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Experimental

Genéral: 'H NMR spectra \J;/ere run at 300, 400 of 500 MHz and '*C NMR at 75 or 125
MHz with the sample solvent being CDCl; unless otherwisé noted. Mass lspectral
_determinaﬁons were carried out at 70 eV. THF, diethyl ether and hexanes _Were dried
over and distilled from sodium metal with benzophenone as indicator. .Methylene :
chloride and acetonitrile Were dried over and distilled from calcium hy.dri'dc.
Cyclopentane and cy>c10heptane were dried over molecular s‘ieves (4A), pentane was
- dried over sodium and anhydrous cyclohexane was used as received. Commercially
available reagents were uséd as réceiyed unless noted. Column'chrofnatography was
- carried out on silica gel 60 (230-400) mesh. Enantiomeric excess v'vas determined by
either ‘HfNMR.using chiral shift reagents, HPLC usiﬁ'g phiral aﬁalytical columns or GC
using chiral analytical columns. .Reactions were cafried out under an atmosphefe of
argon. Sub 0 °C temperatures Were maintained by the use of dry ice/acetone or an
immersion cooler. Dégassing was carried out by bubbling Ar gas through thé solution for
10 —15 minutes p‘rior to the reaction. |
General procédure for synthesis of aryldiazoacetates: Methyl arylacetate (1 eq, 5-100
~ mmol) and p-ABSA' '(1.2 eq) were dissol&ed in CHyCN and cooled to 0 ;’C under an Ar
atmosphere. IYDBU (1.2"eq)j b\;vas added in. one portioh to the stirred mixture, the ice bath
was removed and the mjxfu;e was stirred for 2-4 h under Ar. The reaction was quenched
with saturated NH,Cl a‘ndA the .water layer was extracted with diethyl ether‘(3x). The

combined organic layers were dried (MgSO,) and the solvent was removed under

reduced pressure. The residue was triturated with 50% diethyl ether/petroleum ether, the
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solid was ﬁltered_bff, and the solQent was removed under reducgd pressure. The residue
was purified by ﬂasﬁ chromatqgraphy on silica gel.(2% diethyl ether/petroleum diethyl

- ether). | |
Méthyl phenyldiazoacetate (3a).’ 70% yield.

.Methyl 4-bromopheny_ldiazoécetaté (3b). (52% yield) 'H NMR (300 MHz) 6 7.50 d,
2H,J=9 Hi), 7.37 (d, 2H, J =9 Hz), 3.88 (s, 3H); 'i3C NMR (125 MHz, CDCl;) 0 165.1,
131.9, 125.2, 124.6, 119.2, 52.0 (»C=N2 signal missing); IR (neat5 3096, 2951, 2093, .
1697, 1435, 1277, 1246 cm’'; A:nal’. Caled for C,H,BIN,O;: C, 42.38; H, 2.77. Found:
C,42.46; H, 2.77.

‘Methyl 4¥chlorophenyldiaz'oacetate (3c). 70% yield; '"H NMR (400 MHz, CDCl,) §
7.41 (d, 2H, J = 6.6 Hz), 7.34 (d, 2H, J = 6.6 Hz), 3.85 (s, 3H); ’C NMR (75 MHz,
CDCl,) § 165.3, 131.5, 129.0, 1‘25;0, 124.1, 52.0 (C=N, signal missing); IR (neat) 3101,
2955, 2094, 1700, 1500, 1436; 1249, 1281, 818 cm™; ‘.Anal. Calcd for C;H;N,0,ClL: C,
51.32; H, 3-.35. Founa: C,51.23; H, 3.37. |

Methyl 4-methoxyphenyldiazoaéetate (3d). 40% yield, 'H-NMR (300 MHi, CDCl,) &
7.38 (d, ZH, J=9.2 Hz), 6.95 (d, 2H, J = 9.2 Hz), 3.85 (s, 3H), 3.81 (s, 3H); "C-NMR
(75 MHz, CDCl;) 6 166.1, 158.0, 125.9, 116.8, 114.5, 55.3, 51.8 (C=N, signa—l, missing);
IR (neat) 3001, 2955, 2084, 1708, 1514, 1260, 1159, 1030, 829 cm"';.Anal. Calcd for
C,H,(N,0,: C, 58.25; H, 4.89. Found: C, 58.26; H, 4.89.
Methyl 2-chlorophenyldiazoacetate .(3e). T0% yield; 'H-NMR (300 MHz) §7.57 (m,

" 1H), 7.45 (m, 1H), 7.32 (m, 2H) 3.87 (s, 3H); "C-NMR (125 MHz, CDCIL,) § 165.9,

133.7, 132.2, 130.0, 129.6, 127.0, 123.8, 52.2 (C=N, signal missing); IR (neat) 2958,
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2103, 1712, 1441, 1290, 1242, 1164, 1031, 754 cm’'; Anal. Caled for C;H,CIN,O,: C,
51.32; H, 3.35. Found: C,51.60; H, 3.38. | | -
Methyl 3-chlorophényldiazoa.cetate (3f). 52% yield; 'H-NMR (300 MHz) 6 7.71 (m, "
IH), 7.56 (m, 1H), 7.?2 (m, 2H), 7.17 (m,1H), 3;96 (s, 3H); '3C-NMR (125 MHz,
CDCl,) 6 164.9, 134.9, 130.0, 127.6, 125.7, 123.6, 121.5, 52.1 (C=N, signal missing); | IR
(neat) 2953, 2097,, 1700, 1597, 1482, 1248, 1160 cm’; Anal. Caled for CH,CIN,Oy: C,

| 51.32; H,3.35. Found: C,5160; H, 336, - |
Methyl '4-(trifluoromgthyl)phenyldiaiqacetate (3g). 57% yield; 'H-NMR (300 MHz) §
7.61 (sv, 4H), 3.88 (s, 3H); “C-NMR (75 MHz, CDCl,) § 164.8, 130.0, 125.8, 125.8,
123.4, 52.1 (C=N, and CF, signals missing); IR (neat) 2964, 2109, 1687, 1443, 1337, .
1246, 1_114, 1074 cm™'; Anal. Caled for C,;H,F,N,0,: C, -49.19; H 2.89. Found: C,
49.46; H, 2.95. v |
Methyl 4-methylphenyldiazoacetate (3h). 66% yield; ‘HfNMR (300 MHZ).;B 7.34 (d,
2H, J = 8.4 Hz), 7.18 (d, 1H, J = 8.4 Hz), 3.84 (s, 3H), 2.32 (s, 3H); ‘3C-NMR (125 MHz,
CDCl,) & 165.8, 135.7, 129.7, 124.0, 122.0, 51.9, 20.9 (C=N, signal miésing); IR (neat)

