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8c

1- (3-Benzoyl-octahydro-pentalen 1-yl)-ethanone (8c)

To a solution of Co(dpm), (87 mg, 0. 204 mmol, 10 mol%) in dlchloroethane (0.45 M)
at room temperature was added methylphenylsilane (1.1 mL, 8.0 mmol, 400 mol%).
The reaction mixture was allowed to stir for 30 min., at which point a dichloroethane
solution of 1-phenyl-2-deca-2,7-diene-1,9-dione (8a) (500 mg, 2.06 mmol) was added
via syringe. The reaction progress was monitored by TLC. Upon complete consumption
of starting materials, the reaction mixture was quenched with methanol/10%HClq) and
allowed to stir for 30 minutes. The reaction mixture was partitioned between ethyl
acetate and NHClyg,. The aqueous layer was extracted and the combined organic
extracts were dried (Na;SO,) and filtered. The solvent was evaporated and the reaction
was purified via flash chromatography (SiO;: 9:1, hexanes:ethyl acetate) to provide 8b
(25mg) in 5% yield and 8¢ (325mg) in 65% yield.

Mp = 77-78 °C. - |

'H NMR (CDCls, 300 MHz): 5 7.81 (m, 2H) 7.46 (m, 3H), 3.80 (dd, J = 5.1, 9.6 Hz,
1H), 3.02 (m, 3H), 2.02 (s, 3H), 1.79 (m, 6H).

13C NMR (CDCl;, 75 MHz): 3 207.7, 199.4, 136.4, 133.1, 128.9, 128.2, 51.7, 48.3,
39.4,38.7,32.7, 32.5, 28.8, 25.4.

IR (neat): 3055, 2948, 2858, 1706, 1678, 1448, 1356, 1264 1218, 739 cm

HRMS: Calcd for C1¢H 50, [M+1] 243.1385, found 243.1387.
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, x-Ra§ Crystallographic Material for lb

X-ray Experimental.
Table 1. Crystallographic Data for 1b.

Table 2. Fractional coordinates and- equlvalent 1sotroplc thermal parameters (A2) for the non-
hydrogen atoms of 1b. :

Table 3. Bond Lengths (A) and Angles (°) for the non-hydfogen atoms of 1b.

Table 4. Anisotropic thermal parameters for the non-hydrogen atoms of 1b.

Table 5. Fractional coordinates and 1sotroplc thermal parameters (A2) for the hydrogen atoms of
1b.

Table 6. Observed and calculated structure factor amphtudes for 1b. Values for Fo, Fc and
o(Fo) have been multiplied by 10. S

Figure 1. View of 1b showing the atom labeling scheme. Displacement ellipsoids are scaled to
the 50% probability level. -Hydrogen atoms are drawn to an arbitrary size.

Figure 2. View of the H-bound dimer formed by 1b Displacement ellipsoids are scaled to the
50% probability level. Hydrogen atoms are drawn to an arbitrary size. Dashed lines indicate the
H-bonding interactions. The two molecules are related by a crystallographic inversion center at .
0, 0, %.. The geometry of the interaction is: O1-H10 02 (related by —x, -y, 1-z), 0O
2.859(1)A, H0 1.99(2)A, O-H~0 161(2)°.

Figure 3. Unit cell packing diagram for 1b. The view is approximately down the b axis.
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X-ray Experimental for CleléOZ: Crystals grew as colorless prisms by slow evaporation from
ethylacetate and hexanes. The data crystal was cut into a trigonal prism that had‘approximate :
dimensions; 0.33 x 0.33 x 0.10 mm. .The dnté were collected on a Nonius Kappa CCD |
diffractometer using a graphite nlonochromator with MoKa rédiation (A = 0‘.71073VA)., A total f’f |
309 frames of data were collected using ®-scans with a scan rangeCOf 1°and a connting time of
39 seconds per frame. The datd were collected at —120 °C using a Oxford Cryostream low
temperature device. Details of crystal data, data collection and structure reﬁne'rnent are 1isted in
Table 1. Data reduction were performed using DENZO-SMN." The structure was solved by
direct methods using SIR92” and refined by full-matrix least-squares on F2 Wlth amsotroprc
displacement parameters for the non-H atoms using SHELXL-97.> The hydrogen atom pos1t1ons
were located in a AF map and refined with isotropic displacement parameters. The function,

