O C The Journal of Organic Chemistry

J. Org. Chem., 1998, 63(8), 2634-2640, DOI:10.1021/j09721711

Terms & Conditions

Electronic Supporting Information files are available without a subscription to ACS Web Editions. The American Chemical
Society holds a copyright ownership interest in any copyrightable Supporting Information. Files available from the ACS
website may be downloaded for personal use only. Users are not otherwise permitted to reproduce, republish,
redistribute, or sell any Supporting Information from the ACS website, either in whole or in part, in either machine-
readable form or any other form without permission from the American Chemical Society. For permission to reproduce,
republish and redistribute this material, requesters must process their own requests via the RightsLink permission
system. Information about how to use the RightsLink permission system can be found at
http://pubs.acs.org/page/copyright/permissions.html

ACS Publications

3 MOST TRUSTED. MOST CITED. MOST READ. Copyright © 1998 American Chemical Society



http://dx.doi.org/10.1021/issn.0022-3263
http://dx.doi.org/10.1021/jo9721711
http://pubs.acs.org/page/copyright/permissions.html
http://pubs.acs.org/

Characterization data and experimental pocedures of 4a, 4b, endo-7 and 8, and
ORTEP drawings and torsional angles for 3b and 5a, and ORTEP drawings for 8 and
12 (13 pages).

(5)-N-Allyl-N -(2-tert-butylphenyl)-2-hydroxypropionamide (4a).
Compound 4a was prepared from 3a in accordance with the procedure described in
experimental section. 4a: white solid; mp 69-70 °C; [a]?3p = +124.8 (c= 1.0, CHCl3);
IR (KBr) 3397, 2964, 1638 cm-l; IH-NMR (CDCl3) 8 1.16 (3H, d, J = 6.5 Hz), 1.38
(s, 9H), 3.06 (1H, brd), 3.35 (1H, dd, J = 8.0, 14.0 Hz), 4.14 (1H, qd, J = 6.5, 8.2
Hz), 4.98 (1H, tdd, J = 1.4, 5.2, 14.0 Hz), 5.08 (1H, qd, J = 1.1, 17.0 Hz), 5.17 (1H,
d, J = 10.1 Hz), 5.95 (1H, dddd, J = 5.2, 8.0, 10.1, 17.0 Hz), 6.98 (1H, dd, J = 1.6,
7.8 Hz), 7.19 (1H, dt, J = 1.5, 7.2 Hz), 7.34 (1H, dt, J = 1.5, 7.2 Hz), 7.58 (1H, dd,
J = 1.6, 7.8 Hz); 13C-NMR (CDCl3) &: 19.8, 32.3, 36.1, 55.1, 65.0, 119.1, 126.7,
128.7, 130.4, 131.5, 132.1, 137.7, 146.0, 174.2; MS(m/z) 262 (M++1), 261 (M+); Anal.
Calcd for C16H23NO3: C, 73.54; H, 8.87; N, 5.35. Found; C, 73.43; H, 8.83; N, 5.16.

(S)-N-Allyl-N-(2-tert-butylphenyl)-2-hydroxypropionamide (4b).
Compound 4b was prepared from 3b (795 mg, 2.5 mmol) in accordance with the
procedure for the preparation of 4a. Purification by column chromatography
(hexane/AcOEt = 7) gave 4b (607 mg, 92 %). 4b: white crystals; mp 68-69 °C; [a]28p
=-51.7 (c = 1.0, CHCl3); IR (KBr) 3504, 2961, 1639 cm-!; IH-NMR (CDCl3) § 1.15
(3H, d, J = 6.5 Hz), 1.37 (s, 9H), 3.15 (1H, d, J = 9.6 Hz), 3.40 (1H, dd, J = 8.0,
14.3 Hz), 3.90 (1H, qd, J = 6.5, 9.6 Hz), 4.95 (1H, tdd, J = 1.4, 5.0, 14.3 Hz), 5.15
(1H, dd, J = 1.2, 17.1 Hz), 5.17 (1H, d, J = 10.2 Hz), 5.95 (1H, dddd, J = 5.0, 8.0,
10.2, 17.1 Hz), 7.01 (1H, dd, J = 1.5, 7.8 Hz), 7.20 (1H, dt, J = 1.5, 7.2 Hz), 7.36
(1H, dt, J = 1.5, 7.2 Hz), 7.60 (1H, dd, J = 1.5, 7.8 Hz); 13C-NMR (CDCl3) &: 21.5,
32.2, 36.2, 54.2, 65.5, 118.9, 126.6, 129.0, 130.1, 131.7, 132.2, 138.0, 146.6, 175.7;
MS(mi/z) 262 (M*+1), 261 (M*); Anal. Calcd for C16H23NO3: C, 73.54; H, 8.87; N,
5.35. Found; C, 73.60; H, 8.85; N, 5.19. In IH and 13C NMR spectra of 4a and 4b,




the minor signals which may be due to the existence of the amide C-N rotamers were also
observed.

