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Enantioselective Fluorination Mediated by Cinchona Alkaloid Derivatives/Selectfluor
Combinations: Reaction Scope and Structural Information of N-Fluorocinchona Alkaloids

Norio Shibata,*" Emiko Suzuki,’ Toru Asahi! and Motoo Shiro”

Experimental Section

General Information. Melting poihts were determined on a Yanagimoto micro-melting-point
apparatus and uncollected. IR spectra (cm™') were recorded on a Perkin-Elmér 1600 spectrometer. 'H

| NMR speétra were measured as solutions in CDCls, and chemical shifts are expressed in ppm relative to
internal Me4Si (Q.OO ppm)_(and were recorded on a JEOL GX-270 (270 MHz) or a Varian Gemini_300
(300 MHz) spectrometer. 'F NMR spectra were measured with.;CFCl; as an internal standard and were

taken w1th a JEO_L GX-270(254 MHz) SP?‘?UOF.I?‘?F?F Upﬁeld shlfts are gﬁotcd as»neg.ativerﬁ vglqcs. EI
mass spectra were taken with 3 JEOL IMS-D300 spesrometer. Colunn chromtography. and
preparatxveTLC were performed on B_W-ZQO (Fll_]l Slly51a)and Kieselgel 60 (Mcrck, art. 7748),
fespeictiveiy. All reactions involv}ing oxygen- or mqis'tme-‘sens‘itiye‘ compounds were carri;d out under a
dry Nz.atmosphere. Unless otherwise noted, reagents were addgd by syringe. THF was distilled from
sodimn/benzophenone immediately pripr to use.

A typiqal experimental procedure for; the ﬂuorination of 1; 2-Benzyl-2-ﬂubro-l-indanone (2a). A |
solution of 1a (40.0 mg, 0.136 mmol) in MeCN (3 mL) was added to DHQB/Selectfluor combination
[prepared iﬁ situ from DHQB (98%, 78.0 mg, 0.163 mmol) and Selectfluor (95%, 60.0 mg, 0.163 mmol)
in MeCN (3 mL) stirred in the presence of 3A MS at room temperature for 1h] at —20 °C. After stirring
overnight, water was added to the reaction mixture and it was extracted with AcOEt. The organic phase
was washed with 5% HCI, sat. NaHCOs, brine and dried over Na;SO,. Tbe solvent was removed under

reduced pressure to give a crude oil, which was purified by preparative TLC on silica-gel (benzene) to
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I mao ,00%) as a colorlesg oil. Ee was determined to be 89% by HPLC analysis using a
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Chiralcel OB column (10% isopropanol in hexane). [a]D +110.2° (c= 1.53, CHCl3); Spectral data for
2a (‘"HNMR, "°F NMR, IR, Mass, HRMS) corresponded to literature values.”

2-Fluoroe-2-methyl-1-indanone (2b). Using the same procedure, reaction of 16.8 mg (0.0769 mmol)
of 1b with reagent generated in situ from 102 mg of DHQB (0.215 mmol) and 78 mg of Selectfluor
(0.215 mmol) gave 11.7 mg (93 %) of 2b as a colorless oil. Ee = 54% (HPLC, Chiralcel OB, 10%
isopropanol in hexane); [a]p’! +24.2° (c= 0.295, CHCl3); Spectral data for 2b ("H NMR, '°F NMR, IR,
Mass, HRMS) corresponded to literature values.” |

2-Ethyl-2-fluoro-1-indanone (2c). Using the same procedure, reaction of 40.0 mg (0.172 mmol) of
1¢ with reagent generated in situ from 96.0 mg of DHQB (0.200 mmol) and 73.0 mg of Selectfluor
(0.200 mmol) gave 37.5 mg (99 %) of 2¢ as a colorless oil. Ee = 73% (HPLC, Chiralcel OB, 1%
1sopropanol in hexane); [a]D +65.1° (c= 1 .01, CHCI); Spectral data for 2¢ ("H NMR, l“’F NMR, IR,
Mass, HRMS) corresponded to literature values.” | \ |

2-Fluoro-2-methyl-1-tetralone (2d) Using the same procedure, reaction of 40.0 mg (O 172 rnmol) of
1d with reagent generated in sifu “from 96.0 mg of DHQB (O 200 mmol) and 73 0 mg of Selectﬂuor
(0. 200 mmol) gave 29 0° mg (94 %) of 2d as a colorless oil. Ee = 0% (HPLC Chlralcel OB 10%
isopropanol in hexane); [oJo®® +65.1%(c= 1.60, CHC13); Spectral data for 2d (H NMR, ¢ NMR, IR,
Maés; HRMS) eorrespondea toA' literature values.” o

2-Ethyl-2-fluoro-1-tetralone (2e). Using the same procedure, except reaction temberafure (;50 °C)
and solvent (MeCN/CH;Cl, =3/4), reaction of 30.0 mg (0.122 mmol) of Te with reagent generated in
situ from 86.9 mg of DHOB (0.183 mmol) and 67.0 mg of Selectfluor (0.183 mmol) "gave 16.7 mg
(71 %) of 2e as a colorless oil. Ee = 67% (HPLC, Chiralcel OB, 1% isopropanol in hexane); [o]p*®
+28.1° (c= 1.27, CHCly); Spectral data for 2¢ ("H NMR, '"°F NMR, IR, Mass, HRMS, optical rotation)

corresponded to literature values.”™




2-Renzvl-2-fluaro-1-tetralone (2f). Using the same procedure, reaction of 40.0 mg (0.129 mmol) of
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1f with reagent generated in situ from 73.0 mg of DHQB (0.151 mmol) and 55.0 mg of Selectfluor
(0.151 mmol) gave 31.3 mg (95 %) of 2f as a colorless oil. Ee = 71% (HPLC, Chiralcel OJ, 10%
isopropanol in hexane); [a]p?® +26.2° (c= 0.863, CHCl3); Spectral data for 2f ('"H NMR, "F NMR, IR,

Mass, HRMS, optical rotation) corresponded to literature values.™

A typical experimental procedure for the fluorination of 4; Kthyl a-cyano-a-fluoro-a-
tolylacetate (3a). A solution of 4a (50.0 mg, 0.246 mmol) in CHyCl, (4 mL) was added to
DHQDA/Selectfluor combination [prepared in situ from DHQDA (181 mg, 0.493 mmol) and
Selectfluor (95%, 138 mg, 0.370 mmol) in MeCN (3 mL) in the presence of 3A MS at room temperature
for 1h] at —80 °C. After stirring for 2 h, water was added, and the reaction mixture was extracted with
AcOEt. Work-up similar to that used in the ﬂdorination of 1a gave 3a (43.5 mg, 80%) as a colorless oil.
Ee = 87% (HPLC, Chiralcel OJ, 1% isopropanol in hexane); [a]DZS —20.7° (c= 2.69. CHCls); Spectral
data for 3a ("H NMR, "F NMR IR, Mass, HRMS, optical rotatlon) corresponded to literature value."?

Methyl a-cyano-a—fluoro-a-naphthylacetate (3b) Usmg the same procedure reacnon of 20.0 mg
(0.0888 mmol) of _4b with reagent generated in situ from 66.0 mg of .DHQDA (0.177 mmol) and 49.0
mg of Selectfluor (0.134 mmol) gave 18.7 mg (87 %) of 3b as colorless crystals. Ee = 76% (HPLC,
Chiralpak AD, 2% ethanol in hexane); [o]p>* ~40.6° (c= 2.19, CHC;); Spectral data for 3b (‘"H NMR,
F NMR, IR, Mass, HRMS, optical rotation) corresponded to literature vallues.|4

Ethyl a—cyano-a-fluoro-a-phenylacetate (3¢). Using the same procedure, reaction of 50.0 mg (0.265
mmol) of 4¢ with reagent generated in situ from 195 mg of DHQDA (0.529 mmol) and 145 mg of
Selectfluor (0.397 mmol) gave 44.2 mg (81 %) of 3¢ as a colorless oil. Ee = 83% (HPLC, Chiralcel OJ,
1% isopropanol in hexane); [a]p’® ~18.7° (c= 2.26, CHCl3); Spectral data for 4c ('"H NMR, ""F NMR,

IR, Mass, HRMS, optical rotation) corresponded to literature values."’
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50.0 mg (0.230 mmol) of 4d with reagent generated in sifu from 170 mg of DHQDA (0.463 mmol) and
126 mg of Selectfluor (0.345 mmol) gave 44.6 mg (82 %) of 3d as a colorless oil. Ee = 76% (HPLC,
Chiralpak AS, 1% isopropanol in hexane); [OL]D26 -33.1° (c = 2.07, CHCly); 'H NMR § 7.36—17.57 (m,
2H, ArH), 7.32—7.35 (m, 2H, ArH), 3.90 (s, 3H, OMe), 2.95 (m, 1H, CHMe,), 2.52 (d, J = 6.83 Hz, 6H,
Me,CH). F NMR & -144.3 (s); IR (neat) Vmax 2964, 1778 cm™; MS m/z 235 (M"); HRMS calcd for
Ci3H14FNO, 235.1009, found 235.1009. |

