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N, N-Dlethyl-2 bromobenzylamme (SIDS Bromobenzyl bromide (4.34 g, 17.4 mmol) and 6.1 mL of

| dlethylarmne (58.9 mmol, 3.40 equiv) were dissolved in 30 mL of toluene. The reaction was stirred atrt
for 14 h (precipitate of Et,NH,Cl). The mixture was filtered and the filtrate was concentrated in vacuo
and purified by a Kugelrohr distillation (95- 110 °C, 0.05 mm Hg) to yield 3.81 g (15.7 mmol, 91%) of a
pale yellow oil. '"H NMR (CDCl,, 300 MHz): & 1.05 (t, J = 7.2 Hz, 6H), 2.57 (9, J=17.2 Hz, 4H), 3.63
(s, 2H), 7.04-7.11 (m, 1H), 7.28 (td, J = 7.36, 1.29 Hz, 1H), 7.51 (dd, J = 7.91, 1.29 Hz, 1H), 7.53-7.58
(m, 1H). “C{'H} NMR (CDCl,, 75.4 MHz): ‘& 11.92 (CH,), 47.15 (CH,), 57.12 (CH,), 124.08 (C),
'127.10 (CH), 127.89 (CH), 130.48 (CH), 132.41 (CH), 139 56 (C). MS (EI) M+ = 243.0454 (calc. for

- C,,H,(BIN = 243.0477).

A N, N-Dlethyl -2-trimethylstannylbenzylamine. N,N-Diethyl- 2-bromobenzylamme (1 42 g,
5.88 mmol) was dissolved in 20 mL of THF. The solution was cooled to -78 °C and 2.87 M n-BulLi in*

- - hexanes (2. 10 mL, 6.03 mmol) was slowly added. After 2 min Me,SnBr (1.45 g, 5.98 mmol) in S mL of
THF was added. The solution was taken up in 1:1 ether/hexanes (40 mL), washed with water (2 x 200
mL) and brine (100 mL), dried (MgSO,), filtered, and the solvent evaporated. Purification by Kugelrohr
distillation (120-130 °C, 0.02 mm Hg) gave 1.60 g (4.91 mmol, 84%) of a clear colorless liquid.
Density = 1.21 g/mL. 'H NMR (CDCl,, 300 MHz): 0. 24 (s, Yy 1105, = 54.2 Hz, 9H), 0.94 (¢,

J=17.17 Hz, 6H), 2.52 (q, J = 7.17 Hz, 4H), 3.57 (s, 2H), 7.18-7.30 (m, 3H), 7.41-7.63 (m, 1H).
“C{'H} NMR (CDCl,, 75.4 MHz,): & -7.62 (CH,), 9.33 (CH,), 44.20 (CH,), 60.34 (CH,), 126.39 (CH),
128.19 (CH), 128.56 (CH), 136.52 (CH) 142.52 (C), 145.94 (C). MS (EI): M* = 312.0767 (calc. for
C HysNSn =312.0773).

2-lodobenzamide-[*>’N] A solution of 99% 1sotoplcally-enr1ched "'NH,CI (0.486 g, 8.91 mmol) in5

“mL of water was covered with benzene (5 mL) and cooled to 0 °C. A solution of NaOH (0.7500 g,

18.75 mmol, 2.11 equiv) in 5 mL of water was added directly to the aqueous layer via a Pasteur pipette
inserted through the benzene layer. Immediately, a solution of 2- -iodobenzoyl chloride (2. 3734 g, 891
mmol, 1.00 equiv) in 40 mL of benzene was added to the top layer. The biphasic solution was stirred
vigorously at rt overnight while a white solid precipitated out of solution. The solution was then cooled
to 0 °C. The precipitate was filtered, washed with cold water (100 mL) and cold benzene (50 mL), and
allowed to air dry overnight to yield 1.82 g (7.34 mmol, 82%) of a white crystalline solid; m.p. 182-183
°C. 'HNMR (CDCl,, 300 MHz): 4 5.80 (d, 'J,;_,5y = 88.6 Hz, 1H), 5.81 (d, Jy-1sn = 89.7 Hz, 1H), 7.13
(ddd, J =8.09,7.35, 1.84 Hz, 1H), 7.40 (td, J = 7.72, 1.10 Hz, 1H), 7.49 (dd, J = 7.72, 1.84 Hz, 1H),
790 (dd, J=8.09, 1. 10 Hz, 1H). “C{’ H} NMR (CDCl,, 75.4 MHz): & 92.02 (C), 128.27 (CH; d,
seosn = 16.7 Hz), 131.46 (CH), 140.18 (CH), 141.11 (C; d, 2.]13C 1sv = 8.0 Hz), 170.85 (C; d,
Yisc- sn=16.0 Hz). IR (KBr): 3353, 3175, 1641 cm'1 MS (ED: M* =247.9461 (calc. for =
C,HJI"NO = 247. 9466). ‘ ' '

N, N-Dlethyl 2-10dobenzamlde-[‘5N] Powdered KOH (3 315 g, 59 1 mmol, 8 05 equiv) was added
to 7 mL of DMSO in a 25 mL round-bottom flask and stirred in a rt for 15 min. A solution of 2.4 mL of
EtI (30 mmol, 4.09 equiv) and 1.82 g of 2-iodobenzamide-["*N] (7.34 mmol) in 4 mL of DMSO was




|
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added to the KOH solution. This reaction is very exothermic! Before the addition, the flask was placed
in a rt bath to absorb any excess heat. The reaction mixture was poured into 100 mL of water and
extracted with CH,Cl, (4 x 20 mL). The organic extract was washed with water (3 x 50 mL) and brine
(50 mL), dried over MgSO,, filtered, and concentrated in vacuo to y_ield 2.13 g (7.01 mmol, 96%) of a
clear, colorless oil. The crude product was clean by 'H NMR and used further without purification. 'H
NMR (CDCl,, 300 MHz): & 1.07 (td, J =6.99 Hz, 3Ty 1sn = 2.58 Hz, 3H), 1.30 (td, J = 6.98 Hz,

3. = 2.57 Hz, 3H), 3.14 (pentet, J = 6.99 Hz, 2H), 3.30 and 3.86 (ABX,, J = 13.98, 6.99 Hz, 4H),
7.06 (td, J = 7.36, 1.48 Hz, 1H), 7.21 (dd, J=7.73, 1.84 Hz, 1H), 7.38 (td, J = 7.35, 1.10 Hz, 1H), 7.82
(dd, J=17.72, 1.10 Hz, 1H): 13C{'H} NMR (CDCl,, 75.4 MHz): & 12.47 (CH,), 13.90 (CH,), 38.89

- (CHy; d, Jisesn =94 Hz), 42.75 (CHy; d, Jy5c.1sn = 10.2 Hz), 92.81 (C), 126.86 (CH),-128.22 (CH),
129.87 (CH), 139.15 (CH), 142.89 (C; d, *Jy5c. 159 = 7.3 Hz), 170.05 (C; d, U se-1sn = 16.0 Hz). IR
(KBr): 3269, 1642 cm™'. MS (ED): M?* = 304.0092 (calc. for C,,H,,I°NO = 304.0092).

N,N-Diethyl-2-iodobenzylamine-[**N]. N,N-Diethyl-2-iodobenzamide-[*N] (2.131 g, 7.01 mmol)
was added to a dried and N,-flushed 100 mL round-bottom flask equipped with a reflux condenser fitted
with a septum. The flask was cooled to 0 °C and 1.0 M BH, in THF (15.0 mL, 15.0 mmol, 2.14 equiv)
was added. The solution was heated to reflux for 5 h, cooled to 0 °C and 6M HCl (200 mL, 120
mmol, 17.1 equiv) was added dropwise over a period of 30 min. Caution: Addition of the 6M HCI,,,
too quickly will cause rapid H, gas evolution resulting in eruption of the solution and loss of material. |
The acidified solution was heated to reflux for 90 min (required to cleave the borane-amine complex), "
cooled to 0 °C and basified to pH 9 with NaOH pellets. The aqueous solution was mixed with 1:1
ether/hexanes (50 mL), the organic fraction was washed with water (2 x 200 mL) and brine (150 mL),
dried over MgSQO,, filtered, and concentrated in vacuo to give a clear, colorless oil. Purification by
Kugelrohr distillation (90-110 °C, 0.04 mm Hg) gave 1.85 g (6.39 mmol, 91%) of a clear, colorless oil.
'H NMR (CDCl,, 300 MHz): & 1.04 (td, J.=6.99 Hz, 3 o158 =2.58 Hz, 6H), 2.57 (q, J = 6.98 Hz, 4H),
3.56 (s, 2H), 6.92 (td, J = 7.72, 1.65 Hz, 1H), 7.30 (td, J =736, 1.11 Hz, 1H), 7.51 (dd, J=7.72,
1.47 Hz, 1H), 7.80 (dd, J = 7.90, 1.29 Hz, 1H). BC{'H} NMR (CDCl,, 75.4 MHz): §11.96 (CH,; d,
2 acisn = 1.91 Hz), 47.05 (CH,; d, sc-1sn = 3.82 Hz), 62.25 (CHy; d, W sc-1sn = 5.08 Hz), 99.93 (C),
127.94 (CH), 128.27 (CH), 130.11(CH; d, *Jy3c_isn = 1.90 Hz), 139.13 (CH), 142.41 (C; d,
2 scisn = 3-18 Hz). MS (ED: M' = 290.0305 (calc. for C;;H;I"°N = 290.0300).

