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Experimental  
Data Collection  
A colorless block crystal of C18H26O3 having approximate dimensions of 0.15 x 
0.15 x 0.10 mm was mounted in a loop. All measurements were made on a Rigaku 
RAXIS RAPID imaging plate area detector with graphite monochromated Cu-Kα 
radiation.  
Indexing was performed from 3 oscillations that were exposed for 36 seconds. The 
crystal-to-detector distance was 127.40 mm.  
Cell constants and an orientation matrix for data collection corresponded to a 
primitive monoclinic cell with dimensions:  
a = 8.10238(15) Å  
b = 12.8053(2) Å β = 94.0063(8)o  
c = 15.8078(7) Å  
V = 1636.11(8) Å3  
For Z = 4 and F.W. = 290.40, the calculated density is 1.179 g/cm3. The systematic 
absences of:  
h0l: l ± 2n  
0k0: k ± 2n  
uniquely determine the space group to be:  

P21/c (#14)  
The data were collected at a temperature of -180 + 1oC to a maximum 2θ value of 
136.4o. A total of 90 oscillation images were collected. A sweep of data was done 
using ω scans from 80.0 to 260.0o in 10.0o step, at χ=0.0o and φ = 0.0o. The 
exposure rate was 12.0 [sec./o]. A second sweep was performed using ω scans 
from 80.0 to  
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260.0o in 10.0o step, at χ=54.0o and φ = 90.0o. The exposure rate was 12.0 [sec./o]. 
Another sweep was performed using ω scans from 80.0 to 260.0o in 10.0o step, at 
χ=54.0o and φ = 180.0o. The exposure rate was 12.0 [sec./o]. Another sweep was 
performed using ω scans from 80.0 to 260.0o in 10.0o step, at χ=54.0o and φ = 
270.0o. The exposure rate was 12.0 [sec./o]. Another sweep was performed using 
ω scans from 80.0 to 260.0o in 10.0o step, at χ=54.0o and φ = 0.0o. The exposure 
rate was 12.0 [sec./o]. The crystal-to-detector distance was 127.40 mm. Readout 
was performed in the 0.100 mm pixel mode.  
Data Reduction  
Of the 18272 reflections that were collected, 2976 were unique (Rint = 0.020); 
equivalent reflections were merged.  
The linear absorption coefficient, μ, for Cu-Kα radiation is 6.240 cm-1. An empirical 
absorption correction was applied which resulted in transmission factors ranging 
from 0.888 to 0.940. The data were corrected for Lorentz and polarization effects.  
Structure Solution and Refinement  
The structure was solved by direct methods1 and expanded using Fourier 
techniques2. The non-hydrogen atoms were refined anisotropically. Hydrogen 
atoms were refined using the riding model. The final cycle of full-matrix 
least-squares refinement3 on F2 was based on 2976 observed reflections and 197 
variable parameters and converged (largest parameter shift was 0.00 times its esd) 
with unweighted and weighted agreement factors of:  

R1 = Σ ||Fo| - |Fc|| / Σ |Fo| = 0.0359 (I>2.00σ(I))  
wR2 = [ Σ ( w (Fo2 - Fc2)2 )/ Σ w(Fo2)2]1/2 = 0.0902  

The standard deviation of an observation of unit weight4 was 1.07. Unit weights 
were used. The maximum and minimum peaks on the final difference Fourier map 
corresponded to 0.30 and -0.21 e-/Å3, respectively.  
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Neutral atom scattering factors were taken from Cromer and Waber5. Anomalous 
dispersion effects were included in Fcalc6; the values for Δf' and Δf" were those of 
Creagh and McAuley7. The values for the mass attenuation coefficients are those of 
Creagh and Hubbell8. All calculations were performed using the CrystalStructure9 
crystallographic software package except for refinement, which was performed 
using SHELXL-9710.  
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EXPERIMENTAL DETAILS  
A. Crystal Data  

Empirical Formula C18H26O3  
Formula Weight 290.40  
Crystal Color, Habit colorless, block  
Crystal Dimensions 0.15 X 0.15 X 0.10 mm  
Crystal System monoclinic  
Lattice Type Primitive  
Indexing Images 3 oscillations @ 36.0 seconds  
Detector Position 127.40 mm  
Pixel Size 0.100 mm  
Lattice Parameters a = 8.10238(15) Å  
b = 12.8053(2) Å  
c = 15.8078(7) Å  
β = 94.0063(8) o  
V = 1636.11(8) Å3  
Space Group P21/c (#14)  
Z value 4  
Dcalc 1.179 g/cm3  
F000 632.00  
μ(CuKα) 6.240 cm-1  