. 3030, 2953, 2085, 1709, 1519, 1436, >1346, 1250, 1158, 1052 cm'™; ‘Arvlal. Calcd for
CoH,:N,0,: C, 63.15; H, 5.30. Found: C, 62.90; H, 538, | | |
Méthyl 2-bromopheiiylacetate (30). 67% yield; 'H-NMR (400 MHz, CDCL,) § 7.62 (m,
1H), 7.51 (m, 1H), 7.37 (m, 1H), 7.23 (m, 1H), 3.91 (s, 3H); “C-NMR (75 MHz, CDCl,)
0 165.4,133.3, 132.9, 130.1, 127.7, 125.7, 124 4, 522 (C=N; vsignal missing); IR (n‘e.at)

2958, 2103, 1706, 1477, 1435, 1248, 1158, 1068, 760 cm'; Anal. Caled for C;H,BIN,0;;

C, 42.38; H, 2.77. Found: C, 42.66; H, 2.85.
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. Methyl 3-Broanphenyidiaancet’ate 3j). 55% yiéld‘;‘ 'H-NMR (300 MHz) 8 7.71 (m,
1H), 7.41 (m, lH), 7.31 (m lH); 7.26 _(m',‘lH),'3.90~(s,‘3H)'; BC-NMR (125 MHz,
.CDCl;) d 164.9, 130. 2 128. 7 127.9, 126.4, 123.1, 122.0, 52.1 (C=N, signal missing);
IR (neat) 2952, 2095 1709, 1593 1480 1248 1156 cm’'; Anal. Calcd forCH7BrN202

- C,4238; H277 Found: C4251 H, 2.80. |

| Methyl 2-naphthyldlazoacetate (3k) 84% yield; ’H NMR (400 MHz, CDCl,) & 8. 01
(d, 1H, J- 1.5 Hz) 7.82 (m, 3H), 7.49 (m, 3H), 3.91 (s 3H); 13C-NMR (75 MHz, CDC13)‘
.8 165.7, 133.6, 131.5, 128.7, 127.6, 126.6, 125.7, 122.6, 122.5, 121.8, 520 (C=N, signal
missing)' IR (neat) 3051 3003, 2958, 2108, 1700, 1253 816 cm’'; HRMS calcd. for
C,sH,oN,O;: 226 0747 Found 226.0742. |

: Methylethyl phenyldlazoacetate (6). 47% yield; 1H-NMR (300 MHz) & 7.49 (m, 2H),
7.38 (m, 2H), 7.17 (m, 1H)‘, 5.21 (b, 1H, J = 6.2 Hz), 1_.27 (d, 6H, J = 6.2 Hz); ‘3C-NMR
(125 MHZ, CDCl,) 6 164.7, 1.28.8, 125.7, 125.6, 123.9,‘68.64_, 22.0 (C=N, signal missing);-
IR (neat) 2981, .2087 1702, ‘1.-598 1503, 1482, .1254 1171, 1107, 1012, 75§ cm’; Anal
| Calcd for C“HIZNZO2 C, 64 69; H 5.92. Found C, 64.42; H 5.83. |
Dlmethylethyl phenyldlazoacetate . 34% yield; lH-NMR (300 MHZ) ) 7 46 (m,
2H), 7.37 (m, 2H), 7.17 (m, lH) 1.55 (s, 9H) C-NMR (125 MHz, CDC};) 8 164.6,
128',8; 126.1, 125.5, 12_3.9, 2.8.3A (C=N2 signal missing); “IR (neat) 2977, 2082, 1700,
71492, 1249, 1147 cm“_; LRMS m/z (M+1) 319.
General pfocedufe for the decomposition of 3 ih the presence of cycloalkgnes’. A
degassed solution of methyl phenyldiazoacetate (1 mmol) in anhydrous cycloalkang (10
mL) was added dropwise over 90 min >tQ a stirring; degasseci solution of ha(S-DO‘SP)‘,15

(0.01 mmol) in anhydrous cycloalkane (S mL) at 10 °C. The solution was stirred at 10 °C
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for another 15 min efter the addition was over and then Watrmed to ambient temperathre.
The solvent was removed .L.mder- reduced preslsure and the 'residue purified by ﬂash
chromatography on silica gel (2% dlethyl ether/petroleum ether)
Methyl (R)- Ot-cyclohexylphenylacetate (4a).’ 80% yield, 95% ee (Chiralcel- OD 1.0
mL/rnin, 0.6% i-propanol/hexane, #, = 8.6 and 10.4 min, UV 254 nm), [0&]23D =-36.6° (c
.1.8, CHCl;). CD A(nm) and B{deg mol™ cmé): (01,01 1000, [6]x20 — 10000, [6] 3, - 5000
[6],4 — 1000. The reaction at 81 i"C gave 4a in 83% yield and 81% ee. |
Methyl (R)-o-cyclohexyl-4-bromophenylacetate (4b). 64% yield, 95% ee (Whelk-O,
0.5 mL/min., 5.0% i-propanol/hexane, t; = 12.6 and 15;1 min, UV 254 nm); [o]®p = -
202" (c=2.55, CHCh); lH-NMR (500 MHz, CDCl,) 8 7.43 (d, 2H, J = 8.4 Hz), 7.20 (d,
2H;J= 8.4 Hz), 3.64 (s; 3H), 3.18 (d, 1H, J = 10.6 Hz), 1.95 (m, 1H), 1.74 (m, 2H), 1.61
(m, 2H), 1.31 (m, 2H), 1.16 (tn, 3H), 0.72 (m, VlH)v; C-NMR (75 MHz, CDCl,) § 174.0,
136.9, 131.6, 130.3, 121.1, 58.1, 51.8,41.1; 31.8‘,'30.'3’, 26.2, 25.9,25.8; IR.(neat) 2927,
2851, 1739, 1488, t1_60, 10“12 cm’'; GC/MS m/z (telative.intensity) 310 (1), 228 (1'00);
HRMS calcd for C;;H,,BrO,: 310.0568. ‘Found: 310.0580. |
Methyl (R)-a-cyciohexyl-4-chlorophenylacetate .(4c_~)_.3 77% yield, -94% ee.("H-NMR
_ ueing Eu tris[3-(heptaﬂuoropropgv/lhydroxytrlethylene-)-(+)-camphorate, [0, = -25.8° (¢
2.35, CHCl,). The reaction at 81 °C ga\te 4c in 91% yield and 86% ee.
', Methyl .(R)-OL;cyclohexyl-4-methoxyphenylaoetate (4d).’> .3 mole % of Rhy(S-DOSP),;
23% yield; 88% ee '(Chiralcel‘-OD,\ 1.0 mL/min., 1.0% i-propanol/hexane, t; = 6.6 and 7.6

min, UV 254 nm. The reaction at 81 °C with 1 mole % of Rh,(S-DOSP), ga\}e 4d in 85%

yield and 69% ee.
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Methyl (R)-a-cycloﬁexyl-z-chlorophenylacetate (de). 81%-yield, 90% ee (Whelk'-O,