~ Zw(|Fol2 - |[Fc[2)2, was minimized, where w = 1/[(o(Fo))? + (0.0472*P)2 + (0.1494*P)] and P =
(IFol? + 2|F¢2)/3. Rw(F2) refined to 0.100, with R(F) equal to 0.0386 and a goodness of fit, S, =
1.033. Definitions used for calculating R(F),Rw(F2) and the goodness of fit, S, are given bel_ow.4_ »
The data were corrected for secondary extinction effects. The correction takes the form: Fgm =
KF/[1 + (2.7(5)x10-3)* F¢2 A3/(sin26)]0-25 where k is the overall scale factor. Neutral atom
scattering factors and values used to calculate the linear absorption coefficient are from the,
International Tables for X-r‘ay CrYstallography (1992).5 All figures were generated using _
SHELXTL/PC.% Tables of positional and thermal parameters, bond lengths and 'angles, figures

and lists of observed and calculated structure factors are located in tables-1 through 6.
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Table 1. Crystal data and structure refinement for 1b.

Empirical formula
Formula weight

- Temperature
Wavelength
Crystal system
Space group

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 = 27.49°
Absorption correction
Refinement method
Data / restraints / parameters
Goodness-of-fit on F2
Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

CI3HI602 .

204.26 |

1532) K

0.71073 A

Mondclinic

P21/c

a=9.9320)A . o=90°
b=922400)A . B=929670)"

c=12177005)A . . . y=90°
© 1114.07(8) A3 o :

4

1.218 Mg/m
0.081 mm™!
440

033x033x0.10 mm?

3.02 to 27.49°. ,
-12<=h<=12, -11<=k<=11, -15<=I<=15 .

- 4501

2483 [R(int) = 0.0198]

97.4%

- None

Full-matrix least-squares on F2
2483 /0/201

1.033

R1 = 0.0386, wR2 = 0.0902

R1 = 0.0614, wR2 = 0.1002
2.7(5)x10°

0.177 and -0.184 e.A>
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Table 2. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 10%)

for 1b. U(eq) is defined as one third of the trace of the orthogonalized UY tensor.

X | y. : z - U(eq) ‘
01 -662(1) 226(1) C6708() . 31(D)
02 ' 1997(1) 643(1) - 5376(1) 36(1)
Cl -390(1) 1407(1) 7101(1) s
C2 586(1) 2216(1) 6363(1)  24(1)
C3 -117(1) 2620(1) 5255(1) C29(1)
ca 3BA)  38272) '5420(1). S35
Cs 2356(1) 2708(2) o 6113(1) . 35(1)
C6 -1674(1) . 2293(2) 219) . 32()
c7 _ 1840(1) 13220y 6225(1) 26()
C8 2920(1) - 1257(1) 71321 26(1)
C9 2870(1) 2071(1) 8092(1) 29(1)-
C10 3912(1) 1984(2) 8899(1) 3501)
Clt 5001(1) 1087(2) CO8T4T() 391
c12 5060(1) 275(2) 7798(1) 41(1)
C13 4027(1) 356(2) . 6993(1) 34(1)
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Table 3. Bond lengths [A] and angles [°] for 1b.

01-Cl 1.4270(15) .- CS-HSA | T 0.985(14)

O1-H10 0912y C5-HSB C0.997(15) -
02-C7 1.2256(14) . C6H6A : 0.991(15)
C1-C6 CLs2711a7) C6-H6B T 0.992(14)
C1-C2 1.5474(16) C7-C8 © 1.5006(15)
C1-H1 © 1.006(12) | C8-C9 S 13916017)
C2-C7 1.5099(16) - c8C13 - O 1.3958(17)
C2-C3 15322(06) -~ C9CI0 - 7 1.3926(17)
C2-H2 | 0.982(13) C9-H9 T 0978013)
C3-C4 ©1.5238(18) - clcnn . . 1.3818(19)
C3-H3A 0.990(14) | C10-H10 . 0.987(15)
C3-H3B ©L015(15) ciiciz - 1.380(2)
C4-C5. 154 CllHIL 0.985(15)
C4-HAA , 1.008(16) c-Cci3 . ©1.3842(19)
C4-H4B 0.996(16) CI2-HI2 | - 1.004(17)
C5-C6 ' 1.5248(18) ~ 'CI3-HI3 | 0.967(15)
C1-01-H10 110.6(11) C2-C3-H3B  108.4(8)
01-C1-C6 112.49(10) . H3A-C3-H3B- 107.8(11)
01-C1-C2 L 111450) . C5.CaC3 110.70(11)
C6-C1-C2 110.40(10) C5-CA-H4A~ 109.7(8)
01-Cl1-HI 104.8(7) . C3-CA-HAA © 110.4(8)
C6-C1-H1 ' 108.7(7)  C5-C4-H4B | 110.509)
C2-C1-H1 108.8(7) . C3-C4-H4B 110.9(9)
C7-C2-C3 112.07(10) - 'H4A-CA-H4B 104.5(12)
C7-C2-C1 110.279) | C6-C5-C4 . 110.22(11)
C3-C2-Cl 110.94(9) . C6-CS-HSA 110.0(8)
Cc1-C2H2 109.0(7) , CA-C5-HSA 109.7(7)
C3-C2-H2 | 108.6(7) C6-C5-HSB' C109.5(8)
C1-C2-H2 105.8(7) | | C4-C5-H5B O 1110@)
C4-C3-C2 110.87(10) " H5A-C5-HSB 106.4(11)
C4-C3-H3A 110.3(7) . - csceCl 112.70(10)
C2-C3-H3A 109.2(7) ; C5-C6-H6A 109.3(8)

