


























































































































































































































































































































































































































































































































organic extracts were washed with H20 and dried over anhydrous NazSO4 or MgSO4. A

representative sample of the extracted mixture was filtered analyzed by GC.

General Procedure F, preparation of N,N-diethyl O-arylcarbamates from
corresponding phenols: To a stirred solution of the appropriate phenol in CH3CN
(approximately 0.1 M - 1.0 M) at room temperature was added a slight excess of K;CO3. A
mechanical stirrer was required for large scale preparations in order to stir the resulting thick
slurry. Freshly distilled CICONEt, was added and the reaction mixture was heated at reflux
for the specified period of time or until no starting material remained by TLC. After cooling,
the reaction mixture was poured into water and extracted with CH2Cl or EtOAc. The organic
extracts were washed with H2O, dried over anhydrous NaSO4 or MgSQy, filtered and
concentrated in vacuo to provide the crude product. The molar ratios of reagents and quantities

of solvents are specified for each individual procedure.

General Procedure G, preparation of N,N-diethyl benzamides from

corresponding benzoic acids: According to a literature proc:e:dure,“s7

the appropriate
benzoic acid was placed in a flask and to it was added a large excess of SOCl; and a catalytic
amount of DMF resulting in rapid effervescence. Stirring was continued until no further
evolution of gas was observed, and then approximately half of the SOCly was removed under
reduced pressure. An equivalent volume of toluene was added and the mixture of solvents was
removed under reduced pressure leaving an oily residue. The addition of toluene and removal
under reduced pressure was repeated two more times to remove as much of the SOCI; as
possible, and the final residue was dissolved in THF and cooled to 0 °C. Addition of excess
HNETt; with rapid stirring resulted in the formation of a copious white precipitate and evolution

of heat. After cooling, the reaction mixture was poured into water and extracted with CH2Cl»

or EtOAc. The organic extracts were washed with H2O, dried over anhydrous Na2SO4 or
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MgSQys, filtered and concentrated in vacuo to provide the crude product. The molar ratios of

reagents and quantities of solvents are specified for each individual procedure.

General Procedure H, intramolecular competition experiments for 4-DMG-di-
tert-butylphenylphosphine oxide (1.183, DMG = OCONEt;, CONEt;, OMe):
Under an inert atmosphere, a solution of appropriate substrate (1.183) in anhydrous THF at
-78 °C was treated with one equivalent of r-BuLi and allowed to stir for the specified length of
time before a slight excess of TMSCI was added. The mixture was allowed to slowly warm to
room temperature before being quenched with saturated NH4Cl solution. After separating the
organic layer and extracting the aqueous layer with three portions of CH»Cly, the combined
organic extracts were washed with H2O and dried over anhydrous NazSO4 or MgSOy4.
Product mixtures were separated and analyzed in order to determine regioselectivity of the

metalation reaction.

General Procedure I, metalation / quench of N-di-tert-butylphosphinylindole to
form 7-substituted indoles: Under an inert atmosphere, a solution of N-di-terz-
butylphosphinylindole (2.83) in anhydrous THF was cooled to -40 °C (CH3CN / N2) and
treated by dropwise addition of n-BuLi. Stirring was continued for 2 h while maintaining the
temperature between -45 °C and -35 °C. The electrophile (neat or as a solution in anhydrous
solvent) was added and the resulting mixture was stirred for 30 min at -40 "C and then allowed
to warm to room temperature over 2 h. After warming to room temperature, NH4Cl was added
and the mixture was extracted with three portions of CH2Cl;. The combined organic layers
were washed with HO, dried over NaySO4 or MgSOg, filtered, and concentrated in vacuo to
provide the crude product. The molar ratios of reagents and quantities of solvents are specified

for each individual procedure.
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@P(O)th Diphenylferrocenylphosphine oxide (1.16): According to the
193

Fe method of Kagan, ”- a solution of tri-n-butylstannylferrocene (1.99, 475

mg, 1.0 mmol) in anhydrous THF (10 mL) was cooled to -78 °C (dry ice /
acetone) and treated dropwise with a solution of n-BuLi in hexane (1.82 M, 0.60 mL, 1.1
mmol). After 15 min the resulting red / orange suspension was treated with
diphenylphosphinyl chloride (260 mg, 1.1 mmol) and stirred for a further 10 min at -78 °C.
The solution was allowed to warm to room temperature and stirred for 1 h. The mixture was
treated with water (10 mL), and extracted with CH;Cly (3 x 10 mL). The combined organics
were dried (NazSO4) and evaporated to yield an orange solid. Purification by flash
chromatography (CH2Cly, then 3% MeOH / CHCly) yielded the title compound as an orange
solid (342 mg, 88 %): m.p. 163-164 °C (dec.); IH-NMR (500 MHz, CDCl3) 8 4.2 (s, 5H),
4.4 (d,J =14 Hz, 2H), 4.5 (d, J = 1.4 Hz, 2H), 7.4-7.5 (m, 2H), 7.5 (t, ] = 7.0 Hz, 1H),
7.7 (m, 2H); 13C-NMR (62.9 MHz, CDCl3) § 69.6, 71.5 (d, J = 10.2 Hz), 72.3 (d, J = 13.6
Hz), 72.9 (d, J = 117.2 Hz), 128.1 (d, J = 11.9 Hz), 131.3, 131.5, 1344 (d, J = 106.0 Hz);
3IP-NMR (81.0 MHz, CDCl3) § 29.2; IR (KBr) vmax 3078, 1434, 1202, 1166, 1118, 1105,
1026, 821 cm-l; EI MS m/z (rel. intensity) 386 (M*, 100), 321 (67), 243 (3), 197 (7), 141
(9), 121 (4), 115 (6); Anal. calcd for Cao2H19FeOP: C, 68.42; H, 4.96; P, 8.02. found: C,

68.61; H, 4.97; P, 7.93.

P(O)Ph,
’ ™S
Fe (1.17): Diphenylferrocenylphosphine oxide (1.16, 386 mg, 1.0

==

1.54). In a separate flask, TMEDA (0.17 mL, 1.1 mmol) or (-)-sparteine (0.26 mL, 1.1

Diphenyl-(2-trimethylsilylferrocenyl)phosphine oxide
mmol) was dissolved in anhydrous THF or toluene (5 mL, see Scheme

mmol) was dissolved in anhydrous THF or toluene (2 mL) and cooled to -78 °C. To the amine
solution was added s-BuLi (1.40 M, 0.79 mL, 1.1 mmol) A dropwise, and stirring was
continued at -78 °C for 15 min. The phosphine oxide solution was then added dropwise over 2

min and the resulting deep orange solution was stirred at -78 °C for lh. TMSC1(0.19 mL, 1.5
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mmol) was added dropwise, and the solution was allowed to warm to room temperature. After
1 h at room temperature, water (3 mL) was added and the mixture was extracted with CH2Clp
(3 x 10 mL). The combined organics were dried (Na2S0O4) and evaporated to yield an orange
solid. Purification by flash chromatography (1% MeOH / CH2Cl,) afforded 1.17 (197-202
mg, 43-44%) and recovered starting material (139-147 mg, 36-38%): m.p. 142.5-144 °C; IH-
NMR (250 MHz, CDCl3) & 0.2 (s, 9H), 4.0 (s, 1H), 4.2 (s, 5H), 4.5-4.5 (m, 2H), 74-7.6
(m, 8H), 7.8-7.7 (m, 2H); 13C-NMR (62.5 MHz, CDCl3) 8 0.7, 72.6 (d, J = 10.5 Hz), 76.7
(d, T =11.4 Hz), 78.7, 79.0, 1279 (d, ] = 3.9 Hz), 128.0 (d, J = 7.9 Hz), 131.2, 131.5 (d,
J =9.6 Hz), 131.7 (d, J = 9.7 Hz), 134.5 (d, ] = 104.6 Hz), 135.5 (d, J = 104.2 Hz); 31P-
NMR (81 MHz, CDCl3) 8 29.0 (s); IR (KBr) vnax 1438, 1247, 1203, 1174, 1119, 1107, 837
cm-l; EI MS m/z (rel. intensity) 458 (26), 443 (100), 393 (9), 385 (5), 377 (9). 321 (5); Anal.
calcd for C25H27FeOPSi: C, 65.51; H, 5.94. found: C, 65.33; H, 5.75.

@—Swus (Tri-n-butylstannyl)ferrocene (1.99): According to the method of
«E Kagan,'%3 a solution of ferrocene (9.30 g, 50 mmol) in anhydrous THF (25

mL) and hexane (25 mL) was stirred for 30 min at room temperature, then
cooled to 0 °C. A solution of +-BuLi in pentane (1.64 M, 61.0 mL, 100 mmol) was added
dropwise over 30 min, and the mixture was stirred for a further 30 min at 0 °C before
tributyltin chloride (20.3 mL, 75 mmol) was added dropwise over 20 min. After 45 min of
stirring, the reaction was quenched with aqueous NaOH (2 M, 50 mL). The mixture was
extracted with EtO (3 x 100 mL), and the combined organic layers were washed with water
(100 mL), brine (100 mL), dried (Na3S0Oy4), and evaporated to yield a dark orange oil.
Distillation under reduced pressure provided the title compound as a dark orange oil (17.88 g,
75%): b.p. 150-152 °C (0.02 mm Hg), [lit."”* 140 °C (0.05 mm Hg)] ; 'H-NMR (250 MHz,
CDCl3) & 0.8-1.1 (m, 15H), 1.4 (dt, J = 7.3 Hz and 7.3 Hz, 6H), 1.5-1.7 (m, 6H), 4.0 (t,J
= 1.6 Hz, 2H), 4.1 (s, 5H), 4.3 (t, J = 1.6 Hz, 2H); 13C-NMR (62.5 MHz, CDClI3) & 10.3,

13.7, 27.4, 29.2, 67.9, 68.7, 70.2, 74.3.
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©\€0 N, N-Diisopropy!l ferrocenecarboxamide (1.158b): To a stirred
{

é NPrz solution of ferrocenecarboxylic acid (7.95 g, 34.6 mmol) in anhydrous

toluene (50 mL) under an argon atmosphere was added oxalyl chloride
(6.04 mL, 69.2 mmol) and N,N-dimethylformamide (0.50 mL, 6.5 mmol) at room
temperature. After stirring at room temperature for 2 h, excess oxalyl chloride was removed in
vacuo, Et0 (200 mL) was added, and the solution was cooled to 0 °C. Anhydrous
diisopropylamine (13.60 mL, 97.0 mmol) was added and the mixture was stirred at room
temperature overnight. The reaction mixture was treated with saturated NH4Cl solution and
extracted with Et20O (2 x 150 mL). The combined organic extracts were washed with H2O (2 x
200 mL) and brine (200 mL), dried over anhydrous MgSOQy4, and evaporated to give an orange
solid. Purification by flash chromatography (9/1 hexane/ethyl acetate), followed by
recrystallization (hexane) provided 8.03 g (74%) of 1.158b as orange needles: m.p. 88-91 °C
(hexane); lH-NMR (250 MHz, CDCl3) § 1.10-1.50 (bs, 12H), 3.15-3.65 (bs, 2H), 4.21 (s,
5H), 4.25 (m, 2H), 4.54 (m, 2H); 13C-NMR (62.5 MHz, CDCl3) 8 21.0, 46.7 (b), 48.9 (b),
68.7, 69.5, 69.8, 81.2, 169.2; IR vpax(KBr) 2977, 2944, 1624, 1461, 1371, 1318, 1034,
814 cm1; EI MS m/z (rel. intensity) 313 (M+, 98), 213 (100), 186 (38), 121 (26), 56 (9);
HRMS calcd for Cy7H23FeNO: 313.1129; found: 313.1120; Anal. caled for C17H3FelNO: C,
65.19; H, 7.40; N, 4.47; found: C, 65.32; H, 7.55;-N, 4.50.

@T;So N, N-Diisopropyl 2-trimethylsilylferrocenecarboxamide
Fe NPr, (1.159a): According to General Procedure A, a solution of N,N-

diisopropyl ferrocenecarboxamide (1.158b, 313 mg, 1.00 mmol) in
Et;0O (2 mL) was added to a mixture of n-BuLi (0.73 mL, 1.2 mmol, 1.65 M solution) and (-)-
sparteine (0.27 mL, 1.2 mmol) in EtpO .(10 mL). After addition of TMSCI (0.25 mL, 2.0
mmol), the mixture was worked up and purified by flash chromatography (9/1 hexane/Et20) to

give 1.159a (370 mg, 96%) as an orange solid (98% ee, determined by HPLC using a
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CHIRALCEL OD column at 40 °C with 1.5% -BuOMe in hexane as the mobile phase at a
flow rate of 1.5 mL/min): m.p. 102-104 °C; [a]F = +20.2 (CHCl3, ¢ = 0.97); lH-NMR (250
MHz, CDCl3) & 0.25 (s, 9H), 0.90-1.50 (bm, 12H), 3.20-3.65 (bm, 2H), 4.11 (dd, J = 2.2
and 1.1 Hz, 1H), 4.25 (s, SH), 4.28 (dd, J = 2.3 Hz and unresolved J, 1H), 4.32 (dd, ] =
2.4 and 1.1 Hz, 1H); 13C-NMR (62.5 MHz, CDCl3) 3 0.5, 20.4, 20.7, 45.0 (b), 49.0 (b),
69.3, 70.2, 70.3, 72.7, 73.6, 89.9, 167.9; IR vnax(KBr) 2957, 1621, 1449, 1372, 1330,
1274, 1151, 1036, 840, 814, 757 cm-1; EI MS m/z (rel. intensity) 385 (M, 27), 370 (100),
328 (15), 312 (5), 285 (10), 213 (9), 185 (4), 121 (14), 73 (6), 56 (3); HRMS calcd for
CooH31FeNOSIi: 385.1524; found: 385.1500; Anal. calcd for CogH31FeNOSI: C, 62.32; H,
8.11; N, 3.63; found: C, 61.96; H, 8.14; N, 3.52.

@M‘%O N,N-Diisopropyl 2-methylferrocenecarboxamide (1.159b):
Fe N‘Pr, According to General Procedure A, a solution of N,N-diisopropyl
==z ferrocenecarboxamide (1.158b, 339 mg, 1.1 mmol) in Etp0O (5 mL)

was added to a mixture of n-BuLi (1.35 mL, 2.4 mmol, 1.76 M solution) and (-)-sparteine
(0.55 mL, 2.4 mmol) in Et20 (10 mL). After addition of iodomethane (0.20 mL, 3.3 mmol)
the mixture was worked up and purified by flash chromatography (9/1 hexane/EtOAc) to afford
1.159b (322 mg, 91%) as an orange solid (94% ee, determined by HPLC using a
CHIRACEL OJ column at 5 °C with 5% water in ethanol as the mobile phase at a flow rate of
0.2 mL/min): m.p. 80-81 °C; []5 = +25.5 (CHCI3, ¢ = 0.97); IH-NMR (250 MHz, CDCl3)
d 1.06 (b, 6H), 1.47 (b, 6H), 2.05 (s, 3H), 3.25-3.60 (b, 1H), 3.85-4.30 (b, 1H), 4.00 (dd,
J = 2.45 Hz and unresolved J, 1H), 4.10 (m, 1H), 4.14 (dd, J = 2.40 and 1.35 Hz, 1H), 4.22
(s, SH); 13C-NMR (62.5 MHz, CDCl3) & 13.3, 20.8, 21.0, 45.7 (b), 49.9 (b), 65.2, 66.3,
68.6, 70.2, 84.1, 87.1, 168.2; IR (KBr) 2969, 1631, 1452, 1312, 813 cm -1; EI MS m/z (rel.
intensity) 327 (M+, 100), 227 (51), 199 (27), 120 (28), 56 (18). Anal. calcd for
Ci1gHzs5NOFe: C, 66'.:'06; H, 7.70; N, 4.28; found: C, 66.05; H, 7.53; N, 4.18.
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CH,;0Me N, N-Diisopropyl 2-(methoxymethyl)ferrocenecarboxamide
o

Fe N'Pr, (1.159¢): According to General Procedure A, a solution of N,N-
@ diisopropyl ferrocenecarboxamide (1.158b, 311 mg, 1.0 mmol) in
EtxO (7 mL) was added to a mixture of n-BuLi (1.35 mL, 2.18 mmol, 1.62 M solution) and (-
)-sparteine (0.50 mL, 2.2 mmol) in Et7O (10 mL). After addition of chloromethyl methyl
ether (0.22mL, 3.0 mmol) the mixture was worked up and purified by flash chromatography
(19/1 hexane/EtOAc) to afford 1.159¢ (213 mg, 62%) as a dark orange oil (81% ee,
determined by HPLC using a CHIRALCEL OD column with 10% (EtO/Etz2NH 0.5%) in
hexane as the mobile phase at a flow rate of 0.9 mL/min): [o)]5 = +21.9 (CHCl3, ¢ = 0.91);
IH-NMR (200 MHz, CDCl3) 8 1.10 (b, 6H) 1.47 (b, 6H), 3.30 (s, 3H), 3.45 (b, 2H), 4.11-
4.51 (m, SH), 4.26 (s, SH); 13C-NMR (50 MHz, CDCl3) & 20.6, 20.8, 57.9, 66.3, 66.9,
68.9, 69.0, 70.2, 84.3, 87.5, 167.5; IR vpmax(film) 3093, 2941, 2015, 1627, 1459, 1370,
1324, 1098, 819 cm-!; EI MS m/z (rel. intensity) 357 (M*: 96), 327 (10), 292 (100), 262
(35), 235 (10), 205 (5), 176 (5), 156 (8), 121 (12), 10S (42); Anal. calcd for CigH27FeNO2:
C, 63.88; H, 7.62; N, 3.92; found: C, 63.97; H, 7.50; N, 3.78.

C(OH(;Etz N,N-Diisopropyl 2-(diethylhydroxymethyl)ferrocene-

NPr, carboxamide (1.159d): According to General Procedure A, a

Fe
<z

0.7 mmol) in EtpO (3 mL) was added to a mixture of n-BuLi (0.51 mL, 0.78 mmol, 1.53 M

solution of N,N-diisopropyl ferrocenecarboxamide (1.158b, 204 mg,

solution) and (-)-sparteine (0.18 mL, 0.8 mmol) in EtpO (10 mL). After addition of diethyl
ketone (0.20 mL, 2.0 mmol), the mixture was worked up and purified by flash
chromatography (5/1 hexane/Et20) to give recovered starting material 1.158b (85 mg, 42%)
together with 1.159d (117 mg, 45%) as an orange solid (99% ee, determined by HPLC using
a CHIRALCEL OD column with 10% (EtO/Et;NH 0.5%) in hexane as the mobile phase at a
flow rate of 1.0 mL/min): m.p. 169-171 °C, [e]¥ =-142.3 (EtOH, c = 1.05); IH-NMR (250
MHz, CDCl3) 8 0.49 (t, 3H, J = 7.5 Hz), 1.11 (t, 3H, J = 7.4 Hz), 1.47 (bm, 16H), 3.43 (b
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s, 6H), 4.10 (dd, J = 2.5 Hz and unresolved J, 1H), 4.23 (m, 1H), 6.18 (s, 1H); I13C-NMR
(62.5 MHz, CDCl3) 8 7.7, 9.3, 20.9 (b), 29.7, 34.2, 64.9, 65.8, 69.4, 70.7, 72.8, 101.3,
C=0 not detected; IR vyax(KBr) 3293, 3100, 3004, 2950, 1729, 1587, 1458, 1344, 1134,
851, 817, 765 cm-!; EI MS m/z (rel. intensity) 399 (M+, 19), 381 (100), 334 (11), 316 (32),
281 (8), 167 (7), 149 (220, 121 (13), 57 (11); HRMS calcd for CaaH33FeNO2: 399.1861;
found: 399.1838. X-ray analysis, Appendix 1. '

@Cfé{gm‘z N,N-Diisopropyl 2-(diphenylhydroxymethyl)ferrocene-
f«‘e NPr, carboxamide (1.159e): According to General Procedure A, a
solution of N,N-diisopropyl ferrocenecarboxamide (1.158b, 484 mg,
1.6 mmol) in EtzO (5§ mL) was added to a mixture of n-BuLi (1.21 mL, 1.9 mmol, .53 M
solution) and (-)-sparteine (0.43 mL, 1.9 mmol) in Et2O (15 mL). After addition of a solution
of benzophenone (339 mg, 1.9 mmol) in EtpO (5 mL), the mixture was worked up and
purified by flash chromatography (5/1 hexane/Et20) to give 1.159e (626 mg, 31%) as an
orange solid (99% ee, determined by HPLC using a CHIRALCEL OD column with 3%
(EtoO/EtpNH 0.5%) in hexane as the mobile phase at a flow rate of 1.5 mL/min): m.p. 180-
181 °C, []§ = +44.5 (CHCI3, ¢ = 0.96); !H-NMR (250 MHz, CDCl3) & 0.67 (bs, 3H),
0.94 (bs, 3H), 1.14 (bs, 3H), 1.36 (bs, 3H), 3.16 (bs, 1H), 3.57 (bs, 1H), 4.06 (dd, J = 2.4
Hz and unresolved J, 1H), 4.20 (bs, 1H), 4.34 (bs, 1H), 4.41 (s, 5H), 7.21 (m, 8H), 7.59
(d, 2H, T = 7.1 Hz), 7.95 (s, 1H); 13C-NMR (62.5 MHz, CDCl3) § 20.0, 20.4, 21.2, 46.0,
50.2, 64.7, 66.2, 70.9, 73.2, 80.1, 105.6, 126.0, 126.5, 127.1, 127.3, 127.5, 145.8,
149.1, 171.1; IR vpax(KBr) 3218, 3075, 2965, 1774, 1587, 1461, 1342, 1134, 818, 765,
756, 702; EI MS m/z (rel. intensity) 495 (M, 18), 430 (78), 357 (24), 313 (24), 285 (6),
257 (72), 228 (19), 183 (16), 121 (7), 105 (30), 77 (16); HRMS calcd for C3pH33FeNO2:
495.1861; found: 495.1835.
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B(OH), 2-(N,N-Diisopropylcarboxamido)ferroceneboronic acid
%‘2& (1.159f): According to General Procedure A, a solution of N,N-
diisopropyl ferrocenecarboxamide (1.158b, 311 mg, 1.0 mmol) in

Et20 (7 mL) was added to a mixture of n-BuLi (1.35 mL, 2.2 mmol, 1.62 M solution) and (-)-
sparteine (0.50 mL, 2.2 mmol) in EtpO (10 mL). Afier addition of trimethyl borate (0.34 mL,
3.0 mmol) the mixture was worked up and purified by crystalization (hexane) to afford
1.159f (315 mg, 89%) as an orange solid (85% ee, determined by HPLC using a
CHIRALCEL OK column with 5% H2O in methanol as the mobile phase at a flow rate of 1.0
mL/min): m.p. 148-150 °C; [a]¥ = -14.1 (CHCI3, ¢ = 1.05); !H-NMR (250 MHz, CDCl3) §
1.42 (b, 12H), 3.50 (b, 2H), 4.22 (s, SH), 4.44 (t, ] = 2.3 Hz, 1H), 4.55 (dd, J = 1.2 and
2.3 Hz, 1H), 4.65 (dd, J = 1.2 and 2.3 Hz, 1H), 7.25 (s, 2H); 13C-NMR (62.5 MHz,
CDCl3) 8 21.3, 70.6, 70.8, 71.7, 75.9, 79.0 (b), 84.7, 173.3; IR vpax(KBr) 3331, 2952,
1576, 1385 cm-l; EI MS nv/z (rel. intensity) 357 (M, 44), 313 (100), 270 (28), 213 (72), 186
(29), 129 (22), 121 (31), 91 (10), 80 (42); Anal. calcd for C;7H24BFeNO3: C, 57.19; H,

6.78; N, 3.92; found: C, 57.31; H, 6.60; N, 3.88.

@Hgo N,N-Diisopropyl 2-(diphenylphosphinyl)ferrocenecarbox-
l;‘e NPry amide (1.159g): According to General Procedure A, a solution of
= N,N-diisopropy! ferrocenecarboxamide (1.158b, 332 mg, 1.1 mmol)

in Et2O (5 mL) was added to a mixture of #n-BuLi (1.49 mL, 2.3 mmol, 1.57 M solution) and
(-)-sparteine (0.54 mL, 2.3 mmol) in Et;O (10 mL). After addition of
chlorodiphenylphosphine (0.57 mL, 3.2 mmol), the mixture was worked up and purified by
flash chromatography (5/1 hexane/EtOAC) to afford 1.159g (423 mg, 82%) as an orange solid
(90% ee, determined by HPLC using a CHIRALCEL OD column with 10% (EtO/Et;NH
0.5%) in hexane as the mobile phase at a flow rate of 1.5 mL/min): m.p. 176-177 °C (dec.);
IH-NMR (250 MHz, CDCl3) & 1.02 (m, 12H), 3.22 (b, 1H), 3.83 (dd, J = 1.0 Hz and
unresloved J, 1H), 3.86 (b, 1H), 4.22 (s, SH), 4.25 (dd, J = 2.4 Hz and unresolved J, 1H),
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4.45 (dd, J = 1.1 Hz and unresolved I, 1H), 7.29 (m, 8H), 7.55 (m, 2H); 13C-NMR (62.5
MHz, CDCIl3) 8 20.3, 20.8, 68.0, 68.7, 70.9, 79.6, 79.8, 90.8, 91.2, 127.8, 127.9, 128.5,
132.8, 133.1, 134.2, 134.5, 138.1, 138.4, 139.5, 139.7, 166.9; IR vpax(KBr) 3089, 3061,
3047, 3012, 2970, 2361, 1739, 1623, 1445, 1433, 1371, 1323, 1040, 1028, 1006, 815, 754,
744 cm-1; EI MS m/z (rel. intensity) 497 (M+, 30), 457 (7), 412 (100), 346 (32), 222 (8), 201
(78), 183 (8), 170 (10), 121 (14), 98 (3), 56 (6); HRMS calcd for CagH32FeNOP: 497.1571;
found: 497.1569.

@s;‘o N,N-Diisopropyl 2-phenylthioferrocenecarboxamide
Fe NPr, (1.159h): According to General Procedure A, a solution of N,N-

diisopropy! ferrocenecarboxamide (1.158b, 339 mg, 1.1 mmol) in
Et;0O (4 mL) was added to a mixture of n-BuLi (1.56 mL, 2.4 mmol, 1.53 M solution) and (-)-
sparteine (0.55 mL, 2.4 mmol) in Et20 (10 mL). After addition of phenyl disulfide (0.71g,
3.3 mmol) in anhydrous THF (5 mL) the mixture was worked up and purified by flash
chromatography (9/1 hexane/EtOAc) to afford 1.15%h (410 mg, 90%) as an orange solid
(98% ee, determined by HPLC using a CHIRALCEL OD column with 2% 2-propanol in
hexane as the mobile phase at a flow rate of 0.5 mL/min): m.p. 154-155 °C; !H-NMR (250
MHz, CDCl3) & 0.45 (bs, 3H), 0.98 (bs, 3H), 1.37 (bs, 3H), 1.45 (bs, 3H), 3.24 (bs, 1H),
3.68 (bs, 1H), 4.31 (m, 1H), 4.40 (m, 1H), 4.41 (s, 5H), 4.53 (dd, J = 2.2 and 1.3 Hz, 2H),
7.00-7.16 (m, SH); 1H-NMR (200MHz, DMSO-ds, 320 °K) 8 0.91 (d, I =8.1 Hz, 6H), 1.17
(d, J = 8.3 Hz, 6H), 3.40-3.60 (m, 2H), 4.33 (s, 5H), 4.41 (m, 1H), 4.52 (m, 2H), 7.08-
7.21 (m, SH); 13C-NMR (62.5 MHz, DMSO-de) & 19.4, 20.4, 44.6, 50.0, 67.9, 68.1, 70.9,
74.5, 76.3, 92.2, 125.1, 126.1, 128.7, 139.3, 164.4; IR vqmax(KBr) 2955, 1630, 1580,
1476, 1457, 1321, 814, 742, 690 cm-1; EI MS m/z (rel. intensity) 421 (M*, 100), 321 (50),
292 (52), 171 (36), 121 (57), 56 (17); Anal. calcd for Ca3H27FeNOS: C, 65.56; H, 6.46; N,
3.32; found: C, 65.73; H, 6.29; N, 3.16.
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@S%Ph N,N-Diisopropyl 2-phenylselenylferrocenecarboxamide

O

Fe NP (1.159i): According to General Procedure A, a solution of N,N-
r2

@ diisopropyl ferrocenecarboxamide (1.158b, 301 mg, 1.0 mmol) in

EtpO (7 mL) was added to a mixture of n-BuLi (1.56 mL, 2.1 mmol, 1.35 M solution) and (-)-
sparteine (0.48 mL, 2.1 mmol) in EtpO (10 mL). After addition of diphenyl diselenide (0.72
g, 2.3 mmol) in THF (10 mL) the mixture was worked up and purified by flash
chromatography (9/1 hexane/EtOAc) to afford 1.159i (412 mg, 92%) as an orange solid (93%
ee, determined by HPLC using a CHIRALCEL OD column with 2% 2-propanol in hexane as
the mobile phase at a flow rate of 0.5 mL/min): m.p. 133-135 °C; lH-NMR (250 MHz,
CDCl3) & 0.50 (bs, 3H), 1.00 (bs, 3H), 1.30-1.60 (bs, 6H), 3.20-3.40 (bs, 1H), 3.60-3.85
(bs, 1H), 4.29 (m, 1H), 4.36 (dd, J = 2.5 Hz and unresolved J, 1H), 4.37 (s, 5H), 4.47 (dd,
J = 1.3 and 2.2 Hz, 1H), 7.10-7.22 (m, 3H), 7.30-7.40 (m, 2H); !13C-NMR (62.5 MHz,
CDCl3) 6 20.8 (b), 45.8 (b), 50.2 (b), 67.9, 68.2, 71.3, 72.8, 75.1, 91.6, 126.0, 128.8,
130.1, 134.0, 166.4; IR vqnx(KBr) 2941, 1630, 1577, 1456, 1371, 1317, 1204, 815, 736
cm-1; EI MS m/z (rel. intensity) 469 (M+1, 100), 369 (8), 340 (14), 268 (10), 213 (13), 121
(13), 56 (6); HRMS calcd for Cp3H27FeNOSe: 469.0606; found 469.0585; Anal. calcd for
Ca3Hp7FeNOSe: C, 58.99; H, 5.81; N, 2.99; found: C, 59.16; H, 5.62; N, 2.98.

@{0 N, N-Diisopropyl 2-iodoferrocenecarboxamide (1.159j):
Fe N'Pr, According to General Procedure A, a solution of N,N-diisopropyl
<=

ferrocenecarboxamide (1.158b, 400 mg, 1.3 mmol) in EtO (7 mL)
was added to a mixture of n-BuLi (2.10 mL, 2.8 mmol, 1.35 M solution) and (-)-sparteine
(0.65 mL, 2.8 mmol) in EtpO (10 mL). After addition of iodine (0.82 g, 3.2 mmol) in THF
(10 mL) the mixture was worked up and purified by flash chromatography (17/3 hexane/Et30O)
to afford 1.159j (478 mg, 85%) as an orange solid (96% ee, determined by HPLC using a
CHIRALCEL OD column with 15% (EtpO/EtyNH 0.5%) in hexane as the mobile phase at a
flow rate of 1.0 mL/min): m.p. 97-99 °C; []¥F = +91.0 (CHCl3, ¢ = 1.06); IH-NMR (250
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MHz, CDCl3) 8 0.92-1.05 (bs, 3H), 1.07-1.25 (bs, 3H), 1.40-1.52 (bs, 6H), 3.32-3.50 (bs,
1H), 3.52-3.70 (bs, 1H), 4.18 (dd, J = 2.5Hz and unresolved J, 1H), 4.28 (dd, J = 2.5 and
1.3 Hz, 1H), 4.35 (s, 5H), 4.43 (dd, J = 2.4 and 1.3 Hz, 1H); 13C-NMR (62.5 MHz,
CDCl3) & 20.8, 40.4, 45.8, 50.7, 66.7, 67.5, 72.7, 73.5, 92.5, 166.2; IR vqax(KBr) 2955,
1622, 1455, 1370, 1316, 1205, 815 cm-1; EI MS m/z (rel. intensity) 440 (M*+1, 21), 439
(M, 100), 339 (7), 312 (24), 311 (31), 268 (33), 213 (17), 128 (20), 121 (3), 56 (12);
HRMS calcd for C17H22FeNOI: 439.0097; found 439.0080; Anal. calcd for Cy7Hp2FeNOI:
C, 46.50; H, 5.05; N, 3.19; found: C, 46.34; H, 5.09; N, 3.09.

