(5)
1.221(5)
1.469(5)
1.538(5)
0.9900
0.9900
1.225(4)
1.235(4)
1.443(4)
1.540(4)
1.541(5)
1.569(5)
1.532(5)
1.549(5)
1.0000
1.528(5)
0.9900
0.9900
1.522(5)
0.9900
0.9900
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C(8)-C(15)
C(8)-C(9)
C(8)-C(14)
C(9)-C(11)
C(9)-C(10)
C(9)-H(9A)
C(10)-C(18)
C(11)-C(12)
C(11)-H(11A)
C(11)-H(11B)
C(12)-C(13)
C(12)-H(12A)
C(13)-C(14)
C(13)-C(19)
C(14)-H(14A)
C(14)-H(14B)
C(15)-H(15A)
C(15)-H(15B)
C(16)-H(16A)
C(16)-H(16B)
C(16)-H(16C)
C(17)-H(17A)
C(17)-H(17B)
C(17)-H(17C)
C(18)-H(18A)
C(18)-H(18B)
C(18)-H(18C)
C(19)-H(19A)
C(19)-H(19B)
C(19)-H(19C)
C(20)-C(21)
C(20)-C(25)
C(21)-C(22)
C(22)-C(23)
C(22)-H(22A)
C(23)-C(24)
C(24)-C(25)
C(24)-H(24A)

1.536(5)
1.545(5)
1.546(5)
1.553(5)
1.566(5)
1.0000
1.552(4)
1.511(5)
0.9900
0.9900
1.467(6)
1.0000
1.505(5)
1.516(5)
0.9900
0.9900
0.9900
0.9900
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.439(5)
1.443(5)
1.390(5)
1.390(4)
0.9500
1.387(5)
1.360(4)
0.9500
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C(2)-C(1)-C(10)
C(2)-C(1)-H(1A)
C(10)-C(1)-H(1A)
C(2)-C(1)-H(1B)
C(10)-C(1)-H(1B)
H(1A)-C(1)-H(1B)
C(15)-N(1)-C(12)
C(15)-N(1)-C(13)
C(12)-N(1)-C(13)
C(15)-N(1)-H(1)
C(12)-N(1)-H(1)
C(13)-N(1)-H(1)
O(3)-N(2)-0(2)
0(3)-N(2)-C(21)
0(2)-N(2)-C(21)
C(3)-C(2)-C(1)
C(3)-C(2)-H(2A)
C(1)-C(2)-H(2A)
C(3)-C(2)-H(2B)
C(1)-C(2)-H(2B)
H(2A)-C(2)-H(2B)
O(4)-N(3)-0(5)
0(4)-N(3)-C(25)
0(5)-N(3)-C(25)
C(2)-C(3)-C(4)
C(2)-C(3)-H(3A)
C(4)-C(3)-H(3A)
C(2)-C(3)-H(3B)
C(4)-C(3)-H(3B)
H(3A)-C(3)-H(3B)
O(7)-N(4)-0O(6)
0(7)-N(4)-C(23)
0(6)-N(4)-C(23)
C(3)-C(4)-C(17)
C(3)-C(4)-C(16)
C(17)-C(4)-C(16)
C(3)-C(4)-C(5)

112.9(3)
109.0
109.0
109.0
109.0
107.8
116.6(3)
109.1(3)
58.4(2)
120(3)
120(3)
117(3)
122.2(4)
119.4(4)
118.4(3)
111.23)
109.4
109.4
109.4
109.4
108.0
124.5(4)
117.4(4)
118.1(4)
113.6(3)
108.8
108.8
108.8
108.8
107.7
122.9(3)
118.7(3)
118.4(3)
109.6(3)
108.0(3)
107.3(3)
108.4(3)
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C(17)-C(4)-C(5)
C(16)-C(4)-C(5)
C(6)-C(5)-C(10)
C(6)-C(5)-C(4)
C(10)-C(5)-C(4)
C(6)-C(5)-H(5A)
C(10)-C(5)-H(5A)
C(4)-C(5)-H(5A)
C(7)-C(6)-C(5)
C(7)-C(6)-H(6A)
C(5)-C(6)-H(6A)
C(7)-C(6)-H(6B)
C(5)-C(6)-H(6B)
H(6A)-C(6)-H(6B)
C(8)-C(7)-C(6)
C(8)-C(7)-H(7A)
C(6)-C(7)-H(7A)
C(8)-C(7)-H(7B)
C(6)-C(7)-H(7B)
H(7A)-C(7)-H(7B)
C(7)-C(8)-C(15)
C(7)-C(8)-C(9)
C(15)-C(8)-C(9)
C(7)-C(8)-C(14)
C(15)-C(8)-C(14)
C(9)-C(8)-C(14)
C(8)-C(9)-C(11)
C(8)-C(9)-C(10)
C(11)-C(9)-C(10)
C(8)-C(9)-H(9A)
C(11)-C(9)-H(9A)
C(10)-C(9)-H(9A)
C(1)-C(10)-C(5)
C(1)-C(10)-C(18)
C(5)-C(10)-C(18)
C(1)-C(10)-C(9)
C(5)-C(10)-C(9)
C(18)-C(10)-C(9)