(3R,4R,6R) and (35,4S5,6S)-N-Allyl-N-(2-tert-butylphenyl)-
bicyclo[2.2.2]octene-4-carboxamide [endo-7 (major) and endo-7 (minor)].
Compound endo-7 was prepared from (+)-1 (122 mg, 0.5 mmol) and cyclohexadiene
(0.09 mL, 1 mmol) in accordance with the general procedure for iodine-mediated Diels-
Alder reaction. Purification by column chromatography (hexane/AcOEt = 9) gave a
mixture of minor and major endo-7 (136 mg, 84 %, major/minor = 14). Further
purification by MPLC (hexane / AcCOEt = 12) gave minor-endo-7 (less polar , 2 mg, 1.2
%), a mixture of minor and major endo-7 (71 mg, 44 %), and major endo-7 (more polar,
52 mg, 32 %). major-endo-7: white solid; mp 73-74 °C; [a]28p = +155.8 (c= 1.47,
CHCl3); IR (KBr) 2952, 1657 cm-!; 1H-NMR (CDCl3) & 0.86-1.51(5H, m), 1.33 (9H,
s), 1.70 (1H, m), 2.30 (1H, ddd, J = 1.6, 6.0, 9.3 Hz), 2.50—2.58 (2H, m), 3.27 (1H,
dd, J = 8.2, 14.2 Hz), 4.90 (1H, tdd, J = 1.5, 4.8, 14.2 Hz), 5.07 (1H, qd, J = 1.6,
17.1 Hz), 5.14 (1H, d, J = 10.2 Hz), 6.00 (1H, dddd, J = 4.8, 8.2, 10.2, 17.1 Hz),
6.15 (1H, t, J = 8.0 Hz), 6.36 (1H, t, J = 8.0 Hz), 7.09 (1H, dd, J = 1.6, 7.7 Hz), 7.20
(1H, dt, J = 1.6, 7.7 Hz), 7.33 (14, dt, J = 1.6, 7.2 Hz), 7.56 (1H, dd, J = 1.6, 8.1
Hz); 13C-NMR (CDCl3) 8: 23.2, 26.5, 29.4, 31.3, 32.3, 33.0, 36.1, 40.7, 54.1, 118.1,
126.5, 128.3, 129.6, 130.6, 131.5, 133.3, 134.6, 140.4, 146.4, 175.7; MS (m/z) 323
(M%), 308; HRMS Calcd for CopHygNO: m/z 323.2249 (M+), Found 323.2246. minor-
endo-T: colorless oil; IH-NMR (CDCl3) 8 1.10-1.46 (6H, m), 1.39 (9H, s), 2.31 (1H,
dd, J = 7.0, 9.4 Hz), 2.45 (1H, brs), 2.64 (1H, d, J = 6.4 Hz), 3.23 (1H, dd, J = 8.3,
14.0 Hz), 4.88 (1H, tdd, J = 1.4, 4.8, 14.0 Hz), 5.02 (1H, d, J = 17.1 Hz), 5.09 (1H,
d, J = 10.0 Hz), 5.99 (1H, dddd, J = 4.8, 8.3, 10.0, 17.1 Hz), 6.25 (1H, t, J = 7.3
Hz), 6.49 (1H, t, J = 7.3 Hz), 6.85 (1H, dd, J = 1.6, 7.7 Hz), 7.16 (1H, dt, J = 1.6,
7.3 Hz), 7.33 (1H, dt, J = 1.6, 7.3 Hz), 7.58 (1H, dd, J = 1.6, 7.7 Hz); MS (m/z) 323
(M), 308.

(4R)-1-N-Allyl-N-(2-tert-butylphenyl)-methylcyclohexene-4-

carboxamide (major-8 and minor-8). Compound 8 was prepared from (+)-1




(243 mg, 1 mmol) and isoprene (0.2 mL, 2 mmol) in accordance with the general
procedure for iodine-mediated Diels-Alder reaction. Purification by column
chromatography (hexane/AcOEt = 20) gave a mixture of minor- and major-8 (271 mg, 87
%, major/minor = 20). Further purification by MPLC (hexane/AcOEt = 20) gave minor-
8 (less polar , 2 mg, 0.6 %), a mixture of minor- and major-8 (149 mg, 48 %), and
major-8 (more polar, 105 mg, 34 %). major-8: white solid; mp 91-92 °C; [a]?4p =
+127.5 (c= 1.0, CHCI3); IR (KBr) 2957, 1648 cml; ITH-NMR (CDCI3) 8 1.38 (9H, s),
1.57 (3H, S), 1.75-2.20 (7H, m), 3.30 (1H, dd, J = 8.1, 14.1 Hz), 491 (1H, tdd, J =
1.5, 4.8, 14.1 Hz), 5.06 (1H, d, J = 17.1 Hz), 5.14 (1H, d, J = 10.2 Hz), 5.20 (1H,
brs), 6.00 (1H, dddd, J = 4.8, 8.1, 10.2, 17.1 Hz), 6.96 (1H, dd, J = 1.6, 7.7 Hz),
7.16 (1H, dt, J = 1.6, 7.2 Hz), 7.31 (1H, dt, J = 1.6, 7.2 Hz), 7.55 (1H, dd, J = 1.6,
8.1 Hz); 13C-NMR (CDCl3) &: 23.3, 25.0, 29.18, 29.21, 32.2, 36.1, 38.5, 54.2, 118.4,
119.4, 126.5, 128.5, 129.8, 131.6, 132.9, 133.3, 139.7, 146.1, 176.6; MS (m/z) 311
(M*), 296; Anal. Calcd for Co1HpgNO: C, 80.98; H, 9.38; N, 4.50. Found; C, 80.54;
H, 9.31; N, 4.25. minor-8: white solid; mp 57 °C; IH-NMR (CDClI3) § 1.37 (9H, s),
1.53 (3H, S), 1.53-1.70 (2H, m), 1.75-1.85 (2H, m), 1.93 (1H, m), 2.15 (1H, m),
2.48(1H, m), 3.31 (1H, dd, J = 8.1, 14.2 Hz), 4.94 (1H, tdd, J = 1.4, 5.0, 14.2 Hz),
5.08 (1H, d, J = 17.1 Hz), 5.15 (1H, d, J = 10.0 Hz), 5.31 (1H, brd, J = 4.3 Hz), 6.00
(1H, dddd, J = 5.0, 8.1, 10.0, 17.1 Hz), 7.03 (1H, dd, J = 1.5, 7.8 Hz), 7.18 (1H, dt,
J =1.6, 7.7 Hz), 7.32 (1H, dt, J = 1.6, 7.2 Hz), 7.56 (1H, dd, J = 1.6, 8.1 Hz); MS
(miz) 311 (M), 296.