 S81

B. Intensity Measurements  
Diffractometer Rigaku RAXIS-RAPID  
Radiation CuKα (λ = 1.54187 Å)  
graphite monochromated  
Detector Aperture 460 mm x 256 mm  
Data Images 90 exposures  
ω oscillation Range (χ=0.0, φ=0.0) 80.0 - 260.0o  
Exposure Rate 12.0 sec./o  
ω oscillation Range (χ=54.0, φ=90.0) 80.0 - 260.0o  
Exposure Rate 12.0 sec./o  
ω oscillation Range (χ=54.0, φ=180.0) 80.0 - 260.0o  
Exposure Rate 12.0 sec./o  
ω oscillation Range (χ=54.0, φ=270.0) 80.0 - 260.0o  
Exposure Rate 12.0 sec./o  
ω oscillation Range (χ=54.0, φ=0.0) 80.0 - 260.0o  
Exposure Rate 12.0 sec./o  
Detector Position 127.40 mm  
Pixel Size 0.100 mm  
2θmax 136.4o  
No. of Reflections Measured Total: 18272  
Unique: 2976 (Rint = 0.020)  
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Corrections Lorentz-polarization  
Absorption  
(trans. factors: 0.888 - 0.940)  
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C. Structure Solution and Refinement  
Structure Solution Direct Methods (SHELX97)  
Refinement Full-matrix least-squares on F2  
Function Minimized Σ w (Fo2 - Fc2)2  
Least Squares Weights w = 1/ [ σ2(Fo2) + (0.0395 . P)2  
+ 0.6655 . P ]  
where P = (Max(Fo2,0) + 2Fc2)/3  
2θmax cutoff 136.4o  
Anomalous Dispersion All non-hydrogen atoms  
No. Observations (All reflections) 2976  
No. Variables 197  
Reflection/Parameter Ratio 15.11  
Residuals: R1 (I>2.00σ(I)) 0.0359  
Residuals: R (All reflections) 0.0389  
Residuals: wR2 (All reflections) 0.0902  
Goodness of Fit Indicator 1.072  
Max Shift/Error in Final Cycle 0.000  
Maximum peak in Final Diff. Map 0.30 e-/Å3  
Minimum peak in Final Diff. Map -0.21 e-/Å3  
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Table 1. Atomic coordinates and Biso/Beq  

atom x y z Beq  

O1 0.63250(10) 0.90073(6) 0.15126(5) 1.552(15)  
O2 0.52191(11) 0.57478(6) 0.26822(6) 1.959(16)  
O3 0.67565(10) 0.67340(6) 0.35963(5) 1.775(15)  
C1 0.40299(14) 0.82266(9) 0.27062(8) 1.53(2)  
C2 0.54747(14) 0.75779(9) 0.23898(7) 1.385(19)  
C3 0.38150(14) 0.76042(9) 0.19003(8) 1.61(2)  
C4 0.69573(14) 0.81329(9) 0.20003(7) 1.383(19)  
C5 0.83148(14) 0.85044(9) 0.26780(8) 1.51(2)  
C6 0.76590(15) 0.91994(9) 0.33664(8) 1.81(2)  
C7 0.97226(15) 0.90747(10) 0.22690(9) 1.95(2)  
C8 0.77097(15) 0.74244(9) 0.13252(8) 1.65(2)  
C9 0.87926(16) 0.65279(10) 0.16919(8) 1.96(2)  
C10 0.64353(16) 0.69949(10) 0.06540(8) 2.10(2)  
C11 0.31739(14) 0.79610(10) 0.34831(8) 1.63(2)  
C12 0.24196(15) 0.69978(10) 0.36100(8) 2.01(2)  
C13 0.15927(16) 0.68127(12) 0.43347(9) 2.44(2)  
C14 0.14812(16) 0.75868(12) 0.49389(9) 2.57(2)  
C15 0.22149(16) 0.85447(12) 0.48210(9) 2.47(2)  
C16 0.30625(15) 0.87281(10) 0.41028(8) 2.01(2)  
C17 0.58011(14) 0.65902(9) 0.28846(8) 1.440(19)  
C18 0.70411(17) 0.58152(10) 0.41207(9) 2.23(2)  
H1 0.4142 0.8995 0.2611 1.84  
H1O 0.5989 0.9465 0.1840 1.86  
H3A 0.3729 0.7994 0.1358 1.94  
H3B 0.3125 0.6967 0.1905 1.94  
H5 0.8800 0.7867 0.2964 1.81  
H6A 0.7210 0.9845 0.3109 2.17  
H6B 0.8563 0.9369 0.3788 2.17  
H6C 0.6784 0.8829 0.3642 2.17  
H7A 0.9267 0.9660 0.1928 2.35  
H7B 1.0282 0.8589 0.1905 2.35  
H7C 1.0518 0.9340 0.2713 2.35  
H8 0.8460 0.7884 0.1014 1.98  
H9A 0.9699 0.6813 0.2065 2.35  
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H9B 0.9250 0.6139 0.1228 2.35  
H9C 0.8121 0.6058 0.2017 2.35  
H10A 0.5734 0.6480 0.0915 2.51  
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Table 1. Atomic coordinates and Biso/Beq (continued)  
atom x y z Beq  