@T_l‘éso N,N-Diisopropy! 2-trimethylsilyl-1'-(diphenylhydroxy-
l"'e NPr; methyl)ferrocenecarboxamide (1.161): To a stirred solution of
OH
@6 o N,N-diisopropyl 2-trimethylsilylferrocenecarboxamide (1.159a, 190
Ph

mg, 0.5 mmol, 98% ee) in anhydrous EtpO (8 mL) at -78 °C under a
nitrogen atmosphere, was added dropwise a solution of s-BuLi (0.47 mL, 0.6 mmol, 1.28 M).
After stirring for 1 h at -78 °C, a solution of benzophenone (120 mg, 0.7 mmol) in anhydrous
Et;0 (1 mL) was added and the mixture was stirred for 30 min at -78 °C. After warming to
room temperature, the mixture was quenched with saturated aqueous NH4Cl solution and the
organic layer was separated. The aqueous phase was extracted with EtpO (3 x 15 mL) and the
combined organic extract was washed with HyO (2 x 50 mL) and brine (50 mL), dried over
anhydrous MgSO4 and evaporated to give a brown solid. Purification by flash
chromatography (9/1 hexane/Etp;O provided 1.161 (209 mg, 75%) as an orange solid (98%
ee, determined by HPLC using a CHIRALCEL OD column with 2% (Et2O/EtpyNH 0.5%) in
hexane as the mobile phase at a flow rate of 1.5 mL/min): m.p. 153-155 °C; [} = +295.5
(CHCI3, ¢ = 1.02); IH-NMR (250 MHz, CDCI3) & 0.25 (s, 9H), 1.03 (m, 6H), 1.51 (d, J =
6.6 Hz, 3H), 1.75 (d, J = 6.6 Hz, 3H), 3.40-3.57 (m, 2H), 3.63 (dd, J = 2.3 and 1.2 Hgz,
1H), 3.93 (m, 1H), 4.01 (dd, J = 2.4 Hz and unresolved J, 1H), 4.09 (dd, J] = 2.4 and 1.2
Hz, 1H), 4.19 (m, 1H), 4.36 (m, 1H), 4.68 (m, 1H), 7.06 (s, 1H), 7.09-7.32 (m, 8H), 7.46-
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7.50 (m, 2H); 13C-NMR (62.5 MHz, CDCl3) § 0.4, 20.1, 20.3, 20.8, 21.1, 46.3, 50.6,
68.4, 68.6, 69.3, 69.7, 70.2, 71.1, 72.9, 73.0, 77.2, 94.8, 98.8, 126.2, 126.3, 1269,
127.1, 127.3, 148.4, 148.9, 170.4; IR vpnax(KBr) 3261, 3088, 3067, 2945, 1597, 1457,
1371, 1332, 1201, 1034, 835 cm-L; EI MS m/z (rel. intensity) 567 (M+, 0.8), 309 (27), 230
(100), 215 (30), 202 (16), 152 (13), 56 (5); HRMS calcd for C33H4FeNOSi: 567.2255;
found: 567.2246. X-ray analysis, Appendix 2.

@';%S tms Phenyl(2-trimethylsilylferrocenyl)(2-trimethylsilylphenyl)-

Il“e Ph phosphine oxide (1.166): To a solution of TMEDA (0.08 mL, 128
@ mg, 1.1 mmol) in anhydrous toluene (2 mL) at -78 °C was added a
solution of s-BuLi (0.76 mL, 1.1 mmol, 1.45 M). After 20 min, a solution of
diphenylferrocenylphosphine oxide (1.16, 193 mg, 0.5 mmol) in anhydrous toluene (8§ mL) at
-78 °C was added dropwise to the base mixture via cannula. Stirring was continued at -78 °C
for 1 h and TMSCI (163 mg, 0.19 mL, 1.5 mmol) was added. The mixture was allowed to
warm to room temperature and was stirred for an additional 1 h, then quenched with water (3
mL) and extracted with CH3Cl, (3 x 10 mL). The combined organic layers were dried
(NazS0y4) and evaporated to give an orange solid. Purification by flash chromatography
afforded diphenyl(2-trimethylsilyiferrocenyl)-phosphine oxide (1.17, 101 mg, 44%) along
with a new compound proposed to be 1.166 (80 mg, 30%): H-NMR (200 MHz, CDCIl3) &
0.08 (s, 9H), 0.27 (s, 9H), 3.75 (s, 1H), 4.33 (s, 5H), 4.45 (s, 2H), 6.99-7.28 (m, 2H),
7.32-7.53 (m, 4H), 7.55-7.76 (m, 3H); EI MS m/z (rel intensity): 530 (M+, 30), 515 (100),
457 (9), 379 (22), 193 (21), 121 (40), 73 (24).

@P(O)’Buz Di-tert-butylferrocenylphosphine oxide (1.168): To a solution
Fe : .
of (tri-n-butylstannyl)ferrocene (1.99, 950 mg, 2.0 mmol) in
! (tri-n-buty yD) ( )

anhydrous THF (10 mL) at -78 *C was added n-BuLi (1.20 mL, 2.1

mmol, 1.76 M) dropwise. After 15 min of stirring at -78 °C, chlorodi-tert-butylphosphine
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(0.40 mL, 2.1 mmol) was added dropwise and the solution was allowed t0 warm to room
temperature. Stirring was continued for 1 h at room temperature, and water (5 mL) was added.
The mixture was extracted with CH2Clz (3 x 10 mL) and the combined organic layers were
dried (Na2S0Og4) and evaporated to afford di-tert-butylphosphinoferrocene as an orange oil
which was used without further purification. The oil was suspended in MeOH (20 mL) and
cooled to 0 °C. Aqueous H202 (30%, 0.25 mL, 2.2 mmol) was added to the suspension,
stirring was continued for 1h, and saturated aqueous Na3SO3 (2 mL) was added. Stirring was
continued for a further 1h, and aqueous 10% HCI (2 mL) was added. Extraction with CH2Cly
(3 x 10 mL) followed by drying (NapSQj4) and concentrating the organic layers resulted in
isolation of an orange solid. Purification by flash chromatography (1-4% isopropanol/hexane)
afforded 1.168 (567 mg, 82% overall) as an orange solid: m.p. 164-165 °C; !H-NMR (250
MHz, CDCl3) § 1.26 (d, J = 13.5 Hz, 18H), 4.29 (s, 5H), 4.46 (d, ] = 1.2 Hz, 4H); 13C-
NMR (62.5 MHz, CDCI3) § 27.1, 35.8 (d, J = 62.9 Hz), 69.6, 69.9 (d, J = 8.0 Hz), 72.3 (d,
J=9.1 Hz), 72.8 (d, I = 87.7); 31P-NMR (81 MHz, CDCl3) & 58.7; IR (KBr) vipax 3087,
2950, 2899, 2866, 1476, 1368, 1166, 1144, 1107, 1022, 821 cm-!; EI MS m/z (rel intensity):
346 (M, 35), 331 (3), 289 (9), 233 (99), 207 (42), 186 (100), 121 (25), 57 (17); Anal. calcd
for C1gH27FeOP: C, 62.44; H, 7.86. found: C, 61.94; H, 7.88.

@TMS Di-tert-butyl-(2-trimethylsilylferrocenyl)phosphine oxide
P(0)'Bu,

Fe (1.169a): According to General Procedure B, #~-BuLi (0.68 mL , 1.0
<7

mmol, 1.47 M in pentane) was added to a stirred solution of 1.168
(173 mg, 0.5 mmol) in THF (10 mL) at -78 °C. After addition of TMSCI (0.13 mL, 1.0
mmol) the mixture was worked up and purified by flash chromatography (97/3
CH>Clo/MeOH) to afford 1.169a as an orange solid (192 mg, 92%): m.p. 138-139 °C; 1H-
NMR (250 MHz, CDCl3) & 4.63 (dd, J = 4.0, 2.3 Hz, 1H), 4.51 (t, J = 1.1 Hz, 1H), 4.28
(d, J = 1.8 Hz, 1H), 4.22 (s, 5H), 1.54 (d, J = 13.6 Hz, 9H), 0.91 (d, J = 13.3 Hz, 9H),
0.38 (s, 9H); 3IP-NMR (81 MHz, CDCl3) 8 29.3; IR vmay (KBr) 2981, 2950, 2897, 1477,
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1239, 1178, 1151, 839, 814 cm-l; EI MS m/z (rel intensity): 418 (M*, 3), 403 (26), 305
(100), 289 (44), 258 (8), 243 (21), 231 (9), 207 (13), 195 (13), 121 (15), 57 (19); Anal.
calcd for C21H35FeOPSi: C, 60.28; H, 8.43. found: C, 60.35; H, 8.61. !H-NMR, Appendix
3.

@Nﬁ’ . Di-tert-butyl-(2-methylferrocenyl)phosphine oxide
(0) Buy )
Fe (1.169b): According to General Procedure B, r-BuLi (0.63 mL , 1.0
@ mmol, 1.59 M in pentane) was added to a stirred solution of 1.168
(173 mg, 0.5 mmol) in THF (10 mL) at -78 °C. After addition of CH3I (141 mg, 1.0 mmol,
0.06 mL) the mixture was worked up and purified by flash chromatography (95/5
CH3Cly/MeOH) to afford 1.169b as an orange solid (130 mg, 72%): m.p. 132-134 °C; 1H-
NMR (200 MHz, CDCl3) 6 0.97 (d, J = 13.3 Hz, 9H), 1.50 (d, J = 13.4 Hz, 9H), 2.23 (s,
3H), 4.02 (s, 1H), 4.17 (s, 5H), 4.32 (s, 2H); 13C-NMR (50.3 MHz, CDCI3) 8 90.6 (d, I =
6.6 Hz), 72.2 (d, J = 7.2 Hz), 71.3 (d, J = 12.9 Hz), 70.5, 69.8, 69.2 (d, ] = 7.3 Hz), 37.5
(d, J = 63.1 Hz), 36.6 (d, ] = 62.2 Hz), 27.6, 26.7, 15.9; 3lP-NMR (81.0 MHz, CDCl3) &
59.6; IR (KBr) vmax 3083, 2950, 2921, 2868, 1478, 1366, 1177, 1150, 1107, 1083, 813 cm-
L MS (ED) m/z (rel intensity): 360 (88), 320 (6), 303 (22), 248 (15), 247 (100), 200 (90), 181
(12), 149 (13), 134 (14), 121 (20), 119 (11), 78 (24); HRMS calcd for C19H29FeOP:
360.0426; found 360.1305.

@(ﬁfg){}:‘:‘; Di-tert-butyl-[2-(diphenylhydroxymethyl)ferrocenyli]-
p"e phosphine oxide (1.169¢): According to General Procedure B, t-

BuLi (0.59 mL , 1.0 mmol, 1.70 M in pentane) was added to a stirred
solution of 1.168 (173 mg, 0.5 mmol) in THF (10 mL) at -78 °C. After addition of
benzophenone (182 mg, 1.0 mmol), the mixture was worked up and purified by flash
chromatography (CH7Cl> followed by 98/2 CH,Clo/MeOH) to afford 1.169¢ as an orange

solid (257 mg, 97%): m.p. 238 "C (dec.); lH-NMR (250 MHz, CDCl3) 8 0.79 (d, J = 13.6
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Hz, 9H), 1.63 (d, J = 13.6 Hz, SH), 4.03 (s, SH), 4.22 (bs, 1H), 4.45 (bs, 1H), 4.51 (bs,
1H), 7.02-7.50 (m, 8H), 7.78 (d, J = 8.5 Hz, 2H), 8.50 (s, 1H); 3IP-NMR (81.0 MHyz,
CDCl3) 8 64.2; IR vpax(KBr) 3429, 1630, 1479, 1450, 1414, 1385, 1151, 1114, 756, 703
cm-1; EI MS m/z (rel. intensity) 528 (M, 48), 464 (46), 463 (100), 333 (13), 285 (20), 229
(30), 228 (18), 199 (12), 57 (14). HRMS calcd for C31H37FeO2P: 528.1881; found:
528.1906.

P(0)'Bu,
According to General Procedure B, -BuLi (1.02 mL , 1.0 mmol, 0.98

@B(Omz 2-Di-tert-butylphosphinylferrocenylboronic acid (1.169d):
Fe
@ M in pentane) was added to a stirred solution of 1.168 (173 mg, 0.5
mmol) in THF (10 mL) at -78 °C. After addition of B(OMe)3 (103 mg, 0.11 mL, 1.0 mmol)
the mixture was warmed to room temperature. Dropwise addition of HCl (1 M) to pH 1-2 was
followed by extraction with CH>Cly (3 x 10 mL). The combined organic layers were dried
(NaS04) and evaporated to yield a dark orange solid. Recrystallization from hexane gave
1.169d as an orange solid (118 mg, 65%): m.p. 174 °C (dec.); 3!P-NMR (81.0 MHz,
CDCl3) 8 66.3; IR vpax(KBr) 3338, 3097, 2966, 2903, 2872, 1479, 1426, 1400, 1340,
1221, 1107, 815 cm-l; EI MS m/z (rel. intensity) 390 (M*, 37), 346 (100), 325 (37), 290
(10), 277 (35), 259 (30), 233 (48), 212 (29), 186 (46), 167 (17), 121 (39); HRMS calcd for

C»1H332BFeO3P: 390.0339; found: 390.0329.

@I . Di-tert-butyl-(2-iodoferrocenyl)phosphine oxide (1.169f):
P(0)'Bu,
{.*e According to General Procedure B, r-BuLi (0.66 mL , 1.0 mmol, 1.51
=ts
=7 M in pentane) was added to a stirred solution of 1.168 (173 mg, 0.5

mmol) in THF (10 mL) at -78 °C. After addition of I3 (153 mg, 0.6 mmol) in THF (5 mL) or
direct addition of solid Ip, the mixture was warmed to room temperature. An aqueous solution
of NazS203 (10 mL, 2 M) was added and the mixture was extracted with CH>Clz (3 x 10 mL).

The combined organic layers were dried (NapSO4) and evaporated to yield a dark orange-
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brown solid. Purification by flash chromatography (97/3 CH,Cl/MeOH) gave 1.169f as an
orange solid (179 mg, 76%): m.p. 143 °C (dec.); 1H-NMR (200 MHz, CDCl3) § 1.10 (d, J =
13.4 Hz, 9H), 1.49 (d, J = 13.6 Hz, 9H), 4.30 (bs, 6H), 4.51 (d, J = 1.1 Hz, 1H), 4.79 (d, J
= 1.0 Hz, 1H); 13C-NMR (50.3 MHz, CDCl3) § 73.0, 41.3, 38.3, 37.0, 36.9 (d, ] = 62.0
Hz), 29.6, 27.5, 27.1; 31P-NMR (81 MHz, CDCl3) 8 57.32; IR vpax(KBr) 3083, 2950,
2867, 1477, 1351, 1179, 1156, 1107, 824, 814 cm-1; CI MS m/z (rel. intensity) 471 (M+1,
100), 343 (50), 311 (6), 289 (20), 231 (33), 185 (39), 163 (10), 121 (10); Anal. calcd for
Ci18H26FelOP: C, 45.79; H, 5.55. found: C, 45.96; H, 5.43.

P(0)'Bu, Di-tert-butylphenylphosphine oxide (1.170): Method 1: According

to General Procedure C, a solution of freshly distilled bromobenzene (4.21 g,

27.0 mmol) in EtpO (20 mL) was treated with n-BuLi (17.7 mL, 26.5 mmol,

1.50 M solution). The newly-formed phenyllithinm was added to a solution of chloro-di-zerz-
butylphosphine (4.88 g, 27.0 mmol) in Et20 (20 mL) and heated to reflux for a period of 2 h.
The reaction mixture was cooled and quenched by addition of MeOH (2 mL). After removal of
the solvent under reduced pressure, the residue was suspended in MeOH (20 mL) and cooled
to 0 °C before H2O2 (4.5 mL of a 30% solution, approx. 40 mmol) was added dropwise.
Workup with excess NaSO3 (20 mL, 2 M solution) and HCI (20 mL, 10% solution) followed
by removal of MeOH, extraction with CH7Cly (3 x 50 mL), drying with NapSQOy4, and
evaporation of solvent allowed isolation of a white solid. Purification by recrystallization from
hexane provided 1.170 as a white crystalline solid (5.47 g, 85%); or Method 2:
Commercially obtained PhPCl; (13.20 g, 73.8 mmol) was dissolved in anhydrous toluene
(200 mL), cooled on an acetonefice bath and treated dropwise with -BuLi (100 mL, 154
mmol, 1.54 M in pentane) over 45 min. The slightly yellow reaction mixture was stirred for 1
hour at room temperature and then heated to reflux for 12 h. The reaction mixture was cooled
on an ice bath, quenched by slow addition of water (50 ml), and oxidized by addition of H203

(30%, 10 mL, 88 mmol, exothermic). After stirring for 3 hours at room temperature, the
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mixture was transfered to a separatory funnel, and the organic layer was washed with Na3S;03
(2 x 50 mL, exothermic) and water (50 mL), dried over MgSQy4, and evaporated yielding a
light yellow oil. Crystallization was accomplished by seeding with a small crystal of
previously prepared material. Recrystallization from hexane provided 1.170 as a white solid
identical to that prepared by Method 1 (7.79 g, 44%): m.p. 102-104 °C (hexane); 1H-NMR
(250 MHz, CDCl3) 8 1.28 (d, J = 13.5 Hz, 18H), 7.40-7.50 (m, 3H), 7.87 (bs, 2H); 13C-
NMR (62.5 MHz, CDCl3) & 26.9, 35.5 (d, J = 59.7 Hz), 127.5 (d, J = 10.0 Hz), 130.7,
131.1 (d, J = 78.2 Hz), 132.1; 31P-NMR (81.0 MHz, CDCl3) 8 51.8; IR (KBr) vipax 3055,
2937, 1472, 1433, 1155 cm-1; MS (EI) m/z (rel intensity): 238 (0.5), 182 (63), 126 (100), 79
(22). Anal. caled for C14H230P: C, 70.56; H, 9.73; P, 13.00. found: C, 70.77; H, 9.59; P,

13.23. X-ray analysis, Appendix 4.

P(O)Bu;  QOptimization studies for metalation of 1.170: To a solution of
©:\’ RLi di-trert-butyiphenylphosphine oxide (1.170, 60 mg, 0.25 mmol) in
anhydrous THF (2.5 mL) at -78 °C was added a solution of n-BuLi, s-

BuLi, or -BuLi (0.50 mmol) according to Scheme 1.60. After the specified length of time
(Scheme 1.60), an excess of TMSCI (0.10 mL, 0.75 mmol) was added and the reaction
mixture was allowed to warm to room temperature. Undecane (60 pL) was added followed by
H20 (5 mL). After thorough mixing, a micro-workup was performed by removing a small
amount of the organic layer (0.2 mL) and diluting with EtOAc (1.8 mL). The resulting
solution was passed through a micro column of silica gel (3 mm diameter x 5 mm length) and

analyzed by GC providing 1.171a as outlined in Scheme 1.60.

P(O)Bu;  2.(Trimethylsilyl)phenyldi-tert-butylphosphine oxide
©:TMS (1.171a): According to General Procedure D, -BuLi (1.36 mL , 2.0
mmol, 1.47 M in pentane) was added to a stirred solution of 1.170

(238 mg, 1.0 mmol) in THF (10 mL) at -78 °C. After addition of TMSCI (0.13 mL, 1.0
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mmol) the mixture was worked up and purified by flash chromatography (98/2
CH2Cl12/MeOH) to afford 1.171a as a white solid (482 mg, 76%): m.p. 134-136.5 °C
(hexane); IH-NMR (250 MHz, CDCl3) § 0.43 (s, 9H), 1.27 (d, J = 13.2 Hz, 18H), 7.3-7.5
(m, 2H), 7.61 (bt, J = 9.0 Hz, 1H), 7.87 (bd, J = 7.7 Hz, 1H); I3C-NMR (62.5 MHz,
CDCl3) 6 2.9, 27.7, 36.7 (d, J = 57.1 Hz), 126.8 (d, J = 11.7 Hz), 129.9 (d, T = 2.6 Hz),
130.8 (d, J = 14.3 Hz), 136.8 (d, J = 83.1 Hz), 137.0 (d, ] = 13.0 Hz), 147.1 (d, T =11.7
Hz); 31P-NMR (81.0 MHz, CDCl3) 8 56.0; IR (KBr) vimax 2951, 2900, 1477, 1236, 1160,
1111, 844, 749, 645 cm-L; MS CI m/z (rel. intensity): 311 (M*+1, 20), 296 (52), 295 (100),
255 (20), 239 (12), 197 (7), 182 (17), 119 (10), 107 (30), 105 (9), 87 (16), 85 (28), 57 (23);
HRMS calcd for C17H320PSi: 311.1975; found 311.1960. Anal. calcd for C17H3OPSi: C,
65.76; H, 10.06. found: C, 65.88; H, 9.86.

P(O)'Bu, 2-Methylphenyldi-tert-butylphosphine oxide (1.171b):
C( According to General Procedure D, -BuLi (0.63 mL , 1.0 mmol, 1.59

Me
M in pentane) was added to a stirred solution of 1.170 (119 mg, 0.5
mmol) in THF (10 mL) at -78 °C. After addition of CH3I (0.06 mL, 1.0 mmol) the mixture
was worked up and purified by flash chromatography (97/3 CH2Cl>/MeOH) to afford 1.171b
as a white solid (148 mg, 82%): m.p. 117-119 °C (hexane); lH-NMR (200 MHz, CDCl3) §
1.30 (d, J = 13.2 Hz, 18H), 2.78 (s, 3H), 7.11-7.26 (m, 2H), 7.28-7.40 (m, 1H), 7.41-7.56
(m, 1H); 13C-NMR (50.3 MHz, CDCl3) § 22.0, 27.4, 37.3 (d, T = 59.1 Hz), 123.7 (d, I =
11.8 Hz), 128.4 (d, ] = 77.8 Hz), 130.5 (d, J =3.0 Hz), 131.4 (d, ] = 11.8 Hz), 133.0 (D, J
= 9.8 Hz), 146.07; 3|P-NMR (81.0 MHz, CDCl3) 8 57.4; IR (KBr) vpax 2976, 2949, 1476,
1388, 1156, 1125, 813, 758, 646 cm-l. Anal. calcd for C15sH250OP: C, 71.40; H, 9.99.
found: C, 71.18; H, 10.04.

@ P(O)Buz  2.Ethylphenyldi-tert-butylphosphine oxide (1.171c):

CH,CH, According to General Procedure D, r~-BuLi (1.9 mL, 3.23 mmol, 1.70
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M in pentane) was added to a stirred solution of 1.170 (695 mg, 2.91 mmotl) in THF (30 mL)
at -78 "C. After addition of iodoethane (0.28 mL, 3.50 mmol) over 2 min. the mixture was
allowed to slowly warm to room temperature (2 h). Stirring was continued at room
temperature overnight (12 h) and an additional portion of iodoethane (0.12 mL, 1.47 mmol)
was added to the yellow solution. Workup and purification by flash chromatography (3/1
EtOAc/hexane, followed by EtOAc and then 95/5 EtOAc/MeOH) afforded 1.171c as a white
solid (303 mg, 39%): !H-NMR (250 MHz, CDCl3) § 1.26 (1, J = 7.4 Hz, 3H), 1.30 (d, J =
13.2 Hz, 18H), 3.27 (q, 2H, J = 7.4 Hz), 7.13-7.52 (m, 4H); 13C-NMR (62.5 MHz, CDCl3)
0 17.4, 27.1, 27.4, 36.6, 37.5, 123.4, 123.6, 127.1, 128.3, 130.6, 131.1, 131.3, 131.6,
131.8, 152.6 (x2); 31P-NMR (81.0 MHz, CDCl3) 8 57.9; IR (KBr) vmax 3048, 2991, 2961,
2869, 1468, 1154 cm-1; MS (EI) m/z (rel intensity) 266 (M+, S), 210 (41), 154 (100), 133
(16), 107 (27); HRMS calcd for C16H270P: 268.1799; found 266.1789.

P(O)Bu;  2-(Diphenylhydroxymethyl)phenyldi-tert-butylphosphine

OH oxide (1.171d): According to General Procedure D, -BuLi (0.65

ph Ih mL , 1.0 mmol, 1.53 M in pentane) was added to a stirred solution of

1.170 (119 mg, 0.5 mmol) in THF (10 mL) at -78 °C. After addition of benzophenone (182

mg, 1.0 mmol) the mixture was worked up and crystallized from hexane to afford 1.171d as a

white solid (154 mg, 75%): m.p. 212-213 °C; H-NMR (200 MHz, CDCI3)$1.18 (d,J =

13.8 Hz, 18H), 6.80-7.00 (m, 1H), 7.10-7.40 (m, 12H), 7.50-7.75 (m, 1H), 9.58 (s, 1H);

13C-NMR (50 MHz, CDCl3) & 27.6, 38.0 (d, ] = 57.5 Hz), 83.0 (d, J = 2.6 Hz), 124.5 (d, J

= 12.3 Hz), 126.6, 127.4, 128.3, 128.7 (d, J = 73.7 Hz), 129.6 (d, J = 2.7 Hz), 1323 (d, J

= 13.3 Hz), 133.2 (d, J = 8.6 Hz), 148.1, 155.7 (d, ] = 2.9 Hz); 31P-NMR (81 MHz,

CDCl3) 8 62.1; IR (KBr) vmax 3456, 3059, 2990, 2965, 2814, 1468, 1448, 1431, 1138,

1113, 702 cm-1; EI MS (rel. intensity) 420 (M*, 35), 343 (32), 327 (100), 295 (25), 287 (11),

271 (19), 241 (17), 239 (18), 213 (29), 182 (52), 126 (29), 105 (12), 57 (45); HRMS calcd
for Ca7H320,P: 420.2218; found: 420.2209.
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P(O)Bu;  2.(Di-tert-butylphosphinyl)benzaldehyde (1.171e):
©: According to General Procedure D, r-BuLi (1.67 mL, 2.0 mmol, 1.20

CHO
M in pentane) was added to a stirred solution of 1.170 (238 mg, 1.0

mmol) in THF (10 mL) at -78 °C. The bright yellow anion was quenched with DMF (0.15
mL, 2.0 mmol) and stirring was continued at -78 "C for 3 h, after which time all of the colour
had been discharged from the solution. A small portion of MeOH (0.5 mL) was added at low
temperature and the mixture was allowed to warm up to room temperature. Standard workup
provided a light yellow waxy solid which was crystallized from hexane to afford 1.171e as a
white solid (197 mg, 74%): m.p. 145-147 °C; IH-NMR (200 MHz, CDCl3) 8 1.34 (d, J =
13.8 Hz, 18H), 7.5-7.7 (m, 3H), 7.9-8.1 (m, 1H), 9.36 (s, 1H); I13C-NMR (62.9 MHz,
CDCl3) 8 27.1, 36.8 (d, J = 58.1 Hz), 128.9 (d, J = 8.1 Hz), 1304 (d, J = 10.6 Hz), 131.0
(d, J = 10.8 Hz), 131.3 (d, J = 2.5 Hz), 132.3 (d, J = 72.9 Hz), 144.3 (d, J = 4.3 Hz),
195.2; 31P-NMR (81 MHz, CDCl3) § 59.5; IR (KBr) Vmax 2966, 2906, 2868, 1692, 1586,
1474, 1396, 1369, 1197, 1148, 1118, 814, 772, 651 cm-l; EI MS m/z (rel. intensity) 267
(M+1, 15), 238 (7), 210 (31), 182 (98), 153 (78), 126 (100), 105 (24), 79 (69); HRMS calcd
for C15sH2409P: 267.1514; found 267.1511.

P(O)'Bu, 2-(Di-tert-butylphosphinyl)acetophenone (1.171f):

o According to General Procedure D, ¢-BuLi (1.18 mL , 2.0 mmol, 1.70

Me M in pentane) was added to a stirred solution of 1.170 (238 mg, 1.0

mmol) in THF (10 mL) at -78 °C. After addition of N-methoxy-N-methyl acetamide, the

solution was warmed to room temperature. TLC analysis of the mixture revealed only starting
material and standard workup provided 1.170 (90% recovery).

P(O)Buz  2.Di-tert-butylphosphinylbenzoic acid (1.171g): According to
@: General Procedure D, +-BuLi (0.83 mL, 1.3 mmol, 1.59 M in pentane)

CO;H
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was added to a stirred solution of 1.170 (286 mg, 1.2 mmol) in THF (12 mL) at -78 °C.
Excess anhydrous gaseous CO» (passed through a CaClj drying tube) was bubbled through
the yellow suspension for a several minutes. The internal temperature rose to -55 °C and the
yellow colour was quickly dissipated. After 10 min the bath was removed and the mixture was
allowed to warm to 10 °C. Acidification (1M HCIl) and extraction with EtOAc followed by
drying (MgSQ4) and evaporation provided 1.171g as a white crystalline solid (144 mg, 42
%): m.p. 272-273.5 °C (dec.); lH-NMR (250 MHz, DMSO-dg) & 1.26 (d, ] = 13.8 Hz,
18H), 7.5-7.8 (m, 4H), 11.6 (bs, 1H); 13C-NMR (50.3 MHz, CDCl3) & 27.1,37.6 (d,J =
58.0 Hz), 127.4 (d, ] = 71.7 Hz), 129.4 (d, J = 12.2 Hz), 131.2 (d, T = 12.2 Hz), 132.0,
136.5, 139.5, 167.6; 3IP-NMR (81.0 MHz, CDCl3) 8 60.2; IR (KBr) vinax 1714, 1469, 1120
cm-1; CI (CHg) MS m/z (rel intensity) 283 ((M-H)*, 73), 265 (27), 225 (43), 209 (49), 182
(100), 169 (98), 126 (68); HRMS calcd for (M-H)* 283.1463, found 283.1449; Anal. calcd
for Cy15H2303P: C, 63.82; H, 8.21; P, 10.97; found: C, 63.69; H, 8.07; P, 11.21.