N,N-Diethyl-2-(trimethylstahnyl)benzylamine-[‘SN]. Prepared from N,N-diethyl-2-
iodobenzylamine-[*N] using the procedure for the unlabeled compound. ‘The crude product was purified
by Kugelrohr distillation (130-140 °C, 0.05 mm Hg) to yield 0.526 g (1.61 mmol, 45%) of a clear,
colorless oil. Density = 1.21 g/mL. 'H NMR (CDCl,, 300 MHz): 5 0.24 (s, 2y 11050 = 54.4 Hz, 9H),
0.94 (td, J = 7.35 Hz, °J,_;sy = 2.21 Hz, 6H), 2.52 (q, J = 7.35 Hz, 4H), 3.57 (s, *Jy_ 110, = 5.0 Hz, 2H),
7.17-7.30 (m, 3H), 7.42-7.62 (m, 1H). C{'H} NMR (CDCl,, 75.4 MHz): & -7.63 (CH,), 9.34 (CH,),
44.22 (CH,; d, Jy5c-1sn = 3-82 Hz), 60.35 (CH,; d, 1 ac-1sn = 445 Hz), 126.39 (CH), 128.18 (CH),
128.56 (CH), 136.52 (CH), 142.53 (C), 145.91 (C). 195n{'H} NMR (THF, 134.3 MHz, -78 °C): 3
-53.4 (d, J1050-15n = 15.3 Hz). HRMS (EI): M* = 313.0777 (calc. for C,,H,s"*NSn-CH, = 313.0743).

N-Isopropyl-N-methyl-Z-broinobenzylamine. A solution of 2-bromobenzyl bromide (5.97 g, 23.9
mmol) and methylisopropylamine (5 mL, 48.0 mmol) in 30 mL of toluene was stirred at rt for 19 h. The
reaction mixture was taken up in 1:1 ether/hexanes (30 mL), washed with water (150 mL) and brine.

(80 mL), dried over MgSO,, filtered, and concentrated in vacuo. Kugelrohr distillation (70-80 °C, 0.03
mm Hg) gave 5.13 g (21.2 mmol, 89%) of a clear, colorless oil. 'H NMR (CDCl,, 300 MHz): & 1.09 (d,
J = 6.62 Hz, 6H), 2.19 (s, 3H), 2.94 (septet, J = 6.62 Hz, 1H), 3.60 (s, 2H), 7.04-7.12 (m, 1H),
7.24-731 (m, 1H), 7.47-7.54 (m, 2H). "C{'H} NMR (CDCl,, 75.4 MHz): 8 17.99 (CH,), 36.67

S-2




1R

© 2001 American Chemical Society, J. Am. Chem. Soc., Reich ja010489b Supporti‘ngr Info Page 3

(CH,), 53.71 (CH), 57.14 (CH,), 124.38 (C), 127.13 (CH), 128.00 (CH), 130.59 (CH), 132.54 (CH),
139.30 (C). HRMS (EI): M* = 243.0444 (calc. for C, H,BrN = 243.0447). '

N-Isopropy_l-N-me_thyl-Z-(trimethylstannyl)benzylamine. N-Isopropyl-N-methyl-2-
bromobenzylamine (0.751 g, 3.1 mmol) and 20 mL of THF was added to a dried and N,-flushed 50 mL
round-bottom flask fitted with a septum. The flask was cooled to -78 °C and 2.87 M n-BuLi in hexanes
(1.20 mL, 3.44 mmol) was added, the yellow solution was stirred at -78 °C for 10 min and 0.757 g of
Me,SnBr (3.11 mmol) in 7 mL of THF was added. Normal workup (1:1 ether/hexanes, water, brine)
gave a yellow oil which was purified by a Kugelrohr distillation (140-150 °C, 0.03 mm Hg) to yield
0.765 g (2.35 mmol, 76%) of a clear, colorless oil. Density = 1.22 g/mL. 'HNMR (300 MHz, CDCl,):
5 0.24 (s, Jiog, 4 = 54.1 Hz, 9H), 1.04 (d, J = 6.62 Hz, 6H), 1.88 (s, 3H), 2.98 (septet, J = 6.62 Hz, 1H),
3.57 (s, 2H), 7.15-7.34 (m, 3H), 7.41-7.63 (m, 1H). ®C{'H} NMR (75.4 MHz, CDCl,): & -7.54
(CH,), 17.13, 33.29 (CH,), 53.51 (CH,), 62.37 (CH,), 126.45 (CH), 128.19 (CH), 128.79 (CH), 136.64
(CH), 142.07 (CH), 146.04 (CH). 15gn{'H} NMR (THF, 134.3 MHz, -78 °C): & -54.0. MS (ED):
M*-CH, = 312.0771 (calc. for C,;H,sNSn - ‘CH, = 312.0777). ‘

2-Bromoisoamylbenzene. 1-Bromo-2-methyl-propane (633 g, 46.2 mmol) in 15 mL of THF was
slowly added to Mg® turnings (1.13 g, 46.5 mmol) in THF. The solution was refluxed until the Mg°
turnings disappeared. 2-Bromobenzyl bromide (8.63 g, 34.6 mmol) in 15 mL of THF was added over

" 10 min, and the solution refluxed for 6 h. The mixture was cooled to 0 °C and quenched slowly with 40

mL of 6M HCl. The solution was taken up in 1:1 ether/hexanes (60 mL), and the organic fraction
washed with water and brine, and dried (MgSO4_). Solvent was evaporated and the residue purified by
two Kugelrohr distillations (50-60 °C, 0.05 mm Hg) to yield 1.10 g (4.84 mmol, 14%) of a clear
colorless oil. 'H NMR (300 MHz, CDCl,): &0.97 (d, J = 6.62 Hz, 6H), 1.44-1.54-(m, 2H), 1.65 (nonet,
J = 6.62 Hz, 1H), 2.68-2.76 (m, 2H), 6.98-7.07 (m, 1H), 7.15-7.30 (m, 2H), 7.51 (d, J = 8.09 Hz, 1H).
13C{'H} NMR (75.4 MHz, CDCl;): $-22.50 (CH,), 28.03 (CH), 34.15 (CH,), 39.21 (CHy), 124.39 (C),
127.28 (CH), 127.34 (CH), 130.17 (CH), 132.74 (CH), 142.36 (C). HRMS (ED: M* = 228.0323 (calc.
for C,,H,;Br =228.0338). o . ‘ ‘

2-(Trimethylstannyl)isoamylbenzene. Prepared from 2-bromoisoamylbenzene using the procedure
for N,N-diethyl-2-(trimethylstannyl)benzylaminc.,The crude product was purified by a Kugelrohr
distillation (90-110 °C, 0.05 mm Hg) to yield 0.849 g (2.73 mmol, 70%) of a clear, colorless oil. 'H
NMR (300 MHz, CDCL,): 6 0.31 (s, 21105 = 54.1 Hz, 9H), 0.96 (d, J = 6.8 Hz, 6H), 1.43-1.54 (m,
2H), 1.66 (nonet, J = 6.8 Hz, 1H), 2.57-2.66 (m, 2H), 7.08-7.31 (m, 3H), 742 (dd, J=7.3, 1.4 Hz;
3Jneg, i = 57.0 Hz, 1H). BC{'H} NMR (75.4 MHz, CDCl;): 8 -8.15 (CH,), 22.65 (CH,), 28.43 (CH), -
37.17 (CH,), 41.84 (CH,), 125.19 (CH), 128.07 (CH), 128.66 (CH), 136.12 (CH), 141.48 (C), 149.82
(C). "¥Sn{'H} NMR (THF, 134.3 MHz, -78 °C): & -34.4. MS (EI): M* =312.0923 (calc. for -
C,H,,Sn = 312.0900). . : e g S

' 3-Methoxybenzamide-[‘-5N].' 3-Methoxybenzoic acid (1.29 g, 8.5 mmol) was dissolved in CH,Cl,

(25 mL). A catalytic amount of dimethylformamide and thionyl chloride (0.674 mL, 9.35 mmol) were
added, and the mixture refluxed overnight. The solvent was distilled and the residue taken up in benzene
(15 mL). In a second flask, SNH,Cl1 (0.5 g, 9.18 mmol) was dissolved in 5 mL water and benzene (5.0 -
mL) was added. The flask was cooled to 0 °C,and 5.3 M NaOH (4.0 mL, 21.25 mmol) was carefully
pipetted into the aqueous layer. The acid chloride solution was added and the reaction stirred overnight.
The white solid was filtered, washed with water (70 mL) and benzene (15 mL) to give an 80% vyield '
(1.03 g, 6.8 mmol). 'H NMR (CDCl,, 300 MHz): 5 7.43-7.30 (Ar-2, 4, & 6, m, 3H), 6 7.07 (Ar-3, dt,
J=5.7 Hz (meta), J = 13.5 Hz (para), 1H), 8 5.87 (NH,, d, J = 120.5 Hz, 2H), 6 3.87(OMe, s). *C NMR
(CDCl,, 90.56 MHz) 8 55.9 (OMe), 113.0 (2-0), 118.7 (6-C) 119.6 (4-C), 130.0 (5-C), 135.2 (3-C,

S-3
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*Jiac-15n = 8.3 Hz),160.3 (1-C), 169 6 (C=0, Jy5c.1sn = 15.5 Hz) MS (ED: M* = 152.0599 (cale. for
C.H,0,"N = 152.0604). -

N,N-Dimethyl- 3-methoxybenza1mde ['*N]. Powdered KOH (3 g, 534 mmol) was suspended in
DMSO (10.5 mL) and 3-methoxybenzamide-["°N] (1.0 g, 6.7 mmol) and Mel (1.8 mL, 29.0 mmol) were
added. The mixture was stirred at rt for 4 h. Water (100 mL) was added and the mixture extracted
CH,Cl, (4 x 15 mL). -The organic fractions were washed with water (3 x 30 mL), brine (30 mL), dried
(Na,80,) and the solvent evaporated to yield (1.78 g, 6.21 mmol, 100%). ‘H NMR (CDCl,, 300 MHz):
8 7.33-7.28 (Ar-CH, m, 1H), d 6.98-6.91 (Ar-CH, m, 3H), d 3.87(OMe, s), d 3.04 (CH,, d, J = 76.5 Hz,
6H). *C NMR (CDCl,, 75.4 MHz) 8 35.0 (NMe, 'J,3c_ 5y = 10.2 Hz), 39.3 (NMe, 3¢y = 10.8 Hz),
55.1 (OMe), 112.2 (2-C), 115.2 (6-C) 118.9 (4-C), 129.2.0 (5-C), 137.5 (3-C, U ,3c.1sy = 7.6 Hz), 159.3
(1-C), 171.1 (C=0, Jy5¢_15n = 15.9 Hz). MS (ED): M* = 180.0902 (calc. for C,oH;;,0,°N = 180.0917).