H10B 0.7008 0.6662 0.0199 2.51  
H10C 0.5747 0.7568 0.0418 2.51  
H12 0.2474 0.6464 0.3196 2.41  
H13 0.1100 0.6150 0.4417 2.93  
H14 0.0904 0.7460 0.5432 3.08  
H15 0.2139 0.9080 0.5233 2.96  
H16 0.3575 0.9387 0.4032 2.42  
H18A 0.5978 0.5533 0.4274 2.68  
H18B 0.7714 0.6004 0.4637 2.68  
H18C 0.7624 0.5287 0.3806 2.68  
Beq = 8/3 π2(U11(aa*)2 + U22(bb*)2 + U33(cc*)2 + 2U12(aa*bb*)cos γ + 2U13(aa*cc*)cos β + 2U23(bb*cc*)cos α) 
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Table 2. Anisotropic displacement parameters  
atom U11 U22 U33 U12 U13 U23  

O1 0.0221(4) 0.0157(4) 0.0214(4) 0.0030(3) 0.0033(3) 0.0021(3)  
O2 0.0276(4) 0.0168(4) 0.0302(5) -0.0042(3) 0.0029(3) -0.0005(3)  
O3 0.0261(4) 0.0174(4) 0.0234(4) -0.0002(3) -0.0015(3) 0.0029(3)  
C1 0.0169(5) 0.0190(5) 0.0225(6) 0.0020(4) 0.0022(4) 0.0006(4)  
C2 0.0179(5) 0.0161(5) 0.0188(5) 0.0001(4) 0.0026(4) -0.0021(4)  
C3 0.0179(5) 0.0232(6) 0.0203(6) -0.0008(4) 0.0023(4) -0.0003(4)  
C4 0.0179(5) 0.0145(5) 0.0203(6) 0.0012(4) 0.0030(4) 0.0022(4)  
C5 0.0180(5) 0.0154(5) 0.0239(6) -0.0003(4) 0.0006(4) 0.0013(4)  
C6 0.0238(6) 0.0203(5) 0.0243(6) -0.0009(4) -0.0013(4) -0.0018(4)  
C7 0.0205(6) 0.0215(6) 0.0323(7) -0.0028(4) 0.0018(5) 0.0008(5)  
C8 0.0214(5) 0.0197(5) 0.0225(6) 0.0004(4) 0.0071(4) -0.0004(4)  
C9 0.0244(6) 0.0212(6) 0.0296(7) 0.0041(4) 0.0078(5) -0.0013(5)  
C10 0.0295(6) 0.0267(6) 0.0239(6) 0.0013(5) 0.0056(5) -0.0061(5)  
C11 0.0155(5) 0.0244(6) 0.0222(6) 0.0047(4) 0.0014(4) 0.0013(4)  
C12 0.0206(6) 0.0287(6) 0.0274(6) -0.0008(5) 0.0046(5) -0.0009(5)  
C13 0.0223(6) 0.0392(7) 0.0317(7) -0.0055(5) 0.0053(5) 0.0060(6)  
C14 0.0212(6) 0.0548(9) 0.0221(6) 0.0024(6) 0.0064(5) 0.0046(6)  
C15 0.0273(6) 0.0430(8) 0.0237(6) 0.0083(5) 0.0034(5) -0.0055(5)  
C16 0.0233(6) 0.0267(6) 0.0266(6) 0.0046(5) 0.0017(5) -0.0009(5)  
C17 0.0160(5) 0.0179(5) 0.0215(6) 0.0006(4) 0.0059(4) -0.0015(4)  
C18 0.0331(7) 0.0217(6) 0.0296(7) 0.0017(5) -0.0010(5) 0.0074(5)  
The general temperature factor expression: exp(-2π2(a*2U11h2 + b*2U22k2 + 
c*2U33l2 + 2a*b*U12hk + 2a*c*U13hl + 2b*c*U23kl)) 
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Table 3. Bond lengths (Å)  
atom atom distance atom atom distance  
O1 C4 1.4337(13) O2 C17 1.2113(13)  
O3 C17 1.3331(14) O3 C18 1.4484(15)  
C1 C2 1.5467(16) C1 C3 1.5025(17)  
C1 C11 1.4913(17) C2 C3 1.5043(15)  
C2 C4 1.5590(16) C2 C17 1.5008(16)  
C4 C5 1.5553(15) C4 C8 1.5571(16)  
C5 C6 1.5295(17) C5 C7 1.5348(17)  
C8 C9 1.5338(17) C8 C10 1.5302(17)  
C11 C12 1.3972(17) C11 C16 1.3946(18)  
C12 C13 1.3873(19) C13 C14 1.384(2)  
C14 C15 1.381(2) C15 C16 1.3873(19)  