1.0 mL/min., 5.0% i—propanol/ﬁexane, te=1.1 and 8.6 min, UV 254 nm); [d]st =- 38.4‘;
(c = 3.47, CHCL); 'H NMR (500 MHz, CDCL;) 8 7:59 (dd, 1H, J =7.9, 1.5 H2), 7.38, (d,

" 1H,J=17.9 Haz), '7.27-(t‘, 1H, J=7.3 Hz), 7.18 (dt, 1H, 7= 7.3, 1.5 Hz), 405 (d, 1H, J =
10.7 Hz), 3.67 (s, 3H) 2.04 (m, 1H), 1.86 (m, 1H), 1.77 (m, 1H), 1.65 (m, 2H), 1.32 (m,
2H) 1.15 (m, 3H), 0.93 (m, 1H); C NMR (75 MHz, CDC11)8 173. 8,135.7, 1347,

-129.4, 129.0, 128.0, 127.0, 529 51.8,41.7,31. 8 296 26.2,26.0,25.97; IR (neat) 2928,
2852, 1737, 1163 cm™; GC/MS m/z (relative intensity) 266 (1), 184 (100); LRMS m/z
(M+1)‘ 267; HRMS calcd for C;sH,,ClO, 266.1073. -Found 266.1087.

Methyl (R)-a-cyclohexyl-3- chlorophenylacetate 4f). 47% yleld [0]%,=-31.2° (c =
~0.53, CHCl,); 'H NMR (500 MHz, CDCl,) 8 7. 32 (s, 1H), 7.21 (m, 3H) 3.64 (s, 3H),

3. 18(d 1H,J = 106Hz) 196(m 1H), 1.74 (m, 2H), 1.61 (m, 2H) 128(rn 2H) 1.14

(m, 2H), 1.04 (m, 1H), 0.7 (m 1H); "C NMR (CDCI;) §173.8, 139.9, 134.3, 129.6,

- 128.6,127.4,126.8, 58 4,51.8, 41 1,31. 8 30.4,26.2,25.9,25.8; IR (neat) 2930, 2853,
1738, 1159; GC/MS m/z (relative intensity) 266 (2), 184 (100); HRMS calcd for
C,H,,Cl,: 266.1073. FQund:'26.6.1088. A small sample of 4f was taken out and reduced
to the aleohol with LiAlH, in diethyl etﬁer. The reactiorf was quenched with water, and
the water layer was extracted with diethy! ether. The combined organic layers were dried
(MgSO4) and the solvent was removed under reduced pressure The residue was purified
by flash chromatography on sﬂxca gel (10% d1ethyl ether/petroleum ether) and subjected

to HPLC analysis: 90% ee, (Chiralcel-OD, 1.0 ml./min., 1.0%'1-propanol/hexane, =

25.0 and 29.1 min, UV 254 nm), 'H-NMR (500 MHz, CDCI;) 3 7.26 (m, 3H), 7.06 (d,




© %OOO A!merican Chemical Society, J. Am. Chem. Soc., Davies ja994136¢ Supporting Info Pégé 8

1H, J=7.2 Hz), 3.93_.(m, 1H), 3.73 (m,-1H), 2.54 (m, 1I-i), 1.85.(m, 1H), 1.73 (m, 1H),
1.57 (m, 3H), 1.39 (m, 1H) 1.20>(m, 1H), 1..10v(m, 2H), 1.00 (m, 1H), 0.78 (m, 1H).
~ Methyl (R)-a-cyclbhexyl-4-(trifluoromethyl)bhenylacetate‘ (d4g). 78% yield; 94% ee |
(Whelk;O, 0.7 mL/min, 1.0% i-prop:anol /hexane, t, = 8.7 and 10.7 min, UV 254 nm)‘.
The reaction at 81 °C gave 4g in 67% yield and 85% ee; 'H-NMR (300 MHz, CD¢13) )
7.56 (d, 2H, J = 8.1), 7.45 (d, 2H, J = 8.1 Hz), 3.65.(5,‘ 3H),3.30 (d, 1H,J = 10.5 Hz),
2.01 (m, 1H), 1.81-1.55 (m, 4H), l..33-1.03 (m, 5H), 0.78 (m, 1H); IR (neat) 2934, 2856,
1333, 1165, 1128, 1074 GC/MS m/z (relatlve intensity) 300 (0.1), 218 (100); HRMS
calcd for ClﬁngF 0,: 300.1337. Found 300.1351. |
Methyl (R)-a-cycloh_exyl-4-methylphenylacetate (4h). 63% yield, 93% ee (Cﬁiralcel- |
| OD, 0.7 mL/min., 0. 4% i-propanol/hexane, t = 8.6 and 10.0 min, UV 254 nm), [onj”ﬁ‘:
-36.2 (¢ = 1.42, CHCI; The reaction at 81 °C gave 4h in 90% y1e1d and 77% ee; “H-
NMR (500 MHz; CDC1)8723 (d, 2H,J = 79Hz) 7. 13 (d 2H, J = 7.9 Hz), 3.65 (s,
© 3H),3.21(d, tH,J= 10.4 Hz), 2.34 (s 3H), 2.01 (m, 1H), 1.76 (m, 2H), 1.63 (m, 2H)
1.32 (m, 2H), 1.16 (m 2H), 106 (m, 1H), 0.76 (rn 1H); "C-NMR (75 MHz, CDC13) 5
174.6, 136.8, 1348 1291 128.4, 58.3, 51.6, 40.9, 32.0, 30.4, 26.3,25.9, 21.0; IR(neat)
2926, 2852, 1737, 1513, 1157 cm’; GC/MS m/z (relatlve mtensny) 246 (9), 164 (100);
HRMS calcd for C,HpOj: 246. 1619. Found: 246.1627.
Methyl (R)-a-cyclohexyl-2- bromophenylacetate (41) 72% yield, 90% ee (Whelk-
1.0 mL/min., 5.0% i-propanol/hexane, t. = 7.3 and 9.3 min, UV 254 nm), [0} = - 28.5
(c = 2.66, CHCL); 'H-NMR (500 MHz, CDCl,) & 7.58 (m, 2H), 7.30,»(1&1, 1H), 7.12 (m,
1H), 4.05 (d, 1H, J = 10.7 Hz), 3.68 (s, 3H), 2.04 (m, 1H), 1.86 (m, 1H), 1.77 (m, 1H),

1.65 (m, 2H), 1.32 (m, 2H), 1.15 (m, 3H), 0.93 (m, 1H); "C-NMR (75 MHz, CDCl) 8
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173.8, 137.5, 132.8, 129.1, 128.4, 127.7, 1257, 55.7, 51.8,'_42.0, 3‘1.8‘, 29.6, 26.2, 26 1,
.26.0; IR (heat) 2927, 2851, 173:7,. 1161 cm’!'; GC/MS 'm_/z (relative intensity) 310 (0.1),
228 (100); HRMS calcd for C‘,SH,gBrOZ: 310.0568. Fouﬁd: 310.0569.