N,N-Dimethyl-3-methoxy.benzylamine ~[**N]. To N,N-dimethyl-3-methoxybenzamide-[*N] (1.7 g,
9.5 mmol) at 0 °C was added 1.0 M borane (15 mL, 15.0 mmol) in THE. The solution was refluxed for
4 h, quenched with 1 M'HCI (3 mL), cooled to 0 °C and 6 M HCI (10 mL) was added dropwise. The
solution was again refluxed for 90 min to hydrolyze the borane-amine comiplex, cooled to 0 °C,
neutralized with NaOH pellets until the mixture was biphasic. Diethyl ether/hexanes (1:1, 25 mL) was
added and the organic layer washed with 10% NaOH (8 x 35 mL), dried (Na,SO,) , and the solvent _
evaporated (no heating). Kugelrohr distillation yielded (0.593 g, 3.56 mmol, 38.2%) of a clear colorless
liquid. "H NMR (CDCl,, 300 MHz): § 7.25-7.19 (Ar-CH, m, 1H), d 6.89-6.77 (Ar-CH, m, 3H), d
3.82(OMe, s), d 3.42 (CH,, s), d 2.24 (CH,, s, 6H). :

N,N-Dimethyl-3-methoxy-2-(trimethylstannyl)benzylamine -[ISN] To N, N-dlmethyl 3-
methoxybenzylamine-[*N] (0.55 g, 3.33 mmol) in THF at -78 C was added »n-BuLi (2.6 mL, 6.7 mmol).

" The reaction mixture was stirred for 1.5 h, and HMPA (2.13 mL, 13.3) was added. The reaction was ‘
stirred for an additional 10 min, Me,SnCl (1.0 g, 5.0 mmol) in THF was added by cannula. After 10 min
the solution was warmed to rt, diluted with.50 mL Et,0 and washed with water (2 x 200 mL) and brine
(150 mL), dried (Na,SQ,), the solvent evaporated, and the product purified by Kugelrohr distillation
(155 °C, 0.3 mm) to yield 459 mg (1.26 mmol, 38.0%) of a clear colorless liquid. "H NMR (CDCl,,

300 MHz): 6 7.25-7.19 (Ar-CH, m, 1H), 6.89-6.77 (Ar-CH, m, 3H), 3.82(OMe, s), 3.42 (CH,, s), 2.24
(CH,, s, 6H) 13C NMR (CDCl,, 75.4 MHz) 6 5.6 (Me,Sn), 27.1 (NMe, 'J 3¢ sy = 10.8 Hz), 29.0 (NMe, -

- Viscisn = 8.9 Hz), 55.9 (OMe), 65.5 (CH,N, 3¢5 = 9.5 Hz), 108.3 (6-C) 122.3 (4-C), 129.4 (5- -0),
130.3 (2-C), 147.7 (3-C),164.6 (1-C). MS (EI): M-Me" = 315.0535 (calc. for
CnHZOSnO”’N 315.0539).

(Chloromethyl)dxmethylsllyl(dlmethylphenylsnlyl)methane Magnesmm (610 mg, 25 mmol) was.
activated by vigorous stirring in ether (10 mL). (Chloromethyl)dimethylphenylsilane was added -
dropwise and the solution refluxed until Mg was no longer visible. In a second flask ‘
chldro(chloromethyl)di_methylsilane (3.3 mL, 20.0 mmol) was dissolved in ether (10 mL). The solution
was cooled to 0 °C, and the Grignard solution was added slowly»by cannula. The ether was evaporated
under N, and THF (20 mL) was added and the solution stirred for 18 h at rt. The solvent was evaporated
and hexanes (lOO mL) and water (100 mL) were added and the mixture neutralized with 1 M HCl. The
organic layer was washed with water (2 x 30 mL), dried (Na,SO,) , and the solvent evaporated to give
4.15 g (81% yield) of a colorless liquid (contains trimethylphenylsilane). 'H NMR (200.132 MHz,
CDCl,) 6 =0.05 (s, gy = 6. 5 Hz, 6H), 0.12 (s, 2H), 0.33 (s Jun=6.5 Hz 6H), 2.65 (s, 2H), 7.2-7.3
(m, 3H), 7. 43-7.57 (m, 2H).
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Dimethyl(N. -pyrrolidinomethyl)silyl(dirne_thylphe’nylsilyl)methane (precursor for 16).
Prepared using the procedure for dimethyl(N-pyrrolidinomethyl)silyl(phenylthio)methane using
3 (chlorOmeth'yl)dimethylsilyl(dimethylphenyls_ilyl)methane (4.51 g, 16.0 mmol) and pyrrolidine (7 mL).
‘The product was purified by column chromatograp_hy (0.5 L. 95:5 hexanes / ethyl acetate followed by
- 0.5 L 90:5:5 hexanes / EtOAc / triethylamine) yielding (3.56 8, 12.2 mmol, 61 %). 'H NMR (200.132
MHz, CDCl,) 6 0.02 (s, 6H), 0.05 (s, 2H), 0.31 (s, g = 6.6 Hz, 6H), 1.73 (m, 4H), 1.93 (s, Jsu=52
Hz, 2H), 2.41 (m, 4H), 7.2-7.3 (m, 3H), 7.45-7.57 (m, 2H). "C{'H} NMR (90.556 MHz, CDCl,) 6§ =
-0.3 (4C, SiMe,), 1.3 (1C, J.; = 109 Hz, SiCH,Si), 23.8 (2C, B-pyrrolidine), 48.8 (1C, SiCH,N), 58.0
(2C, w-pyrrolidine), 128.6 (p-), 127.6 (2C, m), 133.2 (2C, 0), 141.4 (). MS (ED: M* = 291.1835 (calc.
for C,¢H,(NSi, = 291.1838). ‘ o . : o |
Chloro(dimethylphenylsilyl)(trimethylSilyl)methane. To a magnetically stirred solution of _
(chloromethyl)dimethylphenylsilane (3.60 mL, 20.0 mmol) in 20 mL of THF at -78 °C under N, was -

added s-BuLi (1.41 M in pentane, 14.2 mL, 30.7 mmol) and TMEDA (3.17 mL, 20 mmol). The reaction =