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Table 4. Bond lengths involving hydrogens (Å)  
atom atom distance atom atom distance  
O1 H1O 0.840 C1 H1 1.000  
C3 H3A 0.990 C3 H3B 0.990  
C5 H5 1.000 C6 H6A 0.980  
C6 H6B 0.980 C6 H6C 0.980  
C7 H7A 0.980 C7 H7B 0.980  
C7 H7C 0.980 C8 H8 1.000  
C9 H9A 0.980 C9 H9B 0.980  
C9 H9C 0.980 C10 H10A 0.980  
C10 H10B 0.980 C10 H10C 0.980  
C12 H12 0.950 C13 H13 0.950  
C14 H14 0.950 C15 H15 0.950  
C16 H16 0.950 C18 H18A 0.980  
C18 H18B 0.980 C18 H18C 0.980  
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Table 5. Bond angles (o)  
atom atom atom angle atom atom atom angle  
C17 O3 C18 115.51(9) C2 C1 C3 59.10(7)  
C2 C1 C11 123.36(9) C3 C1 C11 122.97(10)  
C1 C2 C3 58.98(7) C1 C2 C4 120.29(9)  
C1 C2 C17 113.19(9) C3 C2 C4 118.19(9)  
C3 C2 C17 113.93(9) C4 C2 C17 118.52(9)  
C1 C3 C2 61.92(7) O1 C4 C2 108.19(8)  
O1 C4 C5 109.90(8) O1 C4 C8 103.23(8)  
C2 C4 C5 113.25(9) C2 C4 C8 110.76(9)  
C5 C4 C8 111.00(9) C4 C5 C6 113.82(9)  
C4 C5 C7 111.47(10) C6 C5 C7 109.16(9)  
C4 C8 C9 114.71(10) C4 C8 C10 114.02(9)  
C9 C8 C10 109.48(9) C1 C11 C12 123.56(11)  
C1 C11 C16 118.32(11) C12 C11 C16 118.07(11)  
C11 C12 C13 120.71(12) C12 C13 C14 120.41(13)  
C13 C14 C15 119.57(13) C14 C15 C16 120.20(13)  
C11 C16 C15 121.04(12) O2 C17 O3 122.57(10)  
O2 C17 C2 124.17(10) O3 C17 C2 113.22(9)  
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Table 6. Bond angles involving hydrogens (o)  
atom atom atom angle atom atom atom angle  
C4 O1 H1O 109.5 C2 C1 H1 113.6  
C3 C1 H1 113.6 C11 C1 H1 113.6  
C1 C3 H3A 117.6 C1 C3 H3B 117.6  
C2 C3 H3A 117.6 C2 C3 H3B 117.6  
H3A C3 H3B 114.7 C4 C5 H5 107.4  
C6 C5 H5 107.4 C7 C5 H5 107.4  
C5 C6 H6A 109.5 C5 C6 H6B 109.5  
C5 C6 H6C 109.5 H6A C6 H6B 109.5  
H6A C6 H6C 109.5 H6B C6 H6C 109.5  
C5 C7 H7A 109.5 C5 C7 H7B 109.5  
C5 C7 H7C 109.5 H7A C7 H7B 109.5  
H7A C7 H7C 109.5 H7B C7 H7C 109.5  
C4 C8 H8 105.9 C9 C8 H8 105.9  
C10 C8 H8 106.0 C8 C9 H9A 109.5  
C8 C9 H9B 109.5 C8 C9 H9C 109.5  
H9A C9 H9B 109.5 H9A C9 H9C 109.5  
H9B C9 H9C 109.5 C8 C10 H10A 109.5  
C8 C10 H10B 109.5 C8 C10 H10C 109.5  
H10A C10 H10B 109.5 H10A C10 H10C 109.5  
H10B C10 H10C 109.5 C11 C12 H12 119.6  
C13 C12 H12 119.6 C12 C13 H13 119.8  
C14 C13 H13 119.8 C13 C14 H14 120.2  
C15 C14 H14 120.2 C14 C15 H15 119.9  
C16 C15 H15 119.9 C11 C16 H16 119.5  
C15 C16 H16 119.5 O3 C18 H18A 109.5  
O3 C18 H18B 109.5 O3 C18 H18C 109.5  
H18A C18 H18B 109.5 H18A C18 H18C 109.5  
H18B C18 H18C 109.5  
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Table 7. Distances beyond the asymmetric unit out to 3.60 Å  
atom atom distance atom atom distance  