114.2(3)
109.2(3)
110.5(2)
114.6(3)
116.7(3)
104.5
104.5
104.5
110.0(3)
109.7
109.7
109.7
109.7
108.2
114.3(3)
108.7
108.7
108.7
108.7
107.6
113.9(3)
111.8(3)
110.8(3)
110.8(3)
100.6(3)
108.2(3)
109.2(3)
116.0(3)
114.6(3)
105.3
105.3
105.3
108.4(3)
108.8(3)
113.2(3)
106.9(2)
106.9(3)
112.3(3)
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C(12)-C(11)-C(9)
C(12)-C(11)-H(11A)
C(9)-C(11)-H(11A)
C(12)-C(11)-H(11B)
C(9)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
C(13)-C(12)-N(1)
C(13)-C(12)-C(11)
N(1)-C(12)-C(11)
C(13)-C(12)-H(12A)
N(1)-C(12)-H(12A)
C(11)-C(12)-H(12A)
C(12)-C(13)-C(14)
C(12)-C(13)-N(1)
C(14)-C(13)-N(1)
C(12)-C(13)-C(19)
C(14)-C(13)-C(19)
N(1)-C(13)-C(19)
C(13)-C(14)-C(8)
C(13)-C(14)-H(14A)
C(8)-C(14)-H(14A)
C(13)-C(14)-H(14B)
C(8)-C(14)-H(14B)
H(14A)-C(14)-H(14B)
N(1)-C(15)-C(8)
N(1)-C(15)-H(15A)
C(8)-C(15)-H(15A)
N(1)-C(15)-H(15B)
C(8)-C(15)-H(15B)
H(15A)-C(15)-H(15B)
C(4)-C(16)-H(16A)
C(4)-C(16)-H(16B)
H(16A)-C(16)-H(16B)
C(4)-C(16)-H(16C)
H(16A)-C(16)-H(16C)
H(16B)-C(16)-H(16C)
C(4)-C(17)-H(17A)
C(4)-C(17)-H(17B)

113.8(3)
108.8
108.8
108.8
108.8
107.7
61.0(2)
122.3(3)
116.5(3)
1153
1153
1153
115.8(3)
60.6(3)
104.6(3)
121.3(4)
120.0(4)
117.9(3)
104.2(3)
110.9
110.9
110.9
110.9
108.9
103.4(3)
111.1
111.1
111.1
111.1
109.0
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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H(17A)-C(17)-H(17B) 109.5