C4-C3-H3B | 110.2(8) ~ CI-C6-H6A . 107:6(7)
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C5-C6-H6B 111.3(7)
C1-C6-H6B 106.2(8)
H6A-C6-H6B | 109.6(11)
02-C7-C8 N 118.90(10)
02-C7-C2 " 120.96(10)
C8-C7-C2 120.15(10)
C9-C8-C13 : 119.07(11)
C9-C8-C7 122.77(11)
C13-C8-C7  118.16(11)
C8-C9-C10 120.28(12)
C8-C9-H9 120207
C10-C9-H9 119.5(8)
C11-C10-C9 119.85(13)
C11-C10-H10 120.4(8)
C9-C10-H10 119.7(8)
C12-C11-C10 12033(12)
C12-Cl1-Hl11 12078)
C10-C11-H11  119.09)
C11-C12-C13 120.09(13)
C11-C12-H12 119.6(10).
C13-C12-H12 120.3(10)
C12-C13-C8 120.37(13)
C12-C13-H13 ' 121.4(8)

C8-C13-HI3 118.2(8)
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Table 4. Anisotropic dlsplacement parameters (A2x 10%) for 1b. The, anlsotroplc _
dnsplacement factor exponent takes the form: -211:2[ h? a*zUll +.. +2hka*b*U2] -

. Ull o Ile U33 . ‘ U’23‘ " o U13. ( ',U12
o1 39(1) 26(1) . 29(1) -3(1) 4 -5(1)
0 36(1) s 300 -12(1) o(1) 3(1)
ct o2y 2y 20(1) oy 20D 2(1)
e 29(1) 2(1) 22(1) 20) - 2(1)
C3 61y  2K1) 24(1) 3(1) STONEE (S
c4 44(1) 31 30(1) (1) ) 3(1)
cs 31 41(1) 33(1) -5(1) -5(1) o1)
c6  30(1) 1y 21 3 2 1(1)
c7 29(1) 24(1) - 25(1) Ly Ay s
cs 25(1) 2501) - 28(1) RO ¢ A1)
co 25() 3O 0y 21 . Ay 2 -
clo . 321 a4y 30(1) -5(1) 2(1) -5(1)
cii 28(1) - 49(1) -38(1) () SN ¢) B ('
ci2 . 29() ) so) 200 21 6(1)
c13 3 35(1) 37(1) (1) A
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Table 5. Hydrogen coordinates ( x '104) and isotropic displacement parameters (A%x 109)
for 1b. ‘