O1 O2
1) 

2.8940(11) O2 C1
2) 

3.3500(13)  

O2 C6
2) 

3.4025(14) C3 C14
3) 

3.5256(18)  

C7 C11
4) 

3.5759(17)  

Symmetry Operators:  
(1) -X+1,Y+1/2,-Z+1/2 (2) -X+1,Y+1/2-1,-Z+1/2  
(3) X,-Y+1/2+1,Z+1/2-1 (4) X+1,Y,Z 
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Table 8. Distances beyond the asymmetric unit out to 3.60 Å involving hydrogens  
atom atom distance atom atom distance  

O1 H12
1) 

3.316 O1 H18A
1) 

2.918  

O1 H18A
2) 

3.580 O1 H18B
2) 

3.244  

O1 H18C
1) 

3.599 O2 H1
3) 

2.357  

O2 H1O
3) 

2.081 O2 H6A
3) 

2.536  

O2 H6C
3) 

3.547 O2 H16
3) 

3.421  

O3 H10B
4) 

3.258 O3 H10C
4) 

3.176  

C1 H7B
5) 

3.241 C1 H7C
5) 

3.183  

C3 H7B
5) 

3.129 C3 H9A
5) 

3.512  

C3 H14
2) 

3.193 C3 H15
2) 

3.597  

6 H9B
6) 

3.554 C6 H10B
4) 

3.179  

C6 H15
7) 

3.120 C7 H1
8) 

3.586  

C7 H9C
6) 

3.241 C7 H12
1) 

3.589  

C7 H18C
6) 

3.230 C8 H14
9) 

3.037  

C8 H18B
2) 

3.342 C9 H3B
8) 

3.547  

C9 H7A
10) 

3.532 C9 H7C
10) 

2.996  

C9 H14
9) 

3.008 C9 H16
3) 

3.493  

C10 H6C
2) 

3.381 C10 H16
3) 

3.377  
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C10 H18B
2) 

3.234 C11 H5
5) 

3.583  

C11 H7B
5) 

3.398 C11 H7C
5) 

2.977  

C12 H1O
3) 

3.580 C12 H5
5) 

3.235  

C12 H7A
3) 

3.375 C12 H9A
5) 

3.182  

C13 H3A
4) 

3.538 C13 H5
5) 

3.310  

C13 H7A
3) 

3.446 C13 H18B
5) 

3.374  

C14 H3A
4) 