P(O)'Bu; 2-(Di-tert-butylphosphinyl)phenylboronic acid (1.171h):
C[ B(OH), According to General Procedure D, -BuLi (0.65 mL , 1.0 mmol, 1.53
M in pentane) was added to a stirred solution of 1.170 (119 mg, 0.5

mmol) in THF (10 mL) at -78 °C. Atter quench with B(OMe)3 (0.25 mL, 1.1 mmol) in one
portion, the reaction mixture was warmed to room temperature and acidified with HC1 (10%
solution) until a pH < 3 was obtained. The mixture was poured into H2O and extracted with
CH2Clz (3 x 20 mL). The combined organic layers were dried (Na2SOg4) and evaporated to
yield a white solid which was used without further purification: m.p. > 260 °C; IH-NMR (250
MHz, CDCl3) 8 1.36 (d, J = 15.0 Hz, 18H), 7.3-7.9 (m, 4H); 31P-NMR (81.0 MHz, CDCl3)
8 86.6; IR vax(KBr) 3392, 2970, 1474, 1429, 1384, 1299, 1194, 1027, 996, 767, 746 cm-
1; MS CI m/z (rel intensity): 267 (M+1, 14), 240 (16), 239 (100), 183 (15), 182 (28), 161

(11), 126 (19), 57 (47); HRMS calcd for C14H25BO2P: 267.1685; found 267.1698.
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P(O)'Bu, 2-(Di-tert-butylphosphinyl)phenol (1.171i): According to
(:[ General Procedure D, t-BuLi (0.63 mL , 1.0 mmol, 1.59 M in pentane)

on was added to a stirred solution of 1.170 (119 mg, 0.5 mmol) in THF
(10 mL) at -78 °C. After addition of B(OMe)3 (0.25 mL, 1.1 mmol), the mixture was warmed
to room temperature and oxidized with HoO2 (1.2 mL of 30%) and NaOH (3.0 mL, 6.0 mmol,
2.0 M). The reaction mixture was stirred for 6 h at room temperature before addition of
Na3S72013 (3.0 mL, 6.0 mmol, 2.0 M) and HCI (10 % solution, 15 mL). Extraction of the
mixture with CH>Clz (3 x 30 mL) followed by drying (NapSOy4) and evaporation provided
1.171i as a white solid (170 mg, 67%): m.p. 98-102 °C; !H-NMR (200 MHz, CDCl3z) §
1.34 (d, J = 13.9 Hz, 18H), 6.7-6.9 (m, 2H), 7.2-7.5 (m, 2H); 3!1P-NMR (81.0 MHz,
CDCl3) 8 68.8; IR vax(KBr) 3433, 2971, 2663, 1591, 1495, 1490, 1299, 1115, 1099, 794;
MS EI m/z (rel. intensity): 254 (M+, 59), 198 (60), 182 (12), 172 (17), 142 (100), 141 (50),

124 (20), 95 (55), 77 (42); HRMS calcd for C14H2302P: 254.1436; found 254.1431.

P(O)YBu;  2-(Diphenylphosphino)phenyldi-tert-butylphosphine oxide
@ PPh, (1.171j): According to General Procedure D, t-BuLi (1.67 mL , 2.0
mmol, 1.20 M in pentane) was added to a stirred solution of 1.170

(238 mg, 1.0 mmol) in THF (10 mL) at -78 °C. After addition of chlorodiphenylphosphine
(0.36 mL, 442 mg, 2.0 mmol) the mixture was worked up and crystallized from hexane to
afford 1.171j as a white solid (266 mg, 63%): m.p. 250-252 °C; 1H-NMR (250 MHz,
CDCl3) 8 1.13 (d, J = 13.5 Hz, 18H), 7.3-7.6 (m, 9H), 7.6-7.8 (m, 4H), 7.8-8.0 (m, 1H);
13C.NMR (125.8 MHz, CDCl3) 8 27.7,37.3 (d, ] = 57.4 Hz), 127.8 (d, ] = 12.9 Hz), 129.3
(d, J =10.0 Hz), 130.2 (d, Y =11.4 Hz), 130.4 (d, J = 2.6 Hz), 131.8 (d, J = 9.7 Hz), 1324
(t, Y = 11.2 Hz), 135.7 (d, J = 109.6 Hz),136.6 (dd, J = 75.0 and 8.6 Hz), 137.2 (dd, J =
11.8 and 7.5 Hz), 139.0 (dd, J = 96.9 and 7.0 Hz); 3!P-NMR (81 MHz, CDCl3) 8 54.9 (d, J
= 5.0 Hz), 30.9 (d, J = 5.0 Hz); IR vpax(KBr) 2962, 2900, 1475, 1438, 1201, 1178, 1170,

1115 cm-1; MS CI (isobutane) m/z 423 (M+1, 47), 365 (100), 309 (1), 262 (1). Anal. calcd
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for Ca6H320P2: C, 73.92; H, 7.63; found: C, 73.41; H, 7.32; CI MS (air-oxidized
phosphine) m/z (rel intensity) 439 (M*+1, 13), 247 (14), 219 (100), 201 (20), 141 (40), 107
@, 79 (9), 57 (5).

P(OYBu;  2-Chlorophenyldi-tert-butylphosphine oxide (1.171k):
Q i According to General Procedure D, ¢-BuLi (1.30 mL , 2.0 mmol, 1.53
M in pentane) was added to a stirred solution of 1.170 (238 mg, 1.0
mmol) in THF (10 mL) at -78 °C. After addition of hexachloroethane (473 mg, 2.0 mmol) the
mixture was worked up and crystallized from hexane to afford 1.171K as a white solid (145
mg, 53%): m.p. 81-82 °C; IH-NMR (250 MHz, CDCl3) & 1.35 (d, J = 14.5 Hz, 18H), 7.42
(bs, 4H); 13C-NMR (50.3 MHz, CDCl3) § 27.1, 37.1 (d, J = 59.1 Hz), 126.4 (d, ] = 8.3
Hz), 130.5 (d, J = 6.5 Hz), 132.0 (d, J = 69.7 Hz), 132.2, 134.1 (d, } = 4.7 Hz), 138.6 (d, J
= 4.3 Hz); 3|P-NMR (81 MHz, CDCl3) 8 60.8; IR (KBr) vpax 2967, 2902, 1578, 1478,
1455, 1422, 1365, 1139, 1033, 813, 741, 648 cm-!; MS EI m/z (rel intensity): 273 (4), 257
(1), 218 (35), 216 (75), 199 (9), 181 (10), 162 (41), 160 (91), 125 (20), 123 (17), 113 (23),
107 (14), 95 (11), 77 (31), 57 (100); HRMS calcd for : 272.1097, found: 272.1103.

P(0)Bu, 2-Iodophenyldi-tert-butylphosphine oxide (1.171m):
E:[I According to General Procedure D, +-BuLi (3.10 mL , 4.0 mmol, 1.29
M in pentane) was added to a stirred solution of 1.170 (476 mg, 2.0
mmol) in THF (20 mL) at -78 °C. Iodine (1.015 g, 4.0 mmol) was added to the reaction
mixture either directly or as a solution in anhydrous THF (15 mL). After warming to room
temperature over séveral hours, the resulting dark orange/red solution was poured into a
mixtrue of H2O (20 mL), CH2Cl3 (50 mL), and NaS>03 (20 mL, 2 M aqueous solution)
discharging most of the colour. The organic layer was separated and the aqueous layer was

extracted with CH2Cly (3 x 50 mL). The combined organic extracts were dried (Na3SO4) and

evaporated to yield a light yellow solid. Purification by flash chromatography (3%
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MeOH/CH>Clp) afforded 1.171m as a white solid (549 mg, 76%): m.p. 164.5-165.0 °C
(Et20 / CH;Clp); lH-NMR (250 MHz, CDCl3) 8 1.33 (d, J = 13.6 Hz, 18H), 7.09 (dddd, J =
1.5, 3.0, 7.6 and 7.7 Hz, 1H), 7.37 (dddd, ] = 1.4, 2.2, 7.5 and 7.7 Hz, 1H), 7.54 (ddd, J =
1.5, 7.8 and 9.7 Hz, 1H), 8.15 (ddd, J = 1.3, 2.1 and 8.0 Hz, 1H); 13C-NMR (63 MHz,
CDClI3) 8 27.5, 37.2 (d, T = 59.1 Hz), 98.7, 125.8 (d, J = 10.0 Hz), 131.3 (d, J = 76.5 Hz),
131.7, 144.4 (d, J = 8.0 Hz); 31P-NMR (81 MHz, CDCl3) § 53.3; IR (KBr) vmax 3091,
3057, 2976, 2951, 2895, 1574, 1556, 1469, 1445, 1407, 1164 cm-1; MS EI m/z (rel
intensity) 364 (M+, 49%), 252 (100%), 125 (76%), 57 (44%); Anal. calcd for C14H22IOP: C,
46.17; H, 6.09, P, 8.50; found: C, 45.95; H, 5.89; P, 8.69.

P(O)Bu;  2-(Di-tert-butylphosphinyl)phenylboronic acid 1,3-
QB’O propanediol ester (1.171n): A solution of crude boronic acid
(‘)\J 1.171h, used without further purification, was disolved in anhydrous
CH>Cl5 (10 mL) and a solution of 1,3-propanediol (40 mg, 0.52 mmol)
in anhydrous CH,Cl; was added. A small portion (50 mg) of MgSO4 was added to absorb the
water that was produced and the mixture was stirred under nitrogen for 24 h. The mixture was
filtered and the filtrate was evaporated to give a white solid. Recrystallization from hexane
provfded 1.171n as a white solid (105 mg, 65% from 1.170): m.p. 194-197 °C (hexane);
1H-NMR (200 MHz, CDCl3) § 1.32 (d, ] = 14.8 Hz, 18H), 1.79 (bs, 2H), 4.01 (bs, 4H),
7.28-7.35 (m, 1H), 7.42-7.54 (m, 2H), 7.73 (dd, J = 7.4 and 0.8 Hz, 1H); 3!P-NMR (81
MHz, CDCl3) 8 79.5; IR (KBr) vmax 2965, 1476, 1438, 1383, 1299, 1194, 1108, 1069,
1024, 816, 652 cm-1; MS CI m/z (rel intensity): 323 (M+1], 6), 283 (28), 255 (100), 239
(99), 198 (23), 182 (50), 161 (21), 142 (29), 126 (34), 57 (62); Anal. calcd for C;7H28BO3P:
C, 63.37; H, 8.76; found: C, 63.42; H, 8.85. X-ray analysis, Appendix 5.
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2,2'-Bis(di-tert-butylphosphinyl)biphenyl (1.176): To a
O PO)Bu solution of 2-iododi-tert-butylphenylphosphine oxide (1.171m, 163
P(O)'Bu, mg, 0.45 mmol) in DMF (10 mL) was added copper powder (570 mg,
O 9.00 mmol), and the mixture was heated at 160 °C for 12 h. The
mixture was cooled and filtered through glass wool and the residue was
washed with CH2Cl (5 mL). The filtrate was washed with HC1 (2 M, 2 x 10 mL) then water
(1 x 10 mL). The combined aqueous layers were extracted with CH2Clj (1 x 10 mL) and the
combined organic extracts were dried (NapSQOy) and evaporated affording a pale yellow solid.
Recrystallization (hexane) provided 1.176 as a white crystalline solid (96%): m.p. 247-250
°C; IH-NMR (200 MHz, CDCl3) § 1.25 (d, J = 13.2 Hz, 18H), 1.37 (d, J = 13.5 Hz, 18H),
7.23-7.40 (m, 6H), 7.44-7.58 (m, 2H); 13C-NMR (63 MHz, CDCl3) § 27.4, 29.2, 36.6 (d, J
= 8.8 Hz), 1249 (d, J = 11.8 Hz2), 128.2, 128.4 (d, J = 79.6 Hz), 130.8 (d, J = 11.7 Hz),
132.9 (d, J = 9.4 Hz), 148.8; 3IP-NMR (81.0 MHz, CDCl3) & 54.2; IR (KBr) vpax 3059,
2988, 2963, 1644, 1590, 1561, 1470, 1425, 1170 cm-1; CI MS (CHg) m/z (rel intensity) 475
(M+1, 100), 417 (33), 313 (84), 183 (30); Anal. calcd for C28H4402P7; C, 70.86; H, 9.34;
P, 13.05; found: C, 71.06; H, 9.24; P, 12.79. X-ray analysis, Appendix 6.

P‘Bu, 2-(Di-tert-butylphosphino)triiphenylphosphine (1.177): A
C[ PPh, solution of 2-di-tert-butylphosphinyltriphenylphosphine (210 mg, 0.5
mmol) in anhydrous toluene (30 mL) and triethylamine (0.69 mL, 5.0
mmol), was treated with HSiCl3 (0.5 mL, 5.0 mmol). The reaction mixture was stirred for 1 h
during which a white precipitate was formed. The rection mixture was then heated to reflux for
3 hours, cooled on an ice bath and treated slowly with aqueous NaOH (10 mL, 2 M). The
organic phase was separated, washed with water, dried (MgSQOy4), and evaporated to provide a
white solid. Purification by flash chromatography (EtOAc, followed by 3% MeOH/EtOAc)
afforded 1.177 as a white solid (159 mg, 78%): m.p. 248 °C (dec.); IH-NMR (250 MHz,
CDCl3) 6 1.24 (d, J = 13.5 Hz, 18H), 7.00-7.15 (m, 1H), 7.20-7.45 (m, 12H), 7.55-7.70
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(m, 1H); 13C-NMR (62.5 MHz, CDCl3) § 27.3, 37.1 (d, J = 57.2 Hz), 125.9 (d, J = 10.3
Hz), 127.6, 127.8, 127.9, 130.2, 131.2-131.8 (m), 133.9, 134.2, 135.1 (dd, J = 77.0 and
21.4 Hz), 135.9, 136.1, 139.9 (d, J = 18.2 Hz), 146.6 (dd, J = 34.2 and 7.5 Hz); 3!|P-NMR
(81.0 MHz, CDCl3) § 57.8, -5.5. Anal. calcd for Ca6H32P2: C, 76.83; H, 7.93. found: C,

76.63; H, 7.77.
C[P(O)'Buz ©:0C0NEtz Competitive formation of N,N-Diethyl (2-
+ - -
TMS ™S trimethylsilyl)phenyl-O-carbamate (1.179a)

and 2-(trimethylsilyl)phenyldi-tert-butyl-
phosphine oxide (1.171a): According to General Procedure E, a solution of 1.170 (83
mg, 0.35 mmol) and 1.178a (68 mg, 0.35 mmol, prepared according to General Procedure F)
in anhydrous THF (5 mL) was treated with z~-BuLi (0.21 mL, 0.35 mmol, 1.69 M). After
stirring for a period of 5 min, TMSCI (0.07 mL, 0.53 mmol) was added and the mixture was
worked up and analyzed by GC to give a product mixture consisting of 1.170 (94% of
original), 1.178a (30% of original), and 1.179a (66% yield). There was no detectable
amount of 1.171a in the reaction mixture. A metalation period of 1 h gave a similar product

ratio (92%, 35%, 65%, and 0% of 1.170, 1.178a, 1.79a, and 1.171a, respectively).

P(0)'Bu; CONEt;  Competitive formation of N,N-Diethyl 2-
Qms * @ as (trimethylsilyl)benzamide (1.179b) and 2-

(trimethylsilyl)phenyldi-fert-butylphosphine
oxide (1.171a): According to General Procedure E, a solution of 1.170 (95 mg, 0.40
mmol) and 1.178b (71 mg, 0.40 mmol, prepared according to General Procedure G} in
anhydrous THF (5 mL) was treated with ~-BuLi (0.24 mL, 0.40 mmol, 1.69 M). After stirring
for a period of 5 min, TMSCI (0.08 mL, 0.57 mmol) was added and the mixture was worked

up and analyzed by GC to give a product mixture consisting of 1.170 (82% of original),

1.171a (15% yield), 1.178b (35% of original), and 1.179b (61% yield). A metalation
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period of 1 h gave a similar product ratio but slightly higher yield of products (70%, 21%,
15%, and 82% of 1.170, 1.171a, 1.178b, and 1.179b, respectively). In a related
experiment contributed by another researcher, the same two substrates were allowed to
compete for a molar equivalent of -BuLi and then quenched with CH3I. The ratio of products

was 4:1 as determined by integration of the CH3 peaks in the lH-NMR spectrum.275

P(0)Bu; OMe Competitive formation of 2-Trimethylsilyl-
CKTMS * E:[ ™S anisole (1.179¢) and 2-(trimethylsilyl)-

phenyldi-tert-butylphosphine oxide
(1.171a): According to General Procedure E, a solution of 1.170 (83 mg, 0.35 mmol) and
1.178c¢ (38 mg, 0.35 mmol, distilled from CaHj) in anhydrous THF (5 mL) was treated with
t-BuLi (0.21 mL, 0.35 mmol, 1.69 M). After stirring for a period of S min. TMSCI (0.07 mL,
0.53 mmol) was added and the mixture was worked up and analyzed by GC to give a product
mixture consisting of 1.170 (73% of original), 1.178a (100% of original), and 1.171a
(13% yield). There was no detectable amount of 1.179¢ in the reaction mixture. A metalation

period of 1 h gave a greater yield of product while maintaining a similar product ratio (45%,

100%, 46%, and 0% of 1.170, 1.178a, 1.171a, and 1.179c, respectively).

Br 4-(tert-Butyldimethylsilyloxy)bromobenzene (1.180): To a
solution of p-bromophenol (8.65 g, SO mmol) in DMF (100 mL) was added
imidazole (3.40 g, 50 mmol) and TBSCI (7.54 g, 50 mmol). The reaction

OTBS mixture was stirred at room temperature for 3 h, after which there was no

starting material evident by TLC. The solution was poured into H2O (100 mL) and Et;O (100
mL) was added. The layers were separated and the Et70 layer was extracted successively with
H20 (6 x 100 mL), NaOH (10%, 1 x 50 mL), HCI1 (10%, 1 x 50 mL), and finally H>O (1 x
100 mL). The Etp0 layer was dried (Na2SQ4) and evaporated to yield a colourless oil.

Purification by flash chromatography (hexane) provided a colourless oil with data matching
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that reported for 1.180 (12.95 g, 94%): 'H-NMR (200 MHz, CDCl3) § 7.31 (d, J = 8.8 Hz,
2H), 6.71 (d, T = 8.8 Hz, 2H), 0.97 (s, 9H), 0.18 (s, 6H); I3C-NMR (50.3 MHz, CDCl3) &
154.8, 132.3, 121.9, 113.6, 25.6, 18.2, -4.5.

P(O)‘Bu; (4-tert-Butyldimethylsilyloxyphenyl)di-zert-butyiphosphine
oxide: According to General Procedure C, a solution of 1.180 (3.02 g,
10.5 mmol) in anhydrous Et;0 (20 mL) at -78 °C was treated with r-BuLi
OTBS (14.3 mL, 22.0 mmol, 1.54 M solution). The newly-formed aryllithium was
transferred to a solution of chloro-di-zerz-butylphosphine (1.90 g, 10.5 mmol) in EtpO (20 mL)
and heated to reflux for a period of 6 h. Workup and oxidation of the crude phosphine with
H,07 in MeOH allowed isolation of an off-white solid. Upon analysis of the lH-NMR

spectrum of the crude product, it was determined that partial cleavage of the sily!l ether had

occurred and thus the entire mixture was subjected to hydrolysis conditions.

P(O)‘Bu; 4-(Di-tert-butylphosphinyl)phenol (1.182): The crude product from

the formation of 1.181 was dissolved in a mixture of THF (100 mL) and

DMF (40 mL) and to it was added HO (I mL) and CsF (1.91 g, 12.6
OH mmol). After stirring for 12 h at room temperature, the brown solution was
poared into water (100 mL) and extracted with CH2Cl (1 x 50 mL). The aqueous layer was
acidified (10% HCI) and extracted with CHCly (3 x 50 mL). The combined organic layers
were dried and evaporated to give an oily mixture. The remaining DMF was removed under
high vacuum providing a slightly yellow solid. Trituration with hot hexane followed by
filtration provided 1.182 as a white solid (1.807 g, 68% from 1.180): m.p. 269-272 °C; 1H-
NMR (250 MHz, CDCl3} § 1.29 (d, ] = 13.9 Hz, 18H), 7.20 (bs, 2H), 7.75 (bs, 2H); 13C-
NMR (50.3 MHz, CDCl3) § 27.0, 359 (d, J =60.5 Hz), 115.7 (d, J = 11.3 Hz), 117.6 (d, J
= 89.3 Hz), 133.8, 161.5 (d, J = 2.8 Hz); 3!|P-NMR (81.0 MHz, CDCl3) § 56.4; IR

vmax(KBr) 3428, 2970, 2491, 1599, 1579, 1505, 1295, 1125, 1096, 837, 814 cm-1; EI MS
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m/z (rel. intensity) 254 (M*, 8), 209 (28), 198 (81), 162 (14), 157 (12), 153 (13), 151 (47),
142 (100), 124 (14), 106 (18), 95 (54), 77 (55), 65 (22), 57 (91); HRMS calcd for
C14H2307P: 254.1436; found: 254.1433; Anal. calcd for C14H2302P: C, 66.12; H, 9.12.
found: C, 65.42; H, 9.24.

P(O)‘Buy N,N-Diethyl-O-(4-di-tert-butylphosphinyl)phenyl carbamate
(1.183a): According to General Procedure F, a solution of phenol 1.182
(508 mg, 2.0 mmol) in CH3CN (25 mL) was treated with K2CO3 (332 mg,
OCONEtz 3 4 mmol) and N,N-diethyl carbamoyl chloride (0.38 mL, 3.0 mmol). After
heating at reflux for a period of 30 h, TLC showed no remaining starting material. The cooled
reaction mixture was poured into HoO (150 mL) and extracted with CH2Clp (3 x 50 mL). The
combined organic layers were dried (Na2S04) and evaporated to yield a waxy brown solid.
Purification by flash chromatography (4% MeOH/CH2Cl2) afforded 1.183a as a white solid:
m.p. 99.5-101 °C; IH-NMR (250 MHz, CDCl3) 8 1.27 (d, J = 13.5 Hz, 18H), 1.1-1.4 (m,
6H), 3.3-3.5 (m, 4H), 7.25 (d, T = 8.0 Hz, 2H), 7.86 (bs, 2H); 13C-NMR (62.9 MHz,
CDCl3) 6 13.2, 14.1, 26.9, 35.7 (d, J = 60.3 Hz), 41.9, 42.3, 121.0 (d, J = 11.0 Hz), 127.5
(d, J = 79.8 Hz), 133.5, 153.4, 153.7 (d, ] = 3.1 Hz); 31P-NMR (81.0 MHz, CDCl3) § 52.0;
IR vmax(KBr) 2978, 1717, 1473, 1422, 1276, 1213, 1180, 1152, 1098 cm-1; EI MS m/z (rel.
intensity) 354 (10), 296 (9), 241 (100), 194 (14), 141 (4), 100 (20), 72 (27); Anal. calcd for
C19H32NO3P: C, 64.56; H, 9.13; N, 3.96. found: C, 64.62; H, 8.95; N, 4.08.

P(O)Bu;  N,N-Diethyl 4-di-tert-butylphosphinylbenzamide (1.183b):

268

According to a literature procedure,“” a solution of phosphine oxide 1.185

(567 mg, 4.0 mmol) in pyridine/H70 (4.5 mL, 2.0 mL) was treated with
CONEt, KMnOy (1.066 g, 6.7 mmol) and heated to reflux for 3 h. The solution was
cooled to room temperature, acidified with several drops of conc. HCI, and finally treated with

NaNO3 (sat. sol'n, 0.5 mL) resulting in a colourless solution with a white precipitate. The
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solution was extracted with CH2Cls (3 x 20 mL), and the combined organics were dried
(NazS04) and evaporated yielding benzoic acid 1.186 as a white solid. According to General
Procedure G, 1.186 was dissolved in excess SOCly (15 mL) and a few drops of DMF were
added. When evolution of gas was no longer evident, SOCl; was removed by azeotroping
with toluene (3 x 50 mL). The residue was dissolved in THF (30 mL) and cooled to 0 °C and
HNEt, (0.88 mL, 8.5 mmol) was added. After stirring for 1-2 h, extraction with CH2Clz (3 x
20 mL) followed by drying (Na2S0O4) and evaporation provided a colourless oil. Purification
by column chromatography (EtOAc, then 3% MeOH/EtOAc) provided 1.183b as a white
solid (732 mg, 51% from 4-bromotoluene): m.p. 157-157.5 °C; lH-NMR (250 MHz, CDCl3)
§ 1.0-1.4 (m, 6H), 1.28 (d, J = 13.7 Hz, 18H), 3.2-3.4 (m, 2H), 3.5-3.7 (m, 2H), 7.47 (dd,
T =8.2, 1.8 Hz, 2H), 7.92 (bs, 2H); I3C-NMR (62.9 MHz, CDCl3) § 12.7, 14.0, 26.8, 35.6
(d, J = 60.5 Hz), 39.1, 43.1, 125.5 (d, J = 10.1 Hz), 132.3, 132.3 (d, J = 76.5 Hz), 1394,
170.2; 3lP-NMR (81.0 MHz, CDCl3) & 52.3; IR vpax(KBr) 2970, 2904, 2871, 1624, 1475,
1429, 1158, 846, 815, 652 cm-!; EI MS m/z (rel intensity) 338 (M+, 100), 281 (15), 265
(12), 225 (70), 152 (38), 151 (28), 124 (27); Anal. calcd for C19gH32NO3P: C, 67.63; H,
9.56; N, 4.15. found: C, 67.61; H, 9.31; N, 4.09.

P(0)Bu, 4-(Di-tert-butylphosphinyl)anisole (1.183c): To a solution of phenol
1.182 (508 mg, 2.0 mmol) in CH3CN (25 mL) at room temperature was
added K2CO3 (332 mg, 2.4 mmol) and CH3I (0.19 mL, 3.0 mmol). The

OMe mixture was heated to reflux and stirred for 6 h after which TLC analysis

indicated no remaining starting material. The solution was cooled to room temperature, poured

into H2O (150 mL) and extracted with CH2Cl2 (3 x 50 mL). The combined organic layers
were dried (Na2SOg4) and evaporated to give a light yellow solid. Purification by flash

chromatography (3% MeOH/CH2Cly) afforded 1.183c as a white solid (494 mg, 92%): m.p.

104-106 °C; 1H-NMR (200 MHz, CDCIl3) § 1.26 (d, J = 13.5 Hz, 18H), 3.85 (s, 3H), 6.97

(dd, T = 8.9, 1.9 Hz, 2H), 7.79 (t, J = 7.9 Hz, 2H); I3C-NMR (50.3 MHz, CDCl3) & 26.9,
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35.6 (d, J = 61.0 Hz), 55.0, 113.2 (d, J = 10.7 Hz), 122.2 (d, J = 83.0 Hz), 133.8, 161.5
(d, J = 3.2 Hz); 3IP-NMR (81.0 MHz, CDCl3) 8 51.9; IR (KBr) vmax 3060, 2961, 2901,
2869, 2838, 1596, 1569, 1493, 1474, 1462, 1285, 1252, 1180, 1151, 1100 cm-1: MS CI
m/z (rel intensity): 269 (M+1, 96), 213 (16), 212 (99), 211 (25), 161 (14), 156 (53), 155
(100), 109 (18), 77 (14), 57 (29); HRMS calcd for C15H26072P: 269.1670; found 267.1668.

P(O)'Buz Di-tert-butyl-p-tolylphosphine oxide (1.185): According to General

Procedure C, a solution of freshly distilled p-bromotoluene (1.184, 730 mg,

4.3 mmol) in anhydrous Et20 (20 mL) at -78 °C was treated with -BuL.i (5.0
Me mL, 8.6 mmol, 1.71 M solution). An excess of the newly-formed aryllithium
was added to a solution of chloro-di-rerz-butylphosphine (432 mg, 2.4 mmol) in EtpO (20 mL)
and heated to reflux for a period of 2 h. The reaction mixture was cooled and quenched by
addition of MeOH (2 mL). After removal of the solvent under reduced pressure, the residue
was suspended in MeOH (10 mL) and cooled to 0 °C before H2O2 (1.0 mL of a 30% solution,
approx. 9 mmol) was added dropwise. Workup with excess NapSO3 (10 mL, 2 M solution)
and HCI (10 mL, 10% solution) followed by removal of MeOH, extraction with CH2Cl2 (3 x
20 mL), drying with Na»SOy4, and evaporation of solvent allowed isolation of a colourless oil.
Upon analysis of the IH-NMR spectrum of the crude product, it was used without further

purificaiton: !'H-NMR (250 MHz, CDCl3) 8 1.25 (d, J = 12.4 Hz, 18H), 2.40 (s, 3H), 7.32-
7.40 (m, 2H), 7.65-7.90 (m, 2H).

P(0)’Bu; 4-Di-tert-butylphosphinylbenzoic acid (1.186): Benzoic acid 1.186
was prepared and used without purification as described in the procedure for

preparation of benzamide 1.183b above.
CO>H
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P(O)'Bu, Di-tert-butyl-(4-methoxy-2-trimethylsilylphenyl)phosphine
™S oxide (1.187c): According to General Procedure H, a solution of anisole
1.183c (94 mg, 0.35 mmol) in anhydrous THF (5 mL) at -78 "C was treated
OMe with -BuLi (0.25 mL, 0.42 mmol, 1.69 M). The resulting yellow solution
was stirred for 2-3 min at -78 °C before excess TMSCI (0.070 mL, 0.53 mmol) was added
causing an immediate discharge of the yellow colour. After slowly warming the solution to
room temperature, TLC analysis indicated one new compound and some remaining starting
material. The mixture was quenched with saturated NH4Cl solution, poured into H2O (20 mL)
and extracted with CH,Cl, (3 x 20 mL). The combined organic extracts were dried (Na;SOg4)
and evaporated providing a colourless oil. Flash chromatography (1% MeOH/CH2Cl3) of the
mixture allowed isolation of starting material (11 mg, 12%) and 1.187¢ (76 mg, 64%).
Extending the metalation time to 1 h increased the yield of 1.187c to 73%. A small amount of
starting material was present by TLC but was not isolated. m.p. 177-179 °C; !H-NMR (250
MHz, CDCl3) & 0.43 (s, 9H), 1.26 (d, J = 13.2 Hz, 18H), 3.86 (s, 3H), 6.89 (dt, J = 8.5,
2.4 Hz, 1H), 7.41 (t, J = 2.1 Hz, 1H), 7.54 (dd, J = 9.7, 8.7 Hz, 1H); 13C-NMR (62.9
MHz, CDClI3) & 2.80, 27.6, 36.7 (d, J = 58.2 Hz), 54.9, 111.6 (d, J = 13.2 Hz), 123.2 (d,J
= 13.9 Hz), 127.7 (d, J = 88.8 Hz), 132.3 (d, ] = 16.0 Hz), 149.6 (d, J = 11.8 Hz), 160.4
(d, T = 2.8 Hz); 31P-NMR (81.0 MHz, CDCl3) & 56.0; IR (KBr) vmax 2945, 2900, 1585,
1564, 1476, 1388, 1285, 1226, 1157, 1148, 1118, 1052, 1032, 870 cm-L CI MS m/z (rel.
intensity) 341 (M+1, 31), 340 (M™, 2), 327 (26), 325 (100), 309 (15), 285 (14), 283 (30),
269 (26), 227 (32), 213 (17), 211 (25), 57 (33); HRMS calcd for CigH3402PSi: 341.2058;
found 341.2066.

