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Experimental Details

General procedures routinely employed in these laboratories have been described in detail
p'n'sviously.1 The organometallic reagents (-Zp*W(NO)(CstiMe3)22 and Cp*W(NO)H)[n2-
PPh,C¢Hy] (1)2 were prepared by literature procedures. Trimethylphosphine (Aldrich) was dried
over sodium/benzophenone ketyl, vacuum transferred and stored over sodium before use, ferz-butyl
isocyanide and cyclohexyl isocyanide (Aldrich) were dried over activated 4A molecular sieves,
acetone (Aldrich) was dried over CaSO,4 and vacuum-transferred before use, cyclopentanone and
trimethylphosphite (Aldrich) were dried over CaH, and vacuum-transferred, ethyl acetate and
acetonitrile (Aldrich) were distilled from CaH,, and PPh; (Strem) was recrystallized from hexanes.

Dihydrogen (Linde, extra dry) was used as received.

Preparation of Cp*W(NO)(PPh3)(CNCMej3) (2). A sample of 1 (73 mg, 0.12 mmol) was
dissolved in THF (10 mL) in a bomb equipped with a Kontes stopcock; ferz-butyl isocyanide (60
mg, 0.72 mmol) was added with a pipette and the bomb was placed in a 45 °C temperature bath for
6 h. The THF and excess fert-butyl isocyani.de were then removed under vacuum, and the residual
red solid was extracted into Et,O and filtered through Celite. Removal of the ether under vacuum

and recrystallization of the residue from a minimum amount of hexanes at -30 °C yielded 68 mg

(82% yield) of 2 as red crystals.

Anal, Caled for C33H39N,OPW: C, 56.64; H, 5.66; N, 4.03. Found: C, 57.00; H, 5.78; N,
3.97. IR (Nujol, cm1): 1844 (vey), 1552 (vno)- HH NMR (CgDg): 8 7.75 (m, 6 H, o- aryl); 7.08
(m, 6 H, m-Hyry)); 7.01 (m, 3 H, p-Hypy); 1.82 (s, 15 H, CsMes); 1.11 (s, 9 H, CNCMe3). 13C
NMR (CgDg): 8 226.3 (d, 2/pc = 6.0 Hz, CNCMe3); 138.3 (d, pc = 44.0 Hz, PCyyy); 134.2 (4,
2Jpc = 12.0 Hz, 0-Caryp); 129.3 (p-Caryy); 128.1 (d, 3Jpc = 10.0 Hz, m-Cpyy); 101.9 (CsMes); 59.3
(CNCMejy); 31.9 (CNCMej3); 10.7 (CsMes). 3IP{1H} NMR (CgDg): & 49.0 (s, Liyp = 455 Hz,
PPhs). EIiVIS (m/z, probe temperature 150 °C): 694 (P, 184W)..
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Preparation of Cp*W(NO)(PPhz)(CN{c-CcH;;}) (3). Utilizing the procedure described
above for 2, the reaction of 1 (68 mg, 0.11 mmol) and cyclohexyl isocyanide (70 mg, 0.64 mmol)
gave orange-red crystals of 3 (65 mg, 82% yield).

Anal. Calcd for C35Hy;N,OPW: C, 58.34; H, 5.74; N, 3.89. Found: C, 58.46; H, 5.79; N,
3.96. IR (Nyjol, cm-1): 1796 (ven), 1550 (Vno). ITH NMR (CgDg): 6 7.79 (m, 6 H, o- aryl); 7-12
(m, 6 H, m-Hyp1); 7.04 (m, 3 H, p-Hyyy); 3.58 (m, 1 H, CNCH); 1.88 (s, 15 H, CsMes); 1.05-2.10
(several m, 10 H, CH,). 13C NMR (C¢Dg): 6 234.6 (d, ZJpc = 4.2 Hz, CN{c-C¢Hy;}); 138.5 (d,
Upc = 44.0 Hz, PCypy); 134.1 (d, Vpc = 11.7 Hz, 0-Cyyyy); 129.4 (p-Cary1); 128.2 (d, 3Jpc = 10.0
Hz, m-Cyyyy); 102.4 (CsMes); 59.2 (CNCH); 35.5 (CHy); 34.8 (CHy); 25.8 (CHyp); 24.2 (CHy);
24.0 (CH,); 10.8 (CsMes). 31P{IH} NMR (C¢Dg): 8 49.3 (s, Lyp = 454 Hz, PPhs). EIMS (m/z,
probe temperature 150 °C): 720 (P, 18“W)

Preparation of Cp*W(NO)(PPh;3)(n2-O=CMe,) (4). 1 (0.12 - g, 0.20 mmol) was
dissolved in acetone (5 mL) in a bomb equipped with a Kontes stopcock; the bomb was placed in a
45 °C temperature bath for 6 h. Et,O (5 mL) was then added, and the reaction solution was stored
at -30 °C for 12 h. The yellow crystals of 4 which deposited were isolated by decantation of the

remaining solution and were dried under vacuum (90 mg, 67% yield).

Anal. Calcd for C3;H3gNO,PW: C, 55.30; H, 5.41; N, 1.98. Found: C, 55.61; H, 5.42; N,
2.09. IR (Nujol, cm1): 1538 (vyp). IH NMR (CgDg): 8 7.85 (br m, 6 H, 0-Hyyyy); 7.05 (br m, 9 H,
m/p-Hap); 2.15 (s, 3 H, CH3); 2.03 (s, 3 H, CHs); 1.67 (s, 15 H, CsMes). 13C NMR (CD,Cl,): &
135.0 (br, 0-Cypyy); 130.7 (br, p-Capyy); 128.5 (br, m-Cayyp); 107.6 (CsMes); 70.3 (e = 51 Hz,
C=0); 33.3 (CH3); 30.0 (CH3); 10.6 (CsMes); the PCyyy; resonance was not observed. 31P{1H}-
NMR (CgDg): & 28.2 (s, Lyyp = 340 Hz, PPhy). EIMS (m/z, probe temperature 120 °C): 669 (P,
184w,

Preparation of Cp*W(NO)(PPh3)(n2-0=C{CH,},) (5). 1 (110 mg, 0.18 mmol) was

dissolved in cyclopentanone (5 mL), and the resulting solution was allowed to stand at room
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temperature for 3 d. The cyclopentanone was then removed under vacuum and the orange residue

was recrystallized from THF/hexanes (1:1) at -30 °C to give 85 mg (68% yield) of 5 as yellow
crystals.

Anal. Calcd for C33H3gNO,PW: C, 56.99; H, 5.51; N, 2.01. Found: C, 57.39; H, 5.85; N,
1.93. IR (Nujol, cm1): 1543 (vyg). TH NMR (C¢Dg): 8 7.82 (br m, 6 H, o- aryl); 7.04 (br m, 9 H,
m/p-Hary1); 2.72 (m, 2 H, 2 CHH'); 2.01 (m, 1 H, CHH"); 1.92 (m, 1 H, CHH"); 1.81 (m, 1 H,
CHH'); 1.73 (m, 1 H, CHH"); 1.66 (s, 15 H, CsMes); 1.58 (m, 2 H, 2 CHH"). 13C NMR (CD,Cl,):
8 134.6 (br, 0-Capy1); 130.7 (br, p-Cary); 128.6 (br, m-Coryy); 107.6 (CsMes); 80.9 (Liyc = 50 Hz,
C=0), 42.4 (CHp); 37.1 (CHyp); 27.1 (CHy), 25.7 (CH,); 10.6 (CsMes); the PCjyy1 resonance was
not observed. 3IP{1H} NMR (CgDg): & 29.9 (s, Mywp = 344 Hz, PPhs). EIMS (m/z, probe
temperature 150 °(£): 695 (P, 184w,

Preparation of Cp*W(NO)(PPh3)(n2-O=C{Me}OEt) (6). Utilizing the procedure
described above for 4, the reaction of 1 (100 mg, 0.16 mmol) and ethyl acetate (5 mL) provided 6
as lemon-yellow crystals (80 mg, 70% yield).