X - y z . Ueq

HIO -1051(18)  © -3(19) 6017(16) 63(5)
H1 66(11) - 1269(13) 7850(10) - 24(3)
H2 Co836(11)  3112(05) 6758(10) 24(3)
H3A -359(12) 1722(16) 4846(10) 28(3)
H3B : | 544(14) . - 3183(16) 4810(12) 41(4)
H4A -1121(13) 4476(17) 5786(11) 39(4)
H4B -1817(14) 3810(17). 4700(13) 48(4)
H5A : 2676(12) . 1832(16) 5719(11) 31(3)
HSB -3172(14) 3305(16) 6236(11) - 41(4)
H6A : -1422(12) 3185(16) - 7635(11) - 33(3)
H6B -2275(13) 1688(15) 7656(11) - 36(4)
H9 2107(13) 2717(14) 8200(10) 313)
H10 3876(13) 2578(15) -~ 9571(12) 39(4)
Hil 5732(15) 1040(16) 9323(12) 44(8).
HI2 5859(17) . -368(19) 7695(13) . 58(5)
H13 | _ 4041(13) - -216(15) 6328(13) 38(4)
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Figure 1. View of 1b showing the atom labeling scheme Dlsplacement elhpsmds are scaled to
the 50% probability level. Hydrogen atoms are drawn to an arbitrary size.
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Figure 2. View of the H-bound dimer formed by 1b. Displacement ellipsoids are scaled to the
50% probability level. Hydrogen atoms are drawn to an arbitrary size. ‘Dashed lines ndicate the
H-bonding interactions. The two molecules are related by a crystallographic inversion center at-
0, 0, ¥2. The geometry of the interaction is: O1-H10O2 (related by —x, —y, 1-z), O~ 0

2.859(1)A, H-0 1.99(2)A, O-H~0 161(2)°.
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Figure 3. Unit cell packing diagfamf for 1b. The view is appfoximately down the b axis.
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Crystallographic Material for Co(dpm),.
" X-ray Experimental - ‘ " -

Table 1. Crystallographic Data for Co(dpm)z.

Table 2. Fractional coordinates and equlvalent 1sotrop1c thermal parameters (Az) for the non-
Thydrogen atoms of Co(dpm).. -

Table 3. Bond Lengths (A) and Angles (°) for the non-hydregen atoms of Co(dpm),, -
Table 4. Anisotropic thermal parameters for the non-hydrogen'atoms' of Co(dpm),.

Table 5. Fractlonal coordinates and isotropic thermal parameters (AZ) for the hydrogen atoms of
Co(dpm),.

Table 6. Observed and calculated structure factor amphtudes for Co(dpm)z Values for Fo, Fc and
O(Fo) have been multiplied by 10.

Figure 1. View of Co(dpm)z showing the atom labeling scheme. Thermal ellipsoids are scaled to
the 30% probability level. Hydrogen atoms shown are drawn to an arbitrary scale

Figure 2. Unit cell packing diagram for Co(dpm),. The view is approximately down the a axis
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X-ray Experimental for C22H38C004: Crystals grew as beautiful violet prism by sublimation.
The data crystal was cut from a larger crysfal and had approXimate dimcnéions; 20x.20 x .15
mm. The data were gollected on a Nonius Kappa CCD diffractometer using \.a g'raphi_te. |
monochromator with MoKa ‘radiation (A = 0.710734). A t‘o‘f’al of 310 frames of data were
collected using w-scans with a scan range of 1.0° and a counting timé of 38 seconds per ﬁ'arjr‘lel. ’
The dataAwere collected at —120 °C using a Oxford Ct%yostreaim low temperature deVice_. Details
of crystal data, data collection and structure'vreﬁnement'are listed in Table 1. Data reduction
were _performed using DENZO-SMN.' The sti'ucture was, solved‘ by direct f_néthods using SIR922
and refined by full-matrix least-squares on F2 with anisotfo’pic displacement’parameters fdr thé
non-H atoms using SHELXL-97.> The hydrogen atom_poSifions Wére observed in a AF map‘and'
refined With isotropic displaéemeht parameters. The function, Zw(|Fo|2 - |Fc1252, was mlmmlzed,
where w = 1/[(6(Fo))? + (0.0349*P)2 + (1.3386*P)] and P = (|Fof2 + 2|F¢[2)/3. Rw(Fz) refined to |
0.0674, with R(F) equal to"0.0248 and a goodness of fit, S, = 1.040. Definitions used for
calculating R(F),Rw(F2) aﬁd the goodness of fit, S, are given below.4 Neutral atom scatteﬁﬁg |
factors and values used to calculafe the ﬁnear absorption coefficient are from the Int¢r_national
Tableé for X-ray Crystallography (1992).5 All figures were generated using SHELXTL/PC.6
Tables of positional and thermal parameters, bond lengths and angles, figures and Héts .of :

observed and calculated structure  factors are located in ,tableé 1 through 6.