OAc tBu
- 3b

é C13




\‘/“\N/\/
OAc Bu
} 3b

- Table 7. Torsion Angles(‘; )

 atom  atom  atom  atom  angle atom  atom  atom atom  angle 3
O(1) ©E4) NQ@) CQ) -175.1(4) o() C14 N@O Can  -57()
O(1) C(14) C(I5) O@)  -404(5) O(1) C(14) C©@15) C(16)  T1.6(5)
O@2) C(15) C(4) N(1)  139.83) 0(3) Car 0@ CUs)  -18(6)
N(1) 10(1) C2 C@B) -176.9(3) N(1) Cc1) Cc@ @ Cm 3.7(5)
N(1) C©U) C©®6) COB)  1774(3) N(1) C(1) c(z) ©(3) -152(1)
N(1) C(14) C(15) C(16) -102.3(4) C(l) N(Q) C(1) C(12)  94.5(6)
Cc1) N(1) ©(14) ©(1s) 4205 | c1) ©@® cE  o@) 1.1(5)
c(1) ©@ omn c@® ) 1) C@ T  Ce)  5L5E)
cl) C©@ o  Co)  173.7(5) c()  C(e) B Cd  -1.6(6)

C@)  c)  N(I) Ca1) 8974 00 C@ ©Q) N  C(4)  -100.2(4)
c@ CU1) o) C®) 0.8(6) C@ C@B C4 CE)  -19(6)
CBB) C@ C1) C®B)  -05() L CB)  C@ o) CE)  1054(5)
BB C@2 ©F CO)  -127.8(9) (3 ©@ O C10)  -5.6(6)

C@B)  C@  cG) o6 216 o4 C@E @ O  -179.6()
o6 C) N CUy  -86.9(4) ce) o1 N(l). C(14)  83.2(4)
o6 CU) C@ o1  -1719.8() o) N(1)  C(14) C(5)  1742(3)
C(12) C(1) N CO4)  -161(6) C14) ©@5) 0@ o(1r)  -150.1(8)
Cas) 02 C(1) C(18)  -178.0(4) C(16) C15) 0@ oUn  92.2(4)
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o) cun N1 Ca)  -93() o() C(1) N(I) C(4)  1794(3)
O(1) C(1) CU2) CA3) -179.9(4) o) (1) CU2) C1s)  -52.1(6)
0@ C@4 N Q1)  7.05) 0@ C4 NI o1  1782(3)
0@ C14 c(13) 0(12)‘ -179.8(4) N(1) ©(1) ©@©2 C@3)  -177.003)
N1) C(1) ) CGB)  176.2(3) N(1) C(1) C®6) C)  -15(5)
N()  ©(11) C(12) C(13)  -26(4) N o) CU2) o5 124604
N1) C(4) ©(13) C12)  -Li(4 c() N cany  o(12)  1732(3)
c(1) N(1) C(14) C(13) -171.8(3) cy  ©@ ©EB)  C@  0.00)
c) o6 OB CE) L4(5) o()  C©®) CT C@®) -143.9(4)
W o oM cw  9i) o) ©6 o  o1o)  -25.0(6)
c@ cm) NU)  cU1l) 4@ c@ o) N(1) (4 928(3)
c@ o) GO CE)  -184) c@ o)  C6 o) -1795()
C@) CB o4 CE)  -050) c@ ©@ o1 o) 1.2(5)
C(B) CM) o) CE)  -03() c) ©B)  C() O 179.(3)
CG) C©B) C1) CB)  385() CB) C6) CT OO  -80.5()
C() ©@6) Cr  C(10)  157.3(5) c(6) C(1) N(1)  C{l)  104.5(3)
ce) CU) N1 Cd)  -85.3(4) c(1l) N()  C(l4) C13)  -0.6(4)
Cl)  C(12)  C18)  C(14)  22(4) . oc12) o) NQ)  C(14) 2.0(4)

C(4)  C(13) C(12) C(5) -122.6(4) -
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FExperimental

Data Collection

A colorless prismatic crystal of C1sHa5NO3 having approximate dimensions of 0.30 x 0.20 x 0.20 mm
was mounted on a glass fiber. All measurements were made on a Rigaku AFC7R diffractometer with filtered
Cu-Ko radiation and a rotating anode generator.

Cell constants and an orientation matrix for data collection , obtained from a least-squares refinement
using the setting angles of 25 carefully centered reflections in the range 53.77 < 20 < 54.97° corresponded
to a primitive orthorhombic cell with dimensions:

a = 8.928(5) A
b =22432(4) A
c = 8.630(4) A

V = 1728(1) A3
For Z = 4 and F.W. = 303.40, the calculated density is 1.17 g/cm3. The systematic absences of:

h00: h # 2n
0k0: k # 2n
00L: 1# 2n

uniquely determine the space group to be:

P2:2:2; (#19)

The data were collected at a temperature of -70 4 1°C using the w-20 scan technique to a maximum
20 value of 130.2°. Omega scans of several intense reflections, made prior to data collection, had an average
width at half-height of 0.16° with a take-off angle of 6.0°. Scans of (1.50 - 0.30 tan 8)° were made at a
speed of 4.0°/min (in omega). The weak reflections (I < 10.00(I)) were rescanned (maximum of 7 scans)
and the counts were accumulated to ensure good counting statistics. Stationary background counts were
recorded on each side of the reflection. The ratio of peak counting time to background counting time was
2:1. The diameter of the incident beam collimator was 1.0 mm and the crystal to detector distance was 235
mm, The computer-controlled slits were set to 3.0 mm (horizontal) and 3.0 mm (vertical).