Methyl a-chlorophenyl-a-cyano-a-fluoroacetate (3e). Using the same procedure, reaction of 30.0
mg (0.143 mmol) of 4e with reagent generated in situ from 106 mg of DHQDA (0.286 mmol) and 80.0
mg of Selectfluor (0.215 mmol) gave 18.1 mg (56 %) of 3e as a colorless oil. Ee = 68% (HPLC,
Chiralcel OJ, 5% ethanol in hexane); [a]p*® -23.5° (¢ = 1.12, CHCl3); '"H NMR (270 MHz, CDCL) &
7.58—17.61 (m, 2H, ArH), 7.26—7.49 (m, 2H, ArH), 3.91 (s, 3H, CH;); '°F NMR (254 MHz, CDCl3) &
~146.9 (s); IR (neat) v 1777 cm™; MS m/z 227 (M*); HRMS caled for CyoH;7Cl3sFNO, 227.0149,
found 227.0143, HRMS calcd for C10H|7C137FNO_2 229.0119, found 229.0096. |

Z;Ethoxycarbonyl-z-fluoro-l-indanone (6a). Using the sérﬁé ijrocedure, reaction of 40.0 mg (0.196
mmol) of 5a with reagent generated' in situ from 144 mgn of DHQDA (0.392 mmol) and 107 mg of
Selectfluor (0.294 mmol) gave 38.7 mg (89 %) of 6a as a colorless oil. Ee = 78% (HPLC, Chiralcel 0J,
10% isopropanol in hexane); [a]026 +15.1° (c = 2.13, CHCly), 'H NMR 5 7.82 (m, 1H, ArH), 7.71 (m,
1H, ArH), 7.48 (m, 2H, ArH), 4.28 (g, J = 7.1 Hz, 2H, CH,;Me), 3.80 (dd, J = 11.6, 17.7Hz, 1H,
CHHAT), 3.43 (dd, J = 23.3, 17.8 Hz, 1H, CHHAIr), 1.26 (t, J = 7.2 Hz, 3H, Me). '°F NMR & -164.9 (dd, .
J=12.0,23.5 Hz); IR (KBr) Vmnax 2984, 1726, 1607 cm™'; MS m/z 222 (M*); HRMS calcd for Cj,H;FO;
222.0692, found 222.0682.

2-Ethoxycarbonyl-2-fluorocoumaranone (6b). Using the same procedure, reaction of 30.0 mg
(0.146 mmol) of Sb with reagent generated in sifu from 107 mg of DHQDA (0.292 mmol) and 81.0 mg

of Selectfluor (0.218 mmol) gave 30.1 mg (92 %) of 6b as a colorless oil. Ee = 80% (HPLC, Chiralcel
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0J, 10% linh ): Tadn® <27.7° (¢ = 1. 70 CHCOLY: 'H NMR & 7 74 /on ALY 79
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(m, 2H, ArH), 4.35 (qd, /= 7.3, 1.2'Hz, 2H, CH,), 1.31 (t,J = 7.2 Hz, 3H, Me). ""F NMR § —127.43 (s);
IR (KBr) Vmax 1745 cm™'; MS m/z 224 (M"); HRMS caled for C, 1HoFO4 224.0485, found 224.0466.

2-Fluoro-2-methoxycarbonyl-1-tetralone (6c). Using the same procedure, reaction of 40.0 mg
(0.196 mmol) of S¢ with reagent generated in situ from 128 mg of DHQD (0.392 mmol) and 107 mg of
Selectfluor (0.294 mmol) gave 34.4 mg (79 %) of 6¢ as a white solid. Ee = 59% (HPLC, Chiralcel 0OJ,
1% isopropanol in hexane); Mp 60—63 °C (hexane/CH,Cl,); 'H NMR (270 MHz, CDCl3) 6 8.07 (m,
1H, ArH), 7.56 (m, 1H, ArH), 7.37 (m, 1H, ArH), 7.29 (m, 1H, ArH), 3.83 (s, 3H, CH3), 3.77—3.89 (m,
2H, CHy), 2.48—3.23 (m, 2H, ArCH,); F NMR (254 MHz, CDCl3) 8 -164.6 (dd, J= 23.1, 11.1 Hz);
IR (KBr) Vmax 1765, 1697 cm™; MS m/z 222 (M"); HRMS caled for C1HoFO4 222.0692, found
222.0685.

2-Benzoxycarbonyl-2-fluorocyclopentanone (6d). Using the same procedure, reaction of 40.0 mg
(0.184 mmol) of 5d with reagent generated in situ from 120 mg of DHQ (0.367 mmol) and 101 mg of
Selectfluor (0.275 mmol) gave 24.0 mg (55 %) of 6d as a colorless oil. Ee = 43% (HPLC, Chiralcel OJ,
50% ethanol in hexane); '"H NMR (270 MHz, CDCl3) & 7.26—7.41 (m, 5H, ArH), 5.25 (s, 2H, CH,Ph),
2.42—2.63 (m, 2H, CH,), 2.32 (ddd, J= 28.5, 14.5, 6.8 Hz, 2H, COCH,), 2.11 (pentet, 2H, J=7.3 Hz,
CH;CH,CH)); '°F NMR (254 MHz, CDCl3) 3 —-164.4 (t, J= 21.3 Hz); IR (neat) Vpax 2965,71767 cm’l;

MS m/z 236 (M"); HRMS calcd for Cj3H,3FO;3 236.0848, found 236.0821. -

A typical experimental procedure for the fluorination of 8; 3-Benzyl-3-fluorooxindole (7a). A
solution of 8a (20 mg, 0.0896 mmol) in MeCN (4 mL) was added to (DHQ);AQN/Selectfluor
combination ‘[prepared in situ from (DHQ),AQN (115 mg, 0.134 mmol) and Selectfluor (97%, 49 mg,
0.134 mmol) in MeCN (3 mL) at room temperature for 1h] at 0 °C. (The reaction wés performed in the
absence of 3A MS since all the commercially available bis-cinchona alkaloids are anhycirates.) After

stirring at 0 °C for 1—2 days, water was added, and the reaction mixture was extracted with AcOEt.
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(HPLC, Chiralcel OB, 3% isopropanol in hexane); Mp 122—124 °C (hexane/CH,Cly); [OL]D -18.8° (¢
= 1.17, MeOH); 'H NMR (270 MHz, CDCl3) & 8.24 (brs, 1H, NH), 7.19—7.28 (m, 4H, ArH), 7.08—
7.09 (m, 2H, ArH), 6.98—7.00 (m, 2H, ArH), 6.79 (d, J= 7.6 Hz, 1H, ArH), 3.57 (dd, 1H, J.= 13.2, 10.6
Hz, CHH), 3.23 (dd, 1H, J=22.4, 13.5 Hz, CHH); °F NMR (254 MHz, CDCl3) 8 —155.77 (dd, J= 22.2,
10.2 Hz); IR (KBr) vmax 3162, 1718 cm™; MS m/z 241 (M"); HRMS caled for CisHi2NFO 241.0903,
found 241.0904.

3-Fluoro-3-(p-methoxybenzyl)oxindole (7b). Using the same procedure, reaction of 20.0 mg (0.0790
mmol) of 8b with reagent generated in situ from 104 mg of (DHQD),PYR (0.118 mmol) and 42.0 mg of
Selectﬂuor- (0.118 mmol) gave 16.9 mg (79 %) of 7b as a light yellow oil. Ee = 82% (HPLC, Chiralpak
AD, 5% ethanol in hexane); [o]p”’ ~2.23° (¢ = 1.13, CHCl3); 'H NMR (270 MHz, CDCl3) & 8.30 (brs,
1H, NH), 7.26 (m, 1H, ArH), 6.99 (m, 4H, ArH), 6.80 (d, 1H, J= 7.9 Hz, ArH), 6.73 (d, 2H, J= 8.6 Hz,
ArH), 3.75 (s, 3H, OMe), 3.51(dd, J=13.5,10.5 Hz, 1H, CHH), 3.17 (dd, 1H, J=22.4, 13.5 Hz, CHH);
'F NMR (254 MHz, CDCl3) 8 -155.93 (dd, J=22.2, 11.1 Hz); IR (neat) Vmax 3260, 1737 cm': MS m/z
271 (M"); HRMS calcd for Ci6H,4NFO, 271.1000, found 271.1026.

3-Fluoro-3-methyloxindole (7¢). Using the same procedure, reaction of 20.0 mg (0.136 mmol) of 8¢
with reagent generated in situ from 180 mg of (DHQD),PYR (0.204 mmol) and 75.0 mg of Selectfluor
(0.204 mmol) gave 21.1 mg (94 %) of 7¢ as light yellow solid. Ee = HPLC, Chiralpak AD, 5% ethanol
in hexane); Mp 87—89 °C (hexane/CH;Chy); [aJo” +10.7° (c = 1.20, CHCL;); 'H NMR (270 MHz,
CDCl3) & 8.33 (br.s, 1H, NH), 7.42 (d, 1H, J= 7.6 Hz, ArH), 7.30~7.36 (m, 1H, ArH), 7.10 (t, J= 7.6
Hz, 1H, ArH), 6.92 (d, IH, J= 7.5 Hz, ArH), 1.78 (d, 3H, J=22.1, 13.5 Hz, CH;); '°F NMR (254 MHz,
CDCly) 6 -152.2 (dd, J= 43.5, 22.2 Hz); IR (KBr) Vmax 3208, 1734 cm™; MS m/z 165 (M"); HRMS
calcd for CoHgNFO 165.0590, found 165.0582.