P(OYBuz  N,N-Diethyl 4-di-tert-butylphosphinyl-2-trimethylsilylbenz-
amide (1.188b): According to General Procedure H, a solution of
TMS benzamide 1.183b (97 mg, 0.29 mmol) in anhydrous THF (5§ mL) at -78 °C

CONEt; was treated with r-BuLi (0.22 mL, 0.35 mmol, 1.62 M). The resulting
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yellow solution was stirred for 60 min at -78 °C before excess TMSCI (0.10 mL, 0.78 mmol)
was added causing an immediate discharge of the yellow colour. After slowly warming the
solution to room temperature, MeOH (5 mL) was added and the mixture was poured into H2O
{20 mL) and extracted with CH2Cly (3 x 20 mL). The combined organic extracts were dried
(NazS04) and evaporated providing a colourless oil. Purification by column chromatography
(EtOAc) provided 1.188b as a colourless oil (68 mg, 57%). Enhancement (11%) of the TMS
signal in the 'H-NMR spectrum upon irradiation of the amide methylene signal confirmed the
regioselectivity of silylation: 1H-NMR (250 MHz, CDCI3) & 0.30 (s, 9H), 1.1-1.4 (m, 6H),
1.28 (d, J = 13.6 Hz, 18H), 3.15 (q, J = 7.1 Hz, 2H), 3.57 (q. I = 7.1 Hz, 2H), 7.30 (dd, J
= 8.1, 2.1 Hz, 1H), 7.89 (d, J = 8.1 Hz, 1H), 8.02 (d, J = 8.1 Hz, 1H); 13C-NMR (50.3
MHz, CDCl3) § 6.4, 11.9, 15.2, 26.6, 36.0 (d, ] = 60.1 Hz), 42.9, 44.1, 116.1 (d, ] = 8.9
Hz), 125.5 (d, J = 10.6 Hz), 131.0 (d, J = 11.0 Hz), 132.2 (d, J = 75.9 Hz), 134.1 (d, J =
15.7 Hz), 1352, 168.9; 31P-NMR (81.0 MHz, CDCl3) 8 52.4; Anal. caicd for
C22H40NO2PSi: C, 64.51; H, 9.84; N, 3.42. found: C, 64.55; H, 9.69; N, 3.50.

P(0)'Bu; N,N-Diethyl 5-(di-tert-butylphosphinyl)salicylamide
(1.189): According to General Procedure H, a solution of 1.183a

CONEt; (120 mg, 0.34 mmol) in anhydrous THF (10 mL) at -78 °C was treated

OH with ~-BuLi (0.34 mmol, 0.21 mL of a 1.62 M solution in pentane).
The solution turned yellow upon addition of the +BuLi, however, after only 2-3 minutes, the
colour dissipated. Stirring was continued for 1.5 h at -78 °C before TMSCI (44.3 mg, 0.41
mmol, 0.05 mL) was added. After slowly warming to room temperature, NH4Cl (sat'd
aqueous) was added and the mixture was worked up and extracted with CH2Clz. The
combined organics were dried (Na2SO4) and evaporated providing a colourless oil.
Purification by flash chromatography (4% MeOH/CH2Cly) provided 1.189 as a white solid
(42 mg, 35%). Shortening the metalation period had no appreciable effect on product
distribution: m.p. 194-197 °C; IH-NMR (200 MHz, 50 °C, CDCl3) 8 1.27 (t, J = 7.1 Hz,
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6H), 1.27 (d, J = 13.9 Hz, 18H), 3.49 (q, ] = 7.1 Hz, 4H), 7.09 (d, J = 8.4 Hz, 1H), 7.66
(s, 1H), 7.95 (d, J = 9.5 Hz, 1H), 10.71 (s, 1H exch.); 13C-NMR (50.3 MHz, CDCl3) &
12.6, 15.2, 27.0, 35.6 (d, T = 59.9 Hz), 36.2, 44.2, 1209 (d, J = 13.0 Hz), 124.6 (d, J =
11.1 Hz), 130.1 (d, J = 71.0 Hz), 132.5, 139.0 (d, J = 11.9 Hz), 158.7, 165.4; 3IP-NMR
(81.0 MHz, CDCl3, room temp) § 53.3, 55.1; 3IP-NMR (81.0 MHz, CDCls, 50 °C) & 52.8,
54.5; MS EI m/z (rel intensity): 353 (M+, 31), 325 (7), 296 (24), 282 (9), 254 (12), 240
(100), 198 (14), 167 (53), 149 (11), 142 (18), 95 (18), 74 (37), 57 (83); HRMS calcd for
C10H3,NO3P 353.2120; found 353.2114.

P(OYBu;  Di-tert-butyl-(3-methoxyphenyl)phosphine oxide (1.190a):
According to General Procedure C, a solution of freshly distilled 3-

OMe bromoanisole (846 mg, 4.52 mmol) in anhydrous Et;0O (20 mL) at -78 °C

was treated with r~-BuLi (5.3 mL, 9.06 mmol, 1.71 M solution). The newly-formed
phenyllithium was added to a solution of chloro-di-zerz-butylphosphine (816 mg, 4.52 mmol)
in EtO (20 mL) at -78 °C and the mixture was stirred for 1 h. The cooling bath was removed
and replaced with an ice bath and the reaction mixture was allowed to stir and slowly warm to
room temperature. The reaction mixture was cooled and quenched by addition of MeOH (2
mL). After removal of the solvent under reduced pressure, the residue was suspended in
MeOH (20 mL) and cooled to 0 °C before H20 (1.0 mL of a 30% solution, approx. 9 mmol)
was added dropwise. Workup with excess NapSO3 (20 mL, 2 M solution) and HC! (20 mL,
10% solution) followed by removal of MeOH, extraction with CH2Cl3 (3 x 50 mL), drying
with NaySQy, and evaporation of solvent allowed isolation of a white solid. Purification by
flash chromatography (3% MeOH/EtOAc) provided 1.190a as a white waxy solid (703 mg,
58%): 1H-NMR (250 MHz, CDCl3) 6 1.28 (d, J = 13.6 Hz, 18H), 3.86 (s, 3H), 7.02 (s,
1H), 7.2-7.7 (m, 3H); 13C-NMR (62.9 MHz, CDCl3) § 26.9, 35.7 (d, J = 61.1 Hz), 55.2,
116.6, 117.4, 117.8 , 128.6 (d, J = 11.9 Hz), 132.7 (d, T = 78.0 Hz), 159.1; 31P-NMR
(81.0 MHz, CDCl3) 8 52.1; IR (KBr) vmax 2960, 2913, 1599, 1558, 1490, 1472, 1460,
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1315, 1280, 1251 cm-l. Anal. calcd for C5H2502P: C, 67.14; H, 9.39. found: C, 66.97; H,
9.15.

P(O)‘Bu; Di-tert-butyl-(3-methoxy-2-trimethylsilylphenyl)phosphine
oxide (1.191a): To a solution of phosphinyl anisole 1.190a (268 mg, 1.0
OMe mmol) in anhydrous THF (10 mL) at -78 °C was added -BuLi (1.17 mL, 2.0
mmol, 1.71 M solution) dropwise over S min. The solution was stirred and maintained at -78
°C for a period of 2 h before TMSCI (0.31 mL, 2.5 mmol) was added. The solution was
allowed to slowly warm to room temperature over several hours, and NH4Cl1 (2 mL, sat'd
aqueous solution) was added. The mixture was transferred to a separatory funnel containing
H>0 (20 mL) and extracted with CH2Cl; (3 x 25 mL). The combined organic layers were
washed with H>O (1 x 20 mL) and brine (1 x 20 mL), dried (Na3SO4) and evaporated to yield
a colourless oil. Purification by flash chromatography (EtOAc) allowed isolation of 1.191a as
an oily solid: lH-NMR (250 MHz, CDCl3) & 0.28 (s, 9H), 1.28 (d, J = 13.6 Hz, 18H), 3.86
(s, 3H), 7.2-7.5 (m, 3H); 3!P-NMR (81.0 MHz, CDCI3) § 52.3; EI MS (rel. intensity) 340
(M+, 33), 325 (20), 295 (15), 284 (68), 268 (26), 228 (51), 212 (68), 181 (34), 156 (82),
149 (14), 120 (20), 109 (41), 77 (38), 57 (100); HRMS calcd for C1gH3302PSi: 340.1988;
found: 340.1983.

Indole (2.1): To a solution of phosphinylindole 2.83 (139 mg, 0.50

@:] mmol) in anhydrous toluene (15 mL) was added a large excess of LAH
. (76 mg, 2.0 mmol). The mixture was heated to reflux and reaction
progress was monitored by GC over several hours. After 1, 3, and 4 h, decreasing amounts of
starting material were present and after 7 h no starting material remained by GC. The reaction
mixture was cooled to room temperature and then to 0 °C in an ice bath. Excess LAH was

quenched by the careful addition of H20O (5 mL) over several minutes (exothermic). When all

effervescence had ceased, the mixture was transferred to a separatory funnel containing H2O
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(50 mL) and extracted with EtOAc (3 x 40 mL). The combined organics were dried (NazSOjy)
and evaporated to provide a light yellow solid. Purification by flash column (5%
EtOAc/hexane) provided 2.1 as a light yellow solid (57 mg, 98%): m.p. 49-52 °C; lH-NMR
(200 MHz, CDCl3) § 6.52 (d, T = 3.0 Hz, 1H), 7.05 (d, J = 3.0 Hz, 1H), 7.1-7.3 (m, 3H),

7.64 (dd, J = 7.8 Hz and unresolved J, 1H), 7.83 (s, 1LH).

N-Di-tert-butylphosphinylindole (2.83): To a solution of indole

@ (586 mg, 5.0 mmol) in anhydrous THF (10 mL) at 0 °C was added a
{'(0)'3“2 solution of n-BuLi (3.0 mL, 6.0 mmol, 2.00 M solution) dropwise.

After stirring for 15 min, chloro-di-rert-butylphosphine (1.14 mL, 6.0 mmol) was added
dropwise. The mixture was allowed to stir and warm to room temperature over several hours.
After addition of MeOH (2 mL), most of the solvent was removed under reduced pressure and
the residue was suspended in MeOH (30 mL) and cooled to 0°C. Slow addition of excess
H702 (1 mL of 30%, approx. 8 mmol) caused the suspended material to dissolve over a 30
min period resulting in a light yellow solution. After adding NaSO3 (8 mL, 2 M solution)
dropwise, the solution was stirred for 2 h, allowed to warm to room temperature, treated with
HCI (12 mL, 10% solution), and stirred for another hour. Most of the MeOH was removed
under reduced pressure, and the remaining residue was poured into H2O (40 mL) and extracted
with CH2ClI2 (3 x 50 mL). The combined organics were dried (Na3SO4) and evaporated to
give an orange solid. Purification by flash chromatography (1% MeOH/CH3Cl3) provided
2.83 as a white solid (1.076 g, 78%): m.p. 166-167 °C; IH-NMR (200 MHz, CDCl3) & 1.31
(d, I = 14.7 Hz, 18H), 6.67 {t, ] = 2.4 Hz, 1H), 7.57 (d, ] = 7.4 Hz, 1H), 7.1-7.3 (m, 3H),
8.53 (d, J = 7.8 Hz, 1H); 13C-NMR (50.3 MHz, CDCl3) & 26.5, 38.4 (d, J = 69.2 Hz),
106.9 (d, J = 4.9 Hz), 116.1, 120.0, 121.3, 123.2, 126.2 (d, y = 4.8 Hz), 129.0 (d, J = 5.4
Hz), 141.4; 31P-NMR (81.0 MHz, CDCIl3) § 63.0; IR vax(KBr) 2973, 1475, 1445, 1266,
1175, 1133, 994, 749, 657 cm-1; CI MS m/z (rel intensity): 279 (M+2, 14), 278 (M+1, 49),
277 (M*, 57), 165 (18), 164 (18), 117 (11), 116 (10), 89 (12), 57 (100); HRMS calcd for:
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277.1596, found: 277.1577. Anal. calcd for Cj6H24NOP: C, 69.29; H, 8.72; N, 5.05.
found: C, 69.41; H, 8.77; N, 5.08.

Optimization studies for metalation of 2.83: To a solution of

@Jb rLi N-di-zerr-butylphenylphosphinylindole (2.83, 50 mg, 0.18 mmol) in
P(O)‘Buz anhydrous THF (4 mL) at -78 °C was added a solution of n-BuLi or

LDA (0.40 mmol) according to Scheme 2.23. After the specified length

of time (Scheme 2.23), an excess of TMSCI (0.06 mL, 0.45 mmol) was added and the reaction
mixture was allowed to warm to room temperature. After addition of H2O (5 mL) and
thorough mixing, a micro-workup was performed by removing a small amount of the organic
layer (0.2 mL) and diluting with EtOAc (1.8 mL). The resuiting solution was passed through a

micro column of silica gel (3 mm diameter x 5 mm length) and analyzed by GC providing

2.84a and 2.85 as outlined in Scheme 2.23.

N-Di-tert-butyphosphinyl-7-trimethylsilylindole (2.84a):

According to General Procedure I, a solution of phosphinylindole 2.83

™S ;’(0)'3“2. (100 mg, 0.36 mmol) in anhydrous THF (10 mL) at -40 "C was treated
with n-BuLi (0.44 mL, 0.79 mmol, 1.80 M solution). After 2 h, TMSCI (0.11 mL, 0.90
mmol) was added and the solution was allowed to warm to room temperature. Aqueous
NH4Cl1 (10 mL, saturated solution) was added and the mixture was extracted with CH2Clp (3 x
20 mL). The combined organics were dried (Na2SO4) and evaporated to provide a white solid.
Purification by column chromatography (CH2Cly) provided 2.84a as a white solid (91 mg,
72%): m.p. 127-128 °C; IH-NMR (500 MHz, {3!P}, CDCI3) 8 0.47 (s, 9H), 1.25 (s, 18H),
6.72 (d, J = 3.6 Hz, 1H), 7.18 (t, ] = 7.5 Hz, 1H), 7.28 (d, J = 3.6 Hz, 1H), 7.59 (dd, J =
7.6, 1.4 Hz, 1H), 7.64 (dd, J = 7.3, 1.3 Hz, 1H); 13C-NMR (50.3 MHz, CDCl3) & 4.3,

27.8, 39.5 (d, T = 6.7 Hz), 108.5 (d, J = 5.8 Hz), 121.5, 121.8, 127.3 (d, J = 5.7 Hz),
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128.2, 130.3 (d, J = 5.2 Hz), 133.5, 145.7; 31P-NMR (202.5 MHz, CDCl3) 3 61.8; IR
(KBr) vmax 2953, 2901, 1477, 1392, 1259, 1235, 1183, 1144, 1128, 841, 727, 658 cm-1; EI
MS m/z (rel intensity): 349 (0.6 (M+)), 334 (100), 278 (46), 236 (26), 222 (41), 220 (47),
190 (21), 174 (12); HRMS calcd for: 349.1991, found: 349.1988.

N -Di-tert-butylphosphinyl-7-methylindole (2.84b):

)
Me P(O)Bu; (140 mg, 0.50 mmol) in anhydrous THF (10 mL) at -40 °C was treated

According to General Procedure I, a solution of phosphinylindole 2.83

with n-BuLi (0.65 mL, 1.1 mmol, 1.72 M solution). After 2 h, Mel (0.07 mL, 1.1 mmol)
was added and the solution was allowed to warm to room temperature. Aqueous NH4Cl (10
mL, saturated solution) was added and the mixture was extracted with CH2Cly (3 x 20 mL).
The combined organics were dried (Na;SQOy4) and evaporated to provide a white solid.
Purification by column chromatography (1% MeOH/CH?>Cl,) provided 2.84b as a white solid
(135 mg, 93%): m.p. 52-53 °C; lH-NMR (200 MHz, CDCl3) § 1.33 (d, J = 14.7 Hz, 18H),
2.88 (s, 3H), 6.70 (dd, J = 3.5, 1.5 Hz, 1H), 7.08-7.14 (m, 2H), 7.33 (t, J = 3.2 Hz, 1H),
7.37-7.48 (m, 1H); I3C-NMR (75.5 MHz, CDCl3) § 23.9, 27.2, 39.6 (d, J = 69.5 Hz),
107.8 (d, J = 6.3 Hz), 118.2, 121.9, 126.4, 127.5, 127.8 (d, J = 6.3 Hz), 131.3 (d, J = 5.3
Hz), 140.4; 31P-NMR (81.0 MHz, CDCl3) & 62.1; IR (KBr) vpmax 2964, 1477, 1448, 1402,
1262, 1232, 1205, 1125, 1092, 985, 515, 788, 680, 657 cm-l; EI MS (rel. intensity) 291
(M+, 42, 235 (17), 179 (55), 178 (77), 130 (39), 105 (21), 77 (13), 57 (100); HRMS calcd
for C17H26NOP: 291.1752; found: 291.1757.

N-Di-tert-butylphosphinyl-7-prenylindole (2.84c): According

I
P(OYBuz 1.0 mmol) in anhydrous THF (10 mL) at -40 °C was treated with n-

to General Procedure I, a solution of phosphinylindole 2.83 (277 mg,

‘ BuLi (1.26 mL, 2.1 mmol, 1.67 M solution). After 2 h, 1-bromo-3-

methylbut-2-ene (0.24 mL, 2.1 mmol) was added and the solution was
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allowed to warm to room temperature. Aqueous NH4Cl (10 mL, saturated solution) was
added and the mixture was extracted with CHCl; (3 x 20 mL). The combined organics were
dried (Naz2SOg4) and evaporated to provide a white solid. Purification by column
chromatography (CHCl2) provided 2.84c as a white crystalline solid (299 mg, 87%): m.p.
98.5-99 °C; IH-NMR (200 MHz, CDCl3) & 1.32 (d, J = 15.0 Hz, 18H), 1.78 (s, 6H), 4.19
(d, J = 10.1 Hz, 2H), 5.38 (tsp, J = 10.0 Hz and unresolved J, 1H), 6.73 (dd, J = 4.8 and
2.0 Hz, 1H), 7.1-7.2 (m, 2H), 7.35 (t, J = 3.4 Hz, 1H), 7.43 (dt, J = 4.6 Hz and unresolved
J, 1H); 13C-NMR (50.3 MHz, CDCl3) 8 17.9, 25.8, 27.1, 33.2,39.7 (d, J = 6.8 Hz), 108.0
(d, J = 6.0 Hz), 118.2, 122.1, 125.0, 126.0, 128.0 (d, J = 5.8 Hz), 130.2, 130.7, 131.4 (d,
T =4.2 Hz), 140.0; 3!1P-NMR (81.0 MHz, CDCl3) 3 62.5; IR (KBr) vpax 2968, 2908, 2869,
1477, 1448, 1408, 1369, 1259, 1225, 1203, 1178, 1127, 1089, 983 cm-1; CI MS m/z (rel
intensity): 346 (8 (M+1)), 345 (8 M+)), 232 (12), 184 (17), 176 (14), 168 (14), 105 (10), 63
(10), 57 (100); HRMS calcd for : 345.2222, found: 345.2207. X-ray analysis, Appendix 7.

N -Di-tert-butylphosphinyl-7-formylindole (2.84e):

| According to General Procedure I, a solution of phosphinylindole 2.83

CHO {’(0)’3"2 (140 mg, 0.5 mmol) in anhydrous THF (10 mL) at -40 °C was treated
with n-BuLi (0.65 mL, 1.1 mmol, 1.72 M solution). After 2 h, anhydrous DMF (0.09 mL,
1.1 mmol) was added. The solution was maintained at -78 °C for 1 h, and MeOH (0.5 mL)
was added before the solution was allowed to warm to room temperature. Aqueous NH4Cl
(10 mL, saturated solution) was added and the mixture was extracted with CHCl, (3 x 20
mL). The combined organics were dried (NapSQO4) and evaporated to provide a white solid.
Purification by column chromatography (2% MeOH/CH?2Clp) provided 2.84e as a white solid
(82 mg, 53%): m.p. 105-107 °C; IH-NMR (250 MHz, CDCl3) § 1.30 (d, J = 14.9 Hz, 18H),
6.90 (d, J = 3.4 Hz, 1H), 7.31 (t, J = 7.5 Hz, 1H), 7.40 (dd, J = 3.2, 1.9 Hz, 1H), 7.75 (d,
J =17.3 Hz, 1H), 7.80 (d, J = 7.7 Hz, 1H), 10.56 (s, 1H); 31P-NMR (81.0 MHz, CDCl3) &
63.3; IR (KBr) vpax 2969, 2902, 2872, 1683, 1478, 1415, 1400, 1263, 1248, 1167, 1129,
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1094, 663 cm-1; CI MS m/z (rel intensity): 306 (M*+1, 100), 277 (85), 221 (30), 165 (59),
161 (11), 117 (14), 57 (37).

N-Di-tert-butylphosphinyl-7-diphenylphosphinoindole

I

)
PPh; P(O)Buz  phosphinylindole 2.83 (140 mg, 0.50 mmol) in anhydrous THF (10

(2.84f): According to General Procedure I, a solution of

mL) at -40 °C was treated with n-BuLi (0.65 mL, 1.1 mmol, 1.72 M solution). After 2 h,
chlorodiphenylphosphine (0.20 mL, 1.1 mmol) was added and the solution was allowed to
warm to room temperature. Aqueous NH4Cl (10 mL, saturated solution) was added and the
mixture was extracted with CH2Cly (3 x 20 mL). The combined organics were dried
(NazS04) and evaporated to provide a slightly yellow solid. Purification by column
chromatography (CH2Clp) provided 2.84f as a white solid (101 mg, 44%): m.p. 161-165 °C;
IH-NMR (250 MHz, CDCl3) § 1.19 (d, J = 14.6 Hz, 18H), 6.9-7.1 (m, 2H), 7.2-7.4 (m,
11H), 7.54 (d, J = 7.3 Hz, 1H), 7.75 (d, J = 3.7 Hz, 1H); 13C-NMR (62.9 MHz, CDCl3) §
27.2, 395 (d, J = 66.8 Hz), 108.2 (d, J = 5.7 Hz), 121.6 (d, ] = 51.5 Hz), 1258 (d, T =
30.5 Hz), 127.3, 127.8 (d, J = 7.6 Hz), 128.3 (d, J = 3.8 Hz), 131.0-131.5 (m, 2C), 133.3,
133.8 (d, J = 21.0 Hz), 141.9 (d, J = 17.2 Hz), 1444 (d, T = 24.8 Hz); 31P-NMR (81.0
MHz, CDCl3) 8§ (25 °C) 62.2 (d,J = 8.7 Hz), -4.8 (d, J = 8.3 Hz), § (48 °C), 62.0 (d, J = 8.7
Hz), -4.6 (d, J = 8.7 Hz); IR (KBr) vimax 2964, 1477, 1435, 1255, 1235, 1208, 1180, 1119,
1075, 693 cm-1; EI MS m/z (rel intensity): 461 (M¥, 6), 420 (21), 404 (100), 364 (18), 347
(69), 258 (15), 222 (85), 183 (33), 154 (16), 107 (22), 77 (30), 57 (56); HRMS calcd for
C28H33NOP2: 461.2037; found: 461.2030.

N-Di-tert-butylphosphinyl-7-iodoindole (2.84g): According

‘ .
I P(O)'Bu; 0.50 mmol) in anhydrous THF (10 mL) at -40 °C was treated with n-

to General Procedure I, a solution of phosphinylindole 2.83 (140 mg,

BuLi (0.65 mL, 1.1 mmol, 1.72 M solution). After 2 h, a solution of Iz (279 mg, 1.1 mmol)
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in anhydrous THF (4 mL) was added and the solution was allowed to warm to room
temperature. Aqueous NaS203 (25 mL, 2 M solution) was added and the mixture was
extracted with CH2Clz (3 x 20 mL). The combined organics were dried (Na2SQg4) and
evaporated to provide a light yellow oil. Purification by column chromatography (1 %
MeOH/CH2Cl,) provided 2.84f as a colourless oil which crystallized on standing (157 mg,
78%): m.p. 122-123 °C; 1H-NMR (300 MHz, CDCl3) & 1.34 (d, J = 14.7 Hz, 18H), 6.70
(d, J = 3.6 Hz, 1H), 6.85 (t, ] = 7.6 Hz, 1H), 7.35 (t, ] = 3.1 Hz, 1H), 7.55 (d, J = 7.6 Hz,
1H), 7.98 (dd, J = 7.5, 0.7 Hz, 1H); I13C-NMR (50.3 MHz, CDCl3) § 27.2, 403 (d, J =
65.6 Hz), 77.2, 109.0 (d, J = 6.1 Hz), 120.7, 123.6, 129.0, 133.3 (d, J = 3.1 Hz), 139.2,
143.6; 31P-NMR (81.0 MHz, CDCI3) 8 66.6; IR (KBr) vmax 2990, 2970, 1476, 1393, 1360,
1255, 1234, 1180, 1124, 973, 798, 657 cm-!; EI MS m/z (rel intensity) 403 (M*, 62), 291
(33), 276 (84), 243 (15), 220 (31), 164 (90), 163 (90), 128 (12), 116 (42), 105 (49), 89 (22),
57 (100); HRMS calcd for C16H23INOP: 403.0562; found: 403.0559.

N-Di-tert-butyphosphinyl-2-trimethylsilylindole (2.85): To

@L Tt™s @ solution of phosphinylindole 2.83 (277 mg, 1.0 mmol) in anhydrous
1"(0)'13“2 THF (20 mL) at O °C was added freshly prepared LDA (2.1 mL, 2.1

mmol, 1.0 M solution prepared by adding n-BuLi to a cooled solution of freshly distilled
diisopropylamine in anhydrous THF). After stirring for 15 min while maintaining the
temperature at 0 °C, TMSCI (0.32 mL, 2.5 mmol) was added and the solution was gradually
warmed to room temperature. Aqueous NH4Cl (10 mL, saturated solution) was added and the
mixture was extracted with CH2Clz (3 x 30 mL). The combined organics were dried
(NaSO0y4) and evaporated to provide a slightly yellow solid. Purification by column
chromatography (CH2Clp) provided 2.85 as a white solid (286 mg, 82%): m.p. 208-210 °C;
1H-NMR (500 MHz, CDCl3) & 0.36 (s, 9H), 1.30 (d, J = 15.0 Hz, 18H), 7.01 (s, 1H), 7.13
(t, Yy =7.2 Hz, 1H), 7.17 (t, ] = 7.6 Hz, 1H), 7.57 (d, ] = 7.3 Hz, 1H), 7.67 (d, J = 8.3 Hz,
1H); 13C-NMR (62.9 MHz, CDCl3) § 2.6, 27.6, 39.8 (d, J = 65.5 Hz), 119.8 (d, J = 6.7
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Hz), 120.9, 121.0, 122.2, 132.2 (d, ] = 5.8 Hz), 1395 (d, J = 5.4 Hz), 1482 (d, T =59
Hz); 31P-NMR (81.0 MHz, CDCIl3) § 67.0; IR (KBr) vimax 2990, 2958, 2897, 1479, 1467,
1239, 1222, 1199, 1171, 1132, 1096, 1028, 843 cm-!; EI MS m/z (rel intensity): 349 (M+,
3), 334 (100), 278 (49), 236 (35), 222 (40), 220 (56), 190 (12), 174 (13), 146 (14); HRMS
calcd for C19H32NOPSi: 349.1991, found: 349.1994; Anal. calcd for C19H332NOPSi: C,
65.29; H, 9.23; N, 4.01. found: C, 65.09; H, 9.26; N, 3.94.

0O 0 1,2,4,5-Tetrahydroxybenzene bis(cyclo-
QO:Q:O)O hexylidene) ketal (2.104). According to a
literature procedure,361’362 2,5-dihydroxybenzo-
quinone (5.60 g, 40 mmol) was dissolved in conc. HCI (120 mL) and to the orange slurry was
slowly added tin powder (5.70 g, 48 mmol). The mixture was heated to reflux for a period of
1.5 h, after which the solution was clear and colourless. The hot mixture was filtered through
Celite™ and gradually cooled to room temperature, and then to 0 °C in an ice bath causing
precipitation of a white solid. The crystalline 1,2,4,5-tetrahydroxybenzene was filtered by
suction and recrystallized from THF. A portion of the freshly prepared tetrahydroxybenzene
(284 mg, 2.0 mmol) was dissolved in anhydrous CH>Cl; (15 mL) and to it was added
cyclohexanone (589 mg, 6.0 mmol), a catalytic amount of TsOH (40 mg, 0.2 mmol) and
excess MgSQOy4 (1.20 g, 10 mmol). The mixture was heated to reflux for a period of 2 days
before being cooled, filtered through CeliteTM, and rinsed with CH2Clz (20 mL). The
combined organic layers were washed with NaHCO3 (saturated, 10 mL), dried (NapSQOy), and
evaporated to provide a brown oily solid. Recrystallization from toluene provided 2.104 as a
white solid with spectral data matching that provided in the literature (157 mg, 26%): m.p.
188-190 °C (1it.3%! 190-191 °C); 1H-NMR (200 MHz, CDCl3) § 1.4-1.6 (m, 4H), 1.6-1.8
(m, 8H), 1.8-1.9 (m, 8H), 6.33 (s, 2H); 13C-NMR (50.3 MHz, CDCl3) 8 23.2, 24.6, 34.9,
92.8, 118.5, 140.3.
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D 3,6-Dideutero-1,2,4,5-tetrahydroxybenzene

C>< °>C> bis(cyclohexylidene) ketal (2.107a):
O Conditions for metalation of bisketal 2.104 are as

D described in Scheme 2.34. The optimal conditions

(Scheme 2.34, entry 3) were as follows: To a solution of bisketal 2.104 (302 mg, 1.0 mmol)
in anhydrous Et20 (10 mL) at -78 °C was added -BuLi (1.83 mL, 3.0 mmol, 1.64 M solution)
resulting in a white suspension. After 30 min at -78 °C, the suspension was allowed to warm
to room temperature and was allowed to continue stirring at room temperature for 18 h. A
large excess of MeOD (0.5 mL) was added and the resulting solution was poured into H2O (50
mL) and extracted with CH2Cl (3 x 50 mL). The combined organics were dried (NaS0Oq4)
and evaporated to provide a light yellow solid: m.p. 185-189 °C; 1H-NMR (250 MHz,
CDCl3) & 1.3-1.6 (m, 4H), 1.6-1.8 (m, 8H), 1.8-2.0 (m, 8H). See Appendix 8 for IH-NMR

spectra.

1,2,4,5-Tetrahydroxybenzene bis(cyclo-

o
O( ><::> hexylidene) ketal, 3,6-bisboronic acid
(o)

(2.107b): According to the optimal conditions for

B0z preparation of 2.107a, a solution of bisketal 2.104

(302 mg, 1.0 mmol) in anhydrous Et;O (10 mL) at -78 °C was treated with z-BuLi (1.83 mL,
3.0 mmol, 1.64 M solution). Over a period of 30 min at -78 °C, a white suspension was
formed. The mixture was then allowed to warm to room temperature and was stirred at room
temperature for a period of 22 h. An ice bath was used to lower the temperature of the mixture
to 0 °C before excess B(OMe)3 (0.51 mL, 4.5 mmol) was added resulting in the formation of a
thick white precipitate. Water (20 mL) was added followed by NH4Cl (30 mL, saturated), and

the entire mixture was extracted with CH2Cl; (3 x 30 mL). The combined organics were dried

(MgS0y4) and evaporated to provide a light yellow foamy solid that was used without further
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purification (244 mg, 68%): !H-NMR (250 MHz, CDCl3) § 1.4-1.6 (m, 4H), 1.6-1.8 (m,
8H), 1.8-2.0 (m, 8H), 5.55 (s, 4H, exch).