Data Reduction

A total of 1749 reflections was collected. The intensities of three representative reflection were measured
after every 150 reflections. No decay correction was applied.

The linear absorption coefficient, i, for Cu-Ka radiation is 6.3 cm~—!. Azimuthal scans of several reflec-
tions indicated no need for an absorption correction. The data were corrected for Lorentz and polarization
effects. A correction for secondary extinction was applied (coefficient = 6.61500e-06).
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tructure Solution and Refinement

The structure was solved by direct methods! and expanded using Fourier techniques?. The non-hydrogen
atoms were refined anisotropically. Hydrogen atoms were included but not refined. The final cycle of full-
matrix least-squares refinement® was based on 1444 observed reflections (I > 3.000(I)) and 200 variable
parameters and converged (largest parameter shift was 0.00 times its esd) with unweighted and weighted
agreement factors of:

R =X||Fo| — |Fel|/Z|Fo| = 0.058

Ry = /Sw(|Fo| — [F¢|)2/SwFo? = 0.091

The standard deviation of an observation of unit weight* was 1.56. The weighting scheme was based
on counting statistics and included a factor (p = 0.111) to downweight the intense reflections. Plots of
Zw(|Fo|—|Fc|)? versus |Fo|, reflection order in data collection, sin #/A and various classes of indices showed
no unusual trends. The maximum and minimum peaks on the final difference Fourier map corresponded to
0.35 and -0.31 e~ /A3, respectively.

Neutral atom scattering factors were taken from Cromer and Waber® . Anomalous dispersion effects
were included in Fcalc®; the values for Af* and AP were those of Creagh and McAuley?. The values for the
mass attenuation coefficients are those of Creagh and Hubbel®. All calculations were performed using the
teXsan® crystallographic software package of Molecular Structure Corporation.
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Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal Dimensions
Crystal System
Lattice Type

No. of Reflections Used for Unit
Cell Determination (268 range)

Omega Scan Peak Width
at Half-height

Lattice Parameters

Space Group
Z value
Dcalc

Fooo

#(CuKa)

Diffractometer

Radiation

-

Attenuator
Take-off Angle

EXPERIMENTAL DETAILS

A. Crystal Data

Ci1sH3sNO3

303.40

colorless, prismatic
0.30 X 0.20 X 0.20 mm
orthorhombic

Primitive

25 ( 53.8 - 55.0° )

0.16°
a= 8.928(5)A4
b= 22.432(4) A
c= 8.630(4) A

V = 1728(1) A°
P2:2,2; (#19)
4

1.166 g/cm®
656.00

6.31 cm™!

B. Intensity Measurements

Rigaku AFCTR
CuKa (A = 1.54178 A)

Ni foil (factor = 9.24)
6.0°




Detector Aperture

Crystal to De'tector Distance
Voltage, Current
Temperature

Scan Type

Scan Rate

Scan Width

20 max

No. of Reflections Measured

Corrections

3.0 mm horizontal
3.0 mm vertical

235 mm

50kV, 150mA

-70.0°C

w-28

4.0°/min (in w) (up to 7 scans)
(1.50 + 0.30 tan 8)°

130.2°

Total: 1749
Lorentz-polarization

Secondary Extinction
(coefficient: 6.61500e-06)

C. Structure Solution and Refinement

Structure Solution
Refinement

Function Minimized

Least Squares Weights
p-factor

Anomalous Dispersion

No. Observations (I>3.000(T))
No. Variables
Reflection/Parameter Ratio
Residuals: R; Rw |
Goodness of Fit Indicator
Max Shift/Error in Final Cycle

Maximum peak in Final Diff. Map

Direct Methods (SIR92)
Full-matrix least-squares
Zw(|Fo| - |Fc])?