Anal. Calcd for C3,H3gNOsPW: C, 54.95; H, 5.48; N, 2.00. Found: C, 55.18; H, 5.48; N,
1.85. IR (Nujol, cm™1): 1545 (vyg). IH NMR (CgDg): 8 7.86 (br m, 6 H, o- aryl); 7.06 (brm, 9 H,
m/p-Hyry); 3.89 (m, 1 H, CHH'), 3.79 (m, 1 H, CHH'); 2.55 (s, 3 H, CH3CO); 1.79 (s, 15 H,
CsMes); 1.21 (t, 3y = 7.2 Hz, 3 H, CH,CH;). 13C NMR (CD,Cl,): 8 134.7 (br, 0-Cayp); 130.8
(br, p-Caryp); 128.6 (br, m-Cyyy)); 108.4 (CsMes); 101.8 (Liye = 54 Hz, C=0); 60.9 (CHy); 26.4
(CH;3CO0); 16.3 (CHyCH3); 10.3 (CsMes); the PCypy resonance was not observed. 31p{1H} NMR
(CgDg): 8 30.6 (s, IWJyp = 346 Hz, PPhs). EIMS (m/z, probe temperature 150 °C): 700 (P*, 184w),

Reaction of 1 with PMe;. 1 (52 mg, 0.085 mmol) was dissolved in THF (15 mL) in a small
bomb; excess PMe; (ca. 1 mmol) was vacuum transferred into the solution, and the mixture was
heated at 45 °C for 5 h. The THF and PMe; were then removed under vacuum; the remaining

orange-red residue was recrystallized from EtyO/hexanes (1:1) to give 48 mg (82% yield) of a 3:1
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mixture of Cp*W(NO)(PPh;)(PMes) (7) and Cp*W(NO)(H)(PMe3)(CcH4PPhy) (8) as red and
orange solids, respectively. Attempts to separate these two complexes by crystallization or

chromatography have not been successful, and they have been characterized as a mixture.

Anal. Calcd for C3,H3gNOP,W: C, 54.16; H, 5.72; N, 2.04. Found: C, 53.87; H, 5.57; N,
1.89. EIMS (#/z, probe temperature 150 °C): 735 (P, 184W). Spectroscopic data for 7: IR (Nujol,
eml): 1510 (vyo). TH NMR (CgDg): & 7.76 (m, 6 H, o- aryD); 7.10 (m, 6 H, m-Hyryy); 6.98 (m, 3
H, p-Hyry1); 1.71 (s, 15 H, CsMes); 1.15 (d, ZJpy = 7.8 Hz, 9 H, PMe3). 13C NMR (dioxane-dg): 8
142.3 (d, Upc = 38.4 Hz, PCyyy)); 134.3 (d, Zpc = 11.5 Hz, 0-Cypyy); 129.1 (p-Cyryp); 1284 (4,
3Jpc = 8.8 Hz, m-Cyyyp); 99.8 (CsMes); 23.3 (d, 2/pc = 28.1 Hz, PMes); 11.1 (CsMes). 31P{1H}
NMR (CgDg): 8 51.9 (d, 2Jpp = 7.5 Hz, Lyp = 477 Hz, PPh3); -20.2 (d, 2Jpp = 7.5 Hz, Uyp =
465 Hz, PMe3). Spectroscopic data for 8: IR (Nujol, cm™1): 1548 (vyg). IH NMR (CgDg): 6 8.04
(m, 1 H, Hypyp); 7.61 (m, 1 H, Hypy); 7.50 (m, 1H, Hyyy); 7.38 (m, 1 H, Hyyyy); 7.16 (m, several H,
Hpryp); 7.04 (m, several H, Hyy); 6.89 (m, 1 H, Hypyp); 6.80 (m, 1 H, Hyyyp); 1.84 (s, 15 H,
CsMes), 0.83 (d, 2/py; = 8.4 Hz, 9 H, PMejy); -0.37 (d, 2Jpy = 94 Hz, Ly = 63 Hz, 1 H, WH).
13C NMR (CgDg): 8 153.9 (d, ZJpc = 5.5 Hz, WCyyy)); 141.2 (d, Lpc = 34.4 Hz, PCyyy)); 136.1
(Cary); 136.0 (d, Upc = 20.6 Hz, PCyyy)); 133.2 (d, Lpc = 18.3 Hz, PCpyy); 128.6 (Cpyyy); 128.2
(d, Jpc = 8.3 Hz, Cary); 128.1 (Cary1); 1274 (Caryp); 125.1 (Caryp); 124.3 (d, Jpc = 3.3 Hz, Copy);
106.8 (CsMes); 19.6 (d, 2Jpc = 31.7 Hz, PMej3); 11.1 (CsMes). 31P{1H} NMR (CgDg): & 1.6 (s,
PPhs); -17.1 (s, Liyp = 197 Hz, PMe3).

Preparation of Cp*W(NO)(PPh;)(P{OMe};) (9). A small bomb was charged with 1 (45
mg, 0.069 mmol) and THF (15 mL); to this suspension was added P{OMe}3 (60 pL, 0.51 mmol)
using a syringe against a flow of argon. The bomb was then placed in a temperature bath at 45 °C
for 8 h. The reaction mixture was then evaporated to dryness, and the brown residue was
chromatographed on alumina (2 cm) using Et,O/hexanes (1:1) as the elutant. A bright orange band
was collected, and the solvent mixture removed under vacuum to leave an orange solid.

Recrystallization from hexanes at -30 °C provided orange prisms of 9 (13 mg, 26% yield).
p



Q1557 American Chemical society J. Am. Chem. dSoc. V11Y Pagellsy burkey supplemental Fage >

.

Anal. Calcd for C3;H3gNO4P,W: C, 50.63; H, 5.34; N, 1.90. Found: C, 50.32; H, 5.32; N,
1.79. IR (Nujdl, em1): 1537 (vng). TH NMR (CgDg): 8 7.86 (m, 6 H, 0-Hyryy); 7.12 (m, 6 H, m-
Haryp); 7.03 (m, 3 H, p-Hory); 329 (d, 3Jpy = 10.6 Hz, 9 H, P{OMe}3); 1.80 (s, 15 H, CsMes).
13C NMR (CgDg): 8 141.1 (d, Ypc = 41.7 Hz, PCyyy); 134.2 (4, Vpc = 11.2 Hz, 0-Cyyp); 128.7
(d, 3Jpc = 13.2 Hz, m-Cyyyp); 127.8 (p-Cypyy); 100.5 (CsMes); 52.0 (d, Z/pc = 6.5 Hz, P{OMe};3);
10.8 (CsMes). 3IP{1H} NMR (C¢Dg): 5 164.3 (d, 2Jpp = 6.2 Hz, Myyp = 719 Hz, P{OMe}s);
52.8 (d, 2Jpp = 6.2 Hz, Liyp = 461 Hz, PPh3). EIMS (m/z, probe temperature 180 °C): 735 (P,

184yy).

References
(1) Legzdins, P.; Rettig, S.J.; Ross, K. J. Organometallics 1995, 14, 5579.

(2)  Debad, J. D.; Legzdins, P.; Lumb, S. A. Organometallics 1995, 14, 2543,
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Table S1. Crystallographic data for Cp*W(NO)(H)(n2-PPh,C¢H,) (1).

Formula
Formula Weight
Crystal Color, Habit
Crystal size
Crystal system
Space group

a

<= ™ O

Volume

Z .