C(4)-C(17)-H(17C) 109.5
H(17A)-C(17)-H(17C) 109.5
H(17B)-C(17)-H(17C) 109.5
C(10)-C(18)-H(18A) 109.5
C(10)-C(18)-H(18B) 109.5
H(18A)-C(18)-H(18B) 109.5
C(10)-C(18)-H(18C) 109.5
H(18A)-C(18)-H(18C) 109.5
H(18B)-C(18)-H(18C) 109.5
C(13)-C(19)-H(19A) 109.5
C(13)-C(19)-H(19B) 109.5
H(19A)-C(19)-H(19B) 109.5
C(13)-C(19)-H(19C) 109.5
H(19A)-C(19)-H(19C) 109.5
H(19B)-C(19)-H(19C) 109.5
0(1)-C(20)-C(21) 127.1(4)
0(1)-C(20)-C(25) 120.8(3)
C(21)-C(20)-C(25) 111.9(3)
C(22)-C(21)-C(20) 124.2(3)
C(22)-C21)-N(2) 116.3(3)
C(20)-C(21)-N(2) 119.5(3)
C(21)-C(22)-C(23) 118.9(3)
C(21)-C(22)-H(22A) 120.6
C(23)-C(22)-H(22A) 120.6
C(24)-C(23)-C(22) 120.4(3)
C(24)-C(23)-N(4) 120.0(3)
C(22)-C(23)-N(4) 119.6(3)
C(25)-C(24)-C(23) 119.8(3)
C(25)-C(24)-H(24A) 120.1
C(23)-C(24)-H(24A) 120.1
C(24)-C(25)-C(20) 124.6(3)
C(24)-C(25)-N(3) 117.5(3)
C(20)-C(25)-N(3) 117.8(3)

Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (A2x 103)for g6leam. The anisotropic

displacement factor exponent takes the form: -2n?[ h2a*2U!! + ... + 2 h k a* b* U12 ]

Ull U22 U33 U23 U13 U12
o(1) 70(2) 68(2) 66(2) -5(2) 42(2) 4(2)
c(1) 31(2) 29(2) 57(2) 12) 16(2) 2(2)
N(1) 46(2) 46(2) 45(2) 3(2) 23(1) 0(2)
0Q) 75(2) 133(3) 44(2) 7(2) 6(2) -12(2)
NQ) 73(2) 76(3) 50(2) -102) 22(2) -13(2)
CQ) 39(2) 39(2) 63(3) -6(2) 28(2) 502)
NQG) 44(2) 113(4) 54(2) -1(3) 18(2) 22(2)
c@3) 36(2) 50(2) 46(2) 3(2) 18(2) 3(2)
003) 100(2) 212(5) 43(2) 13) 32(2) -34(3)
N@) 47(2) 54(2) 44(2) -1Q2) 19(2) 1(2)
C(4) 31(2) 42(2) 38(2) -1Q2) 8(2) -5(2)
0(4) 65(2) 209(5) 76(2) 46(3) 19(2) 64(3)
C(5) 23(2) 32(2) 41(2) 4(2) 8(1) -4(2)
0(5) 51(2) 142(4) 100(3) -7(3) 23(2) -9(2)
0(6) 57(2) 106(3) 36(2) 4(2) 17(1) 18(2)
C(6) 37(2) 31(2) 39(2) 3(2) 3(2) 4(2)
0(7) 40(2) 95(2) 61(2) -13(2) 19(1) -7(2)
c(7) 43(2) 28(2) 43(2) 12) 702) 502)
C(®) 31(2) 29(2) 38(2) 4(2) 8(1) 3(2)
C(9) 25(2) 31(2) 43(2) 8(2) 13(2) 4(1)
C(10) 22(2) 25(2) 43(2) 3(2) 11(1) 1(1)
c(11) 43(2) 36(2) 45(2) 9(2) 15(2) 8(2)
C(12) 43(2) 52(3) 38(2) 16(2) 12(2) 8(2)
C(13) 41(2) 52(3) 38(2) 6(2) 11(2) 502)
C(14) 35(2) 44(2) 40(2) 1(2) 6(2) 3(2)
c(15) 34(2) 43(2) 44(2) 2(2) 14(2) 4(2)
C(16) 52(2) 57(3) 41(2) 4(2) 6(2) -6(2)
c(17) 33(2) 60(3) 46(2) -8(2) 3(2) -4(2)
c(18) 35(2) 30(2) 48(2) 0(2) 15(2) 0(2)
C(19) 61(3) 74(3) 44(2) 3(2) 12) 10(2)
C(20) 54(2) 40(2) 55(2) -1Q2) 28(2) 2(2)
c@21) 65(2) 40(2) 29(2) -7(2) 18(2) -6(2)
C(22) 46(2) 42(2) 43(2) 2(2) 12(2) 2(2)
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C(23) 42(2) 40(2) 37(2) 12) 16(2) 4(2)
C(24) 47(2) 50(2) 38(2) 3(2) 122) 112)
C(25) 43(2) 47(2) 48(2) 0(2) 18(2) 112)
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Table 5. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2x 10%)

for gb6leam.
X y z U(eq)