W = Garey = [02(Fo) + B Fo] !
0.11‘10

All non-hydrogen atoms
1444

200

7.22

0.058 ; 0.091

1.56

0.00

0.35 e— /A3




Minimum peak in Final Diff. Map -0.31 e~/ A3




Table 1. Atomic coordinates and Biso/Beq

atom x y z Be,
0(1) 0.4371(4) 0.1071(1) 0.1686(4) 4.59(7)
0(2) 0.5591(3) 0.2161(1) 0.1664(3) 3.45(5)
0(3) | 0.6958(5) 0.2868(2) 0.2793(4) 5.67(9)
N(1) 0.5623(4) 0.0844(1) 0.3877(4) 2.95(6)
c() | 0.6328(4) 0.1018(1) 0.5299(4) 2.49(6)
C(2) 0.7900(4) 0.1045(1) 0.5478(5) 2.77(6)
C(@3) ' 0.8398(5) 0.1193(2) 0.6944(5) 3.56(8)
C(4) 0.7460(6) 0.1299(2) 0.8182(5) 4.27(9)
C(5) 0.5929(6) 0.1279(2) 0.7990(5) 3.92(8)
C(6) 0.5377(4) 0.1131(2) 0.6552(4) 3.15(7)
C(7) 0.9054(4) 0.0930(2) 0.4168(5) 3.50(7)
C(8) 0.9184(7) 0.0276(2) 0.3815(8) 6.6(1)
C(9) 0.876(1) 0.1281(7) 0.278(1) 16.5(4)
C(10) 1.0663(7) 0.1074(4) 0.479(1) 10.0(2)
C(11) 0.5307(4) 0.0201(2) 0.3656(5) 3.54(8)
C(12) 0.3783(5) 0.0009(2) 0.411(1) 7.0(2)
C(13) 0.3212(8) -0.0386(2) 0.452(1) 9.9(2)
C(14) 0.5037(4) 0.1243(2) 0.2837(4) - 2.94(7)
C(15) 0.5256(4) 0.1900(1) 0.3186(4) 2.70(6)
C(16) 0.3824(5) 0.2162(2) 0.3834(5) 3.76(8)
C(17) '0.6463(4) 0.2635(2) 0.1662(5) 3.42(8)
C(18) 0.6672(7) 0.2869(2) 0.0038(6) 5.1(1)
H(3) 0.9449 0.1221 0.7110 3.6000
H(4) 0.7870 0.1388 0.9174 4.3000




Table 1. Atomic coordinates and Bj,,/B., (cbntinued)

atom
H(5)
H(6)
H(8a)
H(8b)
H(8c)
H(9a)
H(9b)
H(9c)
H(10a)
H(10b)
H(10c)
H(11a)
H(11b)
H(12)
H(13a)
H(13b)
H(15)
H(16a)
H(16b)
H(16c)
H(18a)
H(18b)

H(18c)

0.5276

0.4325

1.0056

0.8324

0.9240

0.9142

- 0.9217

0.7702

1.1361

1.0920

1.0677

0.5436

0.6009

0.3100

0.2169

0.3757

0.6067

0.3589

0.3958

0.3031

0.6205

0.7710

0.6230

y z
0.1365 0.8826
0.1106 0.6411
0.0206 0.3217
0.0150 0.3247
0.0058 0.4756
0.1674 0.2909
0.1101 0.1907
0.1305 0.2608
0.1045 0.3960
0.0798 0.5576
0.1467 0.5196
0.0112 0.2587

-0.0018 0.4250
0.0332 0.4022

-0.0376 0.4732

-0.0747 | 0.4669
0.1958 0.3881
0.1973 0.4787
0.2577 0.4003
0.2102 0.3118
0‘.3248 -0.0050
0.2906 -0.0177
0.2600 -0.0679

Beg
4.0006
3.2000
6.6000
6.6000
6.6000
16.6000
16.6000
16.6000
10.3000
10.3000
10.3000
3.5000
3.5000
7.2000
9.9000
9.9000
2.7000
3.8000
3.8000
3.8000
5.2000
5.2000

5.2000




*ec* 2U53bb*cc* cos a_)
* *)? a*bb* cosy + 2U;3aa*cc* cos B+
Beq = g-n"(Un(aa*)z + Uzg(bb )2 + U33(cc ) + 2U12a
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Table 2. Anisotropic Displacement Parameters

atom Un Uss Uss Usa Uss Uss
o(1) 0.079(2) 0.051(2) 0.044(2) -0.015(2) -0.019(2) -0.007(1)
0(2) 0.063(2) 0.040(1) 0.028(1) -0.009(1) -0.001(1) 0.004(1)
0(3) 0.086(2) 0.071(2) 0.059(2) -0.033(2) -0.009(2) 0.006(2)
N(1) 0.051(2) 0.026(1) 0.035(2) -0.007(1) -0.002(1) -0.005(1)
ca) 0.040(2) 0.025(1) ~ 0.029(2) -0.001(1) 0.006(1) 0.003(1)
c(2) 0.040(2) 0.021(1) 0.045(2) 0.000(1) -0.001(2) 0.004(1)
C(3) £ 0.048(2) 0.036(2) 0.051(2) 0.004(1) -0.011(2) 0.010(2)
C(4) 0.091(3) 0.033(2) 0.038(2) -0.001(2) -0.003(2) 0.008(2)
C(5) 0.074(3) 0.040(2) 0.035(2) 0.008(2) 0.014(2) 0.004(2)
C(6) 0.042(2) 0.039(2) 0.038(2) 0.005(1) 0.011(2) 0.006(1)
c(7) 0.041(2) 0.030(2)  0.062(2) 0.008(1) 0.021(2) 0.002(2)
C(8) 0.088(3) 0.046(3) 0.115(5)  -0.009(2) 0.070(4) -0.019(3)
C(9) 0.147(8) 033(2)  0.154(9) 0.17(1) 0.127(8) 0.18(1)
C(10) 0.059(3) 0.124(6) 0.198(10)  -0.035(3) 0.052(5) -0.097(7)
C(11) 0.047(2) 0.028(2) 0.059(2) -0.007(1) 0.000(2) -0.008(2)
C(12) 0.046(2) 0.048(3)  0.174(7) -0.007(2) 0.027(4) -0.025(4)
C(13) 0.094(4) 0.043(3) 0.24(1) -0.011(3) 0.106(6) 0.003(4)
C(14) 0.046(2) 0.040(2) 0.026(2) -0.011(1) -0.002(1) -0.004(1)
C(15) 0.049(2) 0.029(1) 0.025(2) -0.004(1) -0.006(1) 0.000(1)
C(16) 0.058(2) 0.047(2) 0.038(2) 0.001(2) 0.003(2) 0.005(2)
c(17) 0.049(2) 0.042(2) 0.039(2) -0.002(2) 0.000(2) 0.000(2)
C(18) 0.096(4) 0.055(2) 0.045(2) -0.012(2) 0.013(3) 0.013(2)