Density (calculated)
F(000)

Wavelength

Temperature

@ range for data collection
Index ranges

Reflections collected
Independent reflections
Absorption correction
Max. and min. transmission
Refinement method
Data/restraints/parameters
Final R indices [/ > 2o6(])]
R indices (all data)

GOF on F2

Largest diff. peak and hole

C,3H;oNOPW
611.35

Orange, Block

0.30 x 0.25 x 0.22 mm
Triclinic

P1

10.3786(5) A

10.8927(6) A

12.7051(6) A

95.549(1)°

97.927(1)°

116.282(1)°

1255.25(11) A3

2

1.617 Mg/m3

604

0.71073 A

173(2)K -

1.64 to 25.04°
S12<h<12,-7<k<12,-15<1< 14
6399

4286 (Rip; = 0.0247)
semi-empirical

0.41724 and 0.32194
Full-matrix least squares on F2
4283/275/397

R1 =0.0217, wR2 = 0.0527
R1 = 0.0233, wR2 = 0.0547
1.073

0.622 and -0.822 e/A3
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Table S2. Atomic coordinates (x 104) and equivalent isotropic displacement parameters (A2 x 103)
for 1. U(eq) is defined as one third of the trace of the orthogonalized Uij tensor

Atom X y z U(eq) SOF
w() 1657(1) 3949(1) 1585(1) 28(1) 1
P(1) 1412(1) 2937(1) 3326(1) 22(1) 1
N() 1851(5) 5547(4) 2257(3) 50(1) 1
o(1) 2237(5) 6767(3) 2638(3) 75(1) 1
C(1) -490(4) 1898(3) 2705(3) 27(1) 1
C(2) -538(4) 2342(4) 1703(3) 31(1) 1
C(3) -1934(5) 1717(5) 1016(3) 45(1) 1
C(4) -3152(5) 757(5) 1348(4) 53(1) 1
C(5) -3053(4) 349(4) 2340(4) 46(1) 1
C(6) -1697(4) 912(4) 3025(3) 36(1) 1
c(7) 2091(4) 17643) ~ 3815(3) 25(1) 1
C(8) 3240(4) 2223(4) 4702(3) 32(1) 1
C(9) 3779(4) 1330(4) 5031(4) 42(1) 1
C(10) 3170(5) -24(4) 4477(4) 45(1) 1
C(11) 2019(5) -488(4) 3603(4) 46(1) - 1
C(12) 1480(4) 402(4) 3277(3) 37(1) 1
C(13) 1614(4) 4065(3) 4557(3) 23(1) 1
C(14) 2680(4) 5455(4) 4762(3) 31(1) 1
C(15) 2814(4) 6323(4) 5684(3) 36(1) 1
C(16) 1895(4) 5839(4) 6404(3) 35(1) 1
Cc(17) 825(4) 4455(4) 6202(3) 37(1) 1
C(18) 696(4) 3567(4) 5286(3) 31(1) 1
C(19) 4160(15)  4644(12) 1507(9) 41(3) 0.599(15)
C(20) 3420(18) 3194(12) 1172(9) 44(3) 0.599(15)
C(21) 2367(14)  2887(9) 235(9) 38(2) 0.599(15)
C(22) 2489(22)  4158(12) -31(11) 31(3) 0.599(15)
C(23) 3611(20) 5227(8) 743(15) 34(2) 0.599(15)
C(24) 5379(11)  5452(16) 2476(8) 87(5) 0.599(15)
C(25) 3814(16)  2183(16)  1677(11) 98(6) 0.599(15)
C(26) 1374(12) 1485(9) -448(11) 99(6) 0.599(15)
Cc@7) 1725(12)  4346(16)  -1046(7) 80(4) 0.599(15)
C(28) 4243(12)  6781(8) 745(11) 70(3) 0.599(15)
C(19) 3942(21)  5090(13)  1106(17) 47(5) 0.401(15)
C(20") 3842(17)  3921(24)  1526(11) 54(5) 0.401(15)
C(21") 2789(23)  2723(13) 799(19) 57(5) 0.401(15)
C(22) 2176(22)  3159(20) -47(14) 66(6) 0.401(15)
C(23") 2852(33)  4625(20) 162(22) 52(6) 0.401(15)
C(24" 4917(26)  6585(17)  1632(23) 214(20) 0.401(15)
C(25) 4863(21)  3941(43)  2508(15) 205(20) 0.401(15)
C(26" 2546(38)  1263(19) 866(30) 230(20) 0.401(15)
c@2m) 1062(19) 2267(35) -1040(12) 234(21) 0.401(15)
C(28) 2568(29)  5548(36)  -533(26) 214(19) 0.401(15)
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Table S3. Bond Lengths (&) for 1.

atoms distance atoms distance
W(1)-C(2) 2.212(4) W(1)-P(1) 2.5601(8)
W(1)-N(1) 1.776(3) W(1)-H(1) 1.58(4)
W(1)-C(19) 2.38(2) W(1)-C(20) 2.41(2)
W(1)-C(21) 2.354(12) W(1)-C(22) 2.33(2)
W(1)-C(23) 2.36(2) W(1)-C(19) 2.34(2)
W(1)-C(20" 2.29(2) W(1)-C(21%) 2.37(2)
W(1)-C(22" 2.39(2) W(1)-C(23") 2.33(3)
P(1)-C(1) 1.794(3) P(1)-C(7) 1.830(3)
P(1)-C(13) 1.819(3) N(1)-0(1) 1.230(5)
C(1)-C(2) 1.406(5) C(1)-C(6) 1.387(5)
C(2)-C(3) 1.410(5) C(3)-C4) 1.389(7)
C4)-C(5) 1.383(7) C(5)-C(6) 1.381(6)
C(7)-C(8) 1.391(5) C(7)-C(12) 1.386(5)
C(8)-C(9 1.389(5) C(9)-C(10) 1.386(6)
C(10)-C(11) 1.381(7) C(11)-C(12) 1.384(6)
C(13)-C(14) 1.395(5) C(13)-C(18) 1.393(5)
C(14)-C(15) 1.382(5) C(15)-C(16) 1.384(6)
C(16)-C(17) 1.391(6) C(17)-C(18) 1.391(5)
C(19)-C(20) 1.403(11) C(19)-C(23) 1.399(10)
C(19)-C(24) 1.505(10) C(20)-C(21) 1.401(11)
C(20)-C(25) 1.502(9) C(21)-C(22) 1.412(10)
C(21)-C(206) 1.501(9) C(22)-C(23) 1.393(10)
C(22)-C(27) 1.499(9) C(23)-C(28) 1.521(9)
C(19)-C(20" 1.395(13) C(19)-C(23" 1.405(13)
C(19)-C(24" 1.506(12) C(20)-C(21") 1.406(14)
C(20Y)-C(25" 1.513(13) C(21")-C(22") 1.401(14)
C(211)-C(26" 1.509(13) C(22)-C(23" 1.410(14)
C(22)-C(27") 1.496(13) C(23")-C(28") 1.497(13)
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Table S4. Bond Angles (°) for 1.