Br 3-Bromo-N-di-tert-butylphosphinylindole (2.109a): Method
@\j 1: To a solution of phosphinylindole 2.83 (139 mg, 0.5 mmol) in
{’(O)'Bu;_ DMF (10 mL) at room temperature was added NBS (89 mg, 0.5
mmol). The mixture was stirred at room temperature for 12 h and then
was poured into H20 (100 mL) and extracted with EtpO (8 x 20 mL). The combined organic
layers were dried (NapS0Q4) and evaporated to provide a beige solid. Purification by trituration
in warm hexane, and filtration provided 2.109a as a white solid (170 mg, 95%); or Method 2:
To a solution of phosphinylindole 2.83 (1.387g, 5.0 mmol) in cyclohexane (250 mL) at room
temperature was added NBS (890 mg, 5.0 mmol). The mixture was stirred at room
temperature for 12 h and then filtered through coarse filter paper. Evaporation of the filtrate
under reduced pressure provided a white solid. Purification by trituration in warm hexane
provided 2.109a as a white solid (1.683 g, 94%): m.p. 170-171 °C; 1H-NMR (300 MHz,
CDCl3) & 1.35 (d, J = 14.9 Hz, 18H), 7.2-7.3 (m, 3H), 7.5-7.6 (m, 1H), 8.5-8.6 (m, 1H);
31P-NMR (81.0 MHz, CDCl3) 8 64.6; IR (KBr) vpmax 2984, 2962, 1477, 1435, 1275, 1195,
1179, 1108, 1028, 1016 814, 756 cm-l; EI MS m/z (rel intensity): 357 (M+2, 35), 355 (35),
301 (19), 299 (20), 245 (35), 244 (24), 243 (47), 242 (22), 196 (15), 194 (15), 116 (32), 105
(23), 57 (100); HRMS calcd for C16H3BrNOP: 355.0701; found: 355.0696.

7-Prenylindole (2.110): To a solution of phosphinylindole 2.84¢

(250 mg, 0.70 mmol) in anhydrous toluene (15 mL) was added a large

nZz

excess of LAH (133 mg, 3.5 mmol). The mixture was heated to reflux
and reaction progress was monitored by GC over several hours. After
1 h the reaction was incomplete, and after 3 h no further progress had

been noted so a second portion of LAH (95 mg, 2.5 mmol) was added. After another 2h,
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minimal starting material remained, decreasing amounts of starting material were present and
after 7 h no starting material remained by GC. The reaction mixture was cooled to rcom
temperature and then to 0 °C in an ice bath. Excess LAH was quenched by the careful addition
of H2O (5 mL) over several minutes (exothermic). When all effervescence had ceased, the
mixture was transferred to a separatory funnel containing HoO (50 mL) and extracted with
EtOAc (3 x 40 mL). The combined organics were dried (NapSQOy4) and evaporated to provide a
light yeilow solid. Purification by flash column (5% EtOAc/hexane) provided 2.110 as a light
yellow solid (57 mg, 98%): m.p. 35-38 °C (1it.332 43-44 °C); IH-NMR (250 MHz, CDCl3) &
1.80 (s, 6H), 3.53 (d, J = 7.2 Hz), 5.40 (ts, J = 7.2 Hz and unresolved J, 1H), 6.56 (dd, J =
3.2 Hz and 2.2 Hz, 1H), 7.0-7.1 (m, 2H), 7.18 (dd, J = 3.2 Hz and 2.5 Hz, 1H), 7.4-7.5
(m, 1H), 8.11 (s, 1H).

OMe 2-(N,N-Diethylcarbamyl)-3-methoxyphenylboronic acid
CONEt2 (3.61): To a solution of TMEDA (8.7 mL, 57 mmol) in anhydrous

B(OH); THF (200 mL) at -78 °C was added s-BuLi (48 mL, 57 mmol, 1.20 M
solution) dropwise resulting in a yellow solution. After 15 min of stirring at low temperature,
benzamide 3.76 (10.00 g, 48.2 mmol) was added dropwise via cannula as a solution in
anhydrous THF (50 mL). After stirring for 1 h at -78 °C, B(OMe)s (6.0 mL, 53 mmol) was
added quickly in one portion with rapid stirring causing a rise in temperature. Stirring was
continued and the solution was allowed to warm slowly to room temperature. The reaction
mixture was quenched by siow addition of HCI (10%) until a pH of 1-2 was achieved. The
solution was then transferred to a separatory funnel containing H2O (100 mL), and extracted
with CH7Clz (3 x 100 mL). The combined organic layers were dried (NapSOy4) and

evaporated to give a light yellow oil. Further drying the oil under reduced pressure resulted in

formation of a white foamy solid that was used without further purification.
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OCONEt;  N,N-Diethyl O-[2-bromo-5-methoxy-4-(methoxymethoxy)-

Br phenyllcarbamate (3.62): Method 1: To a solution of crude

MeO bromophenol 3.93 (1.052 g, 4.0 mmol) in CH3CN (100 mL}) at room
OMOM temperature was added KoCO3 (1.105 g, 8.0 mmol) and the mixture

was stirred for 15 min before CICONE(®) (1.02 mL, 8.0 mmol) was added. The mixture was
heated to reflux and stirred for 16 h and then was cooled to room temperature, poured into HoO
(50 mL), and extracted with Et2O (3 x 50 mL). The combined organic extracts were washed
with brine (20 mL), dried (NaSOg4) and evaporated to give a brown oil. Purification by flash
chromatography (25% Et;O/hexane) provided 3.62 as a white solid (807 mg, 41% from
phenol 3.83); or Method 2: To a solution of carbamate 3.84 (566 mg, 2.0 mmol) in DMF
(20 mL) at room temperature was added a solution of NBS (356 mg, 2.0 mmol) in DMF (20
mL). The solution was stirred at room temperature for 24 h and was then poured into H20 (50
mL) and extracted with EtpO (100 mL). The EtyO extract was washed with H20 (8 x 50 mL),
dried (INa2SO4) and evaporated to give a red oil. Purification as described above provided
3.62 as a white solid (623 mg, 86%): m.p. 76.5-77 °C (hexane); lH-NMR (250 MHz,
CDCl3) & 1.22 (1, ] = 7.0 Hz, 3H), 1.30 (1, J = 7.0 Hz, 3H), 3.39 (q, ] = 7.0 Hz, 2H), 3.48
(q. J = 7.0 Hz, 2H), 3.50 (s, 3H), 3.85 (s, 3H), 5.18 (s, 2H), 6.79 (s, LH), 7.34 (s, 1H);
I3C-NMR (62.9 MHz, CDCl3) § 13.4, 14.3, 42.1, 42.5, 56.3, 56.4, 96.0, 96.2, 106.1,
108.1, 120.2, 143.3, 144.6, 154.9; EI MS m/z (rel intensity): 363 (5), 361 (5), 282 (8), 100
(100), 72 (34); HRMS calcd for : 361.0525, found: 361.0576; Anal. calcd for C14H29BrNOs:

C, 46.42; H, 5.57; N, 3.87, found: C, 46.35; H, 5.69; N, 3.86.

2,6-Dimethoxy-3-isopropoxydibenzo[b,d]pyran-6-

) one (3.65): A solution of biaryl 3.66 (259 mg, 0.6 mmol)
O'Pr
in glacial acetic acid (30 mL) was heated to reflux with stirring

OMe for a period of 1 h. The solvent was removed under reduced

pressure to give a light yellow solid. Recrystallization (EtOH) provided 3.65 as a white
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crystalline solid (175 mg, 93%): m.p. 174.5-175 °C; IH-NMR (250 MHz, CDC13) d1.41(d,
I = 6.1 Hz, 6H), 3.92 (s, 3H), 3.98 (s, 3H), 4.58 (sp, J = 6.1 Hz, 1H), 6.85 (s, 1H), 7.03
(dd, J = 8.8 and 2.2 Hz, 1H), 7.28 (d, J = 2.2 Hz, 1H), 7.41 (s, 1H), 8.29 (d, J = 8.8 Hz,
1H); 13C-NMR (62.9 MHz, CDCis) § 22.2, 55.8, 56.2, 73.3, 101.3, 104.7, 110.2, 111.0,
113.4, 114.8, 132.9, 137.3, 144.3, 147.6, 153.6, 161.4, 164.8; EI MS m/z (rel intensity):
314 (M+, 17), 272 (100), 257 (32), 229 (6), 201 (22), 187 (8), 159 (24); Anal. calcd for
C18H180s5: C, 68.78; H, 5.77; found: C, 68.50; H, 5.59. -

2'-(N,N-Diethylcarbamyl)-4,5'-dimethoxy-5-
isopropoxy-2-(methoxymethoxy)biphenyl (3.66).
To a solution of bromoarene 3.68 (275 mg, 0.9 mmol) in

DME (5 mL) under an inert atmosphere at room temperature

O‘Pr

was added Pd(PPh3)4 (58 mg, 0.05 mmol) and the mixture
was stirred for 20 min. A solution of boronic acid 3.67 (375 mg, 1.5 mmol) in DME (5 mL)
was added to the first solution, followed by NapCO3 (2 mL, 2 M solution). The mixture was
heated to reflux, and after 1 h had turned black. After 12 h at reflux, the mixture was cooled to
room temperature and NH4Cl (5 mL, saturated solution) was added. The entire mixture was
filtered through CeliteT™™ and the solvent was removed under reduced pressure. The residue
was poured into HpO (50 mL) and extracted with CH>Clp (3 x 50 mL). The combined organic
extracts were dried (NapSOy4) and evaporated to give a brown oil. Purification by column
chromatography provided 3.66 as a colourless oil (259 mg, 68%): lH-NMR (200 MHz,
CDCl3) 0 0.85 (q, J = 7.1 Hz, 6H), 1.32 (d, J = 6.1 Hz, 6H), 2.6-3.9 (m, 4H), 3.41 (s, 3H),
3.83 (s, 3H), 3.86 (s, 3H), 4.41 (sp, T = 6.1 Hz, 1H), 5.07 (s, 2H), 6.8-6.9 (m, 4H), 7.2-
7.3 (m, 1H); 13C-NMR (50.3 MHz, CDCl3) § 12.1, 13.6, 22.0, 38.0, 42.1, 55.1, 55.8,
56.0, 71.9, 95.6, 101.0, 112.6, 116.3, 118.9, 120.9, 128.0, 129.8, 136.4, 141.7, 148.7,
150.6, 158.9, 170.4; EI MS m/z (rel. intensity): 431 (M*, 4), 416 (2), 389 (30), 374 (11),
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359 (100), 287 (21), 191 (15), 105 (24); Anal. calcd for Co4H33NOg: C, 66.80; H, 7.71; N,
3.25; found: C, 66.61; H, 7.75; N, 3.35.

OMe 2-(N,N-Diethylcarbamyl)-5-methoxyphenylboronic acid
(3.67): To a solution of TMEDA (3.1 mL, 20.5 mmol) in anhydrous

B(OH)> THF (100 mL) at-78 °C was added s-BuLi (16.7 mL, 20.5 mmol, 1.23
CONEt; M solution) dropwise resulting in a yellow solution. After 15 min of
stirring at low temperature, benzamide 3.72 (3.533 g, 17.0 mmol) was added dropwise via
cannula as a solution in anhydrous THF (50 mL). After stirring for 1 h at -78 °C, B(OMe)3
(4.8 mL, 42 mmol) was added quickly in one portion with rapid stirring causing a rise in
temperature. Stirring was continued and the solution was allowed to warm slowly to room
temperature. The reaction mixture was quenched by slow addition of HCI (10%) until a pH of
1-2 was achieved. The solution was then transferred to a separatory funnel containing HyO
(100 mL), and extracted with CHCl3 (3 x 100 mL). The combined organic layers were dried

(Na2S0Og4) and evaporated to give a light yellow oil. Further drying the oil under reduced

pressure resulted in formation of a white foamy solid that was used without further

purification.
OMOM 6-Bromo-4-isopropoxy-3-methoxyphenol, methoxymethyl
Br
ether (3.68): To a solution of protected phenol 3.95 (1.561 g, 6.9
MeO mmol) in DMF (20 mL) at room temperature was added a solution of
O'Pr

NBS (1.228 g, 6.9 mmol) in DMF (20 mL). The solution was stirred
at room temperature for 24 h and was then poured into H2O (50 mL) and extracted with EtpO
(100 mL). The Et2O extract was washed with HyO (8 x 50 mL), dried (NapSO4) and
evaporated to give a light orange oil. Purification by vacuum distillation provided 3.68 as a

colourless oil (1.791 g, 85%): b.p. 128-130 °C (0.1 mm Hg); IH-NMR (250 MHz, CDCI3)
1.33 (d, J = 6.1 Hz, 6H), 3.54 (s, 3H), 3.82 (s, 3H), 4.40 (sp, J = 6.1 Hz, 1H), 5.17 (s,
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2H), 6.78 (s, 1H), 7.06 (s, 1H); 13C-NMR (50.3 MHz, CDCl3) § 21.7, 55.9, 56.1, 72.4,
95.9, 102.1, 102.5, 121.0, 142.7, 148.3, 150.5; EI MS m/z (rel intensity): 306 (M+2, 50},
304 (M, 49, 264 (41), 262 (41), 234 (100), 232 (98), 219 (43), 217 (44), 191 (18), 189
(19), 183 (35), 152 (18), 140 (13); Anal. calcd for C12H17BrOg4: C, 47.23; H, 5.61; found: C,
47.39; H, 5.67.

Bis(2,4-dinitrophenyl) diselenide (3.79): According
O,N NO,

\(D: to a literature procedure,459 to a solution of diphenylacetylene
Se;: (232 mg, 1.3 mmol) in anhydrous THF (25 mL) was added
freshly sliced lithium solid (349 mg, 50.3 mmol). The
mixture was stirred vigorously for 1 h before selenium (3.720 g, 46.5 mmol) was added in one
portion and the entire mixture was stirred at room temperature for 24 h. The resulting red-
brown solution was transferred dropwise over 30 min to a stirred solution of 2,4-
dinitrochlorobenzene (10.958 g, 54.1 mmol) in anhydrous THF (50 mL) at 0 °C. Stirring was
continued for another 24 h, after which the precipitate was filtered by suction and washed with
THF (20 mL), H2O (20 mL), and MeOH (20 mL) and dried in air giving 3.79 as a red-brown
solid (6.664 g, 58%) that was used without further purification: m.p. 248 °C dec. 1it.*° 263

°C dec., and*%> 264-265 °C).

CHO 3-Methoxy-4-(methoxymethoxy)benzaldehyde (3.81).
Method 1: According to a literature procedure,460 to a solution of

MeO vanillin (7.61 g, 50.0 mmol) in THF (70 mL) at room temperature was
oMoM added a catalytic amount of tetrabutylammonium bromide (966 mg, 3.0

mmol) and freshly powdered NaOH (12 g). The mixture was stirred and cooled to 0 °C and to
it was added a large excess of MOMCI (12.0 mL, 160 mmol) dropwise as a solution in THF
(30 mL). The mixture was stirred for 2 h and then poured into HO (100 mL) and extracted

with EtOAc (3 x 50 mL). The combined organic extracts were dried (MgSOg4) and evaporated
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to give a yellow oil. Purification by vacuum distillation provided 3.81 as a colourless oil
(6.47 g, 66%); or Method 2: To a solution of NaH (288 mg, 6.0 mmol) in THF (50 mL) at 0
*C was added MOMC (0.45 mL, 6.0 mmol) followed by dropwise addition of vanillin (761
mg, 5.0 mmol) as a solution in THF (25 mL) over 30 min. When all of the vanillin solution
had been added, the mixture was stirred for an additional 2 h as it slowly warmed to room
temperature. The reaction mixture was poured into H2O (100 mL) and extracted with EtOAc (3
x 50 mL). The combined organic extracts were dried (Na2SO4) and evaporated to give a light
yellow oil. Purification by vacuum distillation provided 3.81 as a colourless oil (768 mg,
80%): m.p. 34.5-36 °C; b.p. 122-124 °C (0.4 mm Hg); !H-NMR (250 MHz, CDCl3) & 3.53
(s, 3H), 3.95 (s, 3H), 5.33 (s, 2H), 7.29 (d, unresolved J, 1H), 7.4-7.5 (m, 2H), 9.87 (s,
1H); EI MS m/z (rel intensity): 196 (M*, 100}, 166 (37), 150 (13), 137 (6), 119 (16).

OH 3-Methoxy-4-(methoxymethoxy)phenol (3.83). According to a

literature proc:edure,"’58 to a solution of aldehyde 3.81 (2.943 g, 15.0

MeO mmol) in CH2Clz (50 mL) at room temperature was added selenium
OMOM

catalyst 3.79 (310 mg, 0.6 mmol) and H207 (3.9 mL, 30% solution,
approximately 30 mmol), and the mixture was stirred vigorously for 48 h. The yellow mixture
was filtered to remove the insoluble catalyst, and the filtrate was poured into H2O (30 mL) and
extracted with CH2Cl, (3 x SO mL). The combined organic layers were washed successively
with NaHSO3 (50 mL, 10% solution), NaCO3 (50 mL, 10% solution), and HpO (50 mL).
Drying (Na2SQOy4) and evaporating led to isolation the crude formate ester, which was dissolved
in CH30H (50 mL) and cooled to 0 °C. To this was added powdered KOH (3.0 g, 53.5
mmol) in several portions. After stirring for 1 h, HO (100 mL) was added and the mixture
was extracted with Etp0O (2 x 50 mL). The aqueous layer was acidified (10% HCl) and
extracted with CHCl3 (3 x 50 mL). The combined organic extracts were dried (NazSQ4) and
evaporated to provide a brown residue. The oily mixture was passed through a short silica gel

column (20% hexane/Et20) and the resulting solid was recrystallized (EtzO/hexane) to provide
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3.83 as a white solid (2.041 g, 74%): m.p. 69.5-70.5 °C (ether / hexane) (lit.*>3:460 74 °C);
IH-NMR (250 MHz, CDCI3) & 3.53 (s, 3H), 3.79 (s, 3H), 5.12 (s, 2H), 5.63 (s, 1H, exch.),
6.28 (dd, J = 8.6 and 2.8 Hz, 1H), 6.44 (d, ] = 2.8 Hz, 1H), 6.95 (d, J = 8.6 Hz, 1H); IR
(CHCI3) vmax 3398, 3017, 1608, 1511, 1195, 1155, 755 cm-l; EI MS m/z (rel intensity): 184
(M+, 90), 154 (100), 139 (87), 138 (39), 111 (35), 93 (25).

OCONE, N,N-Diethyl O-[3-methoxy-4-{methoxymethoxy)phenylj-
carbamate (3.84): According to General Procedure F, to a solution

MeO of phenol 3.83 (2.763 g, 15.0 mmol) in CH3CN (50 mL) at room
oMoM temperature was added K2CO3 (2.488 g, 18.0 mmol) and CICONEt;

(3.80 mL, 30.0 mmol). The mixture was stirred vigorously and heated to reflux. After 8 h,
the mixture was cooled to room temperature, poured into H,0O (100 mL), and extracted with
EtOAc (3 x 50 mL). The combined organic extracts were dried (Na;SOy4) and evaporated to
give a straw coloured oil. Purification by vacuum distillation provided 3.84 as a colourless oil
(3.741 g, 88%): b.p. 192-194 °C (0.2 mm Hg); 'H-NMR (250 MHz, CDCl3) 8 1.1-1.3 (m,
6H), 3.40 (t, T = 7.8 Hz, 4H), 3.50 (s, 3H), 3.85 (s, 3H), 5.18 (s, 2H), 6.72 (d, J = 2.7 Hz,
1H), 6.63 (dd, T = 8.7 and 2.7 Hz, 1H), 7.11 (d, J = 8.7 Hz, 1H); !13C-NMR (50.3 MHz,
CDCl3) 8 13.2, 14.1, 41.7, 42.0, 55.7, 55.9, 95.7, 106.3, 113.1, 116.6, 143.6, 146.4,
150.0, 154.2; IR (neat) vmax 3552, 3504, 3403, 2360, 1728, 1600, 920, 853 cm-1; EI MS
m/z (rel intensity): 283 (M+, 15), 100 (100), 72 (39); Anal. calcd for C14H21NOs: C, 59.35;

H, 7.47; N, 4.94; found: C, 59.15; H, 7.45; N, 5.01.

OCONEt; QCONEt» N N.Diethyl O-[3-methoxy-4-(methoxy-
TMS TMS
+ methoxy)-2-trimethylsilylphenyl]Jcarbamate
MeO MeO (3.85) and N,N-Diethyl O-[5-methoxy-4-
OMOM OMOM

(methoxymethoxy)-2-trimethylsilylphenyl]-
carbamate (3.87): To a solution of TMEDA (0.33 mL, 2.2 mmol) in anhydrous THF (20
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mL) at -78 °C was added s-BuLi (1.65 mL, 2.2 mmol, 1.33 M solution). After stirring for 15
min, a solution of carbamate 3.84 (567 mg, 2.0 mmol) in anhydrous THF (15 mL) was added
dropwise. After stirring at -78 °C for 1 h, NH4Cl (2 mL, saturated) was added and the
solution was warmed to room temperature. Most of the solvent was removed under reduced
pressure and the residue was partitioned between H»O (100 mL) and CH2Cl2 (100 mL). The
organic layer was dried (NapSQOg4) and evaporated to give a light brown oil. Purification by
flash chromatography (40% hexane/Et0) provided 3.85 (230 mg, 32%) as a colourless oil
along with 3.87 (est. 10-15%) and starting material that were inseparable by flash
chromatography. The experiment was repeated at -100 °C providing 18% of 3.85, and with
direct addition of z-BuLi at -78 °C providing 16% of 3.85. Data for 3.85: IH-NMR (200
MHz, CDCl3) § 0.31 (s, 9H), 1.18 (t, T = 7.1 Hz, 3H), 1.23 (t, ] =7.1 Hz, 3H), 3.38 (g, I =
7.1 Hz, 2H), 3.43 (q, ] = 7.1 Hz, 2H), 3.50 (s, 3H), 3.84 (s, 3H), 5.17 (s, 2H), 6.66 (d,J =
8.8 Hz, 1H), 7.14 (d, J = 8.8 Hz, 1H); 13C-NMR (50.3 MHz, CDCl3) 3 1.1, 13.3, 14.2,
41.6, 41.9, 56.2, 61.0, 95.5, 118.3, 118.6, 126.0, 147.3, 150.5, 154.1, 154.8; IR (neat)
Vmax 2976, 2072, 1993, 1926, 1747, 1583, 922 cm-1; EI MS m/z (rel intensity): 355 (M*, 6),
340 (33), 100 (100), 72 (28); HRMS calcd for C17H29NOsSi: 355.1815; found: 355.1810.
Data for 3.87: IH-NMR (250 MHz, CDCl3) § 0.25 (s, 9H), 1.20 (t, J = 7.1 Hz, 3H), 1.26
(t, T =7.1 Hz, 3H), 3.39 (q, J = 7.1 Hz, 2H), 3.48 (q, J = 7.1 Hz, 2H), 3.52 (s, 3H), 3.86
(s, 3H), 5.18 (s, 2H), 6.61 (s, 1H), 7.15 (s, 1H).

CHO 4-Isopropoxy-3-methoxybenzaldehyde (3.90): To a solution

of vanillin (1.521 g, 10.0 mmol) in CH3CN (100 mL) at room

MeO ’ temperature was added KpCOj3 (2.761 g, 20.0 mmol) and 2-
O'Fr iodopropane (1.20 mL, 12.0 mmol). The mixture was stirred
vigorously and heated to reflux. After 12 h at reflux, the mixture was cooled to room

temperature and most of the solvent was removed under reduced pressure. The residue was

partitioned between H2O (100 mL) and CH,Cl, (100 mL), and the organic layer was washed
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with NaOH (50 mL, 1 M solution), dried (Na2SO4) and evaporated to give a colourless oil.
Purification by vacuum distillation provided 3.90 as a colourless oil (1.729 g, 89%): b.p.
108-112 °C (6.5 mm Hg) [lit. 117-120 °C (3 mm Hg)* and 150-152 °C (13 mm Hg)*¢7];
IH-NMR (250 MHz, CDCl3) 8 1.43 (d, J = 6.1 Hz, 6H), 3.91 (s, 3H), 4.69 (sp, ] = 6.1 Hz,
1H), 6.98 (d, J = 8.1 Hz, 1H), 7.4-7.5 (m, 2H), 9.84 (s, 1H); 13C-NMR (50.3 MHz,
CDCl3) & 21.5, 55.6, 70.9, 109.3, 112.6, 126.2, 129.4, 150.0, 152.7, 190.4.

OH 4-Isopropoxy-3-methoxyphenol (3.91): Method 1: To a

soiution of aldehyde 3.90 (4.866 g, 25.0 mmol) in CH2Cls (50 mL) at

MeO room temperature was added selenium catalyst 3.79 (492 mg, 1.0
O'Pr

mmol) and H2O3 (6.5 mL, 30% solution, approximately SO0 mmol), and
the mixture was stirred vigorously for 48 h. The yellow mixture was filtered to remove the
insoluble catalyst, and the filtrate was poured into HO (50 mL) and extracted with CHClI» (3
x 50 mL). The combined organic layers were washed successively with NaHSO3 (50 mL,
10% solution), NaCO3 (50 mL, 10% solution), and H20 (50 mL). Drying (Na2SQOg4) and
evaporating led to isolation the crude formate ester, which was dissolved in CH30H (50 mL)
and cooled to 0 °C. To this was added powdered KOH (5.0 g, 89 mmol) in several portions.
After stirring for 1 h, H>O (100 mL) was added and the mixture was extracted with EtpO (2 x
50 mL). The aqueous layer was acidified (10% HCI) and extracted with CHCl3 (3 x 50 mL).
The combined organic extracts were dried (NaS04) and evaporated to provide a dark brown
residue. The oily mixture was passed through a short silica gel column (50% hexane/EtpO)
and the resulting solid was recrystallized (EtpO/hexane) to provide 3.91 as a white solid
(2.957 g, 65%); or Method 2: According to a literature procedure,461 to a solution of aldehyde
3.90 (1.123 g, 5.8 mmol) in MeOH (10 mL) at room temperature was added H2O2 (2 mL,
30% solution, approximately 15 mmol) and conc. H2SO4 (0.25 mL). The solution was stirred
at room temperature for 8 h during which time a red colour developed. The solution was

cooled to 0 °C and NaHCO3 (3 mL, 2 M solution) was added dropwise followed by NazSO3
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(20 mL, 2 M solution). After warming to room temperature, the volatile solvent was removed
under reduced pressure and the residue was poured into H2O (50 mL) and extracted with
EtOAc (3 x 50 mL). The combined organic extracts were dried (NaSOy4) and evaporated to
provide a waxy brown solid. Purification as above provided 3.91 as a white solid (928 mg,
88%): m.p. 41.5-42.5 °C (1it.#%8 38-44 °C); IH-NMR (250 MHz, CDCl3) § 1.30 (d, J = 6.1
Hz, 6H), 3.75 (s, 3H). 4.34 (sp, J = 6.1 Hz, 1H), 5.3 (bs, 1H, exch.), 6.30 (dd, ] = 8.5 Hz
and 2.7 Hz, 1H), 6.43 (d, J = 2.7 Hz, 1H), 6.77 (d, T = 8.5 Hz, 1H); I3C-NMR (50.3 MHz,
CDCl3) 6 22.1, 55.7, 73.1, 100.8, 106.1, 119.0, 140.6, 151.1, 15L.8.

OCONEt, N,N-Diethyl O-(4-isopropoxy-3-methoxyphenyl)carbamate

(3.92): According to General Procedure F, to a solution of phenol

MeO 3.91 (364 mg, 2.0 mmol) in CH3CN (20 mL) at room temperature was
o'pr

added K7CO3 (304 mg, 2.2 mmol) and CICONEt; (0.28 mL, 2.2
mmol). The mixture was stirred vigorously and heated to reflux. After 5 h, the mixture was
cooled to room temperature, poured into HyO (100 mL), and extracted with CH2Cl2 (3 x 20
mL). The combined organic extracts were dried (NapSO4) and evaporated to give a yellow oil.
Purification by flash chromatography (40% Et;O/hexane) provided 3.92 as a colourless oil
(472 mg, 84%): 1H-NMR (200 MHz, CDCl3) 8 1.23 (d, ] = 6.2 Hz, 6H), 1.34 (d, J = 6.1
Hz, 6H), 3.41 (bs, 4H), 3.83 (s, 3H), 4.44 (sp, ] = 6.1 Hz, 1H), 6.62 (dd, J = 8.6 Hz and
2.7 Hz, 1H), 6.69 (d, J = 2.7 Hz, 1H), 6.86 (d, J = 8.6 Hz, 1H).

OH 2-Bromo-4-isopropoxy-3-methoxyphenol (3.93): To a
Br ,
solution of phenol 3.83 (184 mg, 1.0 mmol) in DMF (10 mL) at room
MeO temperature was added a solution of NBS (178 mg, 1.0 mmol} in DMF
OMOM

(10 mL). The solution was stirred at room temperature for 24 h and
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was then poured into H2O (20 mL) and extracted with Et20 (50 mL.). The Et2O extract was
washed with H20 (8 x 20 mL), dried (NaSO4) and evaporated to give a brown oil that was

immediately protected as the corresponding carbamate (see Procedure 3.62).

OMOM 4-Isopropoxy-3-methoxyphenol, methoxymethyl ether
(3.95): To a solution of NaH (250 mg, 5.2 mmol) in THF (50 mL) at
MeO ' 0 °C was added MOMCI (0.39 mL, 5.2 mmol) followed by dropwise
O'Pr addition of phenol 3.91 (783 mg, 4.3 mmol) as a solution in THF (10
mL) over 30 min. When all of the phenol solution had been added, the mixture was stirred for
an additional 2 h as it slowly warmed to room temperature. The reaction mixture was poured
into H2O (50 mL) and extracted with EtOAc (3 x 50 mL). The combined organic extracts were
dried (Na2S0O4) and evaporated to give a yellow oil. Purification by flash chromatography
(50% EtyO/hexane) provided 3.95 as a colourless oil (722 mg, 74%): 'H-NMR (250 MHz,
CDCl3) 8 1.32 (d, J = 6.1 Hz, 6H), 3.48 (s, 3H), 3.82 (s, 3H), 4.37 (sp, J = 6.1 Hz, 1H),
5.11 (s, 2H), 6.55 (dd, J = 8.7 Hz and 2.8 Hz, 1H), 6.62 (d, J = 2.8 Hz, 1H), 6.81 (d,J =
8.7 Hz, 1H); 13C-NMR (62.9 MHz, CDCl3) § 22.0, 55.6, 72.4, 95.0, 102.4, 107.0, 118.3,
1422, 151.6, 152.5; IR (neat) vpa¢ 3385, 2974, 2934, 2827, 1608, 1595, 1507 cm-1; EI MS
m/z (rel intensity): 226 (M*,47), 184 (53), 154 (100), 139 (41), 123 (7), 111 (11). Anal.
calcd for C1oH1804: C, 63.70; H, 8.01; found: C, 63.89; H, 7.98.

OMe 2,6-Dimethoxy-3-hydroxydibenzo[b,d]pyran-6-one
O (3.97): To a solution of pyranone 3.65 (10.4 mg, 0.033
O o mmol) and oxalyl chloride (1.03 mL of a 0.057 M solution in
o o OMe CH3NO2) in CH3NO2 (1 mL) at room temperature was added

excess TiCly (1 drop, approximately 0.5 mmol). The flask was warmed to slightly above
room temperature and the solution quickly turned dark orange, then black. After 10 min, the

solution was cooled to room temperature and NaHCOQO3 (2 mL, 2 M solution) was added
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changing the colour immediately to light orange. The mixture was partitioned between H2O
(50 mL) and CHCI3 (50 mL) and sodium potassium tartrate (1 g) was added. After separation
of the layers, the HpO layer was washed with CHCl3 (25 mL) and the combined organic layers
were dried (Na2SQy4) and evaporated to provide 3.97 as an off-white solid (6.4 mg, 71%):
1H-NMR (200 MHz, CDCl3) 8 3.88 (s, 3H), 3.97 (s, 3H), 7.01 (s, 1H), 7.12 (dd, J = 8.7
Hz and 2.1 Hz, 1H), 7.54 (d, ] = 2.1 Hz, 1H), 7.65 (s, 1H), 8.11 (d, ] = 8.7 Hz, 1H), 9.20
(bs, 1H, exch.).
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5.1 Appendix 1 - X-ray analysis of 1.159d
The following 8 pages contain a structure determination summary as well as bond

length and bond angle tables for single crystal X-ray diffraction analysis of 1.159d.