3-Ethyl-3-fluorooxindole (7d). Using the same procedure, reaction of 20.0Amg (0.124 mmol) of 8d

with reagent generated in situ from 164 mg of (DHQD),PYR (0.186 mmol) and 68.0 mg of Selectfluor
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isopropanol in hexane); Mp 63—66 °C (hexane/CH,CL); [o]p? +44.7° (¢ = 0.94, CHCl3); '"H NMR
(270 MHz, CDCl3) 3 8.18 (br.s, 1H, NH), 7.30—7.41 (m, 2H, ArH), 7.07—7.13 (m, 1H, ArH), 6.91 (d,
IH, J= 7.9 Hz, ArH), 2.20 (1d, 2H, J= 21.8, 7.4 Hz, ArH), 0.89 (t, 3H, J= 7.6 Hz, CH;); "°F NMR (254
MHz, CDCl3) 6 ~157.4 (t, J/= 13.9 Hz); IR (KBr) Vinay 3242, 1740, 1701 cm™; MS m/z 179 (M"); HRMS
calcd for C;oH,oNFO 179.0746, found 179.0722.

3-Fluoro-3-isopropylphenyloxindole (7¢). Using the same procedure, reaction of 20.0 mg (0.114
mmol) of 8e with reagent generated in situ from 134 mg of (DHQ),PHAL (0.171 mmol) and 63.0 mg of
Selectfluor (0.171 mmol) gave 2.6 mg (12 %) of 7e as a éolorless oil. Ee = 40% (HPLC, Chiralpak AD,
5% isopropanol in hexane); 'H NMR (270 MHz, CDCl3) & 7.69 (br.s, 1H, NH), 7.29—7.54 (m, 2H,
ArH), 7.08 (t, 1H, J= 7.6 Hz, ArH), 6.86 (d, 1H, J= 7.6 Hz, ArH), 2.48—2.59 (m, 1H, CH), 1.13 (d, 3H,
J= 6.9 Hz, CH;), 0.89 (d, 3H, J= 6.6 Hz, CH;); "F NMR (254 MHz, CD‘Cl3) 8-161.4 (d, /= 9.2 Hz);
MS m/z 193 (M); HRMS caled for C H;,NFO 193.0902, found 193.0901.

3-Ethoxycarbonyl-3-fluoroxindole (7f). Using the same procedure, reaction of 20.0 mg (0.0975
mmol) of 8f with reagent generated in situ from 129 mg of (DHQD),PYR (0.146 mmol) and 53.0 mg of
Selectfluor (0.146 mmol) gave 20.1 mg (93 %) of 7f as white solid. Ee = 37% (HPLC, Chiralpak AD,
5% isopropanol in hexane); Mp 109—110 °C (Hexane/CH2C12); 'H NMR (270 MHz, CDCl;) 8 7.97
(br.s, 1H, NH), 7.37—7.42 (m, 2H, ArH), 7.11 (t, 1H, J= 7.6 Hz, ArH), 6.94 (d, 1H, J= 7.9 Hz, ArH),
4.22—4.36 (m, 2H, CHy), 1.25 (t, 3H, J= 7.1 Hz, CH;); "F NMR (254 MHz, CDCl3) § -164.7 (s); IR
(KBr) vmax 3182, 1748 cm'l; MS m/z 223 (M"); HRMS calced for Ci1HioNFO; 223.0645, found
223.0658.

N-Fluoroquininine tetrafluoroborate (NF-Q-BF,). Selectfluor (97%, 2.23 g, 6.16 mmol) was added
to a suspension of quinine (2.00 g, 6.16 mmol) in MeCN (12 mL) at room temperature. After the
mixture was stirred for several minutes, a homogeneous solution was formed. After an additional several

minutes, the pale yellow clear solution became cloudy, and a powder began to precipitate. The white
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crystalline NF-Q-BF, was recrystallized by slow evaporation of its solution in MeCN/AcOEt to yield
colorless crystals of excellent quality. Mp 138—140 °C (AcOEtMeCN); [a]p®® -118° (c = 0.95,
MeCN); 'H NMR (270 MHz, CDCL) 6 8.84 (br.s, 1H), 8.06 (d, 1H, J= 8.9 Hz), 7.71 (br.s, 1H), 7.46 (d,
IH, /= 6.9 Hz), 7.15 (s, 1H), 6.35 (d, 1H, J= 2.9 Hz), 5.70—5.83 (m, 1H), 5.12—5.21 (m, 2H), 4.82—
4.94 (m, 1H), 4.70 (d, IH, J= 2.5 Hz), 4.35—4.48 (m, 2H), 4.11—4.15 (m, 1H), 3.99—4.05 (m, 1H),
3.96 (s, 3H), 3.32 (m, 1H), 2.34—2.67 (m, 3H), 2.17 (m, 1H), 1.94—1.96 (m, 1H); “F NMR (254 MHz,
CDCl5) 8 43 (s); IR (KBr) Viax 3507, 3400-—3150, 3150~—2800, 2361, 1626 cm™'; FAB-MS m/z 343 -
BF4); Anal. Caled. for CyHysBFsN,0; (+1/2H,0): C, 54.69; H, 5.74; N, 6. 38; Found: C, 54.98; H,

5.86; N, 6.41.

N-F luoroqui;linine 4-chlorobenzoate tetrafluoroborate (NF-DHQB-'BF,). 'H NMR (500 MHz,
CDCl3) 6 8.72 (br.s, 1H), 8.21 (d, 2H, J=8.5 Hz), 8.04 (d, 1H, /= 9.4 Hz), 7.62 (d, 2H, J= 8.5 Hz), 7.55
(d, 1H, J= 4.3 Hz), 7.48 (dd, 1H, J/~ 9.4,2.6 Hz), 7.3 (s, 1H), 7.24 (d, 1H, J= 2.6 Hz), 4.66 (m, 1H),
4.24—4.51 (m, 2H), 4.17—4.22 (m, 1H), 3.84—3.88 (m, 1H), 2.96 (m, 1H), 2.40—2.53 (m, 3H),

2.30—2.40 (m, 2H), 1.41—1.53 (m, 2H), 0.85 (t, 3H, /= 7.3 Hz); FAB-MS m/z 483 (-BF,).
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Ezperimental

Data Collection

A colorless needle crystal of CaoH2sBFsN30; 50 having approximate dimensions of 0.30 x 0.10 x 0.10
. mm was mounted in a loop. All measurements were made on a Rigaku RAXIS-RAPID Imaging Plate
diffractometer with graphite monochromated Mo-Ka radiation.

Indexing was performed from 3 oscillations which were exposed for 1.0 minutes. The camera radius was
127.40 mm. Readout was performed in the 0.100 mm pixel mode.

Cell constants and an orientation matrix for data collection corresponded to a primitive monoclinic cell
with dimensions:

a=7.8475(2) A _

b = 15.5819(4) A B = 95.9737(4)°
¢ = 16.2805(3) A

V = 1979.95(8) A3

For Z = 4 and F.W. = 439.23, the calculated density is 1.47 g/cm®. Based on the systematic absences of:
0k0: k # 2n

packing considerations, a statistical analysis of intensity distribution, and the successful solution and refine-
.ment of the structure, the space group was determined to be: ‘

P2; (#4)

The data were collected at a temperature of -160 4+ 1°C to a maximum 26 value of 70.0°. A total of
75 images, corresponding to 225.0 © oscillation angles, were collected with 2 different goniometer settings.
Exposure time was 4.00 minutes per degree. The camera radius was 127.40 mm. Readout was performed in
the 0.100 mm pixel mode. Data were processed by the PROCESS-AUTO program package.

Data Reduction

Of the 34449 reflections which were collected, 8582 were unique (Rin: = 0.019); equivalent reflections
were merged.

The linear absorption coefficient, #, for Mo-Ka radiation is 1.3 em=!. A symmetry-related absorption
correction using the program ABSCOR! was applied which resulted in transmission factors ranging from
0.88 to 0.99. The data were corrected for Lorentz and polarization effects.

Structure Solution and Refinement
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The structure was solved by direct methods? and expanded using Fourier techniques3. 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 8567 all reflections (28 < 69.99) and 550 variable parameters
and converged (largest parameter shift was 0.00 times its esd) with unweighted and weighted agreement
factors of:

R =X(Fo? — Fc?)/LFo® = 0.057

Ry = \/Ew(Fo? — Fc2)2/Yw(Fo?)? = 0.131

= X||Fo| — |Fc|l/Z|Fo| = 0.040 for I >2.00(I) data

The standard deviation of an observation of unit weight® was 1.09. The weighting scheme was based
on counting statistics and included a factor (p = 0.095) to downweight the intense reflections. Plots of
Sw(Fo? — Fc?)? versus Fo?, reflection order in data collection, sin #/) and various classes of indices showed
no unusual trends. The maximum and minimum peaks on the final difference Fourier map corresponded to

0.34 and -0.19 e~ /A3, respectively.