atoms angle atoms angle
N(1)-W(1)-C(2) 106.0(2) N(1)-W(1)-P(1) 91.24(11)
C(2)-W(1)-P(1) 62.38(9) N(1)-W(1)-H(1) 88.1(14)
C(2)-W(1)-H(1) 71.7(14) P(1)-W(1)-H(1) 131.9(14)
W(1)-N(1)-0(1) 167.1(3) W(1)-P(1)-C(1) 85.57(12)
W(1)-P(1)-C(7) 129.00(11) W(1)-P(1)-C(13) 118.03(11)
W(1)-C(2)-C(1) 110.6(2) W(1)-C(2)-C(3) 134.1(3)
C(1)-P(1)-C(7) 107.4(2) C(1)-P(1)-C(13) 110.6(2)
C(7)-P(1)-C(13) 103.3(2) P(1)-C(1)-C(2) 101.4(2)
P(1)-C(1)-C(6) 134.3(3) P(1)-C(7)-C(8) 121.2(3)
P(1)-C(7)-C(12) 119.7(3) P(1)-C(13)-C(14) 119.5(3)
P(1)-C(13)-C(18) 120.9(3) N(1)-W(1)-C(19) 99.0(3)
N(1)-W(1)-C(20) 132.5(4) N(1)-W(1)-C(21) 145.6(3)
N(1)-W(1)-C(22) 112.6(3) N(1)-W(1)-C(23) 88.8(4)
N(1)-W(1)-C(19"Y 91.1(4) N(1)-W(1)-C(20") 114.0(6)
N(1)-W(1)-C(21) 147.8(4) N(1)-W(1)-C(22) 136.7(5)
N(1)-W(1)-C(23") 102.4(6) C(2)-W(1)-C(19) 150.7(3)
C(2)-W(1)-C(20) 117.9(3) C(2)-W(1)-C(21) 104.9(3)
C(2)-W(1)-C(22) 122.8(3) C(2)-W(1)-C(23) 157.3(3)
C(2)-W(1)-C(19") 162.7(4) C(2)-W(1)-C(20") 133.3(6)
C(2)-W(1)-C(21") 105.6(4) C(2)-W(1)-C(22") 106.3(4)
C(2)-W(1)-C(23") 134.3(6) P(1)-W(1)-C(19) 102.6(3)
P(1)-W(1)-C(20) 93.5(3) P(1)-W(1)-C(21) 116.6(3)
P(1)-W(1)-C(22) 150.2(4) P(1)-W(1)-C(23) 135.8(3)
P(1) -W(1)-C(19" 121.2(5) P(1) -W(1)-C(20") 93.0(4)
P(1) -W(1)-C(21") 97.8(4) P(1) -W(1)-C(22") 129.4(6)
P(1) -W(1)-C(23") 151.4(5) C(19)-W(1)-H(1) 125.0(14)
C(20)-W(1)-H(1) 121.1(14) C(21)-W(1)-H(1) 87.4(14)
C(22)-W(1)-H(1) 69.2(14) C(23)-W(1)-H(1) 92.2(14)
C(19)-W(1)-H(1) 107(2) C(20)-W(1)-H(1) 130.6(14)
C(21)-W(1)-H(1) 108(2) C(22)-W(1)-H(1) 76(2)
C(23")-W(1)-H(1) 74(2) C(19)-W(1)-C(20) 34.1(3)
C(19)-W(1)-C(21) 57.3(4) C(19)-W(1)-C(22) 57.7(4)
C(19)-W(1)-C(23) 34.3(3) C(20)-W(1)-C(21) 34.2(3)
C(20)-W(1)-C(22) 57.3(4) C(20)-W(1)-C(23) 56.5(4)
C(21)-W(1)-C(22) 35.1(3) C(21)-W(1)-C(23) 57.3(4)
C(22)-W(1)-C(23) 34.5(4) C(19)-W(1)-C(20" 35.0(4)
C(19")-W(1)-C(21) 57.8(5) C(19)-W(1)-C(22") 57.6(5)
C(19)-W(1)-C(23") 35.1(5) C(20")-W(1)-C(21) 35.0(4)
C(20")-W(1)-C(22) 57.8(5) C(20")-W(1)-C(23") 58.6(6)
C(21)-W(1)-C(22") 34.3(4) C(21')-W(1)-C(23") 57.9(6)
C(23")-W(1)-C(22" 34.8(4) C(20)-C(19)-W(1) 74.1(9)
C(23)-C(19)-W(1) 72.1(13) C(24)-C(19)-W(1) 121.8(9)
C(19)-C(20)-W(1) 71.9(9) C(21)-C(20)-W(1) 70.7(8)
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Table S4 (continued)

atoms angle atoms angle
C(25)-C(20)-W(1) 127.8(9) C(20)-C21)-W(1) 75.1(8)
C(22)-C(21)-W(1) 71.4(10) C(26)-C(21)-W(1) 123.7(9)
C(21)-C(22)-W(1) 73.5(9) C(23)-C(22)-W(1) 74.1(12)
C(27)-C(22)-W(1) 125.2(14) C(19)-C(23)-W(1) 73.6(13)
C(22)-C(23)-wW(1) ' 71.4(12) C(28)-C(23)-W(1) 124.4(14)
C(20%-C(19")-W(1) 70.7(10) C(23")-C(19)-W(1) 72(2)
C(24)-C(19%)-W(1) 117.6(14) C(19)-C(20")-W(1) 74.3(10)
C(21)-C(20Y-W(1) 75.5(11) C(25")-C(20")-W(1) o 123.7(12)
C(20)-C21)-W(1) 69.5(10) C(22)-C(21)-W(1) 73.5(13)
C(26')-C(21)-W(1) 128.6(13) C(21)-C(22")-W(1) 72.2(13)
C(23)-C(22)-W(1) 70(2) C(27)-C(22)-W(1) 126(2)
C(19)-C(23")-W(1) 73.0(14) C(22')-C(23")-W(1) 75(2)
C(28")-C(23)-W(1) 122(2) C(6)-C(1)-C(2) 124.3(3)
C(1)-C(2)-C(3) 115.3(4) C(4)-C(3)-C(2) 120.6(4)
C(5)-C(4)-C(3) 122.2(4) C(6)-C(5)-C(4) 118.9(4)
C(5)-C(6)-C(1) 118.7(4) C(12)-C(7)-C(8) 119.1(3)
C(9)-C(8)-C(7) 120.2(4) C(10)-C(9)-C(8) 120.0(4)
C(11)-C(10)-C(9) 119.9(4) C(10)-C(11)-C(12) 120.0(4)
C(11)-C(12)-C(7) 120.8(4) C(18)-C(13)-C(14) 119.6(3)
C(15)-C(14)-C(13) 119.7(3) C(14)-C(15)-C(16) 121.0(3)
C(15)-C(16)-C(17) 119.5(3) C(18)-C(17)-C(16) 119.9(3)
C(17)-C(18)-C(13) 120.3(3) C(23)-C(19)-C(20) 107.5(7)
C(23)-C(19)-C(24) 125.3(11) "~ C(20)-C(19)-C(24) 127.1(11)
C(21)-C(20)-C(19) 108.1(6) C(21)-C(20)-C(25) 126.7(11)
C(19)-C(20)-C(25) 125.0(12) C(20)-C(21)-C(22) 107.9(6)
C(20)-C(21)-C(26) 127.3(10) C(22)-C(21)-C(26) 124.5(10)
C(23)-C(22)-C(21) 107.5(6) C(23)-C(22)-C(27) 125.4(11)
C(21)-C(22)-C(27) 126.5(10) C(22)-C(23)-C(19) 108.9(7)
C(22)-C(23)-C(28) 127.0(10) C(19)-C(23)-C(28) 124.0(11)
C(20")-C(19')-C(23" 107.7(8) C(20)-C(19')-C(24) 126(2)
C(23)-C(19")-C(24) 126(2) C(19)-C(20")-C(21") 108.6(8) .
C(19)-C(20)-C(259 125(2) C(21)-C(20")-C(25" 125(2)
C(22)-C(21')-C(20" 107.5(8) C(22")-C(21')-C(26" 127(2)
C(20)-C(21')-C(26" 125(2) C(211)-C(22")-C(23" 108.0(9)
C(21)-C(22")-C(27") 127(2) C(23")-C(22")-C(27) 125(2)
C(19)-C(23)-C(22) 107.8(8) C(19)-C(23")-C(28") 125(2)