The general temperature factor expression:
exp(—27%(a*2Uy; A2 + b*2U 33k + c*2Ussl? + 2a*b* Uy bk + 2a*c* Uyshl + 2b*c* Uaskl))
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Table 3. Bond Lengths(A)

atom atom distance atom atom distance
o(1) C(14) 1.220(5) 0(2) C(15) 1.468(4)
0(2) C(17) 1.318(5) 0(3) c(17) 1.192(6)
N(1) c(1) 1.433(4) N(1) C(11) 1.481(4)
N(1) C(14) 1.372(5) o(1) C(2) | 1.413(5)
C(1) C(6) 1.399(5) c(2) C(3) 1.382(6)
C(2) c(7) 1.551(5) c(3) C(4) 1.379(7)
C(4) - C(5) 1.378(8) c(5) C(6) 1.375(6)
c(7) C(8) 1.503(6) Cc(7) C(9) 1.461(8)
c(7) C(10) 1.567(8) ‘ C(11) c(12) 1.480(6)
C(12) C(13) 1.083(8) C(14) C(15) 1.517(5)
C(15) C(16) 1.515(6) camn C(18) 1.507(6)
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Table 4. Bond Lengths(A)

atom atom distance atom atom distance
c(3) H(3) 0.95 4 C(4) H(4) 0.95
C(5) H(5) 0.95 c(6) H(6) 0.95
C(8) H(8a) 0.95 c(®) H(8b) 095
C(8) H(8c) 0.95 c(9) H(92) 0.95
(o) H(9b) 0.95 c(9) H(9c) 0.95
C(10) H(10a) 0.95 C(10) H(10b) 0.95
C(10) H(10¢) 0.95 c(11) H(11a) 0.95
c(11) H(11b) 0.95 c(12) H(12) 0.95
C(13) H(132) 0.95 C(13) H(13b) 0.95
o(15) H(15) 0.95 C(16) H(16a) 0.95
C(16) H(16b) 0.95 C(16) H(16c) 0.95
c(18) H(182) 0.95 | c(18)  H(18b) 0.95
c(18) H(18¢) 0.95

13




Table 5. Bond Angles(®)

atom
C(15)
C(1)
N(1)
C(2)
c(1)
C(2)
C(4)
C(2)
C(2)
C(8)
N(1)
o(1)
N(1)
0(2)
0(2)

0(3)

atom
0(2)
N(1)
C(1)
C(1)
C(2)
c(3)
C(5)
C(7)
C(7)
C(7)
Cc(11)
C(14)
C(14)
C(15)
c@7)

c@m

atom

o

C(14)
C(2)
C(6)
C(7)
C(4)
C(6)
C(8)
C(10)
C(10)
C(12)
N(1)
C(15)
C(16)
0(3)

c(18)

angle
116.3(3)
123.4(3)

122.8(3)

120.7(3)

125.0(3)
123.8(4)
118.2(4)
111.2(3)
109.0(4)
101.5(5)
115.2(4)
120.8(4)
117.1(3)
110.3(3)

124.8(4)

124.2(4)
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atom
C(1)
c(11)
N(1)
C(1)
c(3)
C(3)
C(1)
C(2)
C(8)
(9)
c(11)
o(1)
0(2)

C(14)

0(2)

atom

- N(1)

N(1)
C(1)
C(2)
C(2)
C(4)
C(6)
(1)
c(7)
C(7)
C(12)
C(14)
C(15)
C(15)
c(17)

atom
C(11)
C(14)
C(6)
C(3)
c(7)
C(5)
C(5)
Cc(9)
c(9)
C(10)
C(13)
C(15)
C(14)
C(16)
C(18)

angle
117.3(3)
118.6(3)
116.4(3)
115.5(3)
119.6(3)
120.3(4)
121.6(4)
112.8(4)
112.0(8)
109.7(8)
139.3(6)

122.1(4)

103.6(3)

110.0(3)

110.8(4)




Table 6. Bond Angles(°)

atom
C(2)
C(3)
C(4)
C(1)
c(7)
C(7)
H(8a)
c(7)
C(7)
H(9a)
C(7)
C(7)
H(10a)
N(1)
C(12)
H(ila)
C(13)
C(12)
0(2)
C(16)
C(15)
H(16a)
H(16b)

C(17)

atom

C(3)

c4)

C(5)
C(6)
C(8)
C(8)
C(8)
C(9)
C(9)
C(9)
C(10)
C(10)
C(10)
C(11)
c(11)
C(11)
c(12)
C(13)
C(15)
C(15)
C(16)
C(16)
C(16)
C(18)

atom
H(3)
H(4)
H(5)
H(6)
H(8a)
H(8c)
H(8c)
H(9a)
H(9c)
H(9c)
H(10a)
H(10c)
H(10c)
H(11a)
H(11a)
H(11b)
H(12)
H(13b)
H(15)

H(15)

 H(16b)

H(16b)
H(16¢)

H(18b)

angle
118.1
119.9
120.8
119.4
109.6
109.5
109.8
109.5
109.6
108.9
109.1
109.3
109.5
107.9
107.8
109.6
1104
120.0
110.8
111.0
109.3
109.5
109.6

109.5
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atom
C(4)
C(5)
C(6)
C(5)
c(7)
H(8a)
H(8b)
C(7)
H(92)
H(9b)
C(7)
H(10a)
H(10b)
N(1)
c(12)
Cc(11)

c(12)

H(13a)