H(1A) 9696 5059 5455 46
H(1B) 8924 3402 5762 46
H(1) 7510(40) 7090(70) 8530(30) 65
H(2A) 8922 3003 4336 55
H(2B) 7479 3233 4437 55
H(3A) 7749 5097 3321 51
H(3B) 8960 6118 3912 51
H(5A) 8574 8136 5094 38
H(6A) 6733 10120 4918 44
H(6B) 6109 8614 5420 44
H(7A) 8474 10582 6068 46
H(7B) 7175 10875 6366 46
H(9A) 9571 7179 6429 39
H(11A) 8514 4222 7110 49
H(11B) 9987 4858 7283 49
H(12A) 9320 5171 8569 53
H(14A) 10042 9364 7452 48
H(14B) 8953 10611 7716 48
H(15A) 6599 9036 7392 47
H(15B) 6538 6978 6993 47
H(16A) 7221 8391 2986 76
H(16B) 8127 9401 3778 76
H(16C) 6596 9639 3587 76
H(17A) 5508 6342 3248 71
H(17B) 5266 7190 4092 71
H(17C) 5767 5094 4075 71
H(18A) 6005 5875 5708 55
H(18B) 6844 4339 6304 55
H(18C) 6448 4024 5316 55
H(19A) 9616 7734 9582 93
H(19B) 9418 9862 9290 93
H(19C) 10727 8803 9271 93
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H(22A)
H(24A)

2821
5711

7342
7535

9642
11748

52
53
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Table 6. Torsion angles [°] for g61eam.

C(10)-C(1)-C(2)-C(3) 57.2(4)
C(1)-C(2)-C(3)-C(4) -56.7(4)
C(2)-C(3)-C(4)-C(17) -73.6(4)
C(2)-C(3)-C(4)-C(16) 169.9(3)
C(2)-C(3)-C(4)-C(5) 51.6(4)
C(3)-C(4)-C(5)-C(6) 177.8(3)
C(17)-C(4)-C(5)-C(6) -59.8(4)
C(16)-C(4)-C(5)-C(6) 60.4(4)
C(3)-C(4)-C(5)-C(10) -50.8(3)
C(17)-C(4)-C(5)-C(10) 71.7(4)
C(16)-C(4)-C(5)-C(10) -168.2(3)
C(10)-C(5)-C(6)-C(7) 63.0(4)
C(4)-C(5)-C(6)-C(7) -162.6(3)
C(5)-C(6)-C(7)-C(8) -55.0(4)
C(6)-C(7)-C(8)-C(15) -81.0(4)
C(6)-C(7)-C(8)-C(9) 45.6(4)
C(6)-C(7)-C(8)-C(14) 166.5(3)
C(7)-C(8)-C(9)-C(11) -176.9(3)
C(15)-C(8)-C(9)-C(11) -48.6(4)
C(14)-C(8)-C(9)-C(11) 60.8(3)
C(7)-C(8)-C(9)-C(10) -45.5(4)
C(15)-C(8)-C(9)-C(10) 82.7(3)
C(14)-C(8)-C(9)-C(10) -167.9(3)
C(2)-C(1)-C(10)-C(5) -53.3(4)
C(2)-C(1)-C(10)-C(18) 70.3(4)
C(2)-C(1)-C(10)-C(9) -168.2(3)
C(6)-C(5)-C(10)-C(1) -175.1(3)
C(4)-C(5)-C(10)-C(1) 51.6(3)
C(6)-C(5)-C(10)-C(18) 64.1(3)
C(4)-C(5)-C(10)-C(18) -69.2(3)
C(6)-C(5)-C(10)-C(9) -60.2(3)
C(4)-C(5)-C(10)-C(9) 166.5(2)
C(8)-C(9)-C(10)-C(1) 168.3(3)
C(11)-C(9)-C(10)-C(1) -63.0(3)
C(8)-C(9)-C(10)-C(5) 52.4(3)
C(11)-C(9)-C(10)-C(5) -178.9(3)
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C(8)-C(9)-C(10)-C(18)
C(11)-C(9)-C(10)-C(18)
C(8)-C(9)-C(11)-C(12)
C(10)-C(9)-C(11)-C(12)
C(15)-N(1)-C(12)-C(13)
C(15)-N(1)-C(12)-C(11)
C(13)-N(1)-C(12)-C(11)
C(9)-C(11)-C(12)-C(13)
C(9)-C(11)-C(12)-N(1)
N(1)-C(12)-C(13)-C(14)
C(11)-C(12)-C(13)-C(14)
C(11)-C(12)-C(13)-N(1)
N(1)-C(12)-C(13)-C(19)
C(11)-C(12)-C(13)-C(19)
C(15)-N(1)-C(13)-C(12)
C(15)-N(1)-C(13)-C(14)
C(12)-N(1)-C(13)-C(14)
C(15)-N(1)-C(13)-C(19)
C(12)-N(1)-C(13)-C(19)
C(12)-C(13)-C(14)-C(8)
N(1)-C(13)-C(14)-C(8)
C(19)-C(13)-C(14)-C(8)
C(7)-C(8)-C(14)-C(13)
C(15)-C(8)-C(14)-C(13)
C(9)-C(8)-C(14)-C(13)
C(12)-N(1)-C(15)-C(8)
C(13)-N(1)-C(15)-C(8)
C(7)-C(8)-C(15)-N(1)
C(9)-C(8)-C(15)-N(1)
C(14)-C(8)-C(15)-N(1)
0(1)-C(20)-C(21)-C(22)
C(25)-C(20)-C(21)-C(22)
0(1)-C(20)-C(21)-N(2)
C(25)-C(20)-C(21)-N(2)
0(3)-N(2)-C(21)-C(22)
0(2)-N(2)-C(21)-C(22)
0(3)-N(2)-C(21)-C(20)
0(2)-N(2)-C(21)-C(20)