Neutral atom scattering factors were taken from Cromer and Waber® The values for the mass atten-
uation 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

Formula Weight '

Crystal Color, Habit

Crystal D'imensions— o

Crystal System

Lattice Type

No. of Reflections Used for Unit
Cell Determination (20 range)
Indexing Images

Camera Radius

Lattice Parameters

Space Group
Z value
Deate

Fooo

#(MoKa)

Diffractometer

Radiation

Ca0Ha5sBF5sN203 50
439.23

colorless, needle

0.30 X 0.10 X 0.10 mm
rﬁonoclinic

Primitive
32623 ( 3.6 - 80.4° )

3 oscillations at 1.0 minutes
127.40 mm

a= 7.8475(2) A
b = 15.5819(4) A
¢ = 16.2805(3) A
B = 95.9737(4)°°
V = 1979.95(8) A3
P2, (#4)

4

1.473 g/cm?
916.00

1.27 em™?

B. Intensity Measurements

Rigaku RAXIS-RAPID Imaging Plate

MoKa (X = 0.71069 A)
graphite monochromated
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Temperature

Voltage, Current

Collimator Size

Detector Aperture

Data Images

Oscillation Range (¢=0.0°,x=50.0°)
Oscillation Range (¢=180.0°,x=50.0°)
Camera Radius

Pixel Size

20 maz

No. of Reflections Measured

Corrections

-160.0 °C

60 kV, 90 mA

0.5 mm

450.0 mm x 256.0 mm

75 exposures at 4.0 minutes per degree
w 130.0 - 190.0° with 3.0° step

w 0.0 - 165.0° with 3.0° step

127.40 mm

0.100 mm

70.0°

Total: 34449
Unique: 8582 (Rin: = 0.019)

Lorentz-polarization
Absorption
(trans. factors: 0.8813 - 0.9874)

C. Structure Solution and Refinement

Structure Solution

Refinement

Function Minimized

Least Squares Weights

p-factor

No. of Reflections (All, 26<69.99°)
No. Variables
Reflection/Parameter Ratio
Residuals: R; Rw

Residuals: Rl

No. of Reflections to cale R1

Direct Methods (STR97)
Full-matrix least-squares
Sw(Fo? — I¢?)?

w= 1
= T3(Fo3)

0.0950 .
8567 |
550

15.58

0.057 ; 0.131
0.040

7637
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Goodness of Fit Indicator
Max Shift/Error in Final Cycle
Maximum peak in Final Diff. Map

Minimum peak in Final Diff. Map

1.09
0.001
034 e /A3

-0.19 e~ /A3
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Table 1. Atomic coordinates and Bi;o/Beg

atom X y z B.,

F(1) -0.0068(2) 0.5947(3) 0.09522(9) 2._47(2)
F(2) 0.6639(1) 0.6909(3) 0.51909(6) 1.81(2)
F(3) -0.2235(3) 0.8896(3) -0.0647(1) 3.66(3)
F(4) ——.6.4427(2) 0.7970(3) -0.09709(8) 2.83(3)
F(5) -0.1775(2) 0.7470(3) -0.05265(9) 2.62(2)
F(6) -0.3378(2) 0.8125(3) 0.03697(8) 3.10(3)
F(7) 0.1465(2) 0.6029(3) 0.42203(7) S 1.92(2)
F(8) 0.4320(2) 0.5828(3) 0.4160(1) 4.23(4)
F(9) 0.2623(2) 0.4698(3) 0.43933(9) 2.96(3)
F(10) 0.2374(2) 0.5328(3) . 0.31249(9) 3.62(3)
0(1) -0.1336(2) 0.6062(3) 0.30239(8) 1.80(2)
0(2) 0.1784(2) 0.8990(3) 0.05920(8) 1.61(2) '
0(3) 0.3896(1) 0.6565(3) 0.67988(8) 1.49(2)
0(4) 0.8008(2) - 0.3777(3) 0.46603(8) 1.59(2)
0(5) 0.1060(2) 0.5865(3) 0.59356(9) 1.80(2)
N(1) -0.1759(2) 0.5787(3) 0.11495(10) 1.66(2)
N(2) -0.1415(2) 0.9238(3) 0.34419(9) 1.43(2)
N(3) 0.6968(2) 0.7263(3) 0.59934(8) 1.25(2)
N(4) 0.5477(2) 0.3571(3) 0.77085(9) 1.55(2)
c1) -0.2866(3) 0.5740(3) 0.0336(1) 1.99(3)
C(2) -0.4686(3) | 0.5495(3) 0.0506(1) 1.87(3)
C(3) -0.4752(2) 0.5505(3) 0.1456(1) 1.75(3)
C(4) -0.3552(3) 0.4802(3) ©0.1830(1) 2.04(3)
C(5) -0.1731(3) 0.4935(3) 0.1577(1) 2.06(3)
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Table 1. Atomic coordinates and Biso/Beg (continued)

atom x y 2 B.,

C(6) -0.4152(2) 0.6371(3) 0.1822(1) 1.63(3)
c(7) -0.2277(2) 0.6547(3) 0.16546(10) 1.37(2)
C(8) -0.1012(2) 0.6688(3) 0.2431(1) 1.42(2)
C(9) -0.5975(3) 0.6085(3) 6.0037(1) 2.22(3)
C(10) 0.7432(3) - 0.5812(3) -0.0359(2) 2.88(4)
c(1y) -0.2043(2) 0.8557(3) 0.37842(10) 1.56(3)
c(12) 0.1972(2) - 0.7728(3) 0.34603(10) . 1.51(2)
C(13) 0.1197(2) . 0.7593(3) 0.27526(9) 1.25(2)
c(14)  0.0316(2) 08251(3)  0.16194(9) 1.20(2)
C(15) ‘ 0.0023(2) - .  0.8981(3) 10.12722(9) 1.29(2)
c(i6) 0.0696(2) - 09792(3)  01627(1) . 144(2)
c@7) 0.0078(2) - 0.9867(3) 0.23396(10) . 1.46(2)
c(is) 0.0687(2)  091203) 0.27256(9) 1.20(2)
c(19) o -0.0528(2) 0.8312(3) 0.23532(9) 1.12(2)
C(20) 0.2296(2) 0.8177(3) 0.02011) . 181(3)
c(21) 0.8748(2) 0v.762-3(3)  0.60438(10) 1.41(2)
C(22) 0.9096(2) 0.8099(3) 0.68855(9) 1.24(2)
C(23) 0.7604(2) 0.7897(3) 0.74002(9) 1.25(2)
C(24) 0.5950(2) 08285(3)  0.6959(1) 1.54(2)
C(25) 0.5669(2) 0.7955(3) 0.6063(1) 1.53(2)
C(26) 0.7351(2) 0.6928(3) 6.74721(9) 1.21(2)
c(27) 0.6893(2) 0.6528(3) 0.66050(9) 1.13(2)
C(28) 0.5167(2) 0.6055(3) 0.64828(9) 1.20(2)
C(29) 1.0867(2) 0.7877(3) 0.7275(1) 1.49(2)
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Table 1. Atomic coordinates and Biso/Beg (continued)

atom X y z ' B,
C(30) 1.1315(2) 0.7701(3) 0.8065(1) 1.96(3)
C(31) . 0.4857(2) 0.4255(3) 0.8051(1) 1.60(3)
C(32) 0.4766(2) 0.5076(3) 0.76828(10) 1.42(2)
C(33) 0.5358(2) - 0.5192(3) 0.69202(9) 1.25(2)
C(34) 0.6721(2) 0.4524(3) 0.57512(9) 1.18(2)
C(35) 0.7358(2) £ 0.3801(3) 0.54099(10) 1.31(2)
C(36) ' 0.7355(2) : 0.3003(3) - 0.5823(1) 1.50(2)
C(37) ’ 0.6726(2) 0.2942(3) = 0.6573(1) 1.55(2)
C(38) 0.6091(2)  0.3678(3) - 0.69574(9) 1.26(2)
C(39) o 06072(2) 0.4476(3) " 0.65348(9) - 1.14(2)
.C(40) e 0.8039(2) 0.4573(3) -~ 0.4226(1)" 1.87(3)
B(1) . -0.2950(3) 0.8128(3)- - - 0.0443(1) = - 1.85(3)
B(2) 0.2729(3) 0.5464(3) 0.3962(1) 1.85(3)
H(10) -0.0319 - 0.6031 - - 0.3414 - 2.2
H(1a) 02880  0.6279 0.0068 2.4
H(1b) -0.2425 0.5315 -0.0007 2.4
H(2) -0.4906 0.4923 | 0.0315 - 2.2
H(3) | -0.5888 05390 0.1579 2.1
H(30) 0.2821 0.6208 - 0.6526 - 18
H(4a) 103514 04818 0.2415 24
H(4b) -0.3970 0.4255 0.1637 2.4
H(50) 0.1140 0.5821 0.5456 2.2
H(50) 0.1113 0.5478 06049 22
H(5a) -0.1453 0.4489 0.1213 25