C(14)
C(15)
C(15)
H(16a)
c(17)

c(1m)

atom
@)
c)
C(5)
C(6)
0
C(8)
0
c(9)
c(9)
c(9)
C(10)
o(10)
C(10)
()
c(11)
c(12)
c(13)
c@3)
C(15)
c(16)
c(16)
o(16)
c(18)

C(18)

atom
H(3)
H(4)
H(5)
H(6)
H(8b)
H(8b)
H(8c)
H(9b)
H(9b)
H(9c)
H(10b)
H(10b)
H(10c)
H(11b)
H(11b)
H(12)
H(13a)
H(13b)
H(15)
H(16a)
H(16c)
H(16c)
H(18a)

H(18c)

angle
118.1
119.8
121.0
119.0
109.3
109.4
109.3
110.0
109.4
109.4
109.5

109.6

109.9

108.1
108.3
110.3
120.3
119.7
110.9
109.4
109.5
109.6
109.4

109.5




Table 6. Bond Angles(®) (continued)

atom atom atom angle atom atom atom angle
H(18a) C(18) H(18b) 109.4 H(18a) C(18) H(18¢) 109.4

H(18b)  C(18) H(18c)  109.6
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Table 7. Torsion Angles(®)

atom  atom atom atom  angle atom  atom  atom  atom  angle

o(1) CU4) NI ©Q)  -175.7(4) o) C(4) NI1) can  -51()
O(1) C(14) C(5) O2)  -404(5) O(1) C(14) C@1B) C@6)  TT.6(5)
0(2) C(5) CU4) N(1)  139.8(3) 0B8) C(U7) 0@ C(15)  -18(6)
N(1) c) C@® ©@) -176.9(3) N1 o1 c@ o) 3.7(5)
N(1) CU) () CB)  177.4(3) N1) C(1) c(2) CcU3)  -152(1)

N(1) C(4) C©@5) C(16) -102.3(4) Cl) NQ) C(1) C@12)  945(6)
C(l) N(@) CU4) C@5)  42(5) 1) ©@ ©E  Cc@ 1.1(5)
o)  ©@® c@ CBE  -15.2(5) cl) @ o1  ©@O) 51509
cl) C@ o) ©Q0)  173.1(5) C1) C®6) C»B) C@  -16(6)
C@ c©U) N1 Ol 89.7(4) C@ C) NI CI4)  -100.2(4)
c@ cU1) c®6) b 0.8(6) @2 C@B) C@ CBG)  -19(6)
CB3) ©@ Cc1)  C6)  -05(5) CB3) C@ o1 CE)  1054()
CE C@ o o  -127.8(9) CB3) €@ T  C1)  -550)
@ CH) OB C@6) 2.1(6) C) C@E) ©@ o)  -179.6(3)
C6) C() N() CUl)  -86.9(4) C(6) C) NI1) (14  83.2(4)
C6) C©1) ©@) o@  -1798(3) can N1 o4 o5 174@)
C(12) C(11) N(1) C(14)  -76.1(6) C(14) CE5) 0@  C(I7)  -150.1(3)
C(15) O C@7) ©(18) -178.0(4) C(16) C(15) O CO7)  92.2(4)
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Table 8. Non-bonded Contacts out to 3.60 A

atom atom distance ADC atom
o(1) C(13) 3.342(7) 55402 o(1)
o(3) C(16) 3.355(6) 55603 0(3)
C(5) C(8) 3.561(6) 65502

18

atom
C(5)

C(10)

distance
3.511(5)

3.365(9)

ADC

55401

45603




The ADC (atom designator code) specifies the position of an atom in a crystal. The 5-digit number
shown in the table iz a composite of three one-digit numBers and one two-digit number: TA (first digit)
+ TB (second digit) + TC (third digit) + SN (last two digits). TA, TB and TC are the crystal lattice
translation digits along cell edges a, b and c. A translation digit of 5 indicates the origin unit cell. If TA = 4,
this indicates a translation of one unit cell length along the a-axis in the negative direction. Each translation
digit can range in value from 1 to 9 and thus 44 lattice translations from the origin (TA=5, TB=5, TC=5)

can be represented.

The SN, or symmetry operator number, refers to the number of the symmetry operator used to generate

the coordinates of the target atom. A list of symmetry operators relevant to this structure are given below.

For a given intermolecular contact, the first atom (origin atom) is located in the origin unit cell and its
position can be generated using the identity operator (SN=1). Thus, the ADC for an origin atom is always
55501. The position of the second atom (target atom) can be generated using the ADC and the coordinates
of the atom in the parameter table. For example, an ADC of 47502 refers to the target atom moved through
symmetry operator two, then translated -1 cell translations along the a axis, -2 cell translatiolfls along the

b axis, and 0 cell translations along the ¢ axis.

An ADC of 1 indicates an intermolecular contact between two fragments (eg. cation and anion) that

reside in the same asymmetric unit.

Symmetry Operators:
(1) X, Y, Z (2) 1/2-X, <Y, 1/2+Z

(3) 1/2+X, 1/2Y, -z 4 X, 1/2+Y, 1/2Z
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Ezperimental

Data Collection

A colorless prismatic crystal of Ci5H;9NO3 having approximate dimensions of 0.30 x 0.30 x 0.10 mm
was mounted on a glass fiber. All measurements were made on a Rigaku AFCTR diffractometer with filtered
Cu-Ke radiation and a rotating anode generator.