Methyl (R)-0-cyclohexyl-3-bromophenylacetate (4j). 62% yield, [a]”; = -28.2;’ (c=
0.305, CHCl,); 'H-NMR (500 MHz, CDCl;) 5 7.48 (s, 1H), 7.38 (m, 1H), 7.25 (m, 1H),
7.17 (m, 1H), 3.65 (5, 3H), 3.18 (d, 1H, J = 10.6 Hz), 1.96 (m, 1H), 1.74 (m, 2H), 1.61
(m, 2H), 1.28 (m, 2H), 1.14 (m, 2H), 1.04 (m, IH), 0.71 (m, 1H); “C-NMR 8 173.8,
140.2, 131.5, 1304, 1\30.0, 127.3, 122.5; 5"8.4,v 51.8,41.1,31.8,304,26.2,25.9,25.8; IR
(neat) 2928, 2851-, 1736, 1159 crﬁ"; GC/MS m/z (relative intensity) 310 (3), 228 (100);
HRMS calcd fof C,H,,BrO,: 310.0568.‘ Found: 310.0579. A small sample of 4j was
taken out and reduced to the alcohol with- LiAlH, in diethyl ether. The reaction-was
quenched witﬁ water, and the water laye.r extracted iwith diethyl ethelf. The combined
organic layers were dried (MgSO,) and the solvent removed uﬁder reduce;d pressure. The -
resiciue was purified by flash chromatography on silica gel (10%,diethyi ether/petroleum
ether) and subjected to HPLC analysis: 90% ee (Wh’elk_-O, 1.0 th/min., 1.0% i-
‘pro.panol/hexane, =173 and- 19.8 min, UV 254 nm); 'H-NMR (500 MHz, CbCl3) )
7.26 (m, 3H), 7.06 (d, 1H, J=7.2 Hz), 3..93 (II.l,.lI-.I), 3.73 (m, lH), 2.54 (m, 1H), 1.85
(m, 1H), 1.73 (m, lﬁ), 1.57 (m, 3H), 1.39 (m, le), 1.20 (m, 1H), 1"10 (m, 2H), 1.00 (m,
1H), 0.78 (m, 1H), |

Methyl (R)-a-cyclopentylphénylacetate (5a).? 72% yield, 96% ee (Chiralcel-OD, 1.0
ml/min, 0.6% i-propanol/hexane, f; = 9.2 and 10.8 min, UV 254 nm); [a]”, = -53.4° (c

2.65, CHCL,). CD A(nm) and 8(deg mol” cm?): [6],,0 —13000, [6]50 — 18000, [6],, -

9000 [6],,, — 1000. The reaction at 50 °C gave Sa in 84% yield and 87% ee.
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- Methyl (R)-a-cyclopentyl}4-chlorophenylacetate (5¢).’ 70% yield, 95% ee (Whelk-O,
2% IPA/hexane, 1 mL/min, #; = 8.1 and 10.5 min. The reaction at 50 °C gave Sc in 78%
yield and 89% ee; [0]* = -49.2° (¢ 0.650, CHCl,). |
i-Propyl (R)-a-cyclohexylphenylacetdte (8.‘).‘ Reaction run at 24 °C, 39% yield, 86% ee
(Chiralcel-OD, 0.7 mL/min., 5.0% i-propanol/hexane, #, = 7.1jand _7;8 min, UV 254 nnﬁ,
[d]”o = -6.0 (c = 1.15, CHCl,); ‘H-NMR (500 MHz, CDCl,) § 7.28 (m, ,VSH),.4.96, (h, |

1H, J = 6.2 Hz), 3.64 (s, 3H), 3.16 (d, IH, J = 10.6 Hz), 2.34 (s, 3H), 1.9‘9 (m; 1H), 1.72°
(m, 2H), 1.61 (m, 2H), 1.28 (m, 2H), 1.16 (m, 3H),.1.22 (d, 3H, J = 6.2 Hz), l..13 (d; 3H,
J = 6.2 Hz), 0.72 (m, lH)g “C-NMR (75 MHz, CDCI3) 6 173.4, 138-.1, 128.6, 128.3,
127.0, 67.7, 59.1, 41.1, 31.8, 30.5, 26.3, 26.0, 259, 21.8, 21.6; IR (neat) 2928, 2852,
1729, 1165, 1109 ‘cr'n."; GC/MS m/z (relative intensity) 246V(5)‘, 164 (100); LRMS
(FAB) (M+1) _261‘; HRMS caled for C,,H,,0, (M- C;H,,)178.0994 Found 178.1002.
t-Butyl (R)-a-c_yélohexylphén&laceiate 9). ".Reactioﬁ run at 24 °C, 45% yield; [a]?, =
29(c=1.15, CHClg); 'H-NMR (SOb‘MHz, CDCl,) 8 7».3'0 (m, 5H), 3.09 (d, 1H, J = 10.3
Hz), 1.93 (m, IH),‘1.87-(m, 1H), 1.73 (m, 1H), 1.57 (m 2H), 1.39 (s, 9H), 1.28v(m', 2H),
1.12 (m, 2H), 0.86 (m, 1H), 0.72 (m, 1H); "*C-NMR (125 MHz, CDCl,) § 173.2, 138.5,
128.5, 128.2, 126.8, 80.4, 59.9, 41.0, 31.8, 30.4, 28.0, 26.3, 26.0, 26.0; IR (neat) 2928,
2852, 1725, 1165, 1147 cm™; GC/MS m/z (relative intensity) 260 1), 178 (63), 136
(100); LRMS (FAB) (M+i) - (C,Hy) 2197 A small sample of 9 was taken out and
reduced to the alcohol with LiAlH, in diéthyi ether. The reaétion was quenched with
water and the water iayer was extracted ‘with diethyl ethér. The combined ether layers
were dried (MgSO4) and the solvent ;'emvoved under reduced pressure. The residue was