10
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Table 1. Atomic coordinates and B;,,/B., (continued)

atom X y 2z B,
H(5b) -0.0916 0.4936 0.2051 2.5
H(62) -0.4869 0.6809 0.1576 2.0
H(6b) - -0.4221 0.6361 10.2401 2.0
H(7) -0.2267 ‘ 0.7044 0.1321 1.6
H(8) 0.0122 0.6611 0.2289 1.7
H(9) -0.5725 0.6678 0.0025 2.7
H(10a) -0.8198 0.6205 -0.0645 35
H(10b) -0.7711 - 0.5216 o -0.0356 35
H(11) 02573 0.8631 04278 19
H(12) -0.2456 | 07257 0.3729 1.8
H(15) 0.0458 . 0.7705 0.1371. ~ 1.5
H(16) 0.1084 1.0289 0.1369 1.7
H(17) _ -0.0206 10414 0.2577 1.8
H(20a) 0.2881 0.8259 -0.0185 2.2
H(20b) 0.3037 0.7896 0.0707 2.2
H(20c) 0.1312 07829 0.0152 22
H(21a) 0.9553 0.7168 0.6015 1.7
H(21b) 0.8840 0.8009 0.5602 1.7
H(22) 0.9067 0.8695 ©0.6775 15
H(23) | 0.7829 0.8138 0.7935 15
H(24a) 0.5003 0.8119 0.7243 1.8
H(24b) 0.6044 0.8890 0.6957 18
H(25a) 0.5838 0.8408 0.5688 1.8
H(25b) 0.4543 0.7732 0.5948 1.8

11
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P

Table 1. Atomic coordinates and Biso/Beg (continued)

atom x y 2z B,
- H(26a) 0.8378 0.6673 0.7722 1.5
H(26b) 0.6447 0.6816 - 0.7804 1.5
H(27) 0.7768 0.6126 " 0.6510 1.4
H(28) 0.4863 0.5960 - 0.5910 1.4
H(29) 1.1751 0.7859 0.6919 18
H(302) 1.0477 0.7704 0.8446 2.4
H(30b) 1.2473 0.7565 0.5249 24
H(31) 0.4447 0.4188 0.8576 1.9
H(32) ©0.4302 0.5542 - 0.7958 1.7
H(34) 0.6714 05052 0.5465 14
H(36) 0.7790 02503 0.5578 1.8
H(37) 0.6714 0.2398 0.6841 1.9
H(40a) 0.6900 0.4767 0.4088 22
H(40b) 0.8664 0.4982 0.4565 2.2
H(40c) 0.8575 0.4488 . 0.3734 2.2

8 2 - - * L d * » *
By = ng(Ull(aa')‘ + Uz (bb°)? + Usz(cc”)? + 2U12aa*bb cosy + 2Uysaa”cc” cos B + 2U,3bb* cc” cos a)

12
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Table 2. Anisotropic Displacement Parameters

atom Un Un Uss Uss . Uss Uss
F(1) 0.0248(5) 0.0318(6) 0.0403(6) 0.0000(5) 0.0174(5)  -0.0036(5)
F(2) 0.0278(5)  0.0280(5)  0.0128(4)  -0.0034(4)  0.0016(3)  -0.0011(4)
F(3) 0.066(1) 00228(6)  0.0510(9)  -0.0067(7)  0.0122(8)  0.0025(6)
F(4) 0.0244(5) 0.0591(9) 0.0240(5) 0.0060(6) 0.0015(4) 0.0015(6)
F(5) 0.0271(6)  0.0300(6)  0.0442(7) 0.0094(5)  0.0120(5)  0.0106(5)
F(6) 0.0398(7)  0.0604(10)  0.0180(5) 0.0087(7)  0.0044(5) 0.0005(6)
F(7) 0.0285(5)  0.0177(4) . 0.0263(5) 0.0038(4)  0.0003(4)  -0.0018(4)
F(8) 0.0246(6)  0.0425(9)  0.092(1) -0.0016(6)  -0.0044(7)  0.0000(9)
F(9) 0.0559(9)  0.0177(5)  0.0389(7) 0.0096(5)  0.0058(6)  0.0040(5)
F(10) 0.064(1) 0.0476(9)  0.0262(6)  00233(8)  0.0067(5)  -0.0021(6)
0Q1) 0.0240(5)  0.0186(5)  0.0253(6) -0;0033(4) -0.0008(4)  0.0093(4)
0(2) 0.0241(6) 0.0187(5)  00197(5)  -0.0007(4)  0.0085(4) 0.0020(4)
- 0@3) 0.0139(4)  0.0161(5)  0.0271(5) 0.0022(4)  0.0049(4)  -0.0028(4)
0(4) 0.0247(6) ~  0.0148(5)  0.0215(5) 0.0022(4)  0.0057(4)  -0.0025(4)
0(5) 0.0236(5)  0.0187(5)  0.0261(6)  0.0017(4) 0.6020(4) 0.0007(4)
N(1) 00221(6)  0.0158(5)  0.0265(6) 0.0001(5)  0.0090(5)  -0.0007(5)
N(2) 0.0163(5)  0.0211(6)  0.0166(5) 0.0014(4)  0.0005(4)  -0.0003(4)
N(3) 0.0175(5)  0.0169(5)  0.0133(5)  -0.0009(4)  0.0021(4)  0.0009(4)
N(4) 0.0181(6)  0.0201(6)  0.0204(6)  -0.0029(5)  0.0006(4)  0.0045(5)
(1) 0.0359(9)  0.02007)  0.0210(7)  -0.0013(6)  0.0084(6)  -0.0029(6)
C(2) 0.0310(8) 0.0160(6) 0.0237(7) -0.0016(6) 0.0013(6)  -0.0024(5)
c(3) 00224(7)  0.0223(7)  00220(6)  -00043(6)  0.0024(5)  0.0006(6)
C(4) 0.0325(8)  0.0187(7)  0.0256(8)  -0.0058(6)  0.0007(6)  0.0043(6)
C(5) 0.0208(8)  0.0146(6)  0.0342(9) 0.0040(6)  0.0051(7)  0.0034(6)

13.
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Table 2. Anisotropic Displacement Parameters (continued)

atom Uy, Uas Uss Uiz Uss Uss

C(6) - 0.0176(6)  0.0218(7)  0.0228(7) 0.0005(5)  0.0028(5)  -0.0035(5)
C(7) 0.6203(5) C0017(5)  0.0202(6) -0.0005(5) 0.0034(5)' -0.0005(5)
C(8) 0.0181(6)  0.0139(6)  0.0221(6) -0.0001(5) 0.0028(5)  0.0041(5)
C(9) 0.0362(9) 0.0217(7) 0.0257(8) 0.0017(7) ~ -0.0007(6)  -0.0013(6)
C(10) 0.041(1) 0.033(1) 0.0336(10) '6.0002(9) -0.0082(8) 0.0039(8)
c(11) 0.0185(6)  0.0241(7)  0.0174(6) 0.0005(5)  0.0048(5)  -0.0001(5)
C(12) 0.0182(6)  0:0208(6) 0.0187(6) 70.0012'(5) 0.0029(5) | 0.0022(5)
C(13) 0.0149(5)  0.0152(6) 0.0174(6) ~ -0.0005(5)  0.0020(4)  0.0024(5)
c(14) 0.0163(6) | 0.0140(6) 00191(6)  -0.0011(5)  0.0033(5)  0.0000(5)
C(15)  0.0164(6) 0.0157(6)  0.0173(6)°  0.0001(5) 0.0034(4)  0.0012(5)
c(16) Vd.bi"95(6) | 0.0148(6)  0.0208(6)  -0.0016(5) - 0.0033(5) ~  0.0014(5)
can 0.0195(6) | 0.0157(6) - 0.0262(6)' -0.0008(5)  0.0012(5)  -0.0009(5)
C(18), 0.0148(6) 0.0156(6) 0.0149(5) 0.0003(4) 6.0003(4) 0.0000(4)
C(19) 0.0138(5) 0.0142(5) 0.0143(5) -0.0007(4) 0.0005(4)  0.0021(4)
C(20) 0.0267(7)  00204(7)  0.0233()  -0.0004(6)  0.0094() -0.0025(6)
. C(21) 0.0159(6)  0.0194(6)  0.0188(6) -0.0016(5)  0.0052(5)  0.0013(5)
C(22) 0.0141(5) .0.0148(6) 0.0183(6) -0.6006(4) 0.0024(4)  0.0007(5)
C(23) 0.0159(5)  0.0139(5)  0.0179(6) 0.0001(4)  0.0037(4)  -0.0005(5)
C(24) 0.0159(6)  0.0167(6)  0.0266(7) 0.0036(5)  0.0052(5)  0.0007(5)
C(25) 0.0166(6)  0.0173(6)  0.0241(7) 0.0024(5)  0.0012(5)  0.0029(5)
C(26) 0.0159(5)  0.0151(6)  0.0150(5)  -0.0013(5)  0.0013(4)  0.0001(4)
C(27) 0.0138(5) 0.0131(5)  0.0163(5) 0.0008(4)  0.0019(4)  0.0017(4)
C(28) 0.0135(5) 0.0142(5) 0.0183(6) 0.0005(4) 0.0034(4) -0.0011(5)
C(29) 0.0136(5)  0.0198(6)  0.0235(7)  -0.0005(5)  0.0026(5)  -0.0019(5)