© 2002 American Chemical Society, J. Am. Chem. Soc., Wang ja020223k Supporting Info Page 58

1)

2)

3)

_

3)

6)

References

DENZO-SMN. (1997). Z. Otwinowski and W. Minor, Methods in Enzymology‘,'

* 276: Macromolecular Crystallography, part A, 307 — 326, C. W. Carter, Jr. andR

M. Sweets, Edrtors Academic Press.

SIR92. (1993). A program for crystal structure solution. Altomare, A.,
Cascarano, G., Giacovazzo, C. & Guagliardi, A. .J. Appl Cryst. 26, 343 350.

- Sheldrick, G. M. (1994) SHELXL97. Program for the Reﬁnement of Crystal

Structures. University of Gottmgen Germany.

RW(F2) = {le(lFol2 |Fc|2)2/2w(|F0|)4} 172 where w is the weight given each reflection.
R(F) = X(|Fo| - [Fc|)/Z|Fol} for reflections with Fg > 4(c(Fo)). '
[Zw(lF0|2 |Fc|2)2/(n 1Y) 172 where n is the number of reﬂectrons and pis the

' number of refined parameters.

International Tables for X-ray Crystallography (1992). Vol. C, Tables 4.2.6.8 and " - '
6.1.1.4, A. J. C. Wilson, editor, Boston: Kluwer Academic Press.”

Sheldrlck G. M. (1994). SHELXTL/PC (Versron 5.03). Siemens- Analytlcal X-
ray Instruments, Inc., Madison, Wlsconsm, USA. '




© 2002 American Chemical Society, J. Am. Chem. Soc., Wang ja020223k Supporting Info Page 59

Table 1. Crystal data and structure reﬁnement for Co(dp_m)z.

Empirical formula
Formula weight

- Temperature
Wavelength
Crystal system
Space group
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 = 27.49°

Absorption correction
Refinement method

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

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

Largest diff. peak and hole

(22 H38 Co 04

425.45
153(2) K

0.71073 A

Tetragonal

- 141/a

a=10.4718(2) A a=90°.
b=10.4718(2) A B=90°. -

¢=2179833)A  y=90°
© 2390.37(7) A -

4 |
1.182 Mg/m?

0.739 mm! -

916 . ~

0.20 X 0.20 x 0.15 mm®
3.3t027.5°. |

-13<=h<=13, -9<=k<=9, -28<=I<=22
2351 - '
1376 [R(int) = 0.0111]

99.9 %

~ None

Full-matrix least-squares on F>
1376/0/100

1040

R1 =0.0248; wR2 = 0.0655

- R1=0.0286, wR2 = 0.0674

0.24 and -0.22 e. A
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Table 2. Atomic coordinates (x 104) and équivalent isotropic displacement parameters (Azx
103) for Co(dpm),. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y. -z -U(eq)‘

Co 5000 7500 6250 23(1)
ol 4450(1) 6249(1) 6847(1) 26(1)
Cl | 5000 . 7500 T3 27(D)
C2 4536(1)  6400(1).  7428(1) ~  23(1)
C3 4044(1) 5287(1) - 7820()) - 30(1)
C4 S 2753(D) 5689(2)  8088(1) 42(1)
Cs 4973(2) 4978(2) - 8343(1) 491
C6 3856(2) 4097(2)  7424) 53(1)




Table 3. Bond lengths [A] and angles [°] for Co(dpm)p_.-
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Co-O1#1
‘Co-0O1
Co-O1#2
Co-O1#3
01-C2
C1-C2
C1-C2#1
C1-H1
C2-C3
C3-C6
C3-C4
C3-C5
C4-H4A-
C4-H4B
C4-H4C
C5-HSA
C5-HSB
C5-H5C
C6-H6A
C6-H6B
C6-H6C

01#1-Co-01
O1#1-Co-01#2
01-Co-01#2
O1#1-Co-01#3
01-Co-01#3
O1#2-Co-0O1#3
C2-01-Co
C2-C1-C2#1

- 1.9334(8)
1.9334(8)
1.9334(8)
1.9334(8)
1.2794(13)

1.3972(14)

11.3972(14)
0.86(3)

- 1.5345(16)

1.530(2)
1.5314(18)

1. 5333(19)'

0.94(2)

. 0.99(2)
0.99(2)
0.98(2)
0.95(2)
0.98(2)
0.99(2)
1.05(2)
0.99(2)

95.46(5)
116.90(3)
116.90(3)
116.90(3)
116.90(3)
95.46(5)
124.17(8) -
127.03(15)

C2-Cl-H1

C2#1-C1-H1

 01-C2Cl

01-C2-C3
C1-C2-C3
C6-C3-C4~

C6-C3-C5

- C4-C3-C5

- C6-C3-C2.