Wwas stirred at -50 °C for 30 min."” and Me;SiCl (3 mL, 23.6 mmol) was added. After 5 minthe
reaction was quenched with water, 100 mL of hexane w¢re-added, the hexane phase was extracted 3x
with water and dried over NaSO,. After solvent yevaporation (30 min at 0.1 mm Hg) the product was
purified by chromatography on silica gel ((chloromethyl)dimethylphenylsilane R;=0.37, product, .
R =0.42) to give 1.89 g (37%) of silane. 'H NMR (300.133 MHz, CDCl,) & = 0.02 (s, 2Jsiy = 6.6 Hz, ;
9H), 0.45 (s, *J5,y = 6.6 Hz, 6H), 2.66 (s, gy = 7.0 Hz, 2H), 7.26-7.38 (m, 3H), 7.56-7.59 (m, 2H). MS
- (ED: M*= 258.0810'(calc. for C\,H,,*CISi, = 256.0870). - - ' ~ .
‘(Dimethylphenylsilyl)(tri-nQbutylstannyl)(trimethylsilyl)methane. (Precursor for 17) “A solution
of n-Bu,SnLi®® was prepared by addition of n-Bu,SnH (1.92 mL, 7.2 mmol) to a solution of LDA
prepared from i-Pr,NH (1.27 mL, 9.0 mmol), 2.31 M n-BuLi (3.16 mL, 7.3 mmol) in THF (10 mL) at0
°C. Chloro(dimethylphen’ylsilyl)(triméthylsilyl)methane was added and the reaction stirred for lhatrt.
Hexanes (100 mL) and water (100 mL) were added and the mixture_ neutralized with 1 M HCl. The
organic layer was washed with water (2 x 30 mL), dried (Na,SO,) , and the solvent evaporated.
Kugelrohr distillation (100-120 °C, 0.1 mm) gave 2.62 g (71 % yie;d) of a colorless liquid. lH'NMR
(300.133 MHz, CDCl,) & = -0.27 (s, 2Jgu= 6.4 Hz, Jsun = 74 Hz, 1H), 0.00 (s, *Jsiy = 6.3 Hz, 9H),
0.318 (s, 3H), 0.322 (s, 3H), 0.73-0.93 (m, 15H), 1.22-1.38 (m, 12H), 7.26-7.33 (m, 3H), 7.48-7.51 (m,
2H). BC{'H} NMR (90.556 MHz, THF/ether 3:2) § = -3.4 (MJey =105 Hz, Jes =58 Hz, Uesa =113
Hz, CH), 1.5 ("J.5 = 52 Hz, 'Jesa = small, SiMe), 2.6 (Jos; =51 Hz, Jes, = 17.8 Hz, SiMe), 3.6 (3C,
Jes; =51 Hz, Jesa = 12.7 Hz, SiMe;); 12.6 (3C, ', = 324 Hz, a-Bu); 13.7 (3C, 8-Bu), 28.1 (3C,
3JC-Sn =64 Hz, ¥-Bu), 29.9 (3C, g, = 18.5 Hz, B-Bu), 128.2 (2C, m), 129.1 (p), 133.9 (2C, 0), 143.0
CJesa=12.7 Hz, i). MS (ED): M*=455.1638 (calc. for CyoH3,Si,Sn = 455.1611). _
Dimethyl(methoxymethyl)silyl(p_henylthi_o)methane. (Precursor for 18). Dichlorodimethylsilane
(1‘O mL, 80 mtnol) was dissolved in THF (25 mL), cooled to -78 °C, and 0.5 M phenylthiomethyllithium -
(20 mL, 10.0 mmol),** was added. The reaction was stirred for 10 min and warmed to rt. The solvent
and excess silane were evaporate'd under N,, the residue was taken up in THF (25 mL), the solution was -
cooled to -78 °C, and 1.24 M methoxymethyllithium (8.1 mL 10.0 mmol, prepared from '
methoxymethyltributylstannane'* %)) was added. Hexanes (100 mL) and water (100 mL) were added
. and the water layer extracted with hexanes (3 x 50 mL). The organic layer was washed with water (2x
30 mL), dried (Na,S0,) , and the solvent evaporated. Kugelrohr distillation (50-80 °C, 0.5 mm) gave
(1.17 g, 52 % yield) of a colorless liquid. 'H NMR (200.132 MHz, CDCl,) 6 =0.20 (s, 2/, = 6.7 Hz,
6H), 2.26 (s, 2J;,, = 6.5 Hz, 2H), 3.22 (s, 2H), 3.36 (s, 3H), 7.07-7.32 (m, 5H). "C{'H} NMR (90.556
MHz, CDCl,) 6 = -4.8 (2C, U, = 47 Hz, SiMe,), 15.4 (\Jg; - = 46 Hz, SCH,Si), 63.3 (OMe), 65.4
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(Jg.c = 61 Hz, SiCH,0); 124.6 (p), 126.1 (2C, m), 128. 6 (2C 0) 139.9 @). MS (EI) M'= 226 9857
(calc. for C,;H,;0SSi = 226.0848).
General Procedure for Preparation of Aryllithium Reagents from Aryltrlmethylstannanes The
aryltrimethylstannane (0.4 mmol) in a dried and N,-flushed 10 mm NMR tube was cooled to -78 °C and
1 mL of dry Me,O (or ether, when noted) was condensed in. (Me,O was an ideal solvent for this
crystallization method, since the lithium/tin exchange was relatively fast and the resulting aryllithium
reagents were not soluble in pure Me,0.) The NMR tube was briefly removed from the -78 °C bath,
warmed shghtly, and shaken to dissolve the arylstannane. The addition of 1.0 equiv of n-Bu’Li or Et°Lj
to the NMR tube gave a homogenous yellow solution. The tube was stored overnight at -78 °C while
the aryllithium reagent crystallized out of solution. The yellow supernatant was removed by cannula
transfer and the crystals were washed with ether (2x0.5mL) at -78 °C. The crystals were dissolved in a
combination of THF and ether, by both warming the solvent mixture to rt and vigorously shaking the
NMR tube, to give a clear, colorless solution of aryllithium reagent with concentrations ranging from
0.08 to 0.18 M. The NMR tube was returned to the -78 °C bath, and Me,O was added if needed. The
sample was ready for NMR investigation.

[Li°}-EXSY Experiment of 1. To a N,-flushed 10mm NMR tube was added
N,N-dimethylbenzylamine (150 pL, 1.0 mmol) and 1.0 mL of ether. The flask was cooled to -78 °C and
1.11 M 7-Bu‘Li (1.0 mL, 1.11 mmol) was added, and the tube warmed to rt for 2 d during which time 1:
crystallized. - The solvent was removed via cannula and the crystals washed with ether (2 x 2 mL) and
dissolved in THF (1.5 mL) and ether (1.0 mL), to give a 0.4 M clear colorless solution. The Li>-EXSY
spectrum was acquired at -128°C using the following parameters: a sweep width of 6.25 ppm (f1 and f2);
256 increments and 4 scans per increment; mixing time of 0.05 s. The spectrum is shown in F1g S-1.
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Figure S-1. °Li EXSY exchange spectrum of 1 at -128 °C.
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Variable-Temperature Experiment of 1-[*Li]. THF (1.5 mL) and ether (0.5 mL) were added to a
dried and Nj-flushed 10 mm NMR tube. The NMR tube was cooled to ~78 °C and a solution of 1-[°Li]
in THF (0.92 M, 0.54 mL, 0.50 mmol) was added. Addition of Me,O (1.0 mL) gave an initial '
aryllithium concentration of 0.14 M. The variable temperature experiment was monitored by °Li and
3C NMR spectroscopy. Spectra are shown in Fig. 6. Simulations utilized the exchangé matrix in

Fig. 7,0 and the results of those simulations are reported in Fig. 8 and Table S-1.

Table S-1. Data from the Simulation of the ‘Li NMR Variable Temperature Study.

T/°C | kgis' | ks kS' | wA,A | %B %C

-140 0.0 0.0 0.0 272 353 103
. -137 0.0 0.0 00 | 273 34.1 11.2

- -128 3.4 0.9 04 271 34.6 11.3

-126 | 42 1.1 0.6 26.7 352 11.3

-124 6.0 1.6 14 26.7 . 36.1 10.5

-122 7.5 2.0 23 266 | . 364 104

-118 15 34 45 25.9 379 10.2

-111 - 31 73 9.7 245 40.2 10.8

-101 1200 13.9 23.2 236 | 416 112
-88 292 . | 337 56.2 . 236 41.6 11.2
-56 2372 2737 456.2 236 | 416 | 112

-HMPA Titration of 1-[°Li]. The sample from the VT study above was titrated with HMPA (0, 0.5,
1,2, and 3 equiv) and monitored by °Li and *'P NMR spectroscopy. The probe temperature ranged from
-133 to - 140 °C during the experiment. Spectra are shown in Fig. 13. In this particular case, _
precipitation became a problem beyond 3 equiv of HMPA. The sample was quenched with Me,S, (95
uL) to yield N,N-dimethyl-2-(methylthio)benzylamine (0.154 g, 84 %) as a clear colorless liquid.

Dilution Experiment of 1-[°Li]. A solution of 1-[°Li] (0.31 g, 2.20 mmol) in ether (1.2 mL), and
THF (1.8 mL) was added to a dried and N,-flushed 10 mm NMR tube to give a clear, pale yellow 0.73 M
solution. The variable temperature experiment was monitored by *C NMR spectroscopy at selected
temperatures. After the experiment 1.0 mL of the solution was diluted with ether (1.2 mL) and THF (1.8.
mL) in a second dried and N,-flushed 10 mm NMR tube to give a clear, pale yellow 0.18 M solution, and
the NMR experiment was repeated. Sample spectra are shown in Fig. 10. Simulations of the loss of
°Li-C coupling in the carbanion were carried out using the exchange matrix for random exchange (Fig.
9)!* and the results are presented in Fig. 8 and 10, and Table S-2. ,

. TMEDA Titration of 1-[°Li]. A 0.88 M solution of 1-[°Li] (0.6 mL, 0.53 mmol) in THF was
added to THF (0.8 mL), ether (0.5 mL), and Me,O (1.0 mL) in.a N,-flushed 10 mm NMR tube at -78 °C
to make an aryllithium concentration of 0.18 M. °Li and *C NMR spectra were acquired at 0, 1, 2, 3, 4,
and 5 eq. of TMEDA. Spectra are shown in Fig. S-2 The probe temperature ranged from -120 and

-130 °C during the experiment. The sample was quenched with Me,S, (70 pL) and the product analyzed
by GC: N, N-dimethyl-2-(methylthio)benzylamine (13.58 min, 0.474 mmol); N,N-dimethylbenzylamine
(protonated Li reagent) (6.37 min, 0.077 mmol). Therefore, 0.474 meq (0.237 mmol dimer) were used
as the mmol of aryllithium for the equilibrium calculations shown in the results section. The mmol for
each dimer (A, B, C, A-TMEDA) and TMEDA, based on integrations of Li spectra, are ‘shown in Table
S-3 (volume of sample = 3.0 mL). '
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Table S-2. Data from the Simulation of the l3C NMR Vanable Temperature Study of 1 at'two
Concentrations ( J.; = 7.7 Hz).