14
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Table 2. Anisotropic Displacement Parameters (continued)

atom Un U Uss Vs Us Uy
C(30)  00183(6) - 0.0312(9)  00244(7)  -0.0008(6)  -0.0011(5)  0.0009(6)
C(31) 0.0176(6) 0.0245(7)  0.0183(6)  -0.0026(5) 0.0025(5)  0.0040(5)
C(32) 00170(6) ~ 0.0194(6)  0.0180(6)  -0.0012(5) 0.0033(5)  0.0018(5)
c(33) - 0.0135(5) 0.0143(6)  0.0196(6)  -0.0003(4)  0.0021(4) 0.0000(5)
C(34) 0.0157(6)  0.0120(5)  0.0171(6) 0.0003(4) 0.0015(4) -0.0005(4)
‘ C(35) 0.0169(6) 0.0144(6)  0.0181(6) 0.0006(4) b.oool(s) -0.0018(5)
\ C(36) 0.0214(6) 0.0118(6)  0.0228(6) 0.0031(5) -o.qoig(s) -0.0005(5)
Cc(37)  0.0229(7) 0.0128(6)  0.0223(6)  -0.0001(5)  -0.0012(5)  0.0008(5)
C(38) 0.0157(6) 0.0137(6)  0.0178(6)  -0.0014(4)  -0.0008(5)  0.0022(4)
C(39) 0.0135(5) 0.0122(5)  0.0177(6) 0.0001(4) 0.00,1:5»(_4) 0.0003(4)
C(40) 0.0288(8) 0.0197(7)  0.0239(7) 0.0008(6) o.qqsyks) -0.0004(6)
B(1) 0.0263(8) 0.0242(8)  0.0204(7) 0.0037(6) o:qqqg,'(s) 0.0025(6)
B(2) 0.0279(8)  0.0157(7) 0.0260(8) 0.0047(6)  -0.0001(7) o.oois(s)

The general temperature factor expression:

exp(—2n2(a*2Uy1 h? + b*2Usk? + c*2Ussl? + 2a*b* Usghk + 20°c*Ushl + 2b* c* Upskl))

15
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Table 3. Bond Lengths(A)

atom atom distance atom atom - distance

F(1) N(1) -1.419(2) F(2) N(3) 1.417(2)
F(3) B(1) 1.377(3) PU4) B(1) 1.391(3)
F(5) B(1) 1.396(3) ' F(6) B(1) 1.398(2)
F(7) B(2) 1.422(2) F(8) B(2) 1.379(3)
F(9) B(2) 1.391(3) F(10) B(2) 1.379(3)
o() C(8) 1.414(2) 0(2) c(15) 1.356(2)
0(2) C(20) 1.429(2) o 0O(3) C(28) 1.414(2)
o(4) C(35) 137202) - o(4) C(40) 1.429(2)
N(1) cQ) 1.509(3) S N(1) - C(5) 1.498(2)
NQ) o 1.521(2) N(2) c(11) 1.317(2)
NE) ‘c(18) U1362(2) C NG3). . - C@) 1.499(2)
N(?;)"‘ ' "C(25) ' 1.499(2) N(3) . c@r) 1523(2)
N(4) C(31) 1.318(2) o N(4) C(38) . 1.370(2)
cQ) c@) 1.532(3) c2) E) 1.552(3)
c(2) C(9) 1.514(3) ) C(4)  1530(3)
c(3) ce)  15203) T oy c(5) 1.541(3)
C(6) c(7) 1.549(2) Cc(7) C(8) 1.539(2)
c(8) c(13) 1.516(2) C(9) c(10) 1.322(3)
can) - ca2) 1.400(3) C(12) c(13) 1.374(2)
c(13) c(19) 1.423(2) Cc(14) C(15) 1.377(2)
c(14) C(19) 1.428(2) C(15) C(16) 1.408(2)
C(16) c(17) 1.370(2) o) C(18) 1.417(2)
Cc(18) c(19) 1.421(2) C(21) C(22) 1.557(2)
C(22) C(23) 1.538(2) C(22) C(29) 1.511(2)

16




T

© 2001 American Chemical Society, J. Am. Chem. Soc., Shibata ja010789t Supporting Info Page 25

Table 3. Bond Lengths(}l) (continued) |

atom atom distance
istance
:::;) :::) j.541(2) C(23) C(26) 1.52;(2;))
c(24) 0(25)» 1.539(3) C(26) c(27) 1.5 2(2
c(27) C(28) 1.536(2) C(28) C(33) 1.52.1(3))
C(29) C(30) 1.326(3) C(31) C(32) 1.412;(2)
C(32) C(33) 1.382(2) C(33) C(39) 14 *
C(34) o) - 1312 C(34) C(39) 1.4267(3))
C(35) C(36) 1.414(2) C(36) C(37) | 1.321(2 |
C(37) C(38).. 1.421(2) C(38) C(39). 1.421(2)
17
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Table 4. Bond Lengths(4)

atom atom distance atom atom distance
0(1) H(10) 097 0(3) H(30) 1.00
0(5) H(50) 0.79 0(5) H(50°) 0.63_
C(1) H(1a) 0.94 c() H(1b) 0.95
c@) H(2) 0.95 C(3) H(3) 0.95
cl) H(4a) 0.95 C4) H(4b) 0.95
C(5) H(5a) 0.95 C(5) H(5b) 0.95
C(6) H(6a) 0.95 C(6) H(6b) 0.95
c(7) H(7) 0.94 C(8) H(8) 095
ceo)  H®) 0.04 - C(10) H(102) 0.94
c(10) H(10b) 0.96 | ca) H(11) 0.95
c(12) H(12) 0.95 c(14) H(15) 0.95
C(16) H(16)_ 0.94 C(17) 'H(n) | 0.94
C20)  H(20) 0.95 C(20) H(20b) 0.95
C(20) H(20¢) 0.95 1) H(21a) 0.95
c(21) H(21b) 0.95 C(22) H(22) 0.94
C(23) H(23) 0.95 C(24) H(24a) 0.95
C(24) H(24b) 095 C(25) H(252) 0.95
C(25) H(25b) 095 C(26) H(26a) 0.95
C(26) H(26b) 0.95 c@n H(27) 0.95
C(28) H(28) 0.95 S c(29) H(29) 0.95
C(30) H(30a) 0.95 C(30) H(30b) 0.95
C(31) H(31) 0.95 : C(32) H(32) 0.95
C(34) H(34) 0.94 C(36) H(36) 0.95
c(37) H(37) 0.95 C(40) H(402) 0.95

18
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Table 4. Bond Lengths(A) (continued)

atom atom distance

atom atom distance

C(40) H(40b) 0.95 C(40) H(40c) 0.95

19
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Table 5. Bond Angles(°)

atom atom atom angle atom atom atom angle
cas)  0@2) C(20)  116.9Q) c(@35  O(4) C(10)  116.3(1)
F(1) N(1) c(1) 106.0(1) F) N C(5) 107.0(1)
F(1) N(1) c(7) 107.1(1) c(1) N(1) C(5) 110.1(1)
c(1) N(1) c(7) 110.6(1) C(5) N(1) (1) 115.5(1)
cal)  N@) cas)  118.1(1) F(2) N(3) c(21)  106.0(1)
F2).  N(@3) c(25)  106.9(1) F(2) N(3) cen  107.1(1)
e N(3) c(25)  111.3(1) c(21) N@)  Cc@n  1101(1)
C(25) N(3) c(27) 114.9(1) C(31) N(4) C(38) 117.3(1)
N(1) cQ) C2)  1084(1) cQ1) C(2) C(3) 107.8(2)
c(1) C(2) C(9) 110.1(2) c(3) C(2) C(9) 114.0(2)
C(2) c(@3) C(4) 107.8(2) () c(3) C(6) 110.9(1)
c(4a) Cc3) c(6) 199.0(1) C(3) c4) C(5) 110.3(1)
N(1) C(5) c(4) 105.9(1) c(3) c(6) c(ry  1103(1)
N(1) c(n () 105.6(1) N(1) c(7) C(8) 111.7(1)
C(6) c(7) C(8) 115.1(2) o(1) C(8) C(7) 108.4(1)
(. o) c(8) ca3)  112.1(1) C(7) C(8) c(13)  109.8(1)
c(2) C(9) c0)  123.2(2) N(2) cy  c(2)  123.6Q1)
c(11) C(12)’ c(13) 119.7(2) C(8) c(13) c(12) 119.8(1)
C(8) C(13) C(19) 121.5(1) | C(12) C(13) C(19) 118.6(1)
cs)  cQ4)  ca9)  120.0(1) 0(2) c(s)  C(4)  1245(1)
0(2) cas) | c(16) 114.9(1) C(14) C(15).  C(16) 120.6(1)
c(15)  C(16)  C(17) 120.7(1) c(16)  C(1T)  C(18) 120.4(1)
N(2) c(18) c(17) 118.0(1) N(2) C(18) C(19) 122.7(1)
c(17) c(18) c(19) 119.3(1) C(13) C(19) C(14) 123.7(1)