-72.4(3)
56.3(4)
-10.1(4)

-142.2(3)
97.0(3)
-17.0(5)

-114.0(4)
-26.9(5)
44.1(4)
-92.9(3)
11.8(5)
104.7(4)
106.7(4)

-148.7(3)

-110.0(3)

1.6(4)
111.6(3)
137.9(4)

-112.1(4)
37.3(4)
-26.7(4)

-161.9(3)
161.8(3)
41.03)
-75.3(3)
-39.2(4)
24.3(4)

-158.0(3)
74.9(3)
-39.4(3)
170.2(4)
-4.9(6)
-9.8(7)
175.0(4)
157.4(5)
-21.3(6)
-22.5(7)
158.7(4)
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C(20)-C(21)-C(22)-C(23)
N(2)-C(21)-C(22)-C(23)
C(21)-C(22)-C(23)-C(24)
C(21)-C(22)-C(23)-N(4)
0(7)-N(4)-C(23)-C(24)
0(6)-N(4)-C(23)-C(24)
0(7)-N(4)-C(23)-C(22)
0(6)-N(4)-C(23)-C(22)
C(22)-C(23)-C(24)-C(25)
N(4)-C(23)-C(24)-C(25)
C(23)-C(24)-C(25)-C(20)
C(23)-C(24)-C(25)-N(3)
0(1)-C(20)-C(25)-C(24)
C(21)-C(20)-C(25)-C(24)
0(1)-C(20)-C(25)-N(3)
C(21)-C(20)-C(25)-N(3)
0(4)-N(3)-C(25)-C(24)
0(5)-N(3)-C(25)-C(24)
0(4)-N(3)-C(25)-C(20)
0(5)-N(3)-C(25)-C(20)

1.8(6)

-178.2(4)

0.9(6)
178.2(4)

-179.5(4)

0.2(6)
3.3(6)

-177.1(4)

0.1(6)

-177.2(4)

-3.9(7)
177.9(4)

-169.5(4)

6.0(6)
8.7(6)

-175.8(4)

42.7(7)

-136.0(4)
-135.6(5)

45.7(6)

Symmetry transformations used to generate equivalent atoms:
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Table 7. Hydrogen bonds for g6leam [A and °].

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)

N(1)-H(1)...0(1) 0.87(4) 1.78(4) 2.646(4) 177(4)

Symmetry transformations used to generate equivalent atoms:
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