0.70 M : 0.175M

- TrPC kist “TPC | kst
51 0.0 43 00
45 ' 3.0 -36 ' 6.0
-40 8.0 30 150
34 22.0 -25 283
29 36.0
1-A-TMEDA )
GLi J Equiv
B S

B/C A o
. J L-J WL—' e — 0
I Tt ' LI B B | l T ' LA e B § I LI I J l LI SN B | ' LI B | I vl LI | I L) l—'_q
50 45 40 35 30 25 20 15 1.0 0.5
ppm -

Figure S-2. "C{'H} NMR spectra of a TMEDA titration of 0.16 M 1-[°Li] in 3:2:1 THF/Me,Oether at -
-135°C '
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Table S-3. Complexation of 1 with TMEDA in 50:33:17 THF/Me,O/ether at -135 °C

1 + TMEDA ~ ITMEDA K., = [I'TMEDAJ/([1][TMEDA]).

mmol-TMEDA  Vol-Sol Free [TMEDA]  [1] [I'TMEDA]  Keq (L/mol)
0.393 3.08 mL 0.093 0.0423 0.0348 8.85
0.846 0 315mL 0220  0.0263 0.0489 846
1.316 ©323mL . 0351 00164 0.0570 9.90
1.81 © 330mL 0.490 00130 . .0.0588 9.24
2.3 © 338mL 0.621 0.0098 0.0604 9.92

Crystal Structure of 1-TMEDA. N,N-Dimethylbenzylamine (1.74 g, 12.9 mmol) was dissolved in
ether (5 mL) in a 25 mL Schlenk flask. The flask was N, purged and 2.22 M n-BuLi (7.0 mL, 15.5
mmol) was added. Within 14 h crystals had precipitated. The crystals were washed with ether (2x5
mL), and redissolved in ether (10 mL) and TMEDA (3 -4 mL). Within 1-2 d, a few large transparent
crystals-of 1-TMEDA were present on the bottom of the flask. The crystals were submitted in this form
(covered with the solution) for X-ray analysis. The structure is shown in Fig. 12. The X-ray data have ;
been reported previously.!'™® ’ . _ _

» PMDTA Titration and Variable Temperature Experiment of 1-[°Li]. A 0.91 M solution of
1-[°Li] (0.55 mL, 0.5 mmol) in THF was added to THF (1.0 mL), ether (0.5 mL), and Me,O (1.5 mL) in

- aN;-flushed 10 mm NMR tube at -78 °C to give a 0.14 M ArLi solution. °Li and ®C NMR spectra were
acquired at 0, 1, 2, 3,4, and 5 eq. of PMDTA. A variable temperature study was carried out with 4 equiv
of PMDTA present. Spectra are shown in Fig. S-3. The probe temperature ranged from -120 and
-130 °C during the experiment. The sample was quenched with Me,S, (70 uL, 1.5 equiv) and analyzed
by GC: N,N-dimethyl 2-(methylthio)benzylamine (0.34 mmol, 70 %), N,N-dimethylbenzylamine
(0.065 mmol, 14 %). | -

_ Variable Temperature Experiment of 1/ PhLi (1:1 mixture). To a N,-flushed 10 mm NMR tube

at -78 °C was added a THF solution of 1 (1.1'M, 0.59 mlL, 0.64 mmol), an ether solution of PhLi (1.92
M, 0.33 mL, 0.64 mmol),!'®) THF (0.6 mL), ether (0.3 mL), and Me,0O (2.2 mL) . to make an aryllithium
concentration of 0.14 M. "C and "Li NMR spectra were acquired at selected temperatures. Spectra are
shown in Fig. 15 and Fig. S-4. ‘

Simulation of the Mixed Dimer spectra. The exchange matrix of Fig. 16 was used to simulate the

* °Li NMR spectra produced in the above experiment.!"™) This matrix incorporates the approximations
described in the text of the paper. The rate constants obtained and simulated spectra are shown in
Fig. 15, the rate data in Fig. 17 and Table S-4. o o
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Figure S-3. Left panel: °Li NMR spectra of a PMDTA titration of 0.14 M 11in 3:3:1 _
THF/Me;Ofether at -120 to -132 °C. Right panel: variable temperate °Li NMR spectra of 1 with 4 eq. of
PMDTA. The signals of the two diastereomers of the 1-A dimer PMDTA complex, and a possible
signal of PMDTA-monomer (1-M-PMDTA) are indicated on the figure.

HMPA titration of 1-[°Li] / Ph'Li (1:0.63 mixture). Phenyltrimethylstarinane (0.117 g, 0.49
mmol) and 2.17 M n-Bu®L (0.24 mL, 0.50 mmol) were added to a N,-flushed 10 mm NMR tube at
-78 °C, and kept at -78 °C overnight. The n-BuMe,Sn was removed in vacuo and the Ph°Li dissolved in
Me,0 (1.8 mL) followed by addition of 0.88 M 1-[°Li] (0.6 mL, 0.52 mmol), 0.4 mL of THF, and |
0.3 mL of Et, giving a total aryllithium concentration of 0.32 M. °Lj and *'P NMR spectra were
‘acquired at 0, 0.2, 0.4, 0.6, 1.0, and 1.5 equiv.of HMPA. Selected spectra taken at -135 °C are shown in
Fig. S-5. The sample was quénc’he_d with Me,S, (120 pL) and analyzed by GC: N,N—dimethyl-Z-
(methylthio)benzylamine (0.51 mmol, 90%), thioanisole (0.32 mmol 65%). ’
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Figure S-4. >’C{'H} NMR spectfa of: a) PhLi in THF/ether (80/20); b) 1:1 mixture of 2-lithio-N, N-
_dimethylbenzylamine (0.2 M) and PhLi (0.2 M) in Me20/T HF/Et,0(70/20/10); c) 2-lithio-N,N-
dlmethylbenzylamme . 16 M) in THF/MezO/EgO (50:33:17). '

~ Table S-4. Data Obtained from Simulation of the Mixed Dimer Exchange (1/PhLi/13) .

T/°C | kafs' | kppfs' | kep/s' | kppfs' | %A, A’ %B %D, D' | %PhLi
S50 ) - - 46.1 122.8 6.2 13.1 29.0 16.4
-56 - - . 28.1 74.8 60 | 127 | 297 15.9

| -63 12895.4 - 28.8 34.9 58 12.2 303 15.6
71 8900.4| 159159| 304 16.8 5.6 116 297 | 178
-80 23783| 1966.0! - 6.0 51 | 54 114 304 16.9
95 754.4 671.6 1.7 1 1.5 50 | 96 32.1 16.1
-107 237.8 1806 - - 4.5 8.9 34.5 13.1
-115 107.3 58.5 - - 42 9.7 32.7 16.6
-131 | 09| . 1.6 - - 3.6 72 35.8 14.1

NMR study of o-Tolyllithium. THF (2.5 mL) was added to a dried and N,-flushed 10 mm NMR
tube. The tube was cooled to ~78 °C and 0.92 M o-tolyllithium in hexanes (0.63 mL, 0.50 mmol) was
added to give a clear colorless solutlon with an aryllithium concentration of 0.16 M. The sample was
stored overnight at -78 °C. C{'H} NMR (CDCl,, 90.0 MHz): Monomer: & 121.1 (C?, C%), 123.4 (C),
142.3 (C%), 148.0 (C?), 195.8 (C', br); Dimer: & 1215 (C}CYH, 1243 (CS) 144.6 (C%), 150.8 (CH, 186.5
(C', br). See Fig. 1 for the °Li NMR spectrum.
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Figure S-5. °Li NMR spectra of a 100:63 mixture of 1 and PhLi in Me,O/THF/Et,0 (60/30/10) in
presence of 0, 0.2, 0.4, 0.6 equiv of HMPA. " A small amount of tetraalkylstannane was present
(h = HMPA). The mono-HMPA complexes of the mixed dimer 13 of are marked 13-4, and 13-k,
(HMPA complexed to the chelated lithium).

TMEDA and PMDTA Titrations of 5-[°Li]. A solution of 2-(trimethylstannyl)isoamylbenzene

(0.155 g, 0.50 mmol) in THF (1.8 mL), and ether (1.2 mL) was added to a dried and N,-flushed 10 mm o
~ NMR tube. The tube was cooled to -78 °C and 0.79 M n-Bu®Li in hexanes (0.63 mL, 0.50 mmol) was

added to give a yellow solution. The sample was stored overnight at -20 °C. The NMR tube was cooled

to -78 °C and Me,O (1.0 mL) was added to give an aryllithium concentration of 0.11 M. ‘

The TMEDA titration experiment was monitored by °Li NMR spectroscopy. The NMR spectra were
acquired at 0, 0.5, 1, 2.and 4 equiv of TMEDA at - 141 and - 126 °C. Spectra are shown in Fig. S-6.
After the experiment was completed, the sample was quenched with Me,SiCl (100 pL, 0.788 mmol) to
give a 92 % yield of 1-methyl-4-(2'-trimethylsilylphenyl)butane by 'H NMR integration against
pentachloroethane (30.0 pL, 0.249 mmol) as a standard.