C(OH)Et,
@f O

Fe NPr,

<=
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STRUCTURE DETERMINATION SUMMARY

Crystal Data

irical
Empirical Formula 022H33FeN02

Color; Habit Orange Pseudo-octagonal Needle

Prism Fragment

Crystal Size (mm) 0.38{100}x0.36{010}x0.38{001}x0.34{012}

Crystal System Orthorhombic

Space Group P212121

Unit Cell Dimensions a = 7.4383(7) A
b = 9.8099(8) A
c = 28.763(2) A

Volume 2098.8(3) A3

Z 4

Formula Weight 399.3

Density(calc.) 1.264 g/cm3

Absorption Coefficient 7.33 crn—1

F(000) 856
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Data Collecticn

Diffractometer Used Siemens P4

Radiation MoK (N = 0.71073 A)

Temperature (Ks 200

Monochromator Highly orient?d graphite crystal
20 Range 4.0 to 60.0°

Scan Type (&)

Scan Speed Variable; 3.00 to 30.00°/min. in @
Scan Range (w) 1.20°

Background Measurement Stationary crystal and stationary

counter at beginning and end of
scan, each for 0.5% of total

scan time

Standard Reflections 3 measured every 100 reflections

o

Index Ranges <h <10, 0 £k <13

-40 =f =40

Reflections Collected 6866

Independent Reflections 6130 (Rint = 1.43%)*
Observed Reflections 5006 iF > 6.00(F))
Absorption Correction Face—indexed numerical
Min./Max. Transmission 0.7950 / 0.815S

*
Unmerged Friedels
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Solution and Refinement

System Used Siemens SHELXTL IRIS
Solution Patterson and Fourier
Refinement Method Full-Matrix Least—Squares
Quantity Minimized Ew(Ec"-Fc)2

x
Absolute Structure

Extinction Correction x = 0.00264(4), where
* —
F =F 1+ 0.002xF2/sin(26) 1 1/4
Hydrogen Atoms Riding model, refined isotropic U
. . -1 2
Weighting Scheme W = ¢ (F)

Number of Parameters Refined 269

Final R Indices (obs. data) R =2.83 %, wR = 2.98 %
(R Indices (all data) R = 3.47 %, wR = 3.05 %)
Goodness—of-Fit 1.59

Largest and Mean Afg 0.005, 0.001
Data—to-Parameter Ratio 18.6:1

Largest Difference Peak 0.47 eA >

Largest Difference Hole ~0.44 eA 3

*
The alternative enantiomer gave R, wR, and GoF

values of 4.30, 4.67, and 2.489 respectively.
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Table 1. Atomic coordinates (x104) and equivalent isotropic.

Fe(1l)
c(1)
c(2)
Cc(3)
Cc(4)
C(5)
C(1°)
c(2°)
Cc(3")
Cc(4°)
Cc(5°)
C(6)
0(7)
N{8)
c(9)
c(10)
c(11)
c(i2)
c(13)
Cc(14)
C(15)
0(16)
Cc(17)
Cc(18)
Cc(19)
C(20)

<2 4
displacement coefficients (A x10 )

X

1314.8(3)

2642(2)
2020(2)
2853 (2)
3919(2)
3789(3)
-886(4)
~1365(3)
-490(3)

510(3)

300(4)

2082(3)

481(2)
3324(2)
5288(2)
6208 (3)
6102(3)
2723(3)
1481(3)
1956 (3)

904 (2)
-746(2)

343(3)
-927(3)
2016(3)
3840(3)

Y

279.5(3)

52(2)
-1252(2)
-1437(2)

-282(2)
644(2)
1425(4)
182(4)
117(3)
1295(3)
2111(3)
695(2)
656(2)
1308(2)
1213(2)
474(3)
2611(3)
2028(2)
3214(2)
1070(3)
-2309(2)
-1755(1)
~3464(2)
-4502(2)
-2821(2)
-3425(3)

z

453.4(1)
1067.7(6)
896.1(6)
454.4(6)
346.2(5)
724.2(5)
564.3(9)
345(1)
-76.2(9)
-126.5(8)
259.0(9)
1518.4(6)
1641.5(5)
1786.3(S)
1711.2(6)
2110.6(7)
1621.6(8)
2213.7(7)
2106.0(9)
2581.9(7)
1157.2(6)
1325.6(5)
830.0(7)
1050.2(8)
1572.4(6)
1451.4(9)

U(eq)

225.6(6)
207(5S)
207(5)
248(5S)
253(5)
245(5)
755(13)
718(11)
526(9)
451(8)
541(9)
226(5)
324(4)
214(4)
284 (6)
526(9)
487(8)
296(6)
494(8)
479(8)
243(S)
312(4)
309(6)
455(8)
322(6)
533(8)

* Equivalent isotropic U defined as one third of the
trace of the orthogonalized Uij tensor
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Table 2. Bond lengths (A)

Fe(1)-C(1)
Fe(1)-C(3)
Fe(1)-C(5)
Fe(1)-C(2")
Fe(1)-C(4')
C(1)-Cc(2)
c(1)-C(6)
C(2)-C(15)
C(4)~C(5)
C(1°)-C(5")
c(3)~C(4")
C(6)-0(7)
N(8)-C(9)
c(9)-C(10)
C(12)~-C(13)
C(15)-0(16)
C(15)~-C(19)
C(19)~-C(20)

Fe(l)-cent (1)

2.036(2)
2.036(2)
2.030(2)
2.019(2)
2.033(2)
1.447(2)
1.501(2)
1.525(3)
1.420(2)
1.415(4)
1.382(4)
1.242(2)
1.479(2)
1.521(3)
1.518(3)
1.427(2)
1.537(3)
1.521(3)
1.642

Fe(l)-C(2)
Fe(1)-C(4)
Fe(l)-C(1)
Fe(1)-C(3‘)
Fe(l)-C(5°)
C(1)-C(5}
Cc(2)-C(3)
C(3)-C(4)
c(1}-c(2)
C(2°)-C(3")
C(4°)-C(5°)
C(6)~-N(8)
N(8)~C(12)
C(9)-C(11)
C(12)-C(14)
C(15)~-C(17)
C(17)—-C(18)

Fe(l)—cent (1)
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2.038(2)
2.037(2)
2.011(3)
2.037(3)
2.028(3)
1.428(2)
1.425(2)
1.417(3)
1.418(5)
1.377(4)
1.376(4)
1.345(2)
1.486(2)
1.522(3)
1.526(3)
1.531(3)
1.526(3)
1.634



Table 3. Bond angles (o)

C(1)-Fe(l)-C(2)
C(2)-Fe(1)-C(3)
C(2)-Fe(1)-C(4)
C(1)-Fe(1)-C(5)
C(3)-Fe(1)-C(5)
C(1)-Fe(1)-C(1’)
C(3)-Fe(l)-C(1')
C(5)-Fe(1)~-C(1°)
C(2)~Fe(l)-C(2')
C(4)-Fe(l)-C(2°)
C(17)-Fe(l)-C(2°)
C(2)-Fe(1)-C(3°)
C(4)-Fe(1)-C(3"})
C(17)-Fe(1)-C(3‘)
C(1)-Fe(l)-C(4’)
C(3)-Fe(1)-C(4")
C(5)-Fe(1)-C(4")
C(27)-Fe(l}-C(4")
C(1)-Fe(l)-C(5°)
C(3)-Fe(1)-C(5°)
C(5)-Fe(1)-C(5°)
C(2°)-Fe(1l)~C(5°)
C(4°)-Fe(l)~C(5")
Fe(l)-C(1)-C(5)
Fe(l)-C(1)-C(6)
.C(5)~C(1)-C(6)
Fe(l)-C(2)-C(3)
Fe(l)-C(2)-C(15)
C(3)-C(2)~-C(15)
Fe(l)-C(3)-C(4)
Fe(1)-C(4)-C(3)
C(3)-C(4)-C(5)
Fe(1)-C(5)-C(4)
Fe(l)-C(17)-C(2")
C(2)-C(1°)~C(S5")
Fe(l)=-C(2)-C(3")
Fe(l)-C(3°)-C(2°)
C(27)-C(3°)-C(4")
Fe(l)-C{4')-C(5")
Fe(1)-C(5')~C(1")
C(1°)=C(5")-C(4")
C(1)-C(6)~-N(8}
C(6)-N(8)-C(9)
C(9)-N(8)-C(12)
N(8)-C(9)-C(11)
N(8)-C(12)-C(13)
C(13)-C(12)-C(14)
C(2)-C(15)-C(17)
C(2)-C(15)-C(19)
C(17)-C(15)-C(19)
C(15)-C(19)-C(20)

41.6(1)
41.0(1)
69.6(1)
41.1(1)
68.6(1)
108.6(1)
156.8(1)
125.4(1)
108.4(1)
154.5(1)
41.2(1)
125.4(1)
119.5(1)
68.0(1)
155.3(1)
124.9(1)
119.7(1)
66.8(1)
121.1(1)
160.5(1)
106.7(1)
68.4(1)
39.6(1)
69.2(1)
124.7(1)
126.3(2)
69.5(1)
132.0(1)
126.1(2)
69.7(1)
69.6(1)
107.8(1)
69.8(1)
69.7(2)
106.9(2)
70.8(1)
69.5(2)
107.9(2)
70.0(1)
68.9(2)
107.1(2)
119.5(2)
124.5(1)
116.6(1)
111.1(2)
112.2(2)
112.7(2)
110.4(1)
108.2(1)
112.5(2)
115.4(2)

C(1l)-Fe(1l)-C(3)
C(l)-Fe(1l)-C(4)
C(3)-Fe(1l)~-C(4)
C(2)-Fe(1)-C(5)
C(4)~Fe(1)-C(S)
C(2)-Fe(1)-C(17)
C(4)-Fe(1l)-C(1’)
C(1)-Fe(l)=~C(2’)
C(3)-Fe(1)-C(2°)
C(5)-Fe(1)-C(2")
C(l)-Fe(1)-C(3")
C(3)-Fe(1)-C(3°)
C(5)-Fe(1)~C(3")
C(27)—~Fe(1)-C(3")
C(2)-Fe(l)-C(4")
Cc(4)-Fe(l)-C(4°)
C(1°)-Fe(l)~C(4")
C(37)-Fe(1l)-C(4")
C(2)-Fe(1)-C(5")
C(4}—-Fe(1)-C(5")
Cc(17)-Fe(l)~-C(5")
C(37)-Fe(1l)-C(5)
Fe(1)-C(1)-C(2)
C(2)-C(1)-C(5)
C(2)-C(1)-C(6)
Fe(l)-C(2)-C(1)
C(1l)-C(2)-C(3)
C(1)-C(2)~C(15)
Fe(1)-C(3)-C(2)
C(2)-C(3)-C(4)
Fe(1l)-C(4)-C(5)
Fe(1)-C(5)-C(1)
C({1)-C(5)-C(4)
Fe(1)-C(17)-C(5‘)
Fe(1l)-C(2°)~C(1")
C(1°)-C(2')~C(3")
Fe(l)=-C(3°)~-C(4*)
Fe(l)-C(47)-C(3")
C(37)-C(4°)~C(5")
Fe(1l)-C(5°)~C(4")
C(1)-C(6)-0(7)
0(7)—-C(6)-N(8)
C(6)-N(8)~-C(12)
N(8)—-C(9)-C(10)
C(10)-C(9)-C(11)
N(8)-C(12)-C(14)
C(2)-C(15)-0(16)
O(16)-C(15)~C(17)
0(16)-C(15)~-C(19)
C(15)-C(17)~C(18)
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68.6(1)
68.9(1)
40.7(1)
69.9(1)
40.9(1)

121.5(1)

161.6(1)

127.4(1)

121.0(1)

164.2(1)

163.7(1)

107.9(1)

153.9(1)
39.7(1)

161.7(1)

106.8(1)
67.5(1)
39.7(1)

157.1(1)

123.5(1)
41.0(1)
67.5(1)
69.3(1)

108.3(1)

125.3(1)
69.1(1)

106.1(1)

127.4(1)
69.6(1)

109.7(2)
69.3(1)
69.7(1)

108.1(2)
70.1(2)
69.1(2)

108.2(3)
70.0(1)
70.3(1)

1059.9(2)
70.4(1)

119.9(2)

120.6(2)

118.7(1)

111.4(2)

112.2(2)

113.2(2)

112.1(1)

104.8(1)

108.9(1)

114.0(2)



Table 4. Anisotropic displacement coefficients (A?x104)

Fe(1l)
C(1l)
Cc(2)
C(3)
C(4)
C(S)
c(1l°)
c(2°)
C(3)
c(4)
C(S5)
c(6)
0(7)
N(8)
C(9)
C(10)
C(1l1)
Cc(12)
Cc(13)
Cc(14)
C(15)
o(16)
C(17)
c(18)
Cc(19)
C(20)

The anisotropic displacement factor exponent takes the form:

—2#2(h2a*2U

U1
192(1)
155(7)
192(8)
272(9)
216(8)
209 (8)
623(20)
201(9)
455(13)
410(13)
562 (16)
223(9)
198(6)
174(8)
183(9)
303(11)
355(13)
248(10)
404 (14)
431(13)
255(10)
251(7)
383(11)
573(16)
387(11)
462(14)

+ .. ko *
+ 2klb*c 023

11

Usa
248(1)
240(10)
227(9)
261(9)
356(9)
307(10)

1213(29)
988 (24)
547(17)
553(15)
345(13)
236(9)
435(9)
257(8)
450(12)
955(22)
644 (16)
357(11)
401(13)
736(18)
236(9)
305(8)
267(10)
342(13)
332(11)
659(17)

Uis
237(1)
226(8)
202(8)
211(8)
188(7)
218(8)
428(15)
965(22)
577(15)
389(12)
717(18)
219(8)
340(7)
212(7)
220(9)
319(10)
462(13)
283(9)
679(16)
270(11)
238(8)
380(8)
277(10)
450(12)
246(9)
477(13)

)

Y1o
10(1)
-7(6)
25(7)
52(7)
31(10)

-46(9)
704 (21)
17(17)
-40(12)
127(12)
159(13)
-31(7)
-74(6)
-1(6)
-2(9)
211(17)

-254(13)

~17(9)
97(12)
-26(14)
-7(7)
-58(6)
-44(9)

-175(12)
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-26(10)
189(15)

Uis
—20(1)
7(6)
12(7)
25(8)
31(6)
-1(8)
43(13)
—96(13)
.=305(12)
-69(10)
-207(14)
8(7)
66 (6)
0(5)
10(7)
-26(10)
51(11)
-8(8)
—74(14)
98(10)
41(7)
95 (6)
47(8)
67(11)
36(9)
—8(13)

Us3
28(1)
-15(6)
-12(7)
-8(9)
13(8)
7(6)
S4(16)
549(20)
100(13)
189(11)
26(13)
-19(7)
-158(6)
-31(6)
-45(9)
41(13)
-97(12)
-134(8)
-234(12)
-45(11})
=32(7)
-65(6)
-29(8)
-80(10)
49(9)
208(13)



Table 5.

H(3)
H(4)
H(S)
H(1°)
H(2")
H(3°)
H(4°)
H(S")
H(9)
H(10x)
H(10y)
H(10z)
H(1llx)
H(1lly)
H(1llz)
H(12)
H(13x)
H(13y)
H(13z)
H(14x)
H{14y)
H(1l4z)
H(17x)
H(17y)
H({18x)
H(18y)
H(18z)
H(19x)
H(19y)
H(20x)
H(20y)
H(20z)
H(16)

H-Atom coordinates (x104) and isotropic

displacement coefficients (A?xlOB)

x )2 z U
2676 -2200 250 29(6)
4575 -138 63 33(6)
4368 1516 745 14(5)

~1315 1758 858 78(9)
~2159 -500 468 85(10)
-542 -618 -296 133(16)
1281 1497 -385 84(10)
861 2981 307 72(9)
5476 670 1438 24(5)
5597 -372 2168 73(10)
6160 1030 2385 61(8)
7446 294 2039 79(9)
5559 2981 1346 60(9)
7380 2553 1579 68(9)
5868 3203 1880 58(8)
3786 2417 2349 28(5)
315 2885 2018 63(9)
2017 3724 1857 65(9)
1395 3807 2370 91(10)
2728 294 2618 80(10)
783 784 2483 48(7)
1825 1537 2873 72(9)
1405 -3930 726 42(6)
-233 -3077 562 36(6)
-1280 -5182 828 60 (7)
-1966 -4031 1166 73(10)
-332 -4921 1310 99(12)
1339 -3507 1733 48(6)
2197 -2075 1783 35(6)
3697 -4200 1251 73(9)
4463 -3680 1730 49(7)
4534 -2730 1300 70(10)
-458 -975 1419 47(7)
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5.2 Appendix 2 - X-ray analysis of 1.161 )
The following 9 pages contain a structure determination summary as well as bond

Iength and bond angle tables for single crystal X-ray diffraction analysis of 1.161.

TMS
@f()
[}

Fe N'Pr;
<S5z om
Ph
Ph
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STRUCTURE DETERMINATION SUMMARY

Crystal Data

Empirical Formula

Color; Habit

Crystal Size (mm)
Crystal System
Space Group

Unit Cell Dimensions

Valume

z

Formula Weight
Density(calc.)
Absorption Coefficient

F(000)

C33H41FeNOZSL

Orange Pseudo—hexagonal
Needle Prism Fragment
0.54{100}x0.42{011)
Orthorhombic

P212121

8.353(1) A

(R
i

18.301(2) A

102
]

19.694(2) A

10
]

3010.6(6) A°
4
567.6

3
1.252 g/cm
1

5.70 cm

1208
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Data Collection

Diffractometer Used Siemens P4

Radiation MoKa (A = 0.71073 A)

Temperature (K) 200

Monochromator Highly oriented graphite crystal
26 Range . 4.0 to 56.0°

Scan Type @

Scan Speed Variable; 3.00 to 30.00°/min. in
Scan Range (w) 1.20o

Background Measurement Stationary crystal and stationary

counter at beginning and end of
scan, each for 25.0% of total

scan time
Standard Reflections 3 measured every 100 reflections

Index Ranges 0 =sh =11, 0 sk =24
-26 =¢f =26

Reflections Collected 7948

Independent Reflections 7259 (Rint = 5.96%)*
Cbserved Reflections 6289 (F > 6.00(F))
Absorption Correction Face—-indexed numericail
Min. /Max. Transmission 0.7822 / 90.8161

* Unmerged Friedels
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Solution and Refinement

System Used Siemens SHELXTL IRIS
Solution Patterson and Fourier
Refinement Method Full-Matrix Least-Squares
Quantity Minimized Ew(%-?c)z
Absolute Structure *
Extinction Correction x = 0.00033(2), where
F = F [ 1+ 0.002¢F2/sin(20) ] /4
Hydrogen Atoms Riding model, refined isétropic U
Weighting Scheme w-l = az(F)

Number of Parameters Refined 385

Final R Indices (obs. data) R =2.79 %, wR = 2.91 %
(R Indices (#11 data) R = 3.24 %, wR = 2.94 %)
Goodness-of-?it 1.82

Largest and Mean A/g 0.006, 0.001
Data—-to—Parameter Ratio 16.3:1

Largest Difference Peak 0.50 eAf3

Largest Difference Hole -0.44 eAﬁ3

* The alternative enantiomer gave R, wR, and GoF

values of 4.35, 4.72 and 2.95 respectively.
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Table 1. Atomic coordinates (x104) and equivalent isotropic _

Fe(l)
C(1)
C(2)
c(3)
c(4)
c(5)
c(6)
0(7)
N(8)
C(9)
C(10)
C{1l1)
c(12)
C(13)
Cc(14)
Si(15)
c(16)
C(17)
c(18)
Cc(1’)
C(2')
Cc(3’)
C(4’)
c(5°)
C(19)
0(20)
C(21)
Cc(22)
Cc(23)
c(24)
c(25)
c(26)
C(27)
c(28)
C(29)
C(30)
C(31)
C(32)

22 4
displacement coefficients (A x10 )

X

7992.8(3)
7466(2)
8794(2)

10013(2)
9460(3)
7882(3)
5903 (2)
4829(2)
5736(2)
4230(3)
3996(3)
2770(3)
6941(3)
6303(4)
7513(3)
9031.9(8)
7252 (3)
9260(5)

10887 (3)
6119(2)
6371(3)
7966 (3)
8702(3)
7572(2)
4502 (2)
3485(2)
4705(2)
§523(3)
5760 (3)
5160(3)
4290(3)
4063 (3)
3629(2)
2196(3)
1349(3)
1922(3)
3316(3)
4186(3)

Y

4503.6(1)
3463.3(9)
3745(1)
3919(1)
3753(1)
3470.7(9)
3196(1)
3625.6(7)
2468.6(8)
2180(1)
2443(1)
2321(1)
1925(1)
1479(1)
1432(1)
3885.6(4)
4352(2)
2977(2)
4427(2)
5125(1)
5252(1)
5511(1)
5555 (1)
S316(1)
4885(1)
4671.2(7)
4251(1)
4362(1)
3793(1)
3104(1)
2998(1)
3571(1)
5512(1)
5370(1)
5922(2)
6629(1)
6774(1)
6222(1)

k4

3494.9(1)
3189 (1)
2804 (1)
3293 (1)
3951 (1)
3896 (1)
2903 (1)
2743.0(7)
2816.6(9)
2513(1)
1789(1)
2958(1)
3046(1)
3640(1)
2475(2)
1868.9(3)
1497(1)
1435(2)
1730(1)
3840(1)
3134(1)
3042(1)
3690(1)
4176(1)
4131(1)
3586.1(7)
4640(1)
5248 (1)
5696 (1)
5555(1)
4974 (1)
4515 (1)
4485.5(9)
4815(1)
5136(1)
$122(1)
4802(1)
4484(1)

U(eq)

239.7(7)
252(5)
304(6)
331(6)
341(6)
298(6)
248(5)
298(4)
307(5)
341(6)
444(8)
406(7)
433(7)
617(10)
600 (10)
417(2)
664 (11)
828(13)
545(9)
271(6)
303(6)
354(6)
371(6)
326(6)
273(6)
330(4)
282(6)
351(6)
412(7)
423(7)
425(7)
355(6)
303(5)
499(8)
593 (10)
509 (8)
545(9)
437(7)

* Equivalent isotropic U defined as one third of the
trace of the orthogonalized Uij tensor
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Table 2. Bond lengths (A)

Fe(l)-C(1)
Fe(l)-C(3)
Fe(l)-C(5)
Fe(l1)~C(2°)
Fe(l)-C(4")
C(1l)-C(2)
C(1)-C(6)
C(2)-Si(15)
C(4)-C(5)
C(6)-N(8)
N(8)-C(12)
C(9)-C(11)
Cc(12)-C(14)
Si(15)-C(17)
C(17)-C(2")
C(1°)-C(19)
C(37)-C(4")
C(19)-0(20)
C(19)-C(27)
C{21)-C(26)
C(23)-C(24)
C(25)-C(26)
C(27)-C(32)
C(29)-C(30)
C(31)-C(32)
Hydrogen Bond
0(20)-H(20)
0(20)...0(7)

2.045(2)
2.038(2)
2.051(2)
2.053(2)
2.050(2)
1.440(3)
1.504(3)
1.869(2)

"1.420(3)

1.350(2)
1.485(3)
1.523(3)
1.519(4)
1.880¢(3)
1.423(3)
1.533(3)
1.419(3)
1.423(2)
1.529(3)
1.378(3)
1.384(3)
1.398(3)

1.381(3)
"1.381(4)

1.393(3)

0.89
2.771(2)
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Fe(l)-C(2)
Fe(l)-C(4)
Fe(l)-C(1’)
Fe(l)-C(3’)
Fe(l)-C(5')
C(1l)-C(5)
c(2)~C(3)
C(3)-C(4)
C(6)~0(7)
N(8)-C(9) -
C(9)~C(10)
C(12)-C(13)
Si(15)-C(16)
Si(15)-Cc(18)
C(1°)-C(5")
C(27)-C(3")
C(4°)-C(5")
C(19)-C(21)
C(21)-C(22)
Cc(22)-C(23)
C(24)-C(25)
C(27)-C(28)
C(28)-C(29)
c(30)-C(31)

H(20)...0(7)

2.057(2)
2.048(2)
2.051(2)
2.047(2)
2.034(2)
1.435(3)
1.438(3)
1.408(3)
1.233(2)
1.489(3)
1.519(3)
1.523(4)
1.864(3)
1.859(3)
1.427(3)
1.425(3)
1.414(3)
1.541(3)
1.393(3)
1.380(3)
1.370(3)
1.386(3)
1.386(4)
1.350(4)
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Table 3. Bond Angles (°)

Cc(l)-Fe(l)-C(2)
C(2)-Fe(l)-C(3)
C(2)-Fe(l})-C(4)
C(1l)-Fe(l)-C(5)
C(3)-Fe(l)-C(5)
C(l)-Fe(l1)-C{(1")
C(3)~Fe(l)-C(1l')
C(5)-Fe(l)-C(1l"')
C(2)-Fe(l)-C{(1"}
C(4)-Fe(l)-C(1l")
C(l*)-Fe(l)-C(2")
C(2)-Fe(l)-C(3")
C(4})-Fe(l)-C(3"')
C(l*)-Fe(l)-C(3")
C(l)-Fe(l)-C(4")
C(3)-Fe(l)-C(4"')
C(5)-Fe(l)-C(4")
C(2')-Fe(l)-C(4")
C(l)-Fe(l)-C(5")
C(3)-Fe(l)-C(5")
C(5)-Fe(l)-C(5")
C(2*)-Fe(l)-C(5")
C(4*)-Fe(l)-C(5")
Fe(1l)-C(1)-C(5)
Fe(1)-C(1l)-C(6)
C(5)-C(1)-C(6)

Fe (1) -C(2)-C(3)
Fe(l)-C(2)-Si(1l5)
C(3})-C(2)-8i(15)}
Fe(l)-C(3)-C(4)
Fe(1)-C(2)-81i(15)
C(3)-C(4)-C(5)
Fe(l)-C(5)-C(4)
C(l)-Cc(6)-0(7)
0(7)-C(6)-N(8}
C(6)-N(8})-C(12)
N(8)-C(S)-C(10;
c(10)-C(9)-C(1lL)
N(8)-C(12)-C(14)
C(2)-81(15)-C(16)

C(16)-Si(15)-C(17)
C(16)-8i(15)-C(18)

Fe(l)-C(1')-C(2*)
c(2')-C(1*)-C(5")
C(2')-C(1*)-C(19)}
Fe(l)-C(2')-C(1"')
c(l1')-C(2*)-C(3")
Fe(l)-C(3")-C(4&")
Fe(1l)-C(4')-C(3")
C(3')-C(4*)-C(5")
Fe(l)-C(5')-C(4")
C(1')-C(19)-0(20)

69
106

122.
69.
108.
69.

69
107
70
108

1D
.1(1)
.1(1)
.0(L)
.2(1)
.8(1L)
.2(1)
.5(1)
.9(1)
.6(1)
-6(1)
.8(1)
L3(1L)
.7(1)
.5(1D)
.9(1)
.7(1)
.2(1D)
L9(L)
.0 (L)
.3 (1)
1L
.5 (1)
.7(1)
.8(1)
.2(2)
L7(D)
.4(1)
.7(1)
.2(1)
.4(1)
.3(2)
-6(1)
.4(2)
.4(2)
.5(2)
.9(2)
.5(2)
.7(2)
.4(L)
.9(2)
.3(1)
.8(1)
.7(2)
9(2)
6(1)
5(2)
8 (1}
.6(1)
.6(2)
.4(1)
.8(1)
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C(l)-Fe(l)-C(3)
C(l)-Fe(l)-C(4)
C(3)-Fe(l)-C(4)
C(2)-Fe(l)-C(5)
C(4)-Fe(l)-C(5)
C(2)-Fe(l)-C(1')
C(4)-Fe(l)-C(1")
C(l)-Fe(l)-C(2')
C(3)-Fe(l)-C(2")
C(5}-Fe(l)-C(2")
C(l)-Fe(l)-C(3')
C{(3)-Fe(l)-C(3"')
C(5)-Fe(l)-C(3"')
C(2')-Fe(l)-C(3")
C(2)-Fe(l)-C(4"')
C(4)-Fe(l)-C(4")
C(l')-Fe(l)-C(4")
C(3')-Fe(l)-C(4")
C(2)-Fe(l)-C(5")
C(4)-Fe(l)-C(5*)
C(1')-Fe(l)-C(5")
C(3')-Fe(l)-C(5")
Fe(l}-C(1)-C(2}
C(2)-C(1)-C(5)
C(2)-C(1)-C(6)
Fe(l)-C(2)-C(1}
C(1l)-C(2)-C(3)
C(1)-C(2)-Si(15)
Fe(l)-C(3)-C(2)
C(2)-C(3)-C(4)
Fe(l)-C(4)-C(5)
Fe(l)-C(5)~C(1)
C(l)-C(5)-C(4)
C(L)-C(6)-N(8)
C(6)-N(8)-C(9)
C(9)-N(8)-C(12)
N(8)-C(9)-C(1l1)
N(8)-C(12)-C(13)
C(13)-Cc(12)-C(14)
C(2)-81(15)-C(17)
C(2)-8i(15)-C(18)
C(17)-s8i(15)-C(18)
Fe(l)-C{(1*)-C(5")
Fe(l)-C(1')-C(19)
c(5')-Cc(1'})-C(19)
Fe(1l)-C(2')-C(3"')
Fe(l)-C(3')-C(2"')
c(2*')-C(3')-C(4")
Fe(l)-C(4')-C(5")
Fe(l)-C(5')}-C(1")
C({1l*)-C(5')-C(4")
C(l')-C(1l9)-C(21)

68.
68.
40.
69.
40.
147.
133.
112.
146.
135.
135.
113.
175.
40.
131.
112.
68.

4(1)
5(1}
3(1)
4(1)
5(1)
4 (1)
1(L)
2(1)
0(1)
9(1L)
0(1l)
4(1)
5(1)
7(1)
6(1)
0 (1}
8 (1)

.5(1)
.7(1)
.7(1)
.9(1)
.1(1)
.9(1)
.8(2)
.0(2)
.01
.7(2)
.6(2)
-.2(1)
.7(2)
.8 (1)
.3(1)

5(2)
2(2)
2(2)
2(2)
6(2)
8(2)
1(2)
7(1)
9(1)
7(2)
9(1)
6 (1)

.3(2)
.5 (1)
.9(1)
.0(2)
.1(1)
.2 (1)
.2(2)
.3(2)



Table 3.

0(20)-C(19)-Cc(21)
0(20)-C(19)-C(27)
C(19)-C(21)-C(22)
C(22)-C(21)-C(26)
C(22)-C(23)-C(24)
C(24)-C(25)-Cc(26)
C(19)-C(27)-C(28)
C(28)-C(27)-C(32)
C(28)-C(29)-C(30)
C(30)-C(31})-C(32)

110.
105.
120.
118.
120.
120.
119.
117.
119.
121.