purified by flash chromatography (5% diethyl ether/petroleum ether) and then was
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subjected to chirali HPLC analysis: 20% ee (Chifz;lcel-OD, 1.0 mL/rnin., 1.0% i-propanol/ _
hexane, t; = 23..2 and 25.0 min, UV 254 nm); 'H-NMR (500 MHz, CDCl,) 7.26 (m, 5H),
3.93 (dd, 1H, J =11.0, 5.0 Hz), 3.86 (dd, IH, J=11.0,9.0 HZ), 2.56 (m, 1H) 1.88 (m,
1H), 1.74 (m, 1H), 1.59 (m, 3H), 1.39 (rh, 1H), 1.23 (-rﬁ, lH),“lk.IO (m, 3H), 0.81 (rh, 1H).
Methyl (R)-a-ciclohexylphenylacetic 'aci'd . -To a stirring solution of 3a (176 mvg, 0.76
' mmol) and TMSCI (216 mg, 2.0 mmol) in CH,CN was addeci Nal (300 mg, 2.0 mmoi),
and the mixture heated to reflux for 36 h and then cooled to ambient te‘mperature.
Diethyl ether was added (50 mL) and the kresﬁlting sqlution Wéshed with water (25 mL),
*aqueous sodium thioéulphate solutioh (25 mL) and aqueous sodium bicarbohate solution
(2X 25 mL). The corrllbined'bicarbona-tevlayers were acidified (10% HCl) and a'whi'te
solid precipitated out'.of solufion. »Tﬁe s‘olbid was filtered off and dried in vacuo to give
methyl (R)-a-cyclohexylpheﬁylacetic acid as a white _sélid, [0]* = 265° (c0.2, CHCI3)
(lit. [0, = =38.8°, ¢ = 20 c_Dclg).“ |
General procedu.re for kinetic isotope studies. - A solution of methyl aryldiazoacetate
(0.49 mmol) in cyclohexane -(1.0 mL, 9.2vr_nmol) and cyclohexahe d; (1‘.0 rnL, 9.2 mmbl)
was added'dropwi:se- to a stirring, refluxing solution of RhQ(S-DOSP)4 (10 mg, 0.605
mmol) in csfclohexané (1.0 mL, 9.2 rhrﬂol) and c‘yclo'hexane d;; (1.0 mL, 9.2 mmol). The
resulting solution was stirrc;'d at reflux for another 10 min  and then cooled to ambient -
temperature. The solvent was removéd und'er’ reduced pressure and thve' residue was
purified by flash chromatography (2% diethyl ethe’r/pétroleum ‘ether) K /K, were
determined by 'H NMR and GOMS. | |

General procedure for the reaction of 3 with tetrahydfofuran. A degassed solution of

3 (1.04 mmol) in hexanes (10 mL) was added dropwise over 60 min to a degassed, stirred “
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solution of 'ha(S-DOSP);(20 mg, 0.01 .111r¥101)' and THF (144 mg, 2.0 mmol) in hexanes

~ (5mL) at — 50 °C. The resulting solution was stirred for 10 h at —50 C and then warmed
slowly to ambient tempe;atﬁre.' The solvent was removed in vacuo, and the residue waS
purified by flash chromatography on silica gel (2‘0’% diethyl ether/petroleum ether). |
Methyl (aS,ZR)-phenyl(tetrahydrofuran-2-yl)ac¢tate (10a).) 67% yield; 4/1

~ diastereomeric ratio, 97% ee, (2R, dS) (GC, B-TA (20m x .25mm), 110 °C, t; = 38.6 and
40.3 min)), [0]*, = -74.0° (c 0.2, CHCL,). |
Methyl (aS,ZR)-(4-éhlorophenyl)-(tetrahydrofuran-Zyl)acetate (10c).? 60% yield, 4/ 1
diastereomeric ratib, 97% ee, (2R, dS) (GC, B-TA (20m x .25mm), 135 °C, = 36.5 anﬁ
37.6 min.
Methyl (OLS,ZR)-(4-methoxyphenyl)(tetrahydr@fﬁran-2-yl)acetate (10d).’ 56% yield, .
3.4/1 diastereomeric ratio, 96% e_e? (2R, as) (GC; B-TA (20m x .25mm), 120 °C, t; = 115
.and 120 min. | | |
Methyl (OLS,ZR)-(4-methylphehyl)-(ietrahydrofuran-z-yl)aéetaté (10h). 74% yield,
4/1 diastereomeric rati‘d; majpr diasteféomer 10h: 98% ee 2R, a.S (GC, B-TA (20m x
.v2.5mm), 110 °C, t; = 76.3 and 81.0. min); .[oc]”D = -70.0° (¢ 1.7, CHCl,, 2R, aS), 'H-
“'NMR (300 MHZ,'CDCL;) (2R, auS) 8 7.27 (d, 2H, J = 8.0 Hz), 7.14 (d, 2H, J = 8.0 Hz),
4.42 (q, 1H, J = 7.0 Hz), 3.80 (m, ,IH)5 3.70 (m, 1H), 3.68 (s, 3H), 3.59 (d, lH, J=84
Hz), 2.32 (s, 3H), 2.11 (m, 1H), 1.87 (m, 2H), 1.65 (m,‘ 1H); '3CQNMR (75 MHz, CDCl,)
8 172.6 (‘C),'l37.0 (C), 133.5 (C), 129.2 (CH), 128.3 (CH),R79..9 (CH), 68:1 (CHZS, 56.3
(CH), 51.8 (CH,), 30.0 (CHz), 25.5 (CHz), 21.0 (CH,); IR (neat) 2951, 28..72, 1738, 1514,
1435, 1165, 1072, 817,750 cm™; | GC/MS m/z (relative intenéity) 234 (0.5),. 164 (57), 71

(100); HRMS caled C, H,50,4 234.1263, found 234.1255. minor diastereomer: 'H-NMR
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(300 MHz, CDCL,) (25, aS) 57.23 «, 2H, J=8.0Hz),7.15(d, 2H, /= 8.0 ‘Hz), 4.50 (m,
IH); 3.86 (m, 1H), 3.84 (m, lH),A3’.68 (s, 3H), 3.49 (d, 1H, J=9.9 Hz), 2.32 (s, 3H), 1.86
(m, 1H)>, 1.77 - 1.66 (m, 2H), i.41 (m, lH) 13C-NMI‘{ (75 MHz, CDC,) § 173.5, 129.4,
128.9, 128.6, 128.2, 79.8, 68 4, 57.0,:51.8,_ 29.4,25.4,21.0.