2.887 C14 H3B
4) 

3.344  

C14 H8
11) 

3.134 C14 H9B
11) 

3.256  

C14 H10C
4) 

3.492 C15 H3A
4) 

3.298  

C15 H3B
4) 

3.389 C15 H6B
5) 

3.444  

C15 H6B
7) 

3.544 C15 H9B
11) 

3.410  

C15 H10A
4) 

3.230 C15 H10C
4) 

3.276  

C16 H7C
5) 

3.009 C16 H9C
1) 

3.566  

C16 H10A
4) 

3.478 C16 H10B
4) 

3.564  

C16 H10C
4) 

3.343 C17 H1
3) 

3.416  

C17 H1O
3) 

3.128 C17 H6A
3) 

3.589  

C18 H1O
3) 

3.286 C18 H8
4) 

3.546  

C18 H10C
4) 

3.145 C18 H13
8) 

3.317  
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H1 H7B
5) 

3.288 H1 H7C
5) 

2.985  

H1 H9C
1) 

3.293 H1 H18A
1) 

3.567  
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Table 8. Distances beyond the asymmetric unit out to 3.60 Å involving hydrogens 
(continued)  
atom atom distance atom atom distance  

H1 H18C
1) 

3.059 H1O H12
1) 

2.849  

H1O H18A
1) 

2.667 H1O H18C
1) 

3.209  

H3A H7B
5) 

3.076 H3A H14
2) 

2.694  

H3A H15
2) 

3.400 H3A H18A
1) 

3.413  

H3A H18C
1) 

3.138 H3B H6A
3) 

2.730  

H3B H7B
5) 

3.102 H3B H9A
5) 

2.811  

H3B H9B
5) 

3.414 H3B H14
2) 

2.936  

H3B H15
2) 

3.021 H5 H12
8) 

3.474  

H6A H9A
6) 

3.578 H6A H9B
6) 

3.414  

H6A H12
1) 

2.948 H6A H15
7) 

2.975  

H6B H9B
6) 

2.879 H6B H10B
4) 

2.949  

H6B H15
8) 

3.581 H6B H15
7) 

2.605  

H6C H10B
4) 

2.535 H6C H10C
4) 

3.481  

H6C H15
7) 

3.298 H7A H9A
6) 

3.264  

H7A H9C
6) 

3.158 H7A H12
1) 

2.707  

H7A H13
1) 

2.857 H7A H18C
6) 

2.957  

H7B H14
9) 

2.765 H7B H18C
6) 

3.023  
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H7C H9A
6) 

3.193 H7C H9B
6) 

2.846  

H7C H9C
6) 

2.485 H7C H16
8) 

3.125  

H7C H18C
6) 

3.165 H8 H14
9) 

2.284  

H8 H18B
2) 

2.636 H9A H12
8) 

2.808  

H9A H14
9) 

2.973 H9B H14
9) 

2.614  

H9B H15
9) 

2.924 H9B H16
3) 

3.211  

H9C H16
3) 

2.984 H9C H18C 3.049  

H10A H15
2) 

3.118 H10A H16
3) 

2.738  

H10A H16
2) 

3.524 H10B H14
9) 

3.346  

H10B H15
3) 

3.456 H10B H16
3) 

3.204  

H10B H16
2) 

3.497 H10B H18B
2) 

3.181  

H10C H18A
2) 

3.044 H10C H18B
2) 

2.771  

H13 H18B
5) 

2.796 H13 H18B
12) 

3.251  

H13 H18C
5) 

3.116 H13 H18C
12) 

3.456  

H14 H18B
5) 

3.358  

Symmetry Operators:  
(1) -X+1,Y+1/2,-Z+1/2 (2) X,-Y+1/2+1,Z+1/2-1  
(3) -X+1,Y+1/2-1,-Z+1/2 (4) X,-Y+1/2+1,Z+1/2  
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(5) X-1,Y,Z (6) -X+2,Y+1/2,-Z+1/2  
(7) -X+1,-Y+2,-Z+1 (8) X+1,Y,Z  
(9) X+1,-Y+1/2+1,Z+1/2-1 (10) -X+2,Y+1/2-1,-Z+1/2  
(11) X-1,-Y+1/2+1,Z+1/2 (12) -X+1,-Y+1,-Z+1 