5(1)
4(1)
2(2)
4(2)
5(2)
4(2)
0(2)
9(2)
8(2)
2(2)
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Bond Angles (°) continued

C(1')-C(19)-C(27)
C(21)-C(19)-C(27)
C(19)-C(21)-C(26)
C(21)-C(22)-C(23)
C(23)-C(24)-C(25)
C(21)-C(26)-C(25)
C(19)-C(27)-C(32)
C(27)-C(28)-C(29)
C(29)-C(30)-C(31)
C(27)-C(32)-C(31)

112.0(2)
108.7(1)
121.4(2)
120.7(2)
119.2(2)
120.7(2)
123.1(2)
121.2(2)
119.5(2)
120.4(2)



) s s 22 4
Table 4. Anisotropic displacement coefficients (A x10 )

Fe(l)
c(l)
c(2)
c(3)
c(4)
c(5)
c(6)
o(7)
N(8)
c(9)
c(10)
c(11)
c(12)
c(13)
c(14)
$i(15)
C(16)
c(17)
c(18)
c(1)
c(2’)
c(3)
Cc(4)
c(5°)
c(19)
0(20)
c(21)
c(22)
c(23)
c(24)
c(25)
c(26)
c(27)
c(28)
c(29)
C(30)
c(31)
Cc(32)

The anisotropic displacement factor exponent takes

—2r2(hza*

u +

Ui
213(1)
249(9)
250(10)
205(9)
319(11)
323(10)
230(9)
289(7)
265(8)
311(11)
441(14)
302(12)
361(12)
726(19)
472(15)
359(3)
457(15)

1058 (28)
406(13)
254 (10)
321(10)
372(10)
308(10)
333(11)
243(10)
251(6)
255(10)
389(12)
476(13)
489 (14)
460(13)
343(11)
287(9)
324(12)
342(13)
513(15)
643(19)
481(13)

11

. e e

Y22
187(1)
174(8)
234(10)
258(9)
248(10)
194(8)
242(9)
229(7)
209(8)
241(10)
484(14)
408(12)
226(9)
422(14)
328(12)
S09(4)

1119(27)
825(21)
603(18)
175(9)
220(9)
224(8)
200(9)
241(10)
282(10)
403(8)
276(9)
285(11)
406(12)
345(11)
326(11)
376(11)
355(10)
530(15)
845(21)
569(15)
368(13)
347(12)

+ 2klb*c*U

Usz
319(1)
333(10)
429(11)
$31(13)
457(12)
378(11)
271(9)
375(8)
448(10)
472(12)
407(12)
507(13)
713(16)
702 (18)
999 (21)
385(3)
416 (13)
602 (18)
625(16)
385(10)
368(11)
465(11)
604 (14)
404(11)
296(10)
334(7)
314(10)
378(11)
354(11)
436(13)
490(13)
346(11)
267(9)
642 (15)
§92(16)
444(13)
623(16)
484(13)

23)

Uis
-6(1)
14(7)
-1(8)
24(8)
39(9)

2(9)

-27(8)
-6(6)
-1(7)

-56(9)

-34(12)

-129(10)
20(10)
45(14)
120(11)
-116(3)
-171(16)
~370(23)
-127(14)
15(8)
61(8)
20(11)
~41(9)
~15(8)
12(8)

3(6)

-9(8)
-42(9)
~27(11)
-49(11)

-142(11)
~-85(10)

87(10)
-13(12)

94(14)
241(15)
113(13)

77(11)
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Yis
-41(1)
-33(8)
-23(9)
—47(9)

~161(10)

-83(10)
19(8)
~79(6)
~49(8)
-46(10)
~20(11)
12(10)

-153(13)
-168(16)

19 (15)
79 (3)
~28(13)
335(22)
149 (12)
-6(9)
-33(9)
48(10)
~-3(9)
-58(9)
-43(8)
-66(6)
25(8)
-41(9)
-83(11)
21(11)
76(12)
20(10)
~55(8)
39(11)
73(13)
-74(13)
88(14)
110(12)

the form:

Us3
24(1)
-2(8)

-33(9)
-14(9)
12(9)
49(8)
3(7)
-5(6)
~23(7)
-83(9)
-130(11)
-25(10)
-5(10)
122(14)
-57(14)
-34(3)
232(16)
-327(17)
41(13)
-12(8)
78(8)
104(10)
-26(10)
-48(8)
-3(8)
-42(6)
10(8)
-9(9)
62(10)
122(10)
21(10)
-7(9)
-1(9)

"=~168(12)

-175(15)
~-131(11)
~32(11)
47(10)



Table S. H-Atom coordinates (x104) and isotropic

displacement coefficients (A?xlOBj

x Y z U
H(3) 11041 4124 3188 37(6)
H(4) 10039 3826 4366 41(6)
H(S) 7212 3316 4265 42(6)
H(9) 4358 1659 2486 36(6)
H(10x) 3242 2136 1557 39(6)
H(10y) 3604 2936 1798 69(9)
H(10z) 4998 2440 1550 71(9)
H(1lx) 1871 2048 2792 38(6)
H(1lly) 300s 2181 3417 68(8)
H(1lz) 2526 2834 2955 57(8)
H(12) 7853 2192 3210 45(6)
H(13x) 7153 1264 3900 118(13)
H(13y) 5645 178S 3920 96(12)
H(13z) 5624 1109 3448 67(8)
H(14x) 7985 : 1739 2134 85(10)
H(14y) 8317 1088 2614 67(8)
H(l4z) 6633 1180 2266 137(16)
H(16x) 6292 4183 1714 66(9)
H(1l6y) 7368 4869 1560 101(12)
H(16z) 7204 4259 1018 76(9)
H(17x) 10154 2724 1631 146(21)
H(17Y) 8297 2698 1495 130(15)
H(17z) 9422 3043 956 132(15)
H(18x) 11372 4308 1302 98(11)
H(18y) 10616 4936 1753 125(14)
H(182z) 11602 4327 2100 112(13)
H(2°) S603 5165 2781 31(6)
H(3‘) 8462 5630 2617 45(7)
H(4’) 9777 5710 378s 36(6)
H(5°) 7749 5282 4657 32(6)
H(22) 5945 4837 5349 37(6)
H(23) 6306 3880 6118 44(7)
H(24) 5377 2703 5856 61(8)
H(25) 3820 2530 4882 50(7)
H(26) 3460 3497 4106 23(95)
H(28) 1782 '~ 4881 4818 64(8)
H(29) 363 5812 5365 87(11)
H(30) 1328 7015 5336 56(7)
H(31) 3734 7263 4803 75(10)
H(32) 5169 6336 4254 57(8)
H(20)* 4103 4385 3331 101(12)

* OH proton fixed in found position.
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5.3 Appendix 3 - 1H-NMR spectrum of 1.169a
The following is an IH-NMR spectrum of ferrocene derivative 1.169a, demonstrating

the magnetic inequivalence of the two tert-butyl substituents.
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5.4 Appendix 4 - X-ray analysis of 1.170

The following 8 pages contain a structure determination summary as well as bond

length and bond angle tables for single crystal X-ray diffraction analysis of 1.170.

P(0)Bu;
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STRUCTURE DETERMINATION SUMMARY

Empirical Formula : C148230P
Color; Habit Colourless prism fragment
Crystal Size (mm) 0.41{100}x0.40{010}x0.24 {102}

Distances from common centre

Crystal System Monoclinic

Space Group PZlfc

Unit Cell Dimensions a = 12.742(1) A
b = 14.688(1) A
c = 15.820(1) A
B = 109.469(4)°

volume 2791.6(5)}) ;3

z s

Formula Weight 238.3

Density(calc.}) 1.134 g/cm3

Absorption Coefficient 1.77 em b

F (000} : 1040
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Data Collection

Diffractometer Used _ Siemens P4

Radiation MoKa (A = 0.71073 A)

Temperature (K) 160

Monochromator Highly oriented graphite crystal
26 Range 4.0 to 52.0°

Scan Type w

Scan Speed Variable; 3.00 to 30.00°/min. in w
Scan Range (w) 1.20o ’

Background Measurement Stationary crystal and stationary

counter at beginning and end of
scan, each for 25.0% of total

scan time
Standard Reflections 3 measured every 100 reflections

Index Ranges 0O =h <15, 0 =k <18
-19 £¢ <18

Reflections Collected 5710

Independent Reflections 5460 (Rint = 1.25%)
Observed Reflections 4619 (F > 6.00(F))
Absorption Correction Face—indexed numerical
Min./Max. Transmission 0.8745 [/ 0.9226
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Solutiog and Refinement

System Used
Sclution
Refinement Method
Quantity Minimized

Extinction Correction

Hydrogen Atoms

Weighting Scheme

Number of Parameters Refined
Final R Indices (obs. data)
(R Indices (all data)
Goodness—-of-Fit

Largest and Mean A/o
Data-to-Parameter Ratio

Largest Difference Peak

Largest Difference Hole

Siemens SHELXTL IRIS
Direct Methods
Full-Matrix Least-Squares
2
F —-F .
Lw(E~F )

X = 0.00064(5), where

F* =F [ 1+ 0.002xF2/sin(23) ]

Refined isotropic U

wl = o2

474

R = 3.14 %, wR = 3.46 %
R = 3.66 %, wR = 3.49 %)
3.24

0.002, 0.000
9.7:1
0.37 eA

—0.29 eA >
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Table 1. Atomic coordinates (x104) and equivalent isotropic

x

Molecule 1

C(1) 6434 (1)
Cc(2) 5606 (1)
C(3) 5620(2)
C(4) 6440(2)
C(5) 7263(1)
C(6) 7274 (1)
P(7) 6323.8(3)
o(8) 5226.1(8)
c(9) 7468(1)
Cc(10) 8590(1)
C(1l1) 7572(2)
c(1l2) 7097(2)
Cc(13) 6447(1)
c(14) 5709 (2)
C(15) 7627 (2)
c(16) 5963(2)
Molecule 2

C(1°) 8103 (1)
Cc(2) 8641 (1)
C(3") 8061(2)
C(4’) 6938(2)
C(5") 6388(2)
c(6°) 6961 (1)
P(7) 8962.8(3)
o(8") 10161.7(8)
C(9*) 8754 (1)
C(10°) 8963(2)
C(1l1°) 9663 (2)
c(12’) 7622 (2)
C(13) 8499 (1)
C(l4°) 9084 (2)
C(15°) 7242(2)
C(16°) 8900(2)

Y

1318(1)
661 (1)
-103(1)
-203(1)
448 (1)
1198(1)
2276.4(3)
2258.5(8)
2127(1)
1880(1)
2976 (1)
1335(1)
3329(1)
3188(2)
3575(1)
4118 (1)

6709 (1)
6180 (1)
5812 (1)
$971(1)
6494 (1)
6864 (1)
7124.2(3)
6937.4(7)
8374 (1)
8730(1)
8769 (1)
8695 (2)
6466 (1)
6806 (2)
6449 (2)
5492(1)

displacement coefficients (A?x104)

z

1329.4(9)
1044 (1)
1559(1)
2382(1)
2681(1)
2156(1)
577.6(2)
-158.1(7)
107(1)
803 (1)
-425(1)
-558(1)
1255(1)
1841 (1)
1856(1)
606(2)

1999 (1)
2747 (1)
3267(1)
3047(1)
2310(1)
1781(1)
1361.3(3)
1852.8(7)
1235(1)
2192(1)
901(1)
619(2)
304(1)
~338(1)
-171(2)
582 (2)

U(eq)

219(5)
302(6)
415(7)
392(7)
325(6)
270(5)
231(1)
329(4)
265(5)
328(6)
383(7)
359(7)
313(6)
423(7)
392(7)
443(8)

255(5)
301(6)
384(7)
443(8)
439(7)
350(6)
229 (1)
305(4)
300(6)
436(8)
409 (8)
456 (8)
302(6)
480(9)
587 (9)
496 (9)

* Equivalent isotropic U defined as one third of the
trace of the orthogonalized Uij tensor
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Table 2. Bond lengths (A)

Molecule 1

C(1)-C(2)
C(1)-P(7)
C(3)-C(4)
C(5)-C(6)
P(7)-C(9)

C(9)-C(10)
C(9)~C(12)
C(13)-C(15)
Molecule 2
C(17)-C(2*)
C(1°)=-P(7")
C(37)-C(4)
C(5°)-C(6")
P(7°)-C(9")
C(97)-C(10")
C(9°)-C(12")
C(1l3’)-C(15")

1.390(2)
1.817(2)
1.380(2)
1.382(2)
1.857(2)
1.530(2)
1.535(2)
1.531(2)

1.389(2)
1.824(2)
1.375(3)
1.390(3)
1.856(2)
1.539(3)
1.522(2)
1.526(2)

c(l)-c(6)
c(2)~C(3)
C(4)-C(5)
P(7)-0(8)
P(7)-C(13)
C(9)~-C(11)
C(13)-C(14)
C(13)-C(16)

C(1°)-C(67)
C(2°)-C(3")
c(4’)-c(5°)
P(7°)-0(8")
P(7°)-C(13°)
c(9°)-C(11")
C(137)-C(14°)
C(137)-C(16°)
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1.398(2)
1.383(3)
1.382(2)
1.492(1)
1.858(2)
1.534(3)
1.538(3)
1.534(2)

1.399(2)
1.386(3)
1.376(3)
1.491(1)
1.851(2)
1.539(3)
1.529(3)
1.534(3)



Table 3. Bond angles (o)

Molecule 1
C(2)-C(1)-C(5)
C(6)~-C(1)-P(7)
C(2)-C(3)-C(4)
C(4)~-C(5)-C(6)
C(1)-P(7)-0(8)
0(8)~P(7)—-C(9)
C(8)=~P(7)-C(13)
P(7)-C(9)-C(10)
C({10)-C(9)-C(11)
C(10)-C(9)-C(12)
P(7)-C(13)-C(14)
C(14)-C(13)-C{15)
C(14)-C(13)—C(16)
Molecule 2
C(27)=C(1°)-C(6")
C(6°)-C(1")-P(7")
C(2)~C(3")-C(4")
C(4°)-C(5°)-C(6°)
C(1°)-P(7°)-0(8")
o(8’)-P(7°)-C(9")

0(8°)-P(7°)-C(13°)
P(7°)-C(9’)-C(10°)
C({10°)-C(9°)-C(11")
C(10°)-C(9°)-C(12")
P(7°)-C(13°)-C(1l4")
C(14°)-C(137)-C(15)
C(14°)-C(137)-C(16")

118.5(1)
125.3(1)
120.0(2)
120.3(1)
11C.2(1)
110.0(1)
110.0(1)
114.2(1)
110.9(1)
108.3(1)
106.5(1)
109.2(1)
108.3(2)

118.5(2)
125.2(1)
119.9(2)
120.4(2)
110.5(1)
108.9(1)
109.8(1)
105.0(1)
107.9(1)
110.0(2)
110.5(1)
110.0(2)
107.8(2)

C(2)-C(1)-P(7)
C(1)-C(2)-C(3)
C(3)-C(4)-C(5)
C(1)-C(6)-C(5)
C(1)-P(7)-C(9)
C(1)-P(7)-C(13)
C(9)-P(7)-C(13)
P(7)-C(9)-C(11)
P(7)-C(9)-C(12)
C(11)-C(9}-C(12)
P(7)-C(13)=-C(15)
P(7)-C(13)-C(16)
C(15)-C(13)-C(16)

C(2°)-C(17)-B(7")
C(17)-C(27)-C(3")
C(37)-C(47)-C(5")
C(1)-C(67)-C(5")
C(1’)-P(77)-C(3")
C(1°)-P(7°)-C(13")
C(9')-P(7°)-C(13")
P(7°')-C(9°}-C(11")
P(7°)-C(97)-C(12")

C(11°)-C(9°)-C(12°)
P(7°)-C(137)-C(15")
P(7°)-C(137)-C(16")

116.1(1)
120.8(1)
119.9(2)
120.3(1)
105.7(1)
107.1(1)
113.7(1)
110.3(1)
105.1(1)
107.6(1)
115.5(1)
107.8(1)
109.3(1)

116.2(1)
121.0(2)
120.2(2)
120.0(2)
107.4(1)
104.8(1)
115.4(1)
108.2(1)
116.5(1)
109.0(2)
114.8(1)
104.6(1)

C(15°)-C(137)-C(16°) 108.7(2)
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Table 4. Anisotropic displacement coefficients (A?x104)

Molecule 1
C(1)
C(2)
c(3)
c(4)
C(5)
C(6)
P(7)
o(8)
c(9)
C(10)
C(11)
Cc(12)
C(13)
c(14)
C(15)
c(16)
Molecule 2
C(1°)
C(2°)
c(3’)
Cc(4)
C(5°)
C(6”)
P(7")
o(8’)
Cc(%)
C(10°)
C(1l1°)
c(i2-)
C(13°)
Cc(14’)
Cc(15°)
C(16°)

The anisotropic displacement factor exponent takes the form:

—2«2(h2a*2

Ull

209(7)
230(8)
310(10)
403(10)
345(9)
254(8)
187(2)
225(6)
250(8)
240(9)
400(11)
407(11)
299(9)
401(11)
382(10)
427(12)

239(8)
305(9)
514(12)
554(13)
328(10)
261(9)

"170(2)

185(6)
287(9)
542(13)
415(12)
391(11)
273(8)
619 (14)
358(12)
718(16)

11

U + ...

Uss

236(8)
350(9)
412(11)
388 (10)
387(10)
283(9)
247(2)
396(7)
308(9)
427 (11)
391(11)
391(10)
252(8)
452 (12)
284 (9)
292(10)

309(8)
326(9)
378(10)
486(11)
564 (12)
461(11)
290(2)
358(6)
297(9)
352(11)
334(10)
445(12)
381(9)
536(13)
928(20)
359(11)

+ 2klb*c*U2

Uiz

225(7)
319(9)
515(11)
428(10)
237(8)
251(8)
226(2)
295(6)
237(8)
326(9)
361(10)
310(9)
357(9)
428(11)
427(11)
547(13)

225(8)
258(8)
265(9)
387(11)
500(12)
346(9)
219(2)
341(6)
321(9)
430(11)
508(12)
529 (13)
269 (8)
387(11)
402 (12)
489 (12)

3!

U12

1(6)
-44(7)

~127(8)

-162(10)

-137(11)
-123(12)
-103(10)
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-11(8)
49(8)
~3(7)

-16(2)

-22(5)

-34(7)

4(8)

-80(9)

-74(8)
34(7)

112(9)

-25(8)
90(8)

-15(6)
-33(7)
-87(9)

-32(9)
38(8)
12(2)
23(5)
36(7)
33(9)

-45(8)

119(9)

-64(7)

U13

89(6)
84(7)
124(9)
197(9)
90(7)
56(7)
22(2)
-5(5)
79(6)
107(7)
131(9)
160(8)
67(7)
152(9)
24(9)
76(10)

86(6)
73(7)
135(8)
289(10)
240(9)
127(7)
55(2)
43 (5)
108(7)
184 (10)
192(10)
151(¢10)
114(7)
303(11)
30(10)
303(12)

U23

2(6)
11(7)
84(9)

153(8)
38(7)
-13(7)
21(2)
54(5)
18(6)
24(8)
88(8)
-44(8)
~16(7)
-58(9)
-83(8)
46(9)

-18(7)
-15(7)
4(8)
~70(9)
-68(10)
26(8)
8(2)
16(5)
39(7)
-80(9)
44(9)
180(10)
-67(7)
~-89(10)
-280(13)
-115(9)
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Table 5. H-Atom coordinates (x10 ) and isotropic

X

Molecule 1

H(2) 4997(12)
H(3) 5067 (15)
H(4) 6434 (15)
H(S) 7847(14)
H(6) 7867(13)
H(10x) 9117(15)
H(10y) 8549(14)
H(10z) 8857(15)
H(1l1lx) 7898(15)
H(1lly) €857 (15)
H(1l1lz) 8056 (15)
H(12x) 6982(14)
H(1l2y) 7675(16)
H(1l2z) 6440(15)
H(14x) 6029(14)
H(14y) 4976(16)
H(1l4z) 5616(16)
H(1Sx) 8109(15)
H(15y) 8006 (15)
H(15z) 7576 (14)
H(16x) 5244 (16)
H(l6y) 6411 (16)
H(l16z) 5964 (15)
Molecule 2

H(2‘}) 9419(14)
H(3") 8474 (14)
H(4") 6537(16)
H(S5) 5605(16)
H(6") 6555(13)
H(10x") 8316 (15)
H(10y"‘) 8949 (16)
H(10z") 9657(16)
H(1lx") 9545(15)
H(lly‘) 10405(16)
H(ilz") 9639 (15)
H(12x") 7594 (15)
H(12y") 7023(16)
H(12z") 7468 (15)
H(14x ‘) 9001 (15)
H(l4y") 9878 (17)
H(l4z") 8764 (17)
H(15x") 7112(17)
H(15y") 6995 (20)
H(15z") 6881(18)
H(16x") 8701(16)
H(1l6y") 8517(17)
H(16z") 9758(19)

=2
displacement coefficients (A x10

Y

746(10)
-580(13)
-719(13)

387(12)
1634 (11)
1783(12)
1281(12)
2353(13)
3493(13)
3172(12)
2837(12)

761(12)
1178(13)
1496 (12)
2755(12)
2970(12)
3769(14)
3756(13)
3089(13)
4128(12)
3980(13)
4271(14)
4656(13)

6067(12)
5423(12)
5706 (14)
6620(13)
7225(11)
8567(12)
9396 (14}
8520(13)
8626 (13)
8545(13)
9423(14)
9370(14)
8450(13)
8521(12)
6376(14)
6861(13)
7421(15)
6073(15)
7089(17)
6175(16)
5095(14)
5249 (14)
5469 (16)

z

480(10)
1340(12)
2719(12)
3242(11)
2374(10)

477(11)
1078(11)
1254 (12)

-42(12)
-839(12)
-773(12)
-270(11)
-799(12)

-1055(12)
2349(12)
1497(12)
2130(13)
1506(12)
2310(12)
2211(11)

216(12)

206(13)

960(12)

2887(11)
3786(11)
3390(13)
2119(12)
1279(11)
2420(11)
2172(12)
2597(13)
269(12)
1248(12)
913(12)
651(12)
789 (12)
-17(12)
-827(13)
-13(13)
-616(13)
-703(14)
-417(16)
240(15)

43(13)
957(13)
894(15)
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3

29(4)
53(6)
49(5)
39(5)
34(5)
45(5)
401(5)
S0(6)
51(6)
45(5)
48(5)
41(5)
57(6)
40(5)
41(5)
48(6)
60(6)
55(6)
43(5)
42(5)
51(6)
64(7)
54(6)

42(5)
42(5)
63(6)
56(6)
31(4)
48(5)
57(6)
53(6)
50(6)
48(s)
55(6)
50(6)
52(6)
45(5)
57(6)
51(6)
67(7)
68(7)
85(9)
81(8)
57(6)
63(6)
84(8)



5.5 Appendix S5 - X-ray analysis of 1.171n
The following 8 pages contain a structure determination summary as well as bond

length and bond angle tables for single crystal X-ray diffraction analysis of 1.171n.

P(O)Bu,
oW

B

1

5 )
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STRUCTURE DETERMINATION SUMMARY

Crystal Data

Empirical Formula c20H3SB°3P
Color; Habit Colourless pseudo-hexagonal prism
Crystal Size {(mm) 0.25{001}%0.17{100}x0.21{110}

Distances from common centre

Crystal System Monoclinic

Space Group c2/c

Unit Cell Dimensions a = 20.663(2) A
b = 13.337(1) A
c = 15.604(2) A
g = 101.745(7)°

Volume 4210.0(10) A’

z 8

Formula Weight 365.3

Density(calc.) 1.153 g/cm3

Absorption Coefficient 1.46 cmﬁl

F(000) : 1592
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Data Collection

Diffractometer Used
Radiation
Temperature (K)
Monochromator

26 Range

Scan Type

Scan Speed

Scan Range (w)

Background Measurement

Standard Reflections

Index Ranges

Reflections Collected
Independent Reflections
Observed Reflections
Absorption Correction

Min./Max. Transmission

Siemens P4

MoKa (A = 0.71073 A)

180

Highly orientgd graphite crystal
4.0 to 50.0°

@

Variable; -3.00 to 30.00°/min. in
1.20

Stationary crystal and stationary
counter at beginning and end of
scan, each for 25.0% of total

scan time
3 measured every 100 reflections

-24 <h <23, 0 <k <15
0 =f <18

3689

3689 (R, . = 0.00%)

2731 (F > 6.00(F))

Face—-indexed numerical

0.9414 / 0.9558
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Solution and Refinement

System Used Siemens SHELXTL IRIS
Solution Direct Methods
Refinement Method Full—-Matrix Least-Squares
Quantity Minimized Ew(%—Fc)z
Extinction Correction x = 0.00023(3), where
F' = F [ 1+ 0.002¢F2/sin(20) ]—1/4
Hydrogen Atoms Riding model, refined isotropic U
Weighting Scheme w—l = az(F)

Number of Parameters Refined 270

Final R Indices (cbs. data) R =4.17 %, wR = 5.32 %
(R Indices (all data) R = 5.42 %, WwR = 5.37 %)
Goodness—of-Fit 3.56

Largest and Mean A/g 2.676, 0.224
Data—to—Parameter Ratio 10.1:1

Largest Difference Peak 0.29 eAr3

Largest Difference Hole -0.25 eAf3
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Table 1. Atomic coordinates (x104) and equivalent isotropic

c(1)
c(2)
c(3)
c(4)
c(5)
c(6)
P(7)
o(8)
c(9)
c(10)
Cc(11)
c(12)
Cc(13)
c(14)
c(15)
C(16)
B(17)
0(18)
c(19)
c(20)
c(21)
0(22)
c(23)
c(24)
c(25)
c(26)
c(27)
c(28)

* Equivalent isotropic U defined as cne third

x

2361(1)
2290 (1)
2814 (1)
3373(2)
3419(2)
2917(2)
1628(1)
1210(1)
1207(1)
1220(2)
1551(2)
486(2)
1818(2)
2096(2)
2332(2)
1193(2)
1590(2)
1202(1)
582(1)
661(2)
1019(2)
1626(1)
738(18)
166(13)
-198(21)
379(12)
492(17)

63(10)

Y

4592 (2)
3937(2)
3872(2)
4461 (2)
5124(3)
5195(2)
4515(1)
3779(1)
5735(2)
6104 (2)
6502 (2)
5593 (2)
3941(2)
2903(3)
4526(3)
3848(3)
3375(3)
3754(1)
3279(2)
2158(2)
1803(2)
2308(1)
8662(19)
8761(33)
8626 (13)
8723(19)
8963(20)
9140(12)

<2 3
displacement coefficients (A x107)

z

2773(2)
3447(2)
4162(2)
4202(2)
3532(2)
2809 (2)
1939(1)
2351(1)
1805(2)
2739(2)
1319(2)
1344(2)
948(2)
1231(3)
584(3)
236(2)
3335(2)
3927(1)
3868(2)
3914(2)
3219(2)
3271(1)
3917(23)
3960(33)
2713(47)
4516(11)
3688(16)
2844(9)

trace of the orthogonalized Uij tensor
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U(eq)

31(1)
30(1)
36(1)
43(1)
47(1)
40(1)
29(1)
31(1)
33(1)
46(1)
44(1)
48(1)
40(1)
69(2)
79(2)
81(2)
30(1)
32(1)
39(1)
45(1)
46(1)
36(1)

191(17)

186(25)

237(25)

109(8)

119 (10)

116(7)

of the



Table 2. Bond lengths (A)

C(1l)-C(2) 1.399(4)
C(1l})-P(7) 1.786(3)
C(2)-B(17) 1.606(4)
C(4)-C(5) 1.386(5)
P(7)-0(8) 1.533(2)
P(7)-C(13) 1.838(3)
C(9)-C(10) 1.534(4)
C(9)-C(12) 1.529(4)
C(13)-C(15) 1.518(6)
B(17)-0(18) 1.434(4)
0(18)-C(19) 1.414(4)
C(20)-C(21) . 1.509(5)
C(23)-C(24) 1.205(47)
c(25)-C(28a) 1.184(62)
C(27)-C(28) 1.451(28)
Symmetry code: A = -x, Y,

Atoms C23-C28 represent a disordered and poorly resolved hexane molecule.