C(22)-C(23)-C(28" 127(2)
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Table S5. Anisotropic displacement parameters (A2 x 103) for 1.

atom Uy U Us;3 Ups U3 Uy
w() 39(1) 35(1) 25(1) 12(1) 16(1) 28(1)
P(1) 27(1) 0(1) 23(1) 4(1) 8(1) 12(1)
N(1) 85(3) 44(2) 58(2) 28(2) 49(2) 50(2)
0(1) 127(3) 40(2) 97(3) 30(2) 76(3) 56(2)
C(1) 30(2) 25(2) 27(2) -3(1) 5(1) 14(1)
C(2) 36(2) 37(2) 27(2) 2(2) 102) 24(2)
c@3) 51(3) 59(3) 33(2) 2(2) -12) 36(2)
C(4) 33(2) 57(3) 53(3) -15(2) 9(2) 17(2)
C(5) 29(2) 35(2) 56(3) -10(2) 4(2) 3(2)
C(6) 36(2) 30(2) 36(2) 0(2) 9(2) 10(2)
C(7) 30(2) 24(2) 28(2) 11(1) 15(1) 15(1)
C(8) 33(2) 32(2) 35(2) 10(2) 9(2) 18(2)
C(9) 37(2) 53(2) 49(2) 21(2) 14(2) 28(2)
C(10) 43(2) 40(2) 70(3) 30(2) 30(2) 30(2)
c(11) 52(3) 27(2) 68(3) 10(2) 24(2) 22(2)
C(12) 46(2) 28(2) 41(2) 5(2) 11(2) 21(2)
C(13) 26(2) 25(2) 23(2) 3(1) 5(1) 15(1)
C(14) 33(2) 28(2) 32(2) 4(2) 11(2) 13(2)
C(15) 42(2) 24(2) 40(2) 0(2) 5(2) 16(2)
C(16) 43(2) 43(2) 26(2) -4(2) 2(2) 30(2)
C(17) 40(2) 51(2) 27(2) 9(2) 13(2) 25(2)
C(18) 30(2) 32(2) 29(2) 6(2) 10(1) 12(2)
C(19) 38(6) 65(6) 31(5) 7(5) 8(4) 33(7)
C(20)  73(11) 58(6) 43(7) 26(5) 37(5) 56(8)
C(1) 43(6) 27(4) 40(8) -4(4) 30(5) 16(4)
C(22) 24(7) 43(5) 22(3) 10(5) 13(4) 15(6)
C(23) 29(8) 31(3) 51(8) 9(3) 14(4) 19(4)
C(24) 54(6) 163(12) 44(5) -21(6) -10(4) 63(7)
C(25) 152(12)  147(12) 123(10) 109(10) 116(10) 141(11)
C(26) 79(7) 45(5) 129(11) -55(6) 70(7) -9(5)
C(27) 71(7) 175(13) 31(4) 45(6) 27(4) 79(8)
C(28) 72(6) 28(4) 121(9) 12(5) 59(7) 22(4)
C(19)  27(15) 26(6) 74(23) -18(7) 27(10) 1(7)
C(20)  30(10) 130(13) 32(8) 39(12) 22(5) 53(14)
C(21)  80(16) 30(6) 103(17) 35(7) 85(9) 38(7)
C(22") 28(8) 91(11) 23(7) -11(8) 16(5) -19(9)
C(23)  41(20) 82(11) 72(20) 67(12) . 44(8) 43(15)
C(24)  158(22) 80(10) 242(31) -98(15) 171(22) -99(13)
C(25)  83(14) 516(60) 99(13) 163(24) 52(9) 181(26)
C(26)  337(41) 84(11) 448(48) 158(20) 351(38) 154(19)
C(27)  60(11)  376(39) 43(9) 100(15) 25(7) “71(17)
C(28)  189(26)  396(39) 307(36) 335(36) 220(25) 253(30)
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Table S6. Hydrogen coordinates (x 104) and equivalent isotropic displacement parameters
(A2 x 103) for 1.

atom X y z U(eq)
H() 480(41) 3965(39) 657(30) 33
H(GA) -2043(5) 1954(5) 321(3) 64(15)
H(4A) -4085(5) 368(5) 876(4) 69(16)
H(5A) ~3904(4) -308(4) 2548(4) 54(13)
H(6A) -1594(4) 629(4) 3703(3) 65(15)
H(8A) 3658(4) 3150(4) 5084(3) 49(12)
H(9A) 4565(4) 1647(4) 5637(4) 32(10)
H(10A) 3544(5) -633(4) 4698(4) 46(12)
H(11A) 1597(5) -1417(4) 3225(4) 61(14)
H(12A) 683(4) 76(4) 2679(3) 35(10)
H(14A) 3311(4) 5804(4) 4270(3) 28(9)
H(15A) 3549(4) 7267(4) 5825(3) 30(10)
H(16A) 1993(4) 6448(4) 7033(3) 31(10)
H(17A) 184(4) 4116(4) 6690(3) 23(9)
H(18A) 20(4) 2617(4) 5156(3) 37(11)
H(24A) 6328(11) 5718(16) 2265(8) 131
H(24B) 5282(11) 4872(16) 3034(8) 131
H(Q4C) 5321(11) 6290(16) 2761(8) 131
H(Q25A) 4657(16) 2176(16) 1418(11) " 146
H(25B) 2975(16) 1250(16) 1476(11) 146
H(25C) 4063(16) 2461(16) 2464(11) 146
H(26A) 1800(12) 1352(9) -1064(11) 148
H(26B) 412(12) 1426(9) ~710(11) 148
H(26C) 1261(12) 760(9) -15(11) 148
H(Q27A) 2230(12) 4293(16) -1633(7) 120
H(Q7B) 1741(12) 5256(16) -934(7) 120
HQ7C) 706(12) 3611(16) -1236(7) 120
H(Q8A) 5289(12) 7247(8) 1082(11) 105
H(28B) 3723(12) 7159(8) 1151(11) 105
H(28C) 4122(12) 6939(8) -1(11) 105
H(24D) 5910(26) 6867(17) 1501(23) 321
H(24E) 4947(26) 6682(17) 2411(23) 321
H(24F) 4534(26) 7179(17) 1327(23) 321
H(25D) 5854(21) 4693(43) 2555(15) 307
H(25E) 4884(21) 3046(43) 2435(15) 307
H(25F) 4510Q21) 4081(43) 3163(15) 307
H(26D) 3461(38) 1209(19) 849(30) 346
H(26E) 1786(38) 614(19) 252(30) 346
H(26F) 2228(38) 1016(19) 1541(30) 346
H(27D) 1452(19) 2565(35) -1682(12) 351
HQTE)  165(19) 2360(35) -1044(12) 351
H(27F) 839(19) 1293(35) -1043(12) 351
H(28D) 3186(29) 5729(36) -107426) . 320
H(28E) 2807(29) 6429(36) -76(26) 320
H(28F) 1533(29) 5101(36) -896(26) 320
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Table S7. Crystallographic data for Cp*W(NO)(PPh3)(CNCMej3) (2).2

Formula C33H39N2OPW
fw 694.51
Color, habit red, prism
Crystal size, mm 0.20 x 0.22 x 0.40
Crystal system monoclinic
Space group P21/n (No. 14)
a A 8.975(4)
b, A 22.082(3)
c, A 16.088(3)
B, deg 103.34(2)
V. A3 3102(1)
VA 4
Peale> &/ cm3 1.487
F(000) 1392
uMo Kg), cm-l 38.06
Transmission factors 0.87-1.00
Scan type 0-26

Scan range, deg in ®
Scan speed, deg/min

1.00 +0.35tan O
16 (up to 8 rescans)