Methyl (aS,ZR)-(2-naphthyl)__-(tetrahydfoflifan-Z-yl)acetate (10Kk). 62% yield, 1.6/ 1
diasteromeric ratio. major diastereomer 10k: 95% ee ZR, oS (_Chiral;:el-OD, 1.0 mL/min,
2.0% i-propanol/hexane, tR'= .1 1.8 and 13.2 min, UV .2_54 nm); [0(]2.5D = .-87A.0° (c 1.71,
CHCIL 2R, 0.5), 'H-NMR (300 MHz, CDC]_,) (2R, o) d 7;80 (m, 4H), 7.52 (dd, 1H, /=
85 1.5 Hz), 7‘.43 (m, 2H), 4.56 (q, 1H, J = 7.3 Hz), 3.79 (m, 2H), 3.70 (q, 1H, J = 7.0
Hz), 3.66 (s, 3H), 2.14 (m, 1H), 1.87 (m, 2H), 1.69 (m,‘ iH); “C-NMR (75 MHz, CDCl,)
51725 (C) 134.0 (C)-, 133.3 (C), 132.7 (C), 128..1 (CH), 127.8 (CH), 127.7 (CH), 127.5
(CH), 126.4 (CH), 126.0 (CH), 125.8 (CH), 79.9 (CH), 68.3 (CH,), 56.7 (CH), 52.0
(CH,), 30.0 (CH,), 25.5 (CH,); IR (neét) 3060, 2951, 2872, 1738, 1605, 1508, 1163,
1072, 817, 756 cm™. minor diastereomer; 'H-NMR (300 MHé, CDCl,) (25, o.5) 6 7.80
(m, 4H), 746 (m, 3H), 4.63 (m, 1H), 3-.93 (m, 1H), 3.85 (m, IHI),>3.7O (s, 3H), 3.68 (d,
1H, J =33 Hz), 1.83 (m 2H), 1.69 (m; 1H)1.47 (m, 1H); “*C-NMR (75 MHz, CDCL,) §
173.0, 133.3, 132.8, 128.5, 127.8, 127.6, ]2.7.4, 126.3, i26.1, 126.0, 80.6;' 68.5, 57.6,
52.1’,’2'9.5, 25.4; GC/MS m/z (relative intensity.) 270 (3),' 200'(47), 71 (1005; HRMS
calcd-for C,,Hs0;: 270.1246. Found 270.1255. .
(2R)-2-[(lR)-2-(4-iodophenylcarbonylbxy)-1-(2-na'phthyl)_ethyl]ox»olane (11). Toa
‘stirring ‘solution of methyl (OLS,2R)-(2-naphthyl)-(tetrahydrofuran-2-y1)acetate (130 mg,

0.48 mmol') in diethyl ether (10 mL) was added Iithiurh aluminum hydride (18 mg;' 0.48

mmol) and the resulting solution stirred for 30 min at 24 °C. The reaction was quenched
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with water and then 10% HCL The water layer Was extracted with diethyl ether and the"
combined organic layers were dried (MgSO4). The solven’t .»t/as removed under reduced
pressure and the residue purified by ﬂash chromatography on silica gel (10%
Et,O/petroleum ether) to grve 111 mg of the alcohol. Toa st1rr1ng solution of the alcohol
(111 mg, 0.45 mmol) and trrethylamrne (63 mg, 0. 63 mmol) in CH2C12 (5 mL), was
added 4-iodobenzoyl chloride (167 mg, 0.62 mmol) and the reaction st1rred overnight at
ambient temperature The reactron was quenched water and the organic. layer was
washed with brine then drled (MgSO4) The solvent was removed under reduced

- pressure and the residue was purified by ﬂash-chrornatography on silica gel (40%" diethyl
ether/petroleum ether) to give 183 mg (80%) of 11 as a whrte,"crystalline solid, mp = 163
-165 °C; 'H-NMR (500 MHZ,' CDCh) 8 7.91 (m, 1H), 7.84 (m, 3H), 7..75 (d, 2H,J = 87.2
Hz), 7.64 (d,‘ZI-.I, J=8.2Hz),7.54 ('m, _‘IH), 747 '(m,'ZH), 4.80 (dd; lH, J=110, 6.7 Hz),
4.72 (dd, 1H, J = 11.0, 7.6 Hz), 4.39 (m, IH), 3.76 (m, 2H), 3.35 (m, 1H), 2.05 (m, 1H),
1.82 (m, 1H), 1.65 (m, 2H);7 '3C-NMk (125 MHz, CDCly) 8 165.9, 138.3, 137.6, 136.3,
133.3, 132.6, 132.3, 130.9, 128.0, 127.9, 127.7, 127.6, 1270 125.9, 125.6, 79.2, 683
66.7,49.7, 29.6, 25 8, LRMS (FAB) (M+1) 473; HRMS Calcd for C,;H,,0;I: 472. 0535
Found 472.0525.
Methyl (R)-Z-phenyl-3 3-dimethy]hutanoate 13). A reﬂuxihg solution 33 (57 mg, |
0.32 mmol) in isobutane (10 rnL) was added dropwrse to a stirring, reﬂuxmg solution of

- Rh,(S- DOSP)4 (9 mg, 0.005 mmol) in isobutane (10 mL). The cold trap was removed ‘
and the solvent was evaporated. The residue was purified by flash chromatography on
silica gel (2% diethyl ether/petroleum ether) to give 13 mg (20%) of 13 as a colorless oil,

74% ee (Chiralcel-OD, 0.7 mL/min, 0.4% i-propanol/hexane, ty = 7.8 and 13.0 min, UV




© 2000 American Chemical Society, J. Am. Chem. Soc., Davies ja994136¢ Supporting Info Page 15

254 nm); [0]®, = -35.6 (¢ =0.27, CHC13); 'H-NMR (306 MHZ, CDCl,) 6 7.>39 (m, 2H),
7.28 (m 3H), 3.64 (s, 3H), 3.43 (s, 1H), 0.99 (s, 9H); “C-NMR (125 MHz, CDCl,) §
173.6, 136.2, 129.9, 127.8, 127.1, 61.:4, 51.4, 34.5, 27.8; IR (neat) 2955, 1737, 1367,
1205, 1148, 703 cm’’; CD A(nm) and 6 (deg niol" cm?): [8]0 —5000, [6]5, — 11000,
[6]230 - 5000 [6],4, — 1000. GC/MS m/z (relative intensity) 206 (0.1), 150 (100); LRMS
(FAB) m/z (M+1) 207. HRMSF caled for C,H,,0, M-CHy): 150.0_680.1 Found
150.0665. | | | | |
Methyl (R)-Z-phenyl-3,3,4-trin;ethylpentanoate» (14). A degassed solution of 3a '(93
mg, 0.53 mmol) in 2,3-dimethylbutane (5 mL) was added dropwise to a degassed, stirring
sblution_ of Rh._,(S-D'OSP)4 (50 mg, 0.026 mmol) in 2,3-dimethylbutane (5 mL) at reflux.
The resulting solution was stirred for another 10 min and then cooled to ambient
temperature. Thé soivent was removgd in vacuo, to give a mixture of 14, (E/Z)-IS5 and -
.methyl benzoylformate azine (16)6 (ratiq of 15 16'=75 : 25). The crude material was
purified by ﬂasﬁ chromatography on silica gel (2% diethyl ether/petroleum efher) to give
33 mg (27%) of 14 as a colorless oil’, 66% ee (Chiralcel-OD, 0.7 mL/fnin, 04% i-
propanol/hexane, tp = 7.4 and 9.5 min, UV 254 nm); [0]*p = -36.4° (c = 1.4, CHCl,);
'H-NMR (400 MHz, CDCl,) 8 7..38 (m, 2H), 7.26 (m, 3H), 3.'75 (s, 1H), 3.61 (s, 3H),
1.55 (m, 1H), 0.97 (s, 3H), 0.90 (d, 3H, J = 7.0 Hz), 0.86 (d, 3H),:0.78 (s; 3H); ‘3C;NMR
(75 MHz, CDCJ;) 6 173.7, 136.2, 130.4, 127.8, 127.0, 57.7, 51.3, 39.6, 34.1,‘ 20.6, 20.5,
17.8,17.2; IR (neat) 2970, 1737, 1156,704 cm™; CD A(nm) and 6 (deg mo’l'l cm?): 01,10
~3000, [6], — 11000, [ej‘m; - 6000 [8],5 — 1000. GC/MS m/z (relative intensity) 150