C(1l)-C(6)
Cc(2)-C(3)
C(3)-C(4)
C(5)-C(6)
P(7)-C(9)
0(8)-B(17)
C(9)-C(11)
C(13)-C(14)
C(13)-C(16)
B(17)-0(22)
Cc(19)-C(20)
Cc(21)-0(22)
C(24)-C(25)
C(26)-C(27)

C(28)-C(25a)
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1.393(4)
1.390(4)
1.389(4)
1.372(4)
1.838(3)
1.666(3)
1.531(5)
1.529(S)
1.527(5)
1.429(4)
1.504(4)
1.410(4)
1.946(83)
1.396(33)
1.184(62)



Table 3. Bond angles (0]

C(2)-C(1)-C(6)
C(6)-C(1)-P(7)
C(1)~C(2)-B(17)
C(2)-C(3)-C(4)
C(4)-C(5)~-C(6)
C(1)-P(7)-0(8)
0(8)-P(7)-C(9)
0(8)-P(7)-C(13)
P(7)-0(8)~B(17)
P(7)-C(9)-C(11)
P(7)-C(9)~C(12)
C(11)-C(9)-C(12)
P(7)=-C(13)-C(15)
P(7)-C(13)-C(16)
C(15)-C(13)-C(16)
C(2)-B(17)-0(18)
C(2)-B(17)-0(22)
0(18)-B(17)-0(22)
0(18)-C(19)~-C(20)
C(20)-C(21)-0(22)
C(23)-C(24)-C(25)
C(26)-C(27)-C(28)

Symmetry code: A = -x, Yy,

122.8(2)
129.2(2)
116.0(2)
120.4(3)
120.5(3)
101.4(1)
108.7(1)
108.7(1)
113.1(2)
113.0(2)
109.7(2)
110.9(2)
112.7(2)
110.6(3)
108.8(3)
112.0(2)
114.5(3)
116.0(3)
110.7(2)
111.6(3)
96.8(37)
133.7(29)

1/2-=z

C(2)~C(1)-P(7)
C(1)-C(2)-Cc(3)
C(3)~-C(2)-B(17)
C(3)-C(4)-C(5)
C(1)-C(6)-C(5)
C(1)-P(7)~C(9)
C(1)-P(7)-C(13)
C(9)-P(7)-C(13)
P(7)-C(9)~C(10)
C(10)-C(9)-C(11)
C(10)-C(9)-C(12)
P(7)-C(13)-C(14)
C(14)-C(13)-C(15)
C(14)-C(13)-C(16)
C(2)~B(17)-0(8)
0(8)-B(17)-0(18)
0(8)}-B(17)-0(22)
B(17)-0(18)-C(19)
C(19)-C(20)-C(21)
B(17)-0(22)-C(21)
C(24)-C(25)-C(28A)
C(27)~-C(28)-C(25A)
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108.0(2}
117.3(3)
126.6(3)
120.7(3)
118.2(3)
110.1(1)
110.1(1)
116.8(1)
105.1(2)
109.6(2)
108.2(3)
105.4(2)
108.9(3)
110.5(3)
101.3(2)
105.0(2)
106.2(2)
114.7(2)
110.0(3)
114.9(2)
125.4(29)
112.3(30)
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Table 4. Anisotropic displacement coefficients (A.x103)

U U u u U U

11 22 33 12 13 23
c(1) 32(2) 28(2) 35(2) 3(1) 10(1) 1(1)
c(2) 37(2) 23(2) 32(2) 6(1) 10(1) -1(1)
c(3) 41(2) 30(2) 37(2) 8(1) 7(1) 3(1)
c(4) 38(2) 40(2) 48(2) 10(2) -2(2) 1(2)
c(5) 33(2) 41(2) 64(2) -5(2) 4(2) 3(2)
c(6) 34(2) 39(2) 49(2) -2(1) 9(2) 10(2)
P(7) 34.3(4) 27.2(4) 27.4(4) -1.2(4) 10.6(3) 3.2(4)
o(8) 37(1) 30(1) 27(1) -5.1(9) 9.1(9) 2.1(9)
c(9) 35(2) 28(2) 36(2) o(1) - 7(1) 3(1)
Cc(10) 57(2) 36(2) 46(2) 7(2) 17(2) -3(2)
c(11) 49(2) 32(2) 52(2) 0(2) 12(2) 12(2)
c(12) 41(2) 41(2) 59(2) 3(2) 3(2) 5(2)
c(13) 52(2) 39(2) 33(2) 1(2) 20(2) 1(1)
c(14) 118(4) 45(2) 53(2) 23(2) 42(2) -1(2)
Cc(15) 109(4) 66(3) 85(3) -3(3) 75(3) -1(2)
C(16) 90(3) 110(4) 42(2) 10(3) 9(2) -28(2)
B(17) 37¢2) 27(2) 27(2) 6(2) 9(1) 4(1)
o(18) 37(1) 34(1) 29(1) 2(1) 12.5(9) 1.4(9)
c(19) 37(2) 49(2) 32(2) 5(2) 12(1) 2(2)
c(20) 38(2) 43(2) 56(2) -2(2) 15(2) 15(2)
c(21) 44(2) 28(2) 69(3) -1(2) 18(2) 4(2)
0(22) 38(1) 24(1) 50(1) 2.3(9) 18(1) 4.6(9)
c(23) 243(36) 114(14) 212(26) 72(16) 35(23) -36(16)
C(24) 71(18) 150(28) 363(63) -12(17) 104(32) -49(39)
C(25) 197(32) 83(12) 459(62) -60(15) 137(26) -39(24)
c(26) 125(19) 139(14) 72(8) -40(13) 43(9) -15(8)
c(27) 121(21) 118(16) 100(12) =72(17) -20(13) 27(11)
c(28) 125(13)  146(14) 66(8) 26(13) -7(9) -35(8)

The anisotropic displacement factor exponent takes the form:
2 .2

2
-— * t Yot 1
27 (h a U11 + ... + 2klb*c U23)

253



4 . .
Table S. H-Atom coordinates (x10 ) and isotropic

H(3)

H(4)

H(5)

H(6)

H(10x)
H(10y)
H(10z)
H(1lix)
H(liy)
H(1lz)
H(12x)
H(12y)
H{12z)
H(1l4x)
H(l4y)
H(1l4z)
H(15x)
H(15y)
H(15z)
H(1l6x)
H(16y)
H(16z)
H{19x)
H(19y)
H{20x)
H(20y)
H(21x)
H(Z1ly)

x

2790
3727
3809
2946
1661
1071
922
2006
1325
1525
465
250
284
2206
1777
2487
2480
2698
2144
1277
1059
840
297
380
238
920
744
1096

Y

3414
4418
5528
5641
6303
§576
6660
6582
7133
6279
§394
6211
5092
2559
2517
2970
4155
4668
5153
3406
4488
3575
3452
3511
1836
1982
1931
1094

22 3
displacement coefficients (A x10 )

z

4630
4705
3574
2336
3012
3069
2721
1606
1300
728
748
1363
1645
739
1458
le81
133
1055
357
-214
21
473
3321
4334
3849
4477
2656
3272
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U

35(8)
51(10)
53(10)
46(9)
58(6)
58(6)
58(6)
49.(5)
49(5)
49(5)
63(6)
63(6)
63(6)
83(8)
83(8)
83(8)
98(9)
98(9)
98(9)
131(11)
131(11)
131(11)
37(8)
34(8)
43(9)
57(11)
36(9)
63(11)



5.6 Appendix 6 - X-ray analysis of 1.176
The following 8 pages contain a structure determination summary as well as bond

length and bond angle tables for single crystal X-ray diffraction analysis of 1.176.

l P(0)'Bu,
l P(O)'Bu,
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STRUCTURE DETERMINATION SUMMARY

Crystal Data

Empirical Formula
Color; Habit

Crystal Size (mm)

Crystal System
Space Group

Unit Cell Dimensions

Volume

A

Formula Weight
Density(calc.)
Absorption Coefficient

F(000)

C28%44%F>

Colourless plate fragment
0.10{010}x0.32(011}x0.26(011)
%x0.32(111)x0.27(111)x0.21(111)
x0.26(111)x0.21(201)x0.33(102)

Distances from common centre

Monoclinic

Plen

a = 10.3648(13) A
b = 16.533(2) A

c = 16.272(2) A

B = 95.115(9)°

2777.4(7) A
4
474.6

3
1.135 g/cm
1.78 cm—l

1032
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Data Collection

Diffractometer Used Siemens P4

Radiation MoKa (A = 0.71073 A)

Temperature (K) 295

Monochromator Highly oriented graphite prystal
20 Range 4.0 to 50.0°

Scan Type w

Scan Speed Variable; 2.00 to 30.00°/min. in w
Scan Range (w) 1.20o

Background Measurement Stationary crystal and stationary

counter at beginning and end of
scan, each for 25.0% of total

scan time
Standard Reflections 3 measured every 100 reflections

Index Ranges 0 <h <£12, 0 <k =19

Reflections Collected 5174

Independent Reflections 4887 (Rint = 1.30%)
Observed Reflections 3345 (F > 6.00(F))
Absorption Correction Face—indexed numerical
Min. /Max. Transmission 0.9382 / 0.9676
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Solution and Refinement

System Used Siemens SHELXTL IRIS
Solution Direct Methods
Refinement Method Full-Matrix Least-Squares
Quantity Minimized ):w(%-Fc)2
Extinction Correction X = 0.00037(3), where
F =F[1+ 0.002xF2/sin(26) 1-1/4
Hydrogen Atoms Riding model, refined isotropic U
Weighting Scheme w = g2(F)

Number of Parameters Refined 334

Final R Indices (obs. data) R = 3.51 %, wR = 3.55 %
(R Indices (all data) R =5.19 %, wR = 3.64 %)
Goodness—-of-Fit 2.25

Largest and Mean A/o 0.003, 0.001
Data-to—Parameter Ratio 10.0:1

Largest Difference Peak 0.19 eA

Largest Difference Hole -0.21 eA-B
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Table 1. Atomic coordinates (x104) and equivalent isotropic

<2 3
displacement coefficients (A x10 )

x b's z U(eq)
c(l) 4077 (2) 2662(1) 1210(1) 33(1)
c(2) 3144(2) 2308(1) 1672(1) 37(1)
c(3) 1859(2) 2576(1) 1534 (2) 49(1)
c(4) 1490(2) 3156(2) 961(2) 51(1)
c(5) 2387(2) 3486(2) 496(2) 51(1)
c(6) 3656(2) 3236(1) 621(1) 46(1)
P(7) 3514.1(6) 1526.1(4) 2455.2(4) 41(1)
0(8) 4924(1) 1373.6(9) 2600.4(9) 50{1)
c(9) 2681 (2) 588(1) 2061(2) 53(1)
Cc(10) 1248(3) 661(2) 1741(2) 80(1)
c(11) 3419(3) 301(2) 1339(2) 79(1)
c(12) 2832 (3) -55(2) 2748(2) 75(1)
Cc(13) 2885(3) 1894(2) 3434(2) 59(1)
C(14) 3124(4) 2816(2) 3490(2) 86(2)
Cc(15) 1451 (3) 1742(2) 3553(2) 88(2)
Cc(16) 3714(3) 1485(2) 4141(2) 89(2)
c(1") 5483 (2) 2407(1) 1215(1) 34(1)
c(2°) 6554 (2) 2823(1) 1587(1) 35(1)
c(3”) 7788(2) 2528(1) 1463(2) 48(1)
c(4’) 7980(3) 1857(2) 991(2) 58(1)
c(5°) 6932 (3) 1461(2) 619(2) S54(1)
c(6°) 5710(2) 1736(1) 728 (1) 47(1)
P(7°) 6427.5(6) 3713.7(4) 2242.6(4) 39(1)
o(8") 5066 (1) 3877.0(9) 2401.1(9) 48(1)
c(9°) 7065 (2) 4587(1) 1680(2) 50(1)
c(10') 8404 (3) 4490(2) 1361(2) 68(1)
c(11) 7086(3) 5336(2) 2242 (2) 85(2)
c(12') 6089 (3) 4730(2) 941(2) 81(1)
Cc(13°) 7413(3) 3497(2) 3243 (2) 58(1)
c(14°) 7246 (4) 2599(2) 3447(2) 92(2)
C(15°) 6827 (4) 4005(3) 3902 (2) 101(2)
c(16’) 8866 (3) 3673(3) 3285(2) 95(2)

* Equivalent isotropic U defined as one third of the
trace of the orthogonalized Uij tensor
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Table 2. Bond lengths (A)

C(1)-c(2)
C(1)-C(1")
C(2)-P (7}
C(4)-C(5)
P(7)-0(8)
P(7)-C(13)
c(9)-C(11)
C(13)-C(14)
C(13)-C(16)
C(1’)-C(6°)
C(2°)=-P(7")
C(47)-C(5°)
P(7°)-0(8°)
P(7°)-C(13")
C(97)-C(11")

C(137)-C(14°)
C(13°)-C(16")

1.406(3)
1.516(3)
1.831(2)
1.364(4)
1.481(2)
1.876(3)
1.533(4)
1.545(4)
1.531(4)
1.396(3)
1.830(2)
1.364(4)

‘1.482(2)

1.877(2)
1.539(4)
1.535(4)
1.530(4)

C(1)-C(6)
c(2)-C(3)
c(3)~C(4)
C(5)-C(6)
P(7)-C(9)
C(9)-C(10)
c(9)-c(12)
C(13)-C(15)
c(17)-C(2°)
C(27)-C(3")
c(37)-C(4")
C(57)-C(6°)
P(77)-C(9")
C(97)-C(10)
Cc(9°)-C(12°)

C(137)-C(15")
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1.391(3)
1.403(3)
1.367(3)
1.375(3)
1.861(2)
1.534(4)
1.541(4)
1.536(4)
1.398(3)
1.400(3)
1.374(4)
1.372(4)
1.862(2)
1.533(4)
1.520(4)
1.530(5)



Table 3. Bond angles (o)

c(2)-C(1)-C(6)
C(6)-C(1)-C(1")
C(1)-C(2)-P(7)
Cc(2)~C(3)-C(4)
C(4)-C(5)~-C(6)
C(2)-P(7)-0(8)
0(8)-P(7)-C(9)
0(8)-P(7)-C(13)
P(7)-C(9)~-C(10)
C(10)~-C(9)~-C(11)
C(10)~-C(9)~-C(12)
P(7)-C(13)-C(14)
C(14)-C(13)-C(15)
C(14)-C(13)-C(16)
C(1)~C(17)=-C(2")
C(27)=C(17)-C(6")
C(17)-C(2")~P(7")
C(27)=-C(3")-C(4")
C(4")-C(57)-C(6")
C(2°)~P(7")-0(8")
O(87)~P(7°)-C(9")

0(8°)-P(7°)-C(13")
P(7°)=-C(9°)-C(10°)
C(10°)~-C(9"}~-C(11")
C(107)-C(97)~C(12")
P(7°)-C(137)-C(14°)

117.7(2)
115.9(2)
123.8(2)
122.4(2)
119.2(2)
111.9(1)
109.5(1)
109.4(1)
117.2(2)
107.4(2)
109.4(2)
107.7(2)
107.8(3)
108.4(2)
126.3(2)
118.0(2)
123.6(2)
122.8(2)
119.4(2)
111.5(1)
109.2(1)
109.7(1)
117.2(2)
108.7(2)
107.9(2)
108.0(2)

C(147)-C(137)-C(15) 108.7(3)
C(147)-C(137)-C(167) 107.7(3)

C(2)-Cc(1)~c(1")
C(1)-c(2)-c(3)
C(3)-C(2)-P(7)
C(3)-c(4)-c(5)
C(1)-C(6)-C(5)
C(2)-P(7)-C(9)
C(2)~P(7)~-C(13)
C(9)-P(7)-C(13)
P(7)-C(9)-C(11)
P(7)~C(9)~C(12)
C(11)-c(9)-C(12)
P(7)-C(13)-C(15)
P(7)-C(13)-C(16)
C(15)~C(13)-C(16)
C(1)-C(17)-C(6")
C(l7)-c(27)-C(3")
C(37)-C(2")-P(7")
C(37)-C(47)-C(5")
C(17)-C(67)~-C(5)
C(2)~P(77)-C(9")

C(27)-P(7°)-C(13")
C(9°)~P(7°)-C(13")
P(7°)-C(9’)-C(11")
P(77)~C(9°)-C(12")
C(117)=C(97)~C(12")
P(7°)-C(137)~C(15")
P(7°)-C(137)-C(16")
C(15°)-C(13")-C(16")
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126.0(2)
118.1(2)
118.2(2)
119.7(2)
122.9(2)
106.6(1)
107.1(1)
112.2(1)
105.9(2)
108.2(2)
108.5(2)
117.8(2)
106.2(2)
108.5(2)
115.4(2)
117.9(2)
118.6(2)
119.1(2)
122.8(2)
106.9(1)
106.9(1)
112.6(1)
108.6(2)
105.6(2)
108.6(2)
106.5(2)
117.4(2)
108.3(3)



Table 4. Anisotropic displacement coefficients (A?xlos)
U U g U U g

11 22 33 12 13 23
c(1) 38(1) 30(1) 31(1) -4(1) -3(1) -2(1)
c(2) 35(1) 35(1) 40(1) 1(1) 2(1) 1(1)
c(3) 39(1) 50(2) 60(2) 4(1) 9(1) 13(1)
c(4) 39(2) 50(2) 64(2) 10(1) ~3(1) 6(1)
c(s) 54(2) 48(2) 49(2) 4(1) -9(1) 13(1)
c(6) 45(2) 48(2) 45(1) -6(1) 1(1) 11(1)
P(7) 36.6(4) 39.2(4) 48.8(4) 0.0(3) 5.8(3) 11.7(3)
o(8) 36.5(9) 56(1) 57(1) . 1.7(8) -1.8(7) 14.1(9)
c(9) 45(2) 41(2) 72(2) -4(1) . =-1(1) 8(1)
c(10) 55(2) 60(2) 119(3) -15(2) -19(2) 15(2)
c(11) 87(3) 53(2) 95 (3) -5(2) 4(2) -10(2)
c(12) 71(2) 44(2) 103(3) -6(2) -5(2) 23(2)
c(13) 65(2) 61(2) 53(2) 0(1) 20(1) 13(1)
c(14) 128(3) 69(2) 68(2) -14(2) 43(2) -9(2)
c(15) 83(2) 92(3) 98(3) 4(2) 52(2) 19(2)
c(16) 110(3) 107(3) 51(2) -4(2) 11(2) 19(2)
c(1) 39(1) 32(1) 32(1) 0(1) 5(1) 4(1)
c(2°) 34(1) 33(1) 38(1) 0(1) 2(1) 2(1)
c(3") 37(1) 44(2) 64(2) 1(1) 1(1) 1(1)
c(a’) 48(2) 54(2) 74(2) 18(1) 18(1) 0(2)
Cc(5°) 66(2) 44(2) 55(2) 7(1) 18(1) -11(1)
C(6°) 52(2) 45(2) 44(1) -5(1) 7(1) -7(1)
P(7°) 34.7(4) 33.9(3) 47.1(4) -2.7(3) 0.8(3) -3.6(3)
o(8") 39.4(9) 46(1) 59 (1) -2.4(8) 10.0(8) -9.4(8)
c(9’) 40(1) 37(1) 75(2) -4(1) 8(1) 4(1)
c(10°) 54(2) 60(2) 91(2) -8(1) 20(2) 11(2)
c(11) 80(2) 37(2) 141(3) -9(2) 35(3) -15(2)
c(12°) 60(2) 72(2) 110(3) -6(2) -5(2) 46(2)
c(13”) 59(2) 60(2) 50(2) -8(1) -12(1) -6(1)
c(14°) 114(3) 88(3) 65(2) -25(2) -33(2) 33(2)
c(15°) 131(4) 112 (4) 58(2) -1(3) -8(2) -27(2)
C(16°) 65(2) 117(3) 93(3) ~17(2) -38(2) 5(3)

The anisotropic displacement factor exponent takes the form:

2.2 2
- * +
27 (h a Ull ae. + 2klb*c*023)
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Table 5. H~Atom coordinates (x104) and isotropic

H(3)
H(4)
H(5)
H(6)
H(10x}
H(10y)
H(10z)
H(11lx)
H(1ly)
H(1llz)
H(12x)
H(12y)
H(12z)
H(1l4x)
H(14y)
H(1l4z)
H(15x)
H(15y)
H(15z)
H(1l6x)
H(16y)
H(l6z)
H(3")
H(4")
H(5')
H(6")
H(10'x)
H(10'y)
H(10'z)
H{1ll'x)
H(11l'y)
H(1ll°z)
H(12'x)
H(12°y)
H(12°2)
H{(14’'x)
H(14'y)
H(14'z)
H(15"x)
H(15Y)
H(15'z)
H(16x)
H(16°y)
H(16°2)

x

1221

604
2137
4284
1166

770

892
4320
3323
3110
3737
2448
2417
3984
3010
2497
1264
1266

896
3601
3479
4605
8527
8840
7047
4977
8631
8398
9040
6254
7318
7739
6315
5236
6085
7720
7837
6339
7066
5901
7117
9280
8989
9238

Y

2337
3331
3889
3468
1007

887

139

256

685
-215
-137
-560

129
2937
3004
3085
1962
1173
1999

909
1679
1622
2813
1666

994
1458
4977
4045
4384
5413
5804
5259
5208
4792
4272
2464
2275
2495
3792
4002
4555
3556
4231
3349

displacement coefficients (A?x103)

z

1851
889
88
291
1266
2165
1595
1528
895
1137
2906
2567
3218
3351
4037
3115
4075
3553
3127
4106
4662
4097
1717
927
283
458
1086
983
1814
2448
1939
2692
650
1118
578
3962
3010
3473
4442
3790
3867
3824
3149
2877

263

U

56(7)
44(6)
48(7)
54(7)
81(10)

121(15)
93(10)
86(11)
81(10)

113(12)
84 (10)
95(10)

143(17)

116(13)
99 (11)

122 (15)

125(14)

124(14)

144(17)
93(12)

100(11)

114 (14)
51(7)
63(8)
52(7)
44(6)
99 (11)

109(12)
88(11)

122(13)

104(11)

107(14)
88 (10)
84 (10)

100(13)

133(13)

246(28)
86 (11)

138(15)

183(22)

133(16)

102(11)

117(14)

132(17)



-

5.7 Appendix 7 - X-ray analysis of 2.84c

The following 8 pages contain a structure determination summary as well as bond

length and bond angle tables for single crystal X-ray diffraction analysis of 2.84c.

i
P(0)Bu,
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STRUCTURE DETERMINATION SUMMARY

Crystal Data

Empirical Formula
Color; Habit
Crystal Size (mm)
Crystal System
Space Group

Unit Cell Dimensions

Volume

VA

Formula Weight
Density(calc.)
Absorption Coefficient

F(000)

021H32NOP

Colourless needle prism fragment

0.92(100)x0.31(011)x0.27(011)

Monoclinic

lelc

a = 12.4082(11) A

b = 14.5597(9) A

c = 11.4867(9) A
o

B = 107.924(6)

.3
1974.5(3) A
4
345.4

3
1.162 g/cm
1.47 cm *

752
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Data Collection

Diffractometer Used
Radiation
Temperature (K)
Monochromator

26 Range

Scan Type

Scan Speed

Scan Range (w)

Background Measurement

Standard Reflections

Index Ranges

Reflections Collected
Independent Reflections
Observed Reflections
Absorption Correction

Min./Max. Transmission

Siemens P4

MoKa (A = 0.71073 A)

160

Highly oriented graphite crystal
4.0 to 52.0°

@

Variable; 3.00 to 30.00°/min. in o
1.20

Stationary crystal and stationary
counter at beginning and end of
scan, each for 25.0% of total

scan time
3 measured every 100 reflections

0 =h <15, 0 =k =17
-14 =¢ <13

4050
3868 = 1.

6 (Rint 1.25%)
3102 (F > 6.00(F))
Face-indexed numerical

0.9506 / 0.9658
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Solution and Refinement

System Used
Solution
Refinement Method
Quantity Minimized

Extinction Correction

Hydrogen Atoms

Weighting Scheme

Number of Parameters Refined
Final R Indices (obs. data)
(R Indices (all data)
Goodness—-of—-Fit

Largest and Mean A/co
Data—-to—-Parameter Ratio

Largest Difference Peak

Largest Difference Hole

Siemens SHELXTL IRIS
Direct Methods
Full-Matrix Least—Squares
2
w(F —-F
Lw(E-F_)

x = 0.00241(13), where

F* =F [ 1+ 0.002xF2/sin(20) ]

Refined isotropic U
-1 2

w = g (F)

346

3.79 %

R = 3.31 %, wR

4.07 %, WR = 3.82 %)

o
I

0.005, 0.000
9.0:1
0.41 eAf3

—0.26 eA 3
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4 . . .
Table 1. Atomic coordinates (x10 ) and equivalent isotropic

22 4
displacement coefficients (A 'x10 )

x Y z U(eq)
N(1) 7203 (1) 154.5(9) 4784(1) 237(5)
c(2) 6806(2) -211(1) 3597(2) 324(7)
c(3) 6937(2) -1124(1) 3589(2) 311(7)
C(3A) 7453 (1) -1403(1) 4824 (2) 245(6)
c(4) 7760(2) -2278(1) 5318(2) 315(7)
c(5) 8243(2) -2356(1) 6560 (2) 367(8)
c(6) 8404 (2) ~1578(1) 7292(2) 314(7)
c(7) 8106(1) -693(1) 6857(2) 229(6)
c(73) 7628 (1) -609 (1) 5578 (1) 205(6)
P(8) 7294.7(4) 1335.0(3) 4969.3(4) 197(1)
0(9) 7378(1) 1616.4(8) 6228(1) 274(4)
c(10) 8596(1) 1644 (1) 4605 (2) 269(6)
c(11) 8675(2) 1249(2) 3393(2) 411(8)
c(12) 9573(2) 1258(2) 5668 (2) 382(8)
c(13) 8705(2) 2692(1) 4591(3) 415(9)
c(14) 5951(1) 1809 (1) 3921(2) 237(6)
c(15) 4980(2) 1245(2) 4120(2) 383(8)
c(16) 5818(2) 1904 (1) 2551(2) 319(7)
c(17) 5873(2) 2795(1) 4390(2) 337(7)
c(18) 8278(2) 54(1) 7822(2) 262(6)
c(19) 7342(2) 21(1) 8390(2) 273(6)
c(20) 7441(2) -114(1) 9563(2) 279(6)
c(21) 8552 (2) -213(2) 10549 (2) 389(8)
c(22) 6417(2) -156(2) 9991(2) 469 (10)

#® Equivalent isotropic U defined as one third of the
trace of the orthogonalized Uij tensor
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Table 2. Bond lengths (A)

N(1)-C(2)
N(1)-P(8)
C(3)~C(3n)
C(3R)-C(7A)
C(5)-C(6)
C(7)-C(7A)
P(8)-0(9)
P(8)-C(14)
C(10)-C(12)
C(14)-C(15)
C(14)—-C(17)
C(19)-C(20)
C(20)-C(22)

1.405(2)
1.731(1)
1.424(2)
1.420(2)
1.388(3)
1.410(2)
1.476(1)
1.863(2)
1.539(2)
1.532(3)
1.548(3)
1.330(3)
1.497(4)

N(1)-C(7a)
c(2)-¢c(3)
C(3a)-C(4)
C(4)-C(5)
c(6)-C(7)
C(7)-C(18)
P(8)-C(10)
C(10)-C(11)
C(10)-C(13)
C(14)-C(16)
C(18)-C(19)
Cc(20)-C(21)
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1.432(2)
1.340(3)
1.399(2)
1.372(3)
1.391(2)
1.520(2)
1.844(2)
1.537(3)
1.532(3)
1.537(3)
1.498(3)
1.498(3)



Table 3. Bond angles (o)

C(2)~-N(1)-C(7A7)
C(7A)-N(1)-P(8)
C(2)~C(3)-C(3a)
C(3)-C(3A)-C(7A)
C(3A)-C(4)-C(5)
C(5)~C(6)-C(7)
C(6)~C(7)-C(18)
N(1)~C(7a)-C(3R)
C(3A)-C(7Rn)~C(7)
N(1)-P(8)-C(10)
N(1)-P(8)-C(14)
C(10)-P(8)-C(14)
P(8)~C(10)-C(12)
P(8)-C(10)-C(13)
C(12)-C(10)-C(13)
P(8)~C(14)-C(1l6)
P(8)~-C(14)-C(17)
C(16)-C(14)—-C(17)
C(18)-C(19)-C(20)
C(19)-C(20)-C(22)

106.0(1)
134.0(1)
107.1(2)
108.3(1)
118.3(2)
124.4(2)
116.0(1)
106.6(1)
120.1(1)
104.1(1)
106.0(1)
115.8(1)
105.1(1)
109.4(1)
108.8(2)
119.2(1)
105.0(1)
105.9(1)
127.2(2)
121.0(2)

C(2)-N(1)~-P(8)
N(1l)-C(2)~-C(3)
C(3)-C(3Ra)-C(4)
C(4)-C(3R)-C(7A)
C(4)-C(5)-C(6)
C(6)-C(7)-C(7A)
C(7A)-C(7)-C(18)
N(1)-C(7R)-C(7)
N(1)-P(8)-0(9)
0(9)-P(8)~C(10)
0(9)-P(8)-C(14)
P(8)-C(10)-C(11)
C(11)-C(10)-C(12)
C(1l1)-C(10)-C(13)
P(8)=C(14)-C(15)
C(15)-C(14)-C(16)
C(15)-C(14)-C(17)
C(7)-C(18)~C(19)
C(19)-C(20)-C(21)
C(21)-C(20)-C(22)
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119.0(1)
112.1(2)
130.2(2)
121.5(2)
119.8(2)
115.8(2)
128.2(1)
133.2(1)
112.2(1)
110.7(1)
108.0(1)
114.8(1)
109.1(2)
109.5(2)
107.1(1)
111.1(1)
108.0(2)
109.9(1)
123.8(2)
115.2(2)



Table 4. Anisotropic displacement coefficients (A?x104)

U U U u U u

11 22 33 12 13 23
N(1) 337(8) 191(7) 166(7) ~36(6) 54(6) -21(6)
c(2) 466(12) 274(10) 189(9) -23(9) 36(8) -24(8)
c(3) 404(11) 261(10) 265(10) ~-61(8) 101(9) -87(8)
c(3n) 261(9) 230(9) 281(10)  -29(7) 138(8) -17(7)
c(4) 396(11)  209(10)  398(12) 0(8) 206(9) -34(8)
c(s) 480(12)  263(11)  408(12) 104(9) 210(10) 93(9)
c(6) 369(11)  322(11) 271(10) 70(8) 126(8) 68(8)
c(7) 218(8) 255(9) 230(9) 1(7) 94(7) 19(7)
c(7a) 199(8) 196(9) 246(9) -14(7) _ 105(7) 9(7)
P(8) 234(2) 190(2) 173(2) -11(2) 71(2) -17(2)
0(9) 349(7) 276(7) 185(6) 30(5) 64(5) -38(5)
c(10) 250(9) 250(9) 329(10) -27(7) 121(8) 2(8)
c(11) 387(12) 520(14) 405(12) 8(11) 239(10) -34(11)
c(12) 225(10)  427(13) 470(13) -13(9) 75(9) 67(11)
c(13) 383(13)  293(12) 589(15) =79(10)  182(12) 49(11)
c(14) 239(9) 283(10) 192(8) 13(7) 71(7) 10(7)
c(15) 270(11) 505(14) 378(12) -17(10) 104(9) 72(11)
c(16) 375(12)  372(11)  191(9) 58(10) 59(8) 28(8)
c(17) 404(12)  333(11) 263(11) 143(9) 87(9) 5(8)
c(18) 286(10) 293(10) 180(9) -24(8) 32(7) 10(8)
c(19) 255(9) 279(10)  259(9) 8(8) 40(8) -62(8)
C(20) 396(11)  178(9) 300(9) -45(8) 160(8) -68(7)
c(21) 558(14)  358(13)  224(11) -2(11) 80(10) 25(9)
c(22) 587(16) 415(15) 536(1S) =-67(12) 366(14) -112(12)

The anisotropic displacement factor exponent takes the form:

2.2 2
- * v ee + *ek
27 (h a Ull + 2klb*c U23)
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Table 5. H-Atom coordinates (x104) and isotropic

H(2)
H(3)
H(4)
H(5)
H(6)
H(1lx)
H(1ly)
H(l1lz)
H(12x)
H(12v)
H(12z)
H(13x)
H(13y)
H(13z)
H(15x)
H(15y)
H(15z)
H(16x)
H(16y)
H(162)
H(17x)
H(17y)
H(17z)
H(18x)
H(18y)
H(19)
H(21x)
H(21ly)
H(21lz)
H(22x)
H(22y)
H(22z)

x

6506 (16)
6754 (16)
7606(15)
8472(16)
8742(16)
9425(18)
8089(19)
8637(19)
10295(17)
9510(18)
9569(19)
8174(19)
9459(18)
8622 (18)
4233(18)
5020(17)
4958(17)
5068(17)
5827(17)
6413(16)
6493(18)
5926(16)
5101(16)
8308(15)
9004 (16)
6566(17)
9140(25}
8490(24)
8862(23)
6462(17)
6392(20)
5746(19)

Y

201(13)
~1491(13)
~2779(13)
~2949(13)
~1671(13)

1426 (14)
1483(14)
562(16)
1405 (12)
590(15)
1539(14)
2946(15)
2839(14)
2990 (15)
1553(13)
1229(14)
621(14)
2188 (13)
1333(14)
2296(13)
3221(14)
2797(13)
3045(12)
661(13)
-68(12)

93(12)
-528(19)
~545(19)

323(20)

294(16)

-756(16)

-39(14)

displacement coefficients (A?xloa)

-4

2926(17)
2899(18)
4798 (16)
6922(17)
8156(18)
3299 (18)
2672(19)
3426(20)
5540 (16)
5717 (18)
6508(21)
3898(20)
4566 (18)
5351(20)
3693(18)
4931(20)
3807(18)
2154(17)
2083(18)
2404 (16)
4257(18)
5240(19)
3939(16)
7478 (16)
8440(16)
7820(17)
10335(25)
11222 (25)
10895 (23)
10624 (19)
10346(21)
9324(19)
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35(5)
42(86)
32(5)
37(5)
42(6)
5Q(6)
53(7)
63(7)
35(5)
51(7)
63(7)
47(6)
47(6)
55(7)
46(6)
44 (6)
44(6)
38(5)
43(6)
35(5)
49 (6)
41(6)
34(5)
34(5)
30(5)
37(5)
96(10)
93(10)
81(9)
50(6)
63(7)
46(6)



5.8  Appendix 8 - IH-NMR Spectra of 2.101a |
The following 3 pages contain !H-NMR spectra for 2.101a with varying degrees of
deuterium incorporation as evidenced by the gradual disappearance of the signal at  6.33 ppm.
Conditions for synthesis of each sample are summarized below (also, see Experimental

Section).
0 @
(8]

Spectrum 1: #BuLi (3 equiv.)/ THE/rt/3.5h
Spectrum 2: r-BuLi (5 equiv.)/THF/rt/3.5h
Spectrum 3: z-BuLi (3 equiv.)/EtpO/rt/ 18 h
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