Data collected +h, +k, £l
20max deg 45
Crystal decay, % 10.3
Total reflections 4502
Unique reflections 4194
Rinerge 0.052
Reflns with I > 3o(J) 2102
No. of variables 365
R 0.034
R, 0.029
gof 1.38
Max A/c (last cycle) 0.03

Residual density, e/A3

-a0.46, +0.55 (near W)

15

a Temperature 294 K, Rigaku AFC6S diffractometer, Mo K, radiation (A = 0.71069 A), graphite

monochromator, takeoff angle 6.0°, aperture 6.0 x 6.0 mm at a distance of 285 mm from the
crystal, stationary background counts at each end of the scan (scan/background time ratio 2:1),

o2(F2) = [S%(C + 4B)]/Lp? (S = scan rate, C = scan count, B = normalized background count),
function minimized Zw(|Fo|-|F|)? where w = 4F 2/c%(F2), R = Z||F|-IFJI/ZIF), R,, = Cw(F,-
\FN2/Zw|Fo|2)12, and gof = [Ew(|F|-|F|)%/(m-n)]¥/2. Values given for R, R,,, and gof are based on
those reflections with 7 > 3o(J).
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Table S8. Atomic coordinates and equivalent isotropic displacerrﬁnt parameters for 1.
atom X y z eq occ

w(1) 0.19483(6) 0.13022(2) 0.37628(3) 4.11(1)

P(1) 0.0199(3) 0.1310(2) 0.2361(2) 4.48(7)

0(1) -0.0458(9) 0.1327(5) 0.4739(5) 8.1(3)

N(1) 0.0461(9) 0.1330(4) 0.4256(5) 4.5(2)

N(2) 0.265(1) 0.2712(5) 0.3891(7) 6.2(3)

c(1) 0.454(1) 0.1213(6) 0.446(1) 6.3(4)

C(2) 0.370(2) 0.0820(8) 0.4855(9) 6.5(5)

c(3) 0.308(1) 0.0364(6) 0.423(1) 5.8(4)

C(4) 0.357(1) 0.0508(6) 0.3483(8) 5.1(4)

C(5) 0.440(1) 0.1072(6) 0.3625(9) 5.1(4)

C(6) 0.552(2) 0.1734(7) 0.490(1) | 13.0(6)

c(7) 0.353(2) 0.0822(9) ' 0.5780(9) 15.4(7)

C(8) 0.228(2) -0.0206(7) 0.441(1) 13.1(7)

c(9) 0.332(2) 0.0092(6) 0.2713(9) 9.3(5)

C(10) 0.535(1) 0.1299(7) 0.3051(9) 9.4(5)

c(11)  0.228(1) 0.2198(5) 0.3726(7) 4.5(3)

C(12) 0.250(2) 0.3299(5) 0.3450(9) 5.0(4)

c(13) 0.396(4) 0.341(1) 0.316(3) 11(1) 0.600
C(13a) 0.228(6) 0.317(2) 0.251(3) 7(1) 0.400
C(14) 0.228(4) 0.3785(10) 0.411(1) 9.1(9) 0.600 -
C(14a) 0.396(5) 0.359(2) 0380(2)  5(1) 0.400
C(15) 0.111(3) 0.335(1) 0.272(2) 7.7(8) 0.600
C(152) 0.135(5) 0.355(2) 0.376(3) 9(1) 0.400
C(16) 0.116(1) 0.1286(7) 0.1479(6) 4.7(3)
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Table S8 (continued)
atom x y z - B, oce
c@17) 0.104(1) 0.0792(6) 0.0917(8) 5.6(4)
C(18) 0.193(2) 0.0789(7) 0.0320(9) 7.6(5)
C(19) 0.282(2) 0.126(1) 0.0213(9) 8.4(5)
C(20) 0.290(2) 0.1747(7) 0.078(1) 8.8(6)
c(21) 0.210(2) 0.1761(7) 0.1400(8) 6.6(5)
C(22) -0.116(1) 0.0674(6) ° 0.2130(9) 4.8(4)
C(23) -0.242(2) 0.0686(6) 0.1442(9) 6.2(4)
C(24) -0.339(2) 0.0182(9) 0.130(1) 7.8(5)
C(25) -0.310(2) -0.0318(8) 0.178(2) 9.2(8)
C(26) -0.187(2) -0.0323(8) 0.246(1) 9.0(7)"
C(27) - -0.092(2) 0.0190(7) 0.2637(9) 6.7(4)
C(28) -0.113(1) 0.1951(5) 0.2093(8) 3.8(3)
C(29) -0.167(1) 0.2216(6) 0.2745(8) 4.9(4)
C(30) -0.275(2) 0.2673(6) 0.2563(8) 5.2(4)
C(31) -0.332(1) 0.2856(6) 0.1746(10) 5.9(4)
C(32) -0.275(1) 0.2627(6) 0.1087(8) 5.4(4)
C(33) -0.167(1) 0.2165(5) 0.1270(8) 4.9(4)

Beg = gvr’(Uu(aa" )? + Uza(bb*)? + Uss(cc*)? + 2U2aa*bb* cosy + 2Ursaa” cc® cos B + 2U33bb" ec™ cos a)
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Table S9. Bond lengths (A) for 2.

atom
Ww(1)
w(1)
w(1)
w(1)
w(1)
P(1)
0(1)
N(2)
Cc(1)
c(2)
C(3)
C(4)
C(5)
C(12)
C(12)
C(12)
C(16)
C(18)

C(20)

c2)

C(24)
C(26)
C(28)

C(30)

atom
P(1)
c(1)
C(3)
C(5)
CP
C(22)
N(1)
C(12)
C(5)
C(3)
C(4)
C(5)
C(10)
C(132)
C(14a)
C(15a)
C(21)
C(19)
C(21)
c(27)
C(25)
C(27)
C(33)

C(31)

distance

2.433(3)

" 2.34(1)

2.36(1)
2.32(1)
2.02
1.84(1)
1.257(9)
1.47(1)
1.35(2)
1.44(2)
1.41(2)
1.44(2)
1.48(1)
1.50(5)
1.46(4)
1.36(5)
1.37(2)
1.35(2)
1.36(2)
1.33(2)

1.34(2)

1.41(2)

1.38(1)

1.36(1)

atom
w(1)
w(1)
w(1)
w(1)
P(1)

P(1)

N(2)
c(1)
c(1)
C(2)
C(3)
C(4)

c(12)

ca2) .

c(12)
C(16)
c(7)
C(19)
C(22)
C(23)
C(25)
C(28)
C(29)
c(31)

atom
N(1)
c@)
o)
ca1)
c(s)
0(28)
c)
c@)
c(6)
C(7)
c(®)
()
Cc(13)
(1)
c(15)
car)
c(i8)
c(20)
C(23)
c(24)
o(26)
C(29)
C(30)
C(32)

distance
1.704(8)
2.33(1)
2.38(1)
2.00(1)
1.82(1)
1.84(1)
1.20(1)
1.39(2)
1.52(2)
1.53(2)
1.51(2)
1.52(2)
1.51(3)
1.55(3)
1.51(3)
1.41(1)
1.38(2)
1.40(2)
1.39(1)
1.40(2)
1.37(2)
1.38(1).
1.38(1)
1.38(1)

18
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Table S10. Bond Angles (°) for 2.

atom
P(1)
P(1)
N(1)
C(5)
W(1)
C(16)
C(22)
c(11)
C(2)
c(1)
C(3)
c(2)
C(3)
C(5)
Cc(1)
w(1)
N(2)
N(2)
N(2)
C(13)
C(13a)
C(14a)
P(1)