20



© 2001 American Chemical Society, J. Am. Chem. Soc., Shibata ja010789t Supporting Info Page 29

Table 5. Bond Angles(°) (continued)

atom atom atom angle atom atom atom angle
c(13) C(19) c(18) 117.2(1) C(14) C(19) | C(18) 119.0(1)
N(3) claly  C@2)  1075(1) c(21) | c(22)  C(@3)  1081(1)
cey o2 Ce) 10910 c3)  C(2)  C@e)  1163(1)
c2)  C(23) ces)  1084() c(22)  C(3)  C@e)  1109(1)
Clo4)  C(@3)  Ces) 10830 c(23)  C(24)  C@8)  110.00)
N(3) C(25)  C(a)  1062(1) o@3) | cs)  cen  11030)
N(3) C(27) C(26) 105.8(1) - NE) C(27) C(28.) 111.7()
-C(26) cen  C@e)  153(1) 0(3) c8)  C@n  109.2(1)
0(3) ce8)  C(33)  114() clr)  C(28)  C@3y) 10870
ca)  C@9)  CEo)  1265Q) N(4) c@l  C(32) 123902
cy  CB2)  CE3)  196() c(28)  C(33) §(32) 120.7(1)
| C(28) C(33) C(39) 1207(1) C(32) .C(’33)’ C(39) 118.6(1)
'0(35) C(34) C(39) 119.9(1) 0(4) C(35) C(34) 124.6(1)
o)  .C(35) €@  1147Q) ’ c(34)  C(@)  CE6  1207(D)
c@s)  C@6)  c@n  1202(1) c@3s)  c@n)  CE8) 120901
N(4) c@e)  c@n  17e) N(4) c(38)  C@B9) 1234 |
ceny  c@e)  cEy  18s(1) c@33) (@9 CB3a) 12330
c@3)  ©@9  CE’) 172 e c(39)  C@38)  1195(1)
F(3) B(1) F(4) 109.8(2) F(3) B(1) F(5) 108.9(2)
F(3) B(1) F(6) 112.0(2) F(4) B(1) F(5) 109.0(2)
F(4) B(1) F(6) 108.5(2) F(5) B(1) F(6) 108.4(2)
F(7) B(2) F(8) 108.6(2) F(7) B(2) F(9) 107.6(2)
F(7) B(2) F(10) 108.2(2) F(8) B(2) F(9) 109.6(2)
F(8) B  F(0)  1122(2) F(9) B(2) F(10)  1105(2)

21
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Table 6. Bond Angles(®)

atom
H(10)
H(50")
H(1b)
H(1b)
H(2)
H(2)
H(3)
H(4a)
H(4a)
.
H(5b)
H(5b)
H(6a)
H(62)
H(6b)
H(7)
H(8)
H(8)
H(9)
H(10b)
H(11)
H(12)
H(15)

H(16)

angle
106.5
101.8
109.6
109.6
108.3
108.3
109.4
109.5
109.3
109.1
110.6
110.3
109.0
109.4
109.8
108.1
108.6
109.1
118.5
119.8
118.6
120.4
120.2

1194

22

atom
C(28)
N(1)
C(2)

H(1a)

@)

C(2)

C(6)

ce)

C(5)

NQY)
©cw
" H(5a)

)

C(7)
N(1)
c(®)
(1)
C(2)
C(9)
H(102)
c(12)
c(13)
C(19)

c(17)

atom
0(3)
c(1)
C(1)
c(1)

C(2)

C@3)

c(3)
C(4)
C(4)

C(5)

C(5)
" C(5)
C(6)
C(6)

C(m)
C(7)

C(8)

- C(9)

C(10)
C(10)
c(11)
C(12)
c(14)

C(16)

atom
H(30)
H(la)
H(1a)
H(1b)
H(2)
H(3)
H(3)
H(4b)
H(4b)
H(5a)
H(52)
H(5b)
H(6b)
H(6b)
H(7)
H(7)
H(8)
H(9)
H(10a)
H(10b)
H(11)
H(12)
H(15)

H(16)

angle
101.6
109.8
109.8
109.6
108.1
109.7
110.0
109.5
109.2
110.5
110.2
109.1
108.9
109.4
107.9
108.2
108.8
118.2
120.2
120.0
117.9
119.9
119.8

1199
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Table 6. Bond Angles(®) (continued)

atom atom  atom angle atom atom atom angle
C(16) c(17) | H(17). 120.0 C(18) C(17) H(17) 119.6
0(2) C(20)  H(20a) 1098 0(2)  C(20)  HE0b) 1007
0(2) C(20)  H(20c)  109.7 H(202) | C(20)  H(20b)  109.3
H(20a)  C(20)  H(20c)  109.4 H(20b)  C(20)  H(20c)  109.0
N(3) C(21)  H(21a)  109.8 N(3) C(21)  H(2b)  109.9
C22)  C(1)  H(21a) 1100 ©C(22)  C(21)  H@Wb) 1102
H(21a) C(21)  H(21b) 1094 C(21)  C(22)  H(2) 1077
C(23)  C(22)  H(22) 1076 c9)  Cc2)  EE) 1077
C(22)  C(23)  H(23) 1099 C(24)  C(23)  H(23) 1100
C(26)  C(23)  H(23) 109.4 C(23) | C(24)  H(24a) 1002
C(23)  C(24)  H(24b)  109.3 C(25)  C(24)  H(24a)  109.2
C(25) C(24) H(24b)  109.3 H(24a) C(24) H(24b)  109.8
N(3) C(25)  H(25a)  110.1 N(3) C(5)  HESb) 1100
C(24) - C(25)  H(25a) 1105 C(24)  C(25)  H(25b)  110.3
H(25a)  C(25)  H(26b)  109.7 c@) e H(26a)  109.6
C(23)  C(26)  H(26b)  109.6 C(27)  C(26)  H(2a)  109.1
C(27)  C(26)  H(26b)  109.1 H(26a)  C(26)  H(26b)  109.2
N(3) C(27) H(27) 108.2 | C(26) C(27) H(27) 108.0
C(28)  C(27)  H@2T) 1077 0(3) C(28)  H(28) 1094
C(27)  C(28)  H(28)  109.3 C(33)  C(28)  H(28) 1088
C(22)  C(29)  H(29) 1168 C(30)  C(29)  H(29)  116.7
C(29)  C(30)  H(30a)  120.1 C(29)  C(30)  H(30b)  120.0
H(30a)  C(30) H(30b)  119.9 N(4) C(31) HG31) 1177
C(32) C(31) H(31) 118.4 C(31) C(32) H(32) 120.0
23
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Table 6. Bond Angles(®) (continued)

atom atom atom angle atom atom atom angle
C(33)  C(32)  H(32) 1204 C(35)  C(34)  H(34) 1199
C(39) C(34) H(34) 120.2 C(35) C(36) H(36) 120.1
C(37)  C(36)  H(36)  119.7 C(36) | C(37)  H(37) 1194
C(38) C(37)  H(37) 119.6 0(4) C(40) H(402)  109.2
0(4)  C(40) H(40b)  109.3 0(4) C(40)  H(40c)  109.2
H(40a)  C(40)  H(40b)  109.9 H(40a)  C(40)  H(40c) 1095

H(40b)  C(40)  H(40c)  109.7

24
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Table 7. Torsion Angles(®)

atom  atom  atom  atom . angle ~ atom atom atom atom  angle
F1)  N@)  CQ) Cc(2) 175.5(1) F1) N1 C(B)  CM@ 176.7(1)
p1)y  NQ) Cm  C® 17740 FO) N om O -56.8(21)
F2) N@)  c@n ooy 1744() F2) N@)  C@) C24) 175.5(2)
F(2) N(3) C(27) C(26) 177.1(1) F(2) N(3) C(27) C(28) -56.6(2)
o) C® Cm NO) -76.4(2) oa) c@® Cm  CE) 44.0( 1)
o) C(E C@3) ca -13.6(2) o) C() C1y €9 164.1(1)
o) cas) ca4)  cu9 17800 0@y Cc@s) cae  €an 7176.?(2)
0@ Ce8) C@n NE)  -48Q) o@)  Ce8) C@D c(26)  46.0(2)
o@E) Ce8) 0(33) c(32)  -19.4(2) 0@3) C(8) C@33) C@9)  1576(1)
0(4) oo(3s) TC(34) C(39) 179.8(1) . O@)  C(39) C(36) _0(37) -179.5(2)
N o) Fgg) CE) ¢ 122 N c@)  c@  Ce) 132202
@) CEE) Te@ e - T8O) Ny .C@m CE  C® 210
‘Na) TCm ocE)  cad) 160.8(1) N@)  c()  C(12)  C(13) 0.7(3)
“ingg) Ccasy s cany  cas)y  178.70) N@) cas) ca9) Cuy 122
N@) | c(sy - ca9) €4 -177.5(1) NG3)  C(21) C(22)  C(2%) 9.1(2)
"N(3) Toon’ c2)  C@9) 13640 | N@3)  C(25) C(2)  G(23) 9.2(2)
N@3)  C@27) ©c(26)  C(29) 3.1(2) N(3) C(2n)  C(28) C(33) 163.4(1)
N(@4)- - C@31)  €(32) C(33) -0.2(3) N C38) c@37) C(36)  1798(2)
N(4)  C(38) C(39) C(33) -0.6(2) N4) C(@38) C@9) €3y -17930)
ca) N C(B)  C(e)  -685(2) cw N c)  C(6) 62.2(2)
c(y N () c(®)  -171.9(1) c1y ¢@ c® C@ -64.5(2)
cy c©@  cE  Ce) 54.8(2) ca)y C@  C@®  cao  175R)
cz) c(y N o CO) 60.1(2) c) oy Ny o cm  -6870)
c@ CB)  C@  CO) 56.1(2) c)- c@ o Cm  -6082)