C4-C3-C2

C5-C3-C2
C3-C4-H4A

C3-C4-H4B
H4A-C4-H4B
C3-C4-H4C

H4A-C4-H4C

H4B-C4-H4C

C3-C5-H5A

- C3-C5-H5B

C3-CS-H5C .

'HS5A-C5-HSB.

~ H5A-C5-HSC
H5B-C5-HSC

C3-C6-H6A
C3-C6-H6B
H6A-C6-H6B

- C3-C6-H6C

H6A-C6-H6C
H6B-C6-H6C

116.48(7)
116.48(8)

©124.56(11)

115.79(11)
119.61(11)
108.99(14)

'109.24(14)

109.57(12)
110.30(11)

107.49(10)
111.21(11)

110.3(11)

110.5(11)

106.9(15)
109.5(12)
107.6(16)
112.1(15) -

© 110.8(11)
- 110.4(14)

108.0(16) !
111.8(12)
107.6(16)

108.1(18)

107.7(12)
108.8(12)
112.0(16)
108.3(11)
108.9(15)
111.0(16)

Symmetry transformations used to generate equlvalent atoms:
#1 -x+1 -y+3/2 z #2-y+5/4,x+1/4,2+5/4  #3 y-1/4, x+5/4, 2+5/4

S67
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Table 4. Anisotropic displacement parameters (A2x 103) for Co(dpm),. The anisotrdpic
displacement factor exponent takes the form: 2n2[ h2 a*2Ull + ;. +2hka*b* Ul2]

Ull U22 U33‘ U23 ’ Ul3 : . U12 '
Co 29(1) 29(1) 12(1) 0 o 0
0l 31(1) 32(1) 16(1) 21) 21 31
Cl 32(1) 37(1) 12(1) 0 [V /¢ )
C2 20(1) 34(1) 17(1) 5() 21 1)
C3 28(1) 38(1) 25(1) 11 3Q) 5(1)
C4 27(1) 58(1) 43(1) 18(1) 8(1) 4(1)
Cs 34(1) 69(1) 45(1) 35(1) -4(1) 3(1)
Cé6 79(1) 33(1) 47(1) 10(1) 131 -501)

S68. .
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Table 5. Hydrogen coofdinates (x 104) and isotropic displacement paraméters‘(Azx 10

3)
for Co(dpm),.
X y : z U(CQ)'
H1 5000 . 7500 8110(12) 41(6)
H4A 2188(18)  5919(18)  7772(9) 53(5) -
H4B | 2353(18) 4965(18) 8311(8) 55(5)
H4C 2870(19) 6449(19) 8355(9) 62(6) :
HSA | 4679(18)  4235(19)  8577(9) 54(5)
H5B ~ 5800(20) 4790(20) 8184(10) 19Ty
H5C 5060(20) 5690(20) = 863 1(9) . 64(6)
H6A 4700(20) 3852(18) 7256(9) 61(6) -
H6B 3200(20) 4310(20) 7077(10) 74(6) |
H6C 3538(18) 3396(19) 7690(9) 57(5) ‘
| - - oosey |
. / . N ,
B _ R s
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Figure 1. View of Co(dpm); showing the atom labeling écheme. Thermal ellipsoids are
scaled to the 50% probability level. The Co atom lies on a crystallographic four-fold
inversion center at 1/2, 3/4, 5/8. -
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Figure 2. Unit cell packing vdiagram for Co(dpm),. The view is,appfoximately'down th¢ a
axis : : '




© 2002 American Chemical Society, J. Am. Chem.'Soc;, Wang ja020223k Supportihg Info Page 66

Neutron structure determin'ation of C13H15D102‘ (1b) at 20 K. Neu-tron diffraction
data were collected from a single crystal of (1b) (26.2 mg, 3.9x 3.2x 1.7 mm’) at the ..