C(16)

atom
w()
w(1)
w(1)
w(1)
P(1)
P(1)
P(1)
N(2)
c(1)
C(2)
c(2)
C(3)
C4)
C(4)
C(5)
c(11)
c(12)
C(12)
C(12)
c(12)
C(12)
C(12)
C(16)

carn)

atom
N(1)
CP
CP
c(11)
C(22)
C(22)
C(28)
C(12)
C(6)
C(3)
c(7)
C(8)
C(5)
C(9)
C(10)
N(2)
C(13a)
C(14a)
C(152)
C(15)
C(152)
C(152)
c(21)

cQs)

angle
91.4(3)
126.8
125.9
93.7(5)
115.9(5)
103.4(6)
100.2(5)
137(1)
124(1)
106(1)
124(1)
125(1)
107(1)

128(1)

| 127(1)

165(1)
106(1)
103(1)
100(2)
111(2)
120(2)
111(2)
117(1)

118(1)

atom
P(1)
N(1)
c(11)
w()
w(1)
C(16)
w()
C(2)
C(5)
c(1)
C(2)

- C(4)

C(3)
c(1)
C(4)
N(2)
N(2)
N(2)
c(13)
C(13a)
C(14)
P(i)
c(17)

C(17)

atom
w()
w(1)
w()
P(1)
PQ1)
P(1)
N(1)
c(1)
c(1)

C(2)

C(3)
c(3)
C(4)
C(5)
C(5)
C(12)
c(12)
C(12)
C(12)
c(12)

cQ12)

C(16)
C(16)
c(18)

atom
c(i1)
c(11)
CP
Cc(16)
C(28)
C(28)
0(1).
C(5)
C(6)
c(7)
C4)
C(8)
C(9)
C(4)
C(10)
c(13)
c(14)
C(15)
C(14)
C(14a)
C(15)
c(17)
c(21)
C(19)

angle
91.9(3)
96.6(5)
115.9
113.6(3)
117.9(4)
103.8(6)
169.7(8)
112(1)
123(1)
129(1)
106(1)
127(1)
123(1)
106(1)
122(1)
107(1)
107(1)
114(1)
110(2)
111(2)
105(1)
122(1)
119(1)

122(1)

19
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Table S10 (continued)

atom atom atom
cas)  C(19)  C(20)
C(16) C(21) C(20)
P(1) C(22) C(27)
C(22) C(23) C(24)
C(24) C(25) C(26)
C(22) C(27) C(26)
P(1) C(28) C(33)
C(28) C(29) C(30)
C(30) C(31) C(32)
C(28) C(33) | 0(32)

angle

116(1)
119(1)
118(1)
118(1)
119(1)
121(1)
123(1)
119(1)
120(1)

121(1)

atom
C(19)
P(1)

C(23)
C(23)
C(25)
P(1)

C(29)
C(29)

C(31)

atom
C(20)
C(22)
C(22)
C(24)
C(26)
C(28)
C(28)
C(30)
C(32)

atom
c(21)
C(23)
e(27)
C(25)
C(27)
C(29)
C(33)
C(31)

C(33)

20

angle
122(1)
121(1)
119(1)
121(1)
119(1)
118.0(10)
118(1)
120(1)

118(1)
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Table S11. Anisotropic displacement parameters (A2) for 2.

atom
w(1)
P(1)
0(1)
N(1)
N(2)
C(1)
c(2)
C(3)
C(4)
C(5)
C(6)
c(7)
C(8)
C(9)
C(10)
c(11)
C(12)
C(13)
C(13a)
C(14)
C(14)
C(15)
C(16)

c(17)

Ull
0.0599(3)

0.065(2)

0.101(7)

0.064(6)
0.084(9)
0.052(9)
0.08(1)
0.07(1)
0.065(10)
0.068(10)
0.09(1)
0.26(2)
0.11(1)
0.11(1)
0.075(10)
0.062(10)
0.07(1)
0.13(3)
0.14(5)
0.21(3)
0.08(3)
0.11(2)
0.052(7)

0.08(1)

Uas
0.0435(3)
0.048(2)
0.115(7)
0.034(5)
0.048(7)
0.06(1)
0.10(1)
0.07(1)
0.061(10)
0.07(1)
0.11(1)
0.28(2)
0.12(1)
0.09(1)
0.12(1)
0.061(8)
0.040(9)
0.07(2)
0.04(3)
0.04(2)
0.04(2)

0.04(2)

0.068(8)

0.068(10)

Uss
0.0518(3)
0.057(2)
0.099(7)
0.077(6)
0.096(9)
0.10(1)
0.06(1)
0.08(1)
0.07(1)
0.050(9)
0.24(2)
0.05(1)
0.28(2)
0.13(1)
0.18(1)
0.045(7)
0.08(1)
0.27(5)
0.08(3)
0.08(2)
0.08(3)
0.09(2)
0.050(7)

0.066(9)

U2
0.0082(4)
0.000(2)
0.012(8)

-0.001(6)
0.003(7)
0.026(9)
0.051(10)
0.028(9)
0.036(8)

-0.013(8)
0.04(1)
0.16(2)
0.05(1)
0.042(9)
0.03(1)
0.010(8)

-0.010(8)
0.02(2)
0.00(3)
0.03(2)
0.02(2)
0.00(2)

-0.017(9)

_ 0.000(8)

_U13
0.0105(2)
0.014(2)
0.039(6)
0.028(5)
0.007(7)
-0.031(8)
0.006(9)
0.009(9)

0.015(8)

-0.003(8) .

-0.08(1)
0.05(1)
0.66(1)

-0.03(1)
0.06(1)
0.005(7)
0.009(9)
0.13(4)

-0.03(3)
-0.02(2)
0.01(2)
-0.07(2)

-0.004(6)

- 0.029(8)

Uszs
0.0079(4)
-0.002(2)
0.002(7)
0.003(7)
0.008(8)
0.02(1)
0.01(1)
0.028(10)
0.013(8)
0.010(8)
-0.08(1)
0.08(1)
0.15(1)
-0.06(1)
0.07(1)
0.023(8)
0.004(8)
0.03(3)
0.03(2)
-0.01(1)
0.00(2)
0.02(1)
-0.001(10)

-0.010(8)

21
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Table S11 (continued)

atom
c(18)
C(19)
C(20)
c(21)
C(22)
C(23)
C(24)
C(25)
C(26)
C(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)

The general temperature factor expression:

exp(—27r2(a‘2Unh2 + b'2U22k2 + C""’Uaal2 + 2a*b*Usohk + 2a*c*Uyshi + 2b"’c‘U23kl))

Un
0.10(1)
0.08(1)
0.10(1)
0.07(1)
0.07(1)
0.09(1)
0.09(1)
0.10(2)
0.12(2)
0.09(1)'
0.045(8)
0.059(9)
0.07(1)
0.07(1)
0.08(1)

0.07(1)

Uz,
0.13(1)
0.18(2)
0.11(1)
0.11(1)
0.056(9)
0.052(9)
0.10(1)
0.06(1)
0.07(1)
0.056(10)
0.041(8)
0.055(9)
0.057(9)
0.060(10)
0.058(10)

0.049(8)

Uss
0.07(1)
0.08(1)
0.13(2)
0.07(1)
0.06(1)
0.08(1)
0.11(1)
0.21(3)
0.16(2)
0.11(1)
0.051(9)
0.067(9)
0.07(1)
0.09(1)
0.064(10)

0.069(9)

Uis
0.01(1)
0.02(1)

-0.01(1)
-0.01(1)
-0.004(9)
-0.008(9)
-0.03(1)
-0.02(1)
0.01(1)
-0.013(9)
-0.009(7)
0.005(7)
0.004(8)
0.011(8)
0.007(8)

-0.001(7)

Uss
0.044(10)
0.053(9)
0.04(1)
0.030(9)
0.027(9)
0.001(9)
0.03(1)
0.08(2)
0.04(1)
0.026(10)

-0.003(7)
0.004(7)
0.021(9)
0.008(10)
0.005(8)

0.014(8)

22

Uss
-0.02(1)
0.03(1)
-0.01(1)
0.002(10)
0.004(8)
-0.011(8)
-0.05(1)
-0.05(2)
0.03(1)
0.009(9)
0.000(7)
0.005(8)
-0.007(8)
0.001(9)
0.016(8)

-0.002(8)
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» 4t x5

Table S12. Hydrogen coordinates and equivalent isotropic displacement parameters for 2.

atom X y z Biso oce
H(1) 0.6584 0.1668 0.4865 15.6

H(2) 0.5146 0.2115 0.4615 15.6

H(3) 0.5460 0.1750 0.5498 15.6

H(4) 0.4050 0.1175 0.6079 18.5 |

H(5) 0.2439 0.0836 0.5785 18.5

H(6) 0.3985 0.0451 - 0.6068 18.5

H(7) 0.2080 -0.0183 0.4986 15.8

H(8) 0.1305 -0.0248 0.3990 15.8

H(9) 0.2927 -0.0558 0.4379 15.8

H(10) 0.2226 0.0021 0.2491 . 11.1.