1(100); LRMS (FAB) (M+1) 235; HRMS calcd for CsH 0, (M-C¢H,;) 150.0680.

Found: 150.0678.
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Methyl (R)-2-phenyl-3,3-dimethyl§entahoéte (172). A degassed solution of 3a (62
mg, 0.35 mmol) in 2-methylbutane (10 mL) Qaé vadded dropwise over 1 h to a degassed
‘solution of Rh,(S-DOSP), (10 mg, O.OOSFmrvnol) in 2-methylfbutahe (10 mL) at 24 °C.
The resulting sqution was stirred for. another 10 min and then th¢ sblvent was removed
uﬁder reduced pressure. The residue was purified by flash "éhromatography on silica (2%
diethyl ether/petroleum ether) to gi\/e 46 mg (60%) of. 17a as a viscqus oil, 68% ee
(Chifalcel-OD, 0.7 mL/min, 0.4% i—propaf‘xol/hexa-nve', tp = 7.9 and 11.6 min, UV 254 nm);
[o;]”b =-33.5" (¢ = 0.4, CHCly), 'H-NMR (400 MHz, CDC13) 0 7.40 (m, 2H), 7.29 (m,
3H), 3.63 (s, 3H), 3.52 (s, .lH), 1.38 (m, 1H),.1.26 (m., 1H), 0.99 (s, 3H), 0.89 (s, 3H),
0.86 (t, 3H, J = 7.3 Hz); "C-NMR (75 MHz, CDCl,) § 173.6 (C), 136.0 (C), 130.1 (CH),
127.8 (CH), 127:.1 (CH), 59.9 (CH), 51.3 (CH,), 37.1 (C), 32.8 (CHz), 23.9 (CH,), 23.6
| (CH,), 8.2 (CH,); IR (neat) 2969, 1743, 1204, 1152 702 cm’; CD ?»(nm) and 6 (deg mol
' cm’): [6]2,0. ;5000, [6]226 — 12000, t9]230 - 6000 [8],4 — 1000. GC/MS.- m/z (relative
* intensity) 150 (100)',. LRMS (FAB) m/z (M+1) 221; HRMS calcd for C,0H,,0,: Found:.
Methyl (R)-2-(4-bromophenyl)-3,3-dimethylpentahbate (17b). A degassed solﬁtion of
methyl 4-bromophenyldiazoacetate (130 mg, 0.51 mmol) in 2-methylbutane (5.0 mL) and
cyélohe’xane (1.0 »mL') was ‘added dropwise to a degassed solution of ha(S-D'OSP)4 (10 :
fng, 0.005 mmol) in 2-methy1buténe (5.0 mL) and cyclohexane (1.6 mL) at 24 °C. The
resultihg solution was stirred for another 10 min and then the solvent was removed in
vacuo. The residue was purified by flash chromatography on silica gel (1% diethyl
ether/petroleum ether) to give 21 mg (14%) of 17b and 58 mg (36%) of 4b. 17b: 'H-

NMR (400 MHz, CDCl,) & 7.41 (d, 2H, J = 8.4 Hz), 7.27 (d, 2H, J = 8.4 Hz), 3.62 (s,

3H), 3.47 (s, 1H), 1.30 (m, 1H), 1.20 (m, 1H), 0.96 (s, 3H), 0.85 (s, 3H), 0.83 (m, 3H);
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13C-NM‘R (75.MHz, CDCl,) 6 .173.3 (C), 135.0 (C), 131.8 (CH), 130.9 (CH), 121.3 (C).,
59.5 (CH), 51.4 (CH;>; 42'..9 (CH%), 37.1 (C), 24.4 (CH,), 24.1 (CH,), 14.7 (CHy); IR
(neat) 2960, 2872- 1737, 14§O 1145 1012 cm™'; GC/MS m/z (relatiVe intensity) 228
. (100), 230 (96); HRMS calcd for CgHgBrO2 (M- CSHm) 227.9786. Found 227 9807.
v Methyl (2R, 35)-2- phenyl-3 5-d1methylhexanoate (18a) and methyl (R)-2 phenyl-3, 3-

, dimethylhexanoate (19a). A solutlon of 3a (191 mg, 1.12 mmol) in degassed 2-
methylpentane (16 mL) was added dropwise over 2 h fo a stirring, reﬂuxing solution of
Rh,(S-DOSP), (20 mg, 0.01 mmol) in degassed 2- methylpentane (5 mL). The resultmg: :
solution was stirred for another 10 min at reflux and then cooled to amblent temperature
The solvent was removed under reduced pressure and the remdue was purified by flash
chromatography on silica (1% diethy! ether/petroleum ether) to give 106 mg of iéa in
fraction 13-16, 15 mg of 18a and19a as a rnix;ure in fraction 117-18 a}nd 77 mg of 19a'in
fraction 19-25 (75%‘. total yield). Rati'o of 18a : 19a = 1.38 (by '"H-NMR) and 19a was ar
4:1 mixture of diastereo.rners‘('by 'H-NMR and GC/MS). 18a: 25% ee (Chiralcel-OD, '
0.7 mL/min, 0.4% i-prc_)_panol/hexane, tp = 7.0 and 10.8 min, UV.254 nm'); [0]®,=-11.1°
(c = 0.99, CHCIS); lH-NMR;(SOO MHz, CDCI_;)_ 3 7.43 (m, 2H), 7.33 (m, 3H), 3.‘66 (s,
3H), 3.56 (s, 1H), 1.35 (m, 38D, 121 (m, 1H), 105 (s, 3H), 094 s, 3H), 091 (¢, 3H, J =

| 7.1 Hz); BC-NMR 1_73.6, 136j0, 130.1, 127.7,‘1.-7‘.7.0, 60.2, 51.3, 43.0‘,.37‘.1, 24.6,24.2,
170, 14.8; IR (neat) 2957, 2871, 1740, 1459, 1366, 1148, 743,705 cm”; CD Mnm) and- |
6 (deg mol™ cm?): [G']m., —%10.00, [6]220 — 2500, [6]230 i 1500 [6]0 0. LRMS m/z (M+1)
235. HRMS calcd for CH,,0, (M-C(H,,) 150.0681. FOund: 15070691. 19a: 86% ce
(Chiralcel -OD, 0.7 mL/min, 0.4% i-propanol/.he)-(ane,' t = 8.4 and 9.9.min, UV 254 nm);