- Intense Pulsed Neutron Source (IPNS), Argonne_ National'Laboratory. The single-crystal
diffractometer (SCD) is a tinie-of-ﬂight (TOF) instrunknt with a time- and position-
sensitive detector. Neutrons were produced by the pulsed (30 Hz) spallation source at
IPNS, and the SCD instrument uscd the entire thermal spectrum of neutrons from each
pulse. The SCD posmon-sensxtlve neutron detector contained a SLi glass scintillator w1th
dlmenswns of 30 x 30 cm’. Fora glven crystal setting, data were stored in a three-
dimensional histogram i in which each pomt had coordmates x,y,and . These quantltles
were the horizontal and vertical detect(_)r positions and the_TOF, respectively. ¢ is related
to the neutron wavelength A by the de Bro glie equation A= (Wm)(t/l), in which h is

"Planck's constant, m is the neutron mass, and / is the path length traversed in time f.
There were 120 time-of-flight channels in each histogra‘m,_ construcfed in such a Way that -

" At/t had a constant value of 0.015. Each hi‘stAogram comprised measurements of a three-
dimensional block of reciprocal space, from neutrons in the wa\}elen‘gth‘rapge of 10.71 4.2
A. A detailed description of the SCD instrument and data collection and analysis
procedures has been published.l"2 The saanle temperature is controlled at 20 K by a
Displex® closed-cycle helium refrigerator (Air Produets and Chemicals, Inc., Model CS-
202). | - o o

An auto-indexing algorithm3 'was used to obtain an initial orientation'matrix from
the peaks in one histogram. For intensity data collectlon a total of 25 histograms were
measured - each for a different crystal setting - in order to cover a quartet of rec1procal
space. Bragg peaks were mtegrated in three dimensions about their predicted locatlons
and were corrected for the incident neutron spectrum, detector efﬁc1ency, and dead-time

~ loss. Lorenz and absorption corrections were also applied; Non-hydrogen atorhie |
coordinates from X-ray analysis was ased as starting solution for the neutron structure.
The GSAS software package was used for structural analy31s The refinement was based
on F using 2966 reflections with | F | > 20(F,) and a minimum d spacmg of 0.65 A
Weights were assigned as wk, = (1/(0(F )+(O 002 F ) )) where ¢ (Fo )is the vanance
based on counting statlstlcs Hydrogen atoms at ,B-posmon of 1b, namely H(3A) and
H(3B), were refined as fully occupied at the beginning, Wthh gave a high residual R

379 C
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values of Rw(F) = 0.135 and R(F) = 0.094. In addition, the thet_'mal" paremeters for these
two hydrogen atoms were 10 times greater than tﬁoee of hydfogen atorﬁs in the adjaeent
positions. Subsequent refinement has deuterium atoms includedet [-position, with the
total occupancy of each site being constraint to unity. The refiiement used 307 variables
and converged successfully to Rw(Fj = (.088 and R(F) = 0.071. All atoms were refined .
with anisotropic atomic displacement parameters at the ﬁnel stage. Here we are able to
distinguish hyﬂrogen from deuterium easily because the neutron scattering lengths of
hydrogen and deuterium are significantly different (-3 .739 for H and +6.671 fer D). |

A summary of parameters related to the-'neutron diffraction analysis is i)resented
in Table 1. Selected bond distances and angles are listed in Table 2. Téble 3 lists the site’
occupancies of H and D atoms at the #-position. The ratio of hydrogen to deuterium at -
the B-position with respect to the carbonyl is found to be 0.976(9) from neutron
diffraction data, corresponding to 1.012(9) deuterium being ineorporated into the product.
Neutron structural analysis also shows that the pfoduc_t is a mixtirre of stereo isomers with
52% of the deuterium ﬁp and 48% down. A plof Qf the molecules of 1b is shown in

Figure 1.
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Table 1. Neutron Crystal Data aﬁd Structural Refinement Parameters for 1b.

formula

.
temperature, K
crystal system
space group

a, A ,.

b, A

c, A

a, °

ﬂ’o

o

%
v,A’

Z

* deatc, g cm”
size, mm’

radiation

data collection technique

1(A), cm’™
no. of reflns. (> 2a(]))

no. of parameters refined

refinement method

R indices Rw(F) * R(F),®

goodness-of-fit

2966
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- C13Hi5 02Dy

205.271
202)
monoclinic
P21/c'
9.842(1)
9.236(1)
12.168(2)
90

1 92.31(1)

90

1105.2(6)

4

1.234
39x3.2x1.7
neutrons |
time-of-flight Laue
1.445+1.048 %

307
Full-matrix least-squares on F
0.088, 0.071

1.97

" Rw(F) = {Z[W(Fo _Fc)zl/vz[w(Fé)z]}m -

bR(F)=Y

K,

F,

Y
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Table 2. Selectéd Bond Distances (A), Bond Angles (°) for 1b. :

1.4357(26)