H(11) 0.3752 0.0280 0.2266 111

H(12) 0.3840 -0.0296 0.2879 11.1

H(13) 0.6417 0.1185 0.3282 11.2

H(14) 0.4988 0.1119 0.2482 11.2

H(15) 0.5262 0.1740 0.3009 11.2

H(16) 0.4799 0.3212 0.3545 13.3 0.600
H(16a) 0.1223 0.3034 0.2272 9.5 0.400
H(17) 0.3826 0.3241 0.2577 13.3 0.600
H(17a) 0.2489 0.3532 0.2209 9.5 0.400
H(18) 0.4128 0.3845 0.3140 13.3 0.600
H(18a) 0.2985 0.2844 0.2427 9.5 0.400
H(19) : 0.3279 0.3965 0.4374 10.9 0.600
H(19a) 0.4789 0.3300 0.3838 6.4 0.400

H(20) 0.1592 0.4103 0.3818 10.9 0.600
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Table S12 (continued)

atom b'd y z Biso occ
H(20a) 0.4098 0.3930 0.3430 6.4 0.400
H(21) 0.1846 ) 0.3597 0.4549 10.9 0.600
H(21a) 0.3966 0.3748 0.4374 6.4 0.400
H(22) 0.0220 0.3477 0.2931 9.3 0.600
H(22a) 0.1331 0.3988 0.3630 11.3 0.400
H(23) 0.1299 0.3641 0.2298 9.3 0.600
H(232) 0.0386 0.3367 0.3464 - 11.3 0.400
H(24) 0.0888 0.2949 0.2439 9.3 0.600
H(24a) 0.1562 0.3485 0.4365 113 0.400
H(25) 0.0341 0.0456 0.0947 6.8

H(26) 0.1912 0.0429 -0.0038 9.1

H(27) 0.3393 0.1258 -0.0239 10.1

H(28) 0.3547 0.2094 0.0716 10.5

H(29) 0.2197 0.2107 0.1792 7.9

H(30) -0.2633 0.1041 -~ 0.1068 7.4

H(31) -0.4306 0.0193 0.0824 9.3

H(32) -0.3766 -0.0674 0.1649 11.1

H(33) -0.1647 -0.0683 0.2828 10.7

H(34) -0.0061 0.0191 0.3141 _ 8.1

H(35) -0.1285 0.2080 0.3336 5.9

H(36) -0.3100 0.2868 0.3031 6.2

H(37) -0.4154 0.3154 0.1624 7.1

H(38) -0.3088 0.2786 0.0507 6.5

H(39) -0.1279 0.1985 . 0.0805 59
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SHELXL-93 and CIF Achive Format

This note is intended to accompany submisgions to journals for the benefit of
editors and referees who may not yet be familiar with the features of the new

crystal structure refinement program SHELXTL-Plus and the new International

Union of Crystallography CIF archive format.

CIF (S.R. Hall, F.H. Allen and I.D. Brown, Acta Crystallogr., a47 (1991)
655-685) is an extremely flexible format for deposition of crystallographic data
and is already the method of choice for the transmission of data to the
Cambridge (organic) and Inorganic structural databases. At the end of a
structure refinement with SHELXTL-Plus two archive files are produced: *.cif
contains the crystal data, atomic coordinates, bond lengths etc., and *.fcf
contains observed and calculated structure factors, both in CIF format. The .fcf
file requires no further processing but the .cif file must be edited by the user
to include items such as the crystal color that even the most sophisticated
program cannot deduce from the diffraction data; this editing takes the form of
replacing a question mark with the appropriate information. With a 1little
practice it is perfectly possible for humans to read CIF files, but SHELX users
are encouraged to use the program CIFTAB. (supplied with SHELXTL-Plus} to produce
more tasteful tables of crystal data, bonds and angles, structure factors etc.

for referees.

All refinements with SHELXTL-Plus are performed with F-squared rather than F.
This enables ALL data to be used rather than only data with F greater than a
specified threshold, with the result that the experimental information is more
fully exploited. For weakly scattering crystals this can appreciably improve the
precision of the structure determination. However the R-index:

wR2 =V ( Z[w(Foz—Fcz)zl / Z[wFo4] )

that (in the absence of restraints) is minimized during the refinement is for
statistical reasons about twice as large as the conventional index R1 (based on
F): .

Rl =Y | |Fo| - |Fe| | / X |Fo]

and to make it worse an R-index based on ALL data is inevitably larger than one
based only on data with F greater than a given threshold. It is rumored that a
leading journal (that comes out in both German and English editions) has already
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rejected several papers reporting structures refined with the new program
because "the R-factor was too high" !

Note that wR2 should not be confused with ‘wR’ or ‘Rw’ (both usually based on
F). Since weighting schemes for F-squared and F refinements are quite different,

it may not even be possible to calculate a meaningful Rw if the structure has
been refined against F-squared.

For comparison with other (older) structures it is however very desirable to
quote a conventional R-index (i.e. R1l) calculated with a threshold of Fz >
20(F2) [that effectively corresponds to F > 40(F)]. R1 also has the advantage

that it is relatively insensitive to manipulation of the weighting scheme.

Some very observant referees have drawn authors’ attention to the fact that
they had not fixed any coordinates to define the origin in polar space groups.
This is because SHELXTL-Plus automatically uses the mathematically superior
‘'polar axis restraints’ proposed by H.D. Flack and D. Schwarzenbach (Acta
Crystallogr., A44 (1988) 499-506) that restrains a suitable weighted sum of
atomic coordinates to be constant. Similarly the Flack ‘racemic twinning
parameter’ is always estimated by the program where appropriate and reported in
the .cif file (but not used in the calculation of Fc2 unless specified by the
user), so that it is unlikely that the user will fail to ﬂotice when it is
necessary to determine the correct ‘absolute structure’ (H.D. Flack, Acta
Crystallogr., A39 (1983) 876-881).

SHELXL-93 uses scattering factors and absorption coefficients from the new
Volume C of International Tables for Crystallography (1992), so there will be
small discrepancies with values of mu etc. calculated by programs that still use

older values.

SHELXL-33 estimates esds in bond lengths, angles and torsion angles from the
full covariance matrix. The contributions of the cell esds are also included
rigorously, except that the (usually unknown) correlations between the cell
parameters are ignored unless defined by the crystal symmetry (e.g. the error in
a cubic cell dimension affects the esd of a bond length but not of an angle).
The esds in the equations of least~-squares planes and in the distances of atoms

from such planes are also calculated from the full matrix,
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but the (small) contributions of the cell esds to these esds involve some
approximations. Thus there will be .discrepancies with esds calculated for
checking purposes by programs that do not have access to the full covariance

matrix.
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