On a similar 0.14 M sample of 5-[°Li] a PMDTA titration experiment was monitored by °Li and "*C
NMR spectroscopy with spectra aéquired at -125 °C with 0, 0.25, 0.5, 0.75 and 1 equiv of PMDTA.
Spectra are shown in Fig. S-7 and Fig. S-8. After the experiment was completed, the sample was
quenched with Me,SiCl as above (93% yield). '
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Figure S-6. TMEDA titration of 0.11 M 5-[°Li] in 45:25:30 THF/Me,O/E,0 at -126 °C and '
-141 °C (t = TMEDA). In the right panel the TMEDA-complexed and THF-complexed aryllithium '
signals are decoalesced.. o E o A
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Figure S-7. °Li NMR spectra of a PMDTA titration of 0.14 M 5 in. 3:2 THF/Et,0 at -125 °C,
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Figure S-8. ">C{'H} NMR spectra of 0.14 M 5 and 5-PMDTA in 3:2 THF/Et,0 at -125 °C.
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Variable-Temperature Experiment of 2-[‘Li,‘5N]. Using the general procedure with ether as
crystallizing solvent, a sample of 2-[°Li,"*N] was prepared from N,N-diethyl-2-
(trimethylstannyl)benzylamine-["*N] (0.3 g, 0.9 mmol and 1.54 M n-Bu®Li in hexanes (0.62 mL, 0.95
mmol). The aryllithium crystals were dissolved in THF (1.8 mL), ether (1.2 mL), and Me,O (1.0 mL) to

- give a clear, colorless 0.08 M solution. The variable temperature experiment was monitored by Li
NMR. Spectra are shown in Fig. 4. ! - _ |

HMPA Titration of 2-[°Li, **N]. Using the general procedure with ether as crystallizing solvent, a
sample of 2-[°Li,*N] was prepared from N, N-diethyl-2-(trimethylstannyl)benzylamine-[N] (0349 g,
1.07 mmol) and 2.05 M »-Bu®Li in pentane (0.53 mL, 1.09 mmol). The aryllithium crystals were
dissolved in THF (1.8 mL) and ether (1.2 mL) to give a clear, colorless 0.18 M solution. The HMPA
titration experiment was monitored by ’Li and 3'P NMR spectroscopy. The spectra were acquired at 0,
0.5, 1, 1.5, 2, 3 and 5 equiv of HMPA at - 120 °C. Spectra are shown in Fig. S-9. After the experiment,
the sample was quenched with Me,SiCl (145 uL, 1.14 mmol) to give a 96% yield of N,N-diethyl-2- '
(trimethylsilyl)benzylamine by integration of the '"H NMR spectrum containing pentachloroethane
(32.3 pL, 0.268 mmol) as a standard. ' '

Ar—Li.—Ar ~~ Lith HMPA /‘ Lith, |
AN WY M@M

ppm _ .
Figure S-9. HMPA titratioii of 0.08 M 2-[°Li,"N] in 3:2 THF/ether at -120°C (h = HMPA).

HMPA Titration of 2-[°Li] in 3:2 Me,THF/Ether. 'Using the general procedure with ether as
crystallizing solvent, a sample of 2-[°Li] was prepared from N,N-diethyl-2- )
(trimethylstannyl)benzylamjne (0.241 g, 0.74 mmol) and 0.50 mL of 1.54 M nBu®Li in pentane
(0.77 mmol, 1.04 equiv). The aryllithium crystals were dissolved in 1.8 mL of Me,THF and 1.2 mL of
ether to give a clear, colorless 0.12 M solution. The HMPA titration experiment was monitored by °Li
and *'P NMR spectroscopy. The Li and *'P NMR spectra were acquired at 0, 0.5, 1, 2 and 3 equiv of
HMPA (1 equiv = 64 uL) at -127 to - 130 °C. Spectra are shown in Fig. S-10. ’
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Figure S-10 HMPA titration of 0.12 M 2-[’Li] in 3:2 MezTI-[F/ether at-127°C (h= HMPA).

HMPA Titration of 3. Using the general procedure with ether as crystallizing solvent, a sample of
3 was prepared from N-isopropyl-N-methyl-2-(trimethylstannyl)benzylamine (0.165 g, 0.506 mmol) and
2.13 M n-Buli in peniane (0.24 mL, 0.511 mmol). The aryllithium crystals were dissolved in THF '
(1.8 mL) and ether (1.2 mL) to give a clear, colorless 0.08 M solution. The HMPA titration experiment
(0,05, 1,2,3,4, 5 and 8 equiv, - 120 °C) was monitored by ’Li and *'P NMR spectroscopy. A sample
spectrum is shown in Fig. 14, the complete HMPA titration in Fig. S-11. '

equiv of (ArLiph,

| HMPA
i A’\(ArLi),hz - HMPA 4, (” ”) H‘ N
: Hh— 4 X —
i )\A Li*h, - ” “ ‘ "
. ” -3 »

2
1|
_ B-h : A-h
e , - Ch Mﬂ'f ‘B,
oty S 0.5 — L

C-h, .

S . ArLi),h :
J—JL_}AM/L o (rml)” M | Cre
R —

A

C |||||.||ln|r|n||n||n||ln||||||||u|||uulm‘r
B A ' 29.0 280 27.0 26.0 25.0
\ : 0 ppm
Illll|IIIIlllll[llll'llIllllllIllll]IlllIllllll_ITTl . ’
4.0 30 20 1.0 00 -1.0
ppm

Figure S-11. HMPA titration of 0.08 M 3 in 3:2 THF/ether at -120 to -125 °C (h = HMPA).

HMPA Titration of 4-["*N]. In a dried N,-flushed 10 mm NMR tube Et°Lj (23 mg 0.66 mmol) was
dissolved in ether (1.2 mL). The solution was cooled to -78 °C, and ' '

- §-15
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N,N-dimethyl-3-methoxy-2-(trimethylstannyl)benzylamine-[*N] (0.165 g, 0.506 mmol) was added. The
solution was warmed until the Et°Li dissolved. The tube was cooled to -78 °C and THF (1.8 mL) and
was added to give a clear, colorless 0.22 M solution. The HMPA titration experiment was monitored by
°Li, ®N, °C and *'P NMR spectroscopy. The spectra were acquired at 0, 1, 2, 3, and 4 equiv of HMPA.
The probe temperature was - 127 °C during the experiment. Spectra are shown in Fig. 5.
Variable Concentration Study of 4. In a dried N,-flushed 10 mm NMR tube Et°Li (72 ‘mg,
2.06 mmol) was dissolved in ether (1.2 mL). The solution was cooled to -78 °C, and
N,N-dimethyl-3-methoxy-2- -(trimethylstannyl)benzylamine (542 pL, 2.05 mmol) was added. The
solution was warmed until the Et°Li dissolved. The tube was cooled to -78 °C and THF (1.8 mL) was
added to give a clear, colorless 0.70 M solution. The experiment was monitored by °Li, and *C NMR
spectroscopy with the probe temperature of -127 °C. A 1.0 mL portion was then transferred to a second
dried N,-flushed 10 mm NMR tube and diluted with ether (1.2 mL) and THF (1.8 mL) to give a clear,
colorless 0.17 M solution. Spectra were acquired and the solution was diluted again in a similar fashion
to give a clear, colorless 0.044 M solution. The spectra were acquired a final time on this sample.
Relative concentrations of monomer and dimer were measured by line-shape 81mulat10n“5'] of the SLi
NMR spectra. The results of the experiment are shown in Fig. S-12. :
-0.6

0.8 -
i N/
-1.0 - |

-1.2 Li
1.4 MeO

-1.6

-1.8

log [dimer]

-2.0

-2.2

-2.4

2.6

I T T T T T T T T
-1.6 -1.4 -1.2° -1.0 -0.8
log [monomer]

Figure S 12. Log [monomer] vs. log [dimer] plot for 4 i in 3:2 THF/ether solvent at - 127 °C.

HMPA titration of 16 : 17 (1:1 mixture). A solutlon of 16 was prepared by addmg 1.8 M t-BuL1
(0.36 mL, 0.65 mmol) in pentane to a solution of '
(pyrrohdmomethyl)dlmethylsﬂyl(dlmethylphenylsﬂyl)methane (189 mg, 0.65 mmol) in ether (1.2 ‘mL),
and THF (1.8 mL) at -78 °C in a dried and N,-flushed 10 mm NMR tube. The metalation was carried
out at -19 °C for 16 h. In a second similar tube a solution of 17 was prepared by treating
(dimethylphenylsilyl)(tri-n-butylstannyl)(trimethylsilyl)methane (339 mg, 0.66 mmol) in ether (1.2 mL),
and THF (1.8 mL) with 2.0 M n-BuLi (0.33 mL, 0.66 mmol) in pentane at -78 °C. In a third tube half of
each of the above solutions was mixed yielding an organolithium concentration of 0.20 M. "Li, °Li and
3P NMR spectra were acquired at 0,0.25, 0.50, 0.75, 1.0, and 1.25 eq. of HMPA. Spectra are shown in
Fig. S-13. The probe temperature was -113 °C during the experiment. The data in Table S-5 were taken
from the integrations of the "Li NMR spectra. :

S-16
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LA H
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. Li = N- !
~ Li
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Eq. HMPA
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Figure S-13. HMPA titration of a solution of a mixture of 16 (0.1 M) and 17 (0.1 M) in 3:2 THF/ether
at-113 °C. '
Table 8-5. Competitive titration of 16 and 17 with HMPA
_Equiv. HMPA | %16 C%16-h | w17 %17-h, %16-h, K,
- | |  %17-h,
0 52 | ' 48
025 32 23 41 3 50 9.8
- 0.50 14 38 38 10 | 27 | 103
0.75 sl e | e | 156 | 94
1.0 1 52 7 39 097 9.4

"h=HMPA °K,, =[16] [17-h,/[16-h,] [1’7] |

HMPA titration of 15 : 18 (1:1 mixture). A solution of 15 and 18 (each 0.09 M) was prepared by
metalating a solution of ti'imethylsilyl(phenylthio‘)methane (66 mg, 0.33 mmol) and '
dimethyl(methoxymethyl)silyl(phenylthio)methane (68 mg, 0.30 mmol) in ether (1.2 mL), and THF
(1.8 mL) at -78 °C with 1.5 M ¢-BuLi (0.42 mL, 0.63 mmol) in pentane. The NMR tube was warmed to -
-18 °C overnight. "Li and *'P NMR spectra were acquired at -121 °C with 0, 0.2, 0.4, 0.6, 0.8, and 1.0
€q. of HMPA. The data in Table S-6 were calculated using the ratio of %18-h, / %15 in the 'P NMR
spectra, a 1 : I ratio of chelated and non-chelated species, and the mmols of HMPA present.