C1—C2

01—Cl - 1.5172(23)
02—C7 1.2407(26) - C7—C8 . 1.5066(23).
C1—O01 1.4357(26) C8—C9 1.4085(25)
Cc1—C2 1.5637(24) C8—C13 1.4140(24)
C1—C6 1.5311(25) . C9—Cl10 1.3994(25)
c3—C2 1.5419(25) - C10—C11 -7 1.4049(24)
C3—C4 1.5299(25) C11—C10  1.4049(24)
C4—C5 1.5361(25) Cl11—C12 1.4092(26) -
C5—C6 ~ 1.5399(26) C12—C13 1.3967(25)
H10—Ol 0.989(5) H6A—C6 - 1.124(4) -
H1—Cl 1.101(4) H6B-—C6 1.108(5)
H2—C2 1.108(4) H9—C9 1.095(4)
H3A—C3 1.126(8) - H10—C10 1.093(5)
H3B—C3 1.087(10) - HI11—Cl11 1.092(5)
H4A—C4 1.105(4) - H12—C12 1.082(4)
H4B—C4 1.113(4) - - H13—C13 - 1.087(5)
H5A—CS5 1.101(4) D3A—C3 1.126(8)
H5B—C5 - 1.100(4) D3B—C3 1.087(10)
01—C1—C2. 111.79(15) o
01—C1—Hl1 105.18(26) C6—C5—HSB  109.31(28)
C2—C1—H1 1108.86(25) H5A—C5—HSB ~ '106.3(4) .
C1—C2—C3 110.95(14) C1—C6—C5 112.72(15)
C1—C2—C7 110.54(13) - C1—C6—H6A  107.49(26) -
Cl—C2—H2 - 106.04(25) C1—C6—H6B 108.72(27)
C3—C2—C7 111.68(14) C5—C6—H6A 109.51(26)
C3—C2—H2 108.48(26) ~ C5—C6—H6B 110.56(27)
C7T—C2—H2 108.95(25) H6A—C6—H6B  107.7(4)
C2—C3—C4 110.71(15) 02—C7—C2 121.33(17)
C2—C3—H3A  110.8(4) - 02—C7—C8 119.06(17)
C2—C3—H3B 108.0(6) C2—C7—C8 119.61(14)
C2—C3—D3A  110.8(4) C7—C8—C9 122.85(15)
C2—C3—D3B 108.0(6) C7—C8—C13 117.94(15)
C4—C3—H3A  108.3(4) C9—C8—C13 119.21(16) -
C4—C3—H3B 111.9(5) C8—C9—C10 1120.39(16)
C4—C3—D3A  108.3(4) C8—C9—H9 = '120.75(28)
C4—C3—D3B  111.9(5) C10—C9—H9 118.82(27)
H3A—C3—D3B  107.0(7) C9—C10—Cl1 119.98(16)
H3B—C3—D3A  107.0(7) . C9—C10—H10 120.04(28)
C3—C4—C5 110.83(14) C11—C10—H10  119.97(28)
C3—C4—H4A  109.95(28) C10—Cl11—C12  120.15(17)
C3—C4—H4B 109.73(27) C10—CI11—HI11  119.82(30)
C5—C4—H4A  108.52(29) C12—CI1—HI11  120.03(30)

s82”
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Cll—C12—C13

C5—CA—HAB  111.85Q27) - 119.69(16)

H4A—C4—HAB  105.8(4) Cl1—CI12—HI12  120.76(29)

C4—C5—C6 11049(14)  C13—CI2—HI2  119.55(29)

C4—C5—HS5A  109.52(29) C8—C13—C12  120.57(16)

C4—C5—HSB  110.92(28) C8—CI13—HI3 ~ 119.17(28)

C6—CS5—HSA  110.23(27) Cl12—C13—HI3  120.26(28)
$83 )
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(2)

(b)

Figure 1. Perspective view of the molecules of C13H15D102 in (1b). Atoms are drawn at
their 50% probability level. (a) Deuterium atom at up position. (b) Deuterium atom at
down position (D3B) _ o
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et

.

Table 3. Site occupancies of H and D atoms at the P-position

Name Occupancy Total - Total H/D sitt /D - - D(up)/D(down)

o ' ratio ~_ratio ratio
H3A  0476(6) , ' - 0.908(9)
H3B  0512(6)  0.988(9) 1.049(9)
D3A  0.524(6) A . .0.518 (up)
D3B  0.488(6) 1.012(9) "0.482 (down)

: ' 0.976(9) '
7 7 ya