Cell constants and an orientation matrix for data collection , obtained from a least-squares refinement
using the setting angles of 25 carefully centered reflections in the range 59.31 < 26 < 59.94° corresponded
to a primitive monoclinic cell with dimensions:

a=11.643(2) A

b = 9.349(2) A B = 94.21(2)°
c=12.937(3) A

V = 1404.3(5) A3

For Z = 4 and F.W. = 245.32, the calculated density is 1.16 g/cm®. The systematic absences of:

hoOl: 1# 2n
0k0: k # 2n

uniquely determine the space group to be:
P2i/c (#14)

The data were collected at a temperature of 23 4- 1°C using the w-26 scan technique to a maximum 26
value of 135.2°. Omega scans of several intense reflections, made prior to data collection, had an average
width at half-height of 0.22° with a take-off angle of 6.0°. Scans of (1.50 + 0.30 tan §)° were made at
speeds of 32.0, 16.0, 8.0 and 4.0° /min (in omega) for each 26 shell (4.0<80.0<100.0<120.0 <135.0°). The
weak reflections (I < 10.00(I)) were rescanned (maximum of 7 scans) and the counts were accumulated to
ensure good counting statistics. Stationary background counts were recorded on each side of the reflection.
The ratio of peak counting time to background counting time was 2:1. The diameter of the incident beam
collimator was 1.0 mm and the crystal to detector distance was 235 mm, The computer-controlled slits were
set to 3.0 mm (horizontal) and 3.0 mm (vertical).

Data Reduction

Of the 2805 reflections which were collected, 2682 were unique (Rins = 0.011). The intensities of three
representative reflection were measured after every 150 reflections. No decay correction was applied.

The linear absorption coefficient, s, for Cu-K« radiation is 6.1 cm—!. An empirical absorption correction
based on azimuthal scans of several reflections was applied which resulted in transmission factors ranging
from 0.94 to 1.00. The data were corrected for Lorentz and polarization effects. A correction for secondary
extinction was applied (coefficient = 2.16126e-05).




truct tion and Refinement

The structure was solved by direct methods! and expanded using Fourier techniques?. The non-hydrogen
atoms were refined anisotropically. Hydrogen atoms were included but not refined. The final cycle of full-
matrix least-squares refinement® was based on 1457 observed reflections (I > 3.000(1)) and 164 variable
parameters and converged (largest parameter shift was 0.00 times its esd) with unweighted and weighted
agreement factors of:

R = X||Fo| - |Fe||/S|Fo| = 0.069

Ry = /Zw([Fo| — [Fc]) [SwFo? = 0.107

The standard deviation of an observation of unit weight* was 1.77. The weighting scheme was based
on counting statistics and included a factor (p = 0.106) to downweight the intense reflections. Plots of
Tw(|Fo|—|Fc|)? versus | Fo|, reflection order in data collection, sin /) and various classes of indices showed

no unususl] trends. The maximum and minimum peaks on the final difference Fourier map corresponded to
0.17 and -0.14 e~ /A3, respectively.

Neutral atom scattering factors were taken from Cromer and Waber® . Anomalous dispersion effects
were included in Fcalc®; the values for Af’ and Af’ were those of Creagh and McAuley’. The values for the
mass attenuation coefficients are those of Creagh and Hubbel®. All calculations were performed using the
teXsan® crystallographic software package of Molecular Structure Corporation.
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EXPERIMENTAL DETAILS

A. Crystal Data

Empirical Formula CisH1sNO;

Formula Weight 245.32

Crystal Color, Habit colorless, prismatic

Crystal Dimensions 0.30 X 0.30 X 0.10 mm

Crystal System monoclinic

Lattice Type Primitive

No. of Reflections Used for Unit

Cell Determination (28 range) 25 (59.3 - 59.9° )

Omega Scan Peak Width

at Half-height 0.22°

Lattice Parameters : a = 11.643(2)A
b= 9.349(2) A
c= 12.937(3) A
B = 94.21(2)°

V = 1404.3(5) A%

Space Group P2;/c (#14)
Z value 4

Deate 1.160 g/cm®
Fooo 528.00
#(CuKa) 6.11 cm™!

B. Intensity Measurements

Diffractometer Rigaku AFCTR
Radiation CuKor (A = 1.54178 A)
Attenuator Ni foil (factor = 9.24)




Take-off Angle 6.0°
Detector Aperture 3.0 mm horizontal
3.0 mm vertical

Crystal to Detector Distance 235 mm

Voltage, Current ) 50kV, 150mA

Temperature 23.0°C

Scan Type w-20

Scan Rate(in w) 32,16,8,4° /min for each 26 shell(4<80<100<120<135°%)

(up to 7 scans)

Scan Width (1.50 4+ 0.30 tan §)°
20max 135.2°
No. of Reflections Measured Total: 2805
Unique: 2682 (Rinr = 0.011)
Corrections Lorentz-polarization
Absorption

(trans. factors: 0.9354 - 1.0000)
Secondary Extinction
(coefficient: 2.16126e-05)

C. Structure Solution and Refinement

Structure Solution Direct Methods (SIR92)
Refinement Full-matrix least-squares
Function Minimized Sw(|Fo| — |Fel)?

Least Squares Weights w= ;’Tlﬁ;j = [o02(Fo) + %Q-FOZ]_I
p-factor 0.1060

Anomalous Dispersion All non-hydrogen atoms

No. Observations (I>3.000(I)) | 1457

No. Variables 164

Reflection/Parameter Ratio 8.88

Residuals: R; Rw 0.069 ; 0.107




Goodness of Fit Indicator
Max Shift/Error in Final Cycle
Maximum peak in Final Diff. Map

Minimum peak in Final Diff. Map

1.77

0.00
0.17 e~ /A3
-0.14 e~ /A3