' §-17
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Table S-6. Competmve titration of 18 and 15 with HMPA

Equiv. HMPA | %18 B18-h* | WIS | %15k | w184 K.,
| %15-h,
0 50 A 50
02 41 .95 4| 95 10 1.0
04 32 18 30 19 095 | 092
06 | 2 | 2 I U 0.93 0.85
08 14 36 10 0 | 9 0.67

*h= HMPA K«l (18] [15-h,)/[18-A,] [15]
X-Ray Crystal Structure of 3-B-(THF),

Sample Preparation. N-Isopropyl-N-methyl-2-(trimethylstannyl)benzylamine (204.0 mg,

0.63 mmol) was dissolved in ether (1.5 mL) in a 10 mL Schlenk flask. The flask was N, purged and
2.56 M n-BuLi (0.25 mL, 0.64 mmol) and THEF (0.5 mL) was added. Within 24 h a few large transparent
crystals of 3 were present on the bottom of the flask. The crystals were submitted in this form (covered
with the solution) for X-ray analysis.

- Data Collection. A yellow air-sensitive crystal with approximate dimensions 0.42 x 0.35 x 0.21
mm’ was selected under oil under ambient conditions and attached to the tip of a glass capillary. The
crystal was mounted in a stream of cold nitrogen at 173(2) K and centered in the X-ray beam by using a
video camera.

The crystal evaluation and data collection were performed on-a Bruker CCD-1000 diffractometer .
with Mo K, (€=0. 71073 A) radiation and the diffractometer to crystal distance of 4.9 cm.

The initial cell constants were obtained from three series of w scans at different starting angles. Each
series consisted of 20 frames collected at intervals of 0.3° in a 6° range about w with the exposure time of
10 seconds per frame. A total of 38 reflections was obtained. The reflections were successfully indexed
by an automated indexing routine built in the SMART program. The final cell constants were calculated
from a set of 2691 strong reflections from the actual data collection.

‘The data were collected by using the hemlsphere data collection routine. The reciprocal space was
surveyed to the extent of a full sphere to a resolution of 0.80 A. A total of 6316 data were harvested by
collecting three sets of frames with 0.3° scans in  with an exposure time 60 sec per frame. These hi ghly
redundant datasets were corrected for Lorentz and polarization effects. The absorption correction was
based on fitting a function to the empirical transmission surface as sampled by multiple equivalent
measurements. 59 '

Structure Solution and Refinement The systematic absences in the diffraction data were
consistent for the space groups P1 and P.*” The E-statistics strongly suggested the centrosymmetric
space group P that yielded chemically reasonable and computationally stable results of refinement. A
successful solutlon by the direct methods provided most non-hydrogen atoms from the E-map. The
remaining non-hydrogen atoms were located in an alternating series of least-squares cycles and ‘
difference Fourier maps. All non-hydrogen atoms were refined with anisotropic displacement
coefficients. All hydrogen atoms were included in the structure factor calculation at idealized positions

- S-18
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and were allowed to ride on the neighboring atoms with relative isotropic displacement coefficients. The
dinuclear complex occupies a crystallographic inversion center.

The final least-squares refinement of 166 parameters against 3067 data resulted in residuals R (based
~on F? for I=26). and wR (based on F? for all data) of 0.0524 and 0.1497, respectively. The final
difference Fourier map was. featureless..

The ORTEP diagrams are drawn with 30% probablllty ellipsoids. Views of the dimer unit and the
unit cell are shown in Fig. S-14 and S-15. ’ S

Figure S-14. Two views of the single crystal X-ray structure of 3-B-(THF), (ORTEP) The H-atoms are
omitted for clanty

Figure S-15. The content of the asymmetric unit.

- §-19
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Table §-7. Crystal Data and Structure Refinement for rei02.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal' system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000) '
Crystal size

Theta range for data collection

Index ranges
Reflections collected
Independent reflections

Completeness to theta = 26.43°

* Absorption correction
Max. and min. transmission
Refinement method
Data / restraints / parameters
Goodness-of-fit on F?

- Final R indices [I>2sigma(I)]
R indices (all data)
Largest diff. peak and hole

 754.58(13) A®

rei02

Cio Hyg Liz_ N, O,
482.58

173(2)) K

0.71073 A
Triclinic

P _

o = 8.8594(9) A

B =9.8398(10) A
y=10.4018(11) A

a=117.115Q2)". -
B=102.521(2)".
y = 98.701(2)".

1
1.062 Mg/m®

0.064 mm™*

264 -
042x035x021 mm®
2.331026.43°. |
-11<=h<=10, -12<=k<=10, O<=l<=13
6316 :

3067 [Rint) = 0.0259]
199.1 %

Empirical with SADABS
0.9867 and 0.9736

Full-matrix least-sqliares on F?
3067/0/ 166

1.013

R1=0.0524, wR2 = 0.1497

R1=0.0742, wR2 = 0.1616
0.243 and -0.156 e.A3
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Table S-8. Atomic Coordinates ( x 10%) and Equivalent Isotropxc Dlsplacement Parameters (Azx 10%)
for rei02. U(eq) is Defined as one Third of the Trace of the Orthogonalized UY Tensor.

X S z Uleq)
0(1) . 1860(1) 2281(1) . -653(1) 53(1)
N(1) . 2289(2) 622(1) 12822(1) 35(1)
Li(1) 950(3) -602(3) 439(3) 36(1)
c() 3514(2) = 4266(2) 2754(2) 46(1)

T C@) ' 3898(2) - 4781(2) 1793(2) 56(1)

. Cc(3) - ©3285(2) - 3763(2) 245(2) 52(1)
C(4) L 2245(2) 2262(2) 338(2) 4501
C(5) : 1750(2) 1675(2) - 553(2) 35(1)
C(6) : 2474(2) 2749(2). 2147(2) - 36(1) -
C(7) : ~ 2099(2)  2226(2) 3235(2) 40(1)
C(@8) 3973(2) 655(2) 2948(2) 46(1)

- CO) 16702) - 52)  3730(2) 45(1)
C(10) 2601(2) . 949(3) 5445(2) 60(1)
c() S 1546(3) -1751(2) 3077(2) 62(1)
- C(12) 1104(2) . -3974(2) -1412(2) 55(1)
ca3 C1249(3) -4637(3) 29703) ~ 86(1)
C(14) 2366(2) -3322(2) 2972(2) 67(1)

C(15) ' 3076(2) -2051(2) -1306(2) 63(1)

S-21
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o(1)-C(15)
O(1)-C(12)
O(1)-Li(1)
N(1)-C(8)
N(1)-C(7)
N(1)-C(9)
N(1)-Li(1)
Li(1)-C(5)
Li(1)-C(5)#1
Li(1)-Li(1)#1
Li(1)-C(7)

- C(D-C(2)
C(1)-C(6)
C(2)-C(3)
C(3)-C(4)
C4)-C(5)
C(5)-C(6)

- C(5)-Li(1)#1
C(6)-C(7)
C(9)-C(11)
C(9)-C(10)
C(12)-C(13)
C(13)-C(14)
C(14)-C(15)

C(15)-0(1)-C(12)
~ C(15)-0(1)-Li(1)
C(12)-0(1)-Li(1)
C(8)-N(1)-C(7) -
- C(8)-N(1)-C(9)
C(7)-N(1)-C(9)
C(8)-N(1)-Li(1)
C(7)-N(1)-Li(1)

- C(9)-N(1)-Li(1) -

O(1)-Li(1)-N(1)
O(1)-Ly(1)-C(5)
N(1)-Li(1)-C(5)

1.434(2)
1.442(2)
1.939(3)

1.4638(19)
1.4824(19)
1.4849(19)

2.139(3)
2.186(3)
2.252(3)
2.449(5)

. 2.779(3)

1.389(3)
1.395(2)
1.370(3)

1.389(2)

1.403(2)
1.419(2)
2.252(3)
1.517(2)
1.517(2)
1.532(2)
1.490(3)

1.507(3)

1.509(3)

107.35(13)
122.60(13)
126.40(13)
109.75(12)
112.80(12)
111.85(12)
106.94(12)

- 98.62(11)

115.89(11)
109.03(13)
117.50(13)

86.39(10)

- O(1)-Li(1)-C(5)#1

N(1)-Li(1)-C(5)#1
C(5)-Li(1)-C(5)#1
O(1)-Li(1)-Li(1)#1
N(1)-Li(1)-Li(1)#1
C(5)-Li(1)-Li(1)#1

C(5)#1-Li(1)-Li(1)#1 |

O(1)-Li(1)-C(7)
N(1)-Li(1)-C(7)
C(5)-Li(1)-C(7)
C(5)#1-Li(1)-C(7)

Li(1#1-Li(1)-C(7) -

C(2)-C(1)-C(6)
C(3)-C(2)-C(1)
C(2)-C(3)-C(4)
C(3)-C(4)-C(5)
C(4)-C(5)-C(6)
C(4)-C(5)-Li(1)
C(6)-C(5)-Li(1)
C(4)-C(5)-Li(1)#1

B C(6)-C(5)-Li(1)#1

Li(1)-C(5)-Li(1)#1 -
C(1)-C(6)-C(5)
C(1)-C(6)-C(7)

- C(5)-C(6)-C(7)

N(1)-C(7)-C(6)
N(D)-C(7)-Li(1)
C(6)-C(7)-Li(1)
N(D-C(9)-C(11)
N(1)-C(9)-C(10)
C(11)-C(9)-C(10)
O(1)-C(12)-C(13)

C(12)-C(13)-C(14)
.C(13)-C(14)-C(15)
O(1)-C(15)-C(14)

106.14(12)
124.53(13)

113.05(11)
131.91(18)