25
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Table 7. Torsion Angles(°) (continued)

stom  atom  atom  atom  angle atom  atom  atom  atom  angle
c@ C@ CO  C(0) -101.203) c@3) C6) CT CEB  -1216(2)
c@) C@) c@ CO) 17290 c() C@B) C6) €@ 57.8(2)
c4) OF) N1 o C() 57602 o) NQ) C() CE)  -636(2)
cy  NQ)  C(m  C@E) 62202 c(5) C@) C@3) C(6)  -644(2)
ce) CB C@ o 618  o® cm  CE c(13)  -18.7(2)
cn C@B Cca3 Cc(12) - 107.0(2) C(7) C(8) c(13) C(Q9) -754(2)
c(8) Ca3) c(12) c(y) 17591 Cog) c@as) cae) caa) 112
c(8) C(13) C(9) C(18) -176.8(1) c(1)  N@  C(18) . C(aT)  1774(2)
cany  N@ o c@s)  cae)  -22(2) cay cO2) . C(13) . C(19)  -18(2)
c(12) c@u’ 'N(2) C(8) - 1.3(3) c(12) ~C(13). .C(19) . C(14)  179.4(1)
c1z) CU3) C(19) C18) 1 09(2) S.Ccas) ~C(19) .C(14) - C(15)  179.9(1)
ca3)  ca9) €us) Car) l178.5(1) () C(5) .0@) ..C(20) . -9.2(2)
| ca4) c@as) cae) can 233 o cae) cas) C(8) -Carn 292
c(15) C(4) C(9) C(s)  -1.6(2) cas) C(6) . C(17) . C(18)  -1.0(3)
cus) C(s) O@)  C(20)  169.8(1) caus) C(15) C(4) CU9)  -1.0(2)
c(6) €7y C(18) - C(19)  -1.6(2) C(21) N@3) C(25)  C(24)  -69.2(2)
c21) N@3) C(27)  C(26)  623() c(21) N(3) C@7 C(28) -171.4(1)
C(21) C(22) C(23) ~ C(24)  -65.0(2) ©oc(1)  C(22) C(23) C(26)  53.7(2)
c(2al) C(22) C(20)  C(30) -138.0(2) C(22) C(21) N@) C(25)  586(2)
c(22) C@1) N@) C@1)  -10.1(2) C(22) C(28) C(24) ©(25) 54.7(2)
C(22) C(23) C(26) ©(@27) -61.3(2) c3) C(22) C(29) C(E30)  -15.4(3)
C(23) C(26) C(27) C(28) -120.9(1) C(24) C(23) C(22) C(29)  171.9(1)
C(24) C(23) C(26) C(27)  574(2) C(24) C(25) N@B) C(21 5682
c(25) N(3) C(27) C(26)  -643(2) c(25) N@)  C@7) C(28)  619(2)
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Table 7. Torsion Angles(°) (continued)

som  atom  atom  atom  angle atom  atom  atom  atom  angle
Cles) C@4) C@3) Ce) 656 co6)  C(23) C(@2) C(29)  69.4(2)
cs)  C@n)  C@s) By 758D cen o CE)  CB) 101.1(2)

Ccen ces)  CBY  CEY) 8200 Cos)  C(33) @) CEY 11890
ces  CEY CEY CBy @ cos) C@H CB) CE8) 17551
cay N C@E8)  CEn 1786 cel)  N@  C@EE  oEY)  0T)
cey  cE) CEy CE9 1) cE)  CE)  N@  CB3®) 123
cay CEY) CE9 CBH 1) cEn  CEY)  CE9)  C3E)  15(2)
ces  CE)  CBy  CE 1788 c3)  C@Es) CE8  CEN 17730
cen  o@s) oW Cuy 130) Cety C@s) CEe) oED  -05()
c3a C@e) OEy CEN 15O o@s) C(31) C@EY CEB 0.0
ces) O@H CEn  CEY  08®) cE8)  C@s) O Cla0)  -1798()
c@e) C@38) C@B1 CEY 10D c@ey - CBT) CE8) CE9) 191

27




© 2001 American Chemical‘Society, J. Am. Chem. Soc., Shibata ja010789t Supporting Info Page 36

Table 8. Non-bonded Contacts out to 3.60 A

atom atom distance atom atom distance
F(1) c(10)9 13.130(3) ' F(1) F(5) 3.542(2)
F(2) F(8) 2.887(2) F(2) c(12)» 3.376(2)
F(3) C(10)» 3.428(3) F(3) ' C(2)» 3.494(3)
F(3) C(23)% 3.530(2) F(3) 0(2) 3.566(3)
F(4) C(23)¥ 3.235(2) F4) C(26)® 3.427(2)
. F(4) C24)»  3.450(2) . F4) C(20)9) 3.470(2)
- F(4) C(4)? 3.486(3) F(4) C(30)® 3.566(2)
F(5) cQ) 3.197(3) F(5) C26®  3.367(2)
F(5) C(23)¥ 3.425(2) F(5) C(20) - 3.509(3)
F(5) C(30)® 3.525(2) F(6) C(M) 3.286(2)
F(6) C(14) 3.369(2) F(6) C(20)9 3.385(3)
F(6) | C(31)® 3.418(2) F(7) o(1) 2.782(2)
F(7) ©0(5) 2.855(2) F(7) C(36)" 3.214(2)
F(7) C(8) 3.484(2) F(7) C(40)® 3.519(2)
F(7) c@i3n? 3.599(2) F(8) C(40) 3.505(3)
F(8) c@i3n? 3.571(3) F(9) C(25)® 3.146(2)
F(9) C(24)® 3.384(2) , F(9) 0(5) 3.429(2)
F(9) - C(22)® 3.430(2) F(9) C(21)® 3.458(2)
F(9) C(11)® 3.529(2) F(9) C(40)? 3.585(3)
F(10) o(1) 3.117(2) ‘ F(10) C(24)® 3.452(3)
F(10) C(8) 3.494(2) ' 0(1) C(40) 3.107(2)
o(1) | B(2) 3.516(3) , 0(2) C(1)!® 3.272(2)
0(2) C(31)? 3.285(2) , 0(2) N(4)? 3.386(2)
0(3) 0o(5) 2.733(2) 0(3) C(29)% 3.289(2)
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Table 8. Non-bonded Contacts out to 3.60 A (continued)

atom atom distance atom atom distance
(;(3) C(30)% 3.514(2) 0(4) C(25)® 3.261(2)
O(4) ceny 3.411(2) 0(5) | N(2)® 2.734(2)
 0O(5) C(28) 3.267(2) 0o(5) c(21) 3.300(2)
0(5) can® 3.368(2) 0(5) c(18)” 3.505(2)
N(2) C(32)® 3.312(2) N(2) 0‘33)6) 3.428(2)
N(2) c(31)® 3.440(2) N c(35)? 3.585(2)

| N(4) c(15)® 3.189(2) N(4) C(14)® 3.405(2)
N(4) c(11)® 3.436(2) N(4) c(12) 3.439(2)
N(4) C(20)® 3.585(2) C(5) C(30)® 3.540(3)
C(9) C(20)% 3.572(3) C(10) c(16)'? . 3.500(3)
c(11) c(38)® 3.284(2) C(11) C(39)% 3.461(2)
Cc(12) C(38)9 3.557(2) ' C(14) c(38)" 3.521(2)
C(14) c@n? 3.586(2) C(15) c()” 3.407(2)
C(15) C(38)" 3.552(2) - C(16) c(31)? 3.574(2)
c(7n) C(39)" 3.522(2) . C(18) c(31)® 3.388(2)

‘ C(18) C(32)® 3.525(2) T C(19) C(37)" 3.347(2)
C(19) C(38)" 3.591(2) . C(25) C(35)" 3.454(2)
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Symmetry operations

(1) X+1,Y,Z (2) X-1,Y+1/2,-2

(3) X—l,Y;Z-l \ (4) X-1,Y,Z

(5) X-2,Y,Z-1 | 6) = -X,Y+1/2-Z+1
(M -X4+1,Y+1/2,-72+1 8) -X+1,Y-1/2,-Z+1
9) -X,Y-1/2,Z+1 (10)  -X,)Y+1/2,Z

(11) | X42,Y-1/2,-Z+1 o (12) X-1,Y-1/2,-Z
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