117.72(16)

57.81(11)
55.24(10)

134.74(12)
31.83(6)

- 59.70(8)

116.17(11)
87.43(13)
120.29(15)

- 119.18(15)

119.63(16)
124.67(16)

113.34(13)

139.40(13)
102.42(12).
108.06(12)
119.58(12)
66.95(11)
122.80(14)
118.65(13)
118.55(13)
112.10(12)
49.55(8)
77.01(9)
111.11(14)
114.92(13)

- 110.66(15)
'105.33(16)

107.12(17)
103.60(18)
104.59(14) -

Symmetry transformations used to generate equivalent atoms: #1 -x,-y,-z
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Table S-10. Anisotropic Displacement Parameters (A’ 10°) for rei02. The Anisotropic

Displacement Factor Exponent Takes the Form: -27*[ h* a*?U" + ... + 2hk a* b* U]

Ull U22 - U33 T U23 : ) Ul3 ) U12
oy  52(1) 40(1) 53(1) 91) - 22(1) 13(1)
N()  34(1) 37() 33 19D 10(1) (D)
Li(l)  35(1) 33(1) 35(1) 15(1)  10(1) 1)
c(1) - 45(1) 34(1) 43(1) 14(1) 1(1) 3(1)
C2) 4301 39(1) 75(1) 33(1) 1(1) -3(1)
C3)  41(1) 61(1) 65(1) 46(1) 11(1) 4(1)
c@ - 3701 51(1) 42(1) 25(1) 81 3(1)
C(5)  33(1) 34(1) 35(1)  16(1) - o) 6(1)
c6)  34(1) 31(1) 39(1) 15(1) 9(1) 9(1)
C()  44Q1) 36(1) 31(1). 12() 11 11(1)
c® 381 53(1) 48(1) 27(1) 12(1) 14(1)
CO) 411 551 41(1) 29(1) 11(1) (1)
Cca0)  65(1) 74(1) 41(1) 34(1) 14(1) 11(1)
can - 72(1) 53(1)  64(1) - 38(1) 13(1) 6(1)
ca2) 65(1) 39(1) - 59(1) 21) 19 2231
C(13) 1132)  50(1) 64(1) 6(1) - 41(1). 21)
ca4) 591 63D 60(1) - 17(1) 26(1) 12(1)

C(15) 46(1) 52(1) 68(1)_ 10(1)  25(1) 11(1)

S-23
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Table S-12. Torsion Angles [°] for rei02.

N(D-Li(1)-C(5)-Li(1)#1

-92.78(18)

-126.19(15)

C(15)-0(1)-Li(1)-N(1) : _
C(12)-0(1)-Li(1)-N(1) 111.54(16) C(5)#1-Li(1)-C(5)-Li(1)#1 0.0
C(15)-0(1)-Li(1)-C(5) 322 C(7)-Li(1)-C(5)-Li(1)#1 -107.84(12)
© C(12)-0(1)-Li(1)-C(5) -152.46(14) C(2)-C(1)-C(6)-C(5) 0.7(3)
C(15)-0(1)-Li(1)-C(5)#1 ©130.83(15) - C(2)-C(1)-C(6)-C(N) 179.38(15)
C(12)-0(1)-Li(1)-C(5)#1 - -24.9(2) C(4)-C(5)-C(6)-C(1) 2.9(2)
C(15)-O(1)-Li(1)-Li(1)#1 73.4(3) Li(1)-C(5)-C(6)-C(1) 163.22(15)
C(12)-0(1)-Li(1)-Li(1)#1 -82.3(3) © Li(1)#1-C(5)-C(6)-C(1) -126.41(16)
C(15)-0(1)-Li(1)-C(7) -70.2(2) C(4)-C(5)-C(6)-C(7) -177.21(13)
C(12)-0(1)-Li(1)-C(7) 134.08(17) Li(1)-C(5)-C(6)-C(7) -16.86(16)
C(8)-N(1)-Li(1)-O(1) 35.11(16) Li(1)#1-C(5)-C(6)-C(7) 53.50(18)
C(7)-N(1)-Li(1)-O(1) 148.91(12) C(8)-N(1)-C(7)-C(6) 63.24(16)
C(9)-N(1)-Li(1)-O(1) 91.62(15) C(9)-N(1)-C(7)-C(6) - -170.77(12)
_ C(8)-N(1)-Li(1)-C(5) 782.77(12) Li(l)-N(l)—C(7)-C(6) -48.32(14)
C(7)-N(1)-Li(1)-C(5) 31.02(11) C(8)-N(1)-C(7)-Li(1) . 111.56(14)
C(9)-N(1)-Li(1)-C(5) 150.50(11) C(9)-N(1)-C(7)-Li(1) . | -122.46(14)
C(8)-N(1)-Li(1)-C(5)#1 161.58(14) C(1)-C(6)-C(T)-N(1) -131.18(15)
_ C(7)-N(1)-Li(1)-C(5)#1 -84.63(16) C(5)-C(6)-C(7)-N(1) ‘ 48.90(18)
C(9)-N(1)-Li(1)-C(5)#1 34.8(2) C(1)-C(6)-C(7)-Li(1) -166.86(15)
C(8)-N(1)-Li(1)-Li(1)#1 -133.27(17) C(5)-C(6)-C(7)-Li(1) 13.22(13)
C(7)-N(1)-Li(1)-Li(1)#1 -19.5(2) O(1)-Li(1)-C(7)-N(1) -43.42(17)
C(9)-N(1)-Li(1)-Li(1)#1 100.00(19) C5)-Li(1)-C(T)-N(1) -143.44(13)
C(8)-N(1)-Li(1)-C(7) -113.79(14) C(5)#1-Li(1)-C(T)-N(1) 113.96(15)
C(9)-N(1)-Li(1)-C(7) 119.48(15) Li(1)#1-Li(1)-C(7)-N(1) 162.81(18)
C(6)-C(1)-C(2)-C(3) 2103 O(1)-Li(1)-C(7)-C(6) 91.33(18)
C(1)-C(2)-C(3)-C(4) 2.5(3) N(1)-Li(1)-C(7)-C(6) 134.75(14)
- C(2)-C(3)-C(4)-C(5) 0.0(3) C(5)-Li(1)-C(7)-C(6) -8.69(9)
C(3)-C(4)-C(5)-C(6) 2.5(2) C(5)#1-Li(1)-C(7)-C(6) -111.29(13)
"C(3)-C(4)-C(5)-Li(1) -1 52.23( 18) Li(1)#1-Li(1)-C(7)-C(6) -62.43(13)
C(3)-C(4)-C(5)-Li(1)#1 132.39(17) C(8)-N(1)-C(9)-C(11) -67.59(18)
O(1)-Li(1)-C(5)-C(4) 33.003) C(7)-N(1)-C(9)-C(11) 168.11(14)
© N(1)-Li(1)-C(5)-C(4) 142.59(18) Li(1)-N(1)-C(9)-C(11) 56.14(18)
C(5)#1-Li(1)-C(5)-C(4) -91.2(2) C(8)-N(1)-C(9)-C(10) _ 59.01(19) -
Li(1)#1-Li(1)-C(5)-C(4) 91.2(2) C(7)-N(1)-C(9)-C(10) -65.28(18)
C(7)-Li(1)-C(5)-C(4) 160.9(2) Li(1)-N(1)-C(9)-C(10) -177.26(14).
O(1)-Li(1)-C(5)-C(6) -118.68(15) C(15)-0(1)-C(12)-C(13) -28.8(2)
N(1)-Li(1)-C(5)-C(6) -9.08(12) Li(1)-O(1)-C(12)-C(13) 129.92(19)
C(5)#1-Li(1)-C(5)-C(6) 117.11(14) O(1)-C(12)-C(13)-C(14) 10.0(3)
Li(1)#1-Li(1)-C(5)-C(6) 117.11(14) C(12)-C(13)-C(14)-C(15) . 11.0(3)
C(N)-Li(1)-C(5)-C(6) - 9.2709) C(12)-0(1)-C(15)-C(14) 36.0(2)
O(1)-Li(1)-C(5)-Li(1)#1 124.21(19) Li(1)-0(1)-C(15)-C(14) -123.65(17)
C(13)-C(14)-C(15)-0(1) 28.2(2)

Symmetry transformations used to generate equivalent atoms: #] -X,-y,-Z
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Table S-11. Hydrogen Coordinates ( x 10%) and Isotropic Displacement Parameters (A% 10%)

- for rei02.
o ox y z U(eq)

H(1) 3961 4949 3830 56

CHQ) 4571 5826 2204 67
HB) : 3570 4083 426 63
H(@) 1839 1583 -1416 54
_H(TA) ‘ . 2830 13008 4285 48
H(7B) 1 977 2214 3225 48
H@8A) 4289 974 257 69
H(8B) : 4092 -408 © 2671 69
H(8C) . 4666 1422 4001 69
H(9) 544 R 3617 53
H(10A) - 3716 894 5612 90
H(10B) 2084 493 5959 90
H(10C) 2598 2065 sg1 90
H(11A) 971 2330 1975 94
H(11B) 956 2174 3572 94
H(11C) 2633 -1883 - 3260 94
H(12A) 45 -4193 -1471 ' 66
H(12B) . ' 1661 - - -4446 860 66
H(13A) 177 -5002 3743 103
H(13B) 1695 5556 3214 103
H(14A) ‘ 1765 2921 3577 80
H(14B) 3220 -3694 -3394 80
H(15A) ; 4090 2183 -818 75

H(15B) - 3304 974 - -1183 75

- ¥ Inquiries about the X-ray crystallographic studies éhould be directed to this author
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