[0, = -51.0° (c = 0.2, CHCL,); 'H-NMR (500 MHz, CDCl,) & 7.34 (m, 3H), 7.28 (m,
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" 2H), 3.67 (s, 3H), 3.25 (d, 1H,J =107 Hz), 2.%8 (m, 1H), 1;61 (m, 1H), 1.00 (d, 3H, J= _
6.4 Hz), 0.93 (m, 1H), 0.87 (m, 1H), 0.79 (d 3H,J = 6.7'Hz),‘ 0.75(( d, 3H, J‘= 6.7 Hz);

- PC-NMR (125 MHz, CDCl;) 8 1745, 138!1,’ 128.6, 128;4, 127.2,59.4,51.7,43.0, 34 2,
25.0,24.0, 20.9, 18.0; IR (neat) 2955, 2930, 2870, 1737, 1155, 702 cm™; CD A(nm) and
8(deg mol' cm?): [6],,0 -6000, [8],,, — 7000, [6]230 - 3000 [B8],4 + 1000. GC/MS major
isomer: m/z (relatrve 1ntensrty) 234 (0. 4) 150 (100), 118 (40), 91 (30); minor isomer: m/z
(relatrve 1nten51ty) 234 (0.4), 150 (100) 118 (37), 91 (24); HRMS calcd for C,;H,,0,
234.1619. Found: 234 1640 |
Methyl (2R, 3S)-2-(4-bromophenyl),3_,5 dimetlryl‘lrexanoate (18b) and methyl (R)52-
(4-lbromophenyl)l-3,3-dimethy]hexanoate_(19o). A solution of 3b (255 mg,‘ 1.0 mmol)
in ‘degassed iémethylpehtane.(lo mL) Was\added ‘drop'Wise over 2 h to a.stirring,
refluxing solution of ha(tS;-D-OSP)'4'(2O mg; 0.01 mmol) in degassed 2-methylpentane (5
mL). The resultrng solutlon was stirred at reflux for another 10 min and then cooled to.
ambient temperature The solvent was removed under reduced pressure and the resrdue_
purified by flash chromatography (1% diethyl ether/petroleum ether) to give 112 mg of
18b in fraction 8-11, 16 mg of 18b and 19-5 as a mixtqre ivn fraction 12-13 and 30 mg of
19b in fraction 14-19 (50%‘ total yield). The ratio of 18b : 19b = 3;33 (by -'H-NMR-) and
18b was a 4:1 mixture of diastereomers tby 'H-NMR and GC/MS). 18b: [0]®, =-4.2°
(c = 2.8, CHCl,); 'H-NMR (500 MHz, CDCl,) 8 7.42 (d, 2H J=8.7 Hz), 7.27 (d, 2H J=
8.7 Hz), 3.64 (s, 3H), 3:47 (s, 1H), 1.30 (m, 3H), 1 .15 (m, 1H), 0.97 (s, 3H), 0.88 (s, 3H)
0.83 (1, BH, J =7.0 Hz); 13C-NMR (300 MHi, CDClL,) 8 173.2 (C), 135.0 (O), 1‘31.8
(CH), 130.9 (CH), 121.3 (©), 59.5 (CH); 514 (CH,), 42.9'.(CH2), 37.0 (C), 24.4 (CH,),

24.1 (CH,), 17.0 (CH,), 14.8 (CH,); IR (neat) 2960, 2872, 1740, 1496, 1150, 1013 cm;
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CD A(nm) and 6(deg mol c;mz):. (61510 —IOOO, [6]220 - 2000,_= [6],3 - 1000 [68],40 0. LRMS
(FAB) (M+1) 313; HRMS éalcd for C9H9Br(‘)2 M - CgH,))) 22'}‘.9786. Found 227.9753. .
A small sample of 18b was taken out and reduced to the alcohol with LiAlH,. The
reactidn wag queqched with water and the water la);er extra;:ted with diethyl ether. The
combined brganic_ layer was dried“(MgSO‘,) and the solvént was removed under reduced
pressure. The residue- was purified by flash chromatography on‘silic':a gel (10% diethyl
ethef/p‘étroleum ether) and subjected to HPLC analysis: 30% eé (Whelk-O, 1.0 mL/min,
6% i-propanol/hexane, t =10.5 and .19.8 min, UV-254 nm); IR (neat) 3366, 2956, 1489,
1013, 830, 706. 19b: [0, = -31.7 (c =043, CHCL,); "H-NMR (300 MHz, CDCI,) 3
7.42(d,2H, J=8.4 Hz),7.19 (d, 2H, J = 8.4 Hz), 3.64 (s, 3H), 3.17 (d, lH J=10.4 Hz),
220 (m, 1H), 155 (m, 1H), 096 (d, 3H, J = 6.4 Hz), 0.85 (m, 2H), 0.77 (&, 3H, J = 6.7
Hz), 0.71 (d, 3H, J = 6.7 Hz);- *C-NMR (75 MHz, CDCl,) 6 174.0, 137.1, 131.6, 130.4,
121.2, 58.7, 51.8, 43:0, 34 .4, 25.0, 24.0, 20.9, 17.9; -IR (neat) 2960, 2872, 1740, 1493,
1150; 1013 cm’'; CD A(nm) and 6(deg mol” cm?): [6]; ;IVOOOO, te]zzo-- 10000, [6],3 -
3000 [6],4 + 2000. GC/MS majbr 1somer: m/z (relative intensity 314 (3), 312 (3), 230
(96), 228 (100), 198 (23), 196 (23), 171 (19), 169 (26); minor isomer: m/z (relative
intensity) 314 (35), 312 (35), 230 (94), 228(100), 198 (20), 19'6'(20), 171 (16), 169 (16); -
LRMS (FAB) (M+1) 313;. HRMS calcd for C;;H,,BrO, 312.0724. Found 312.0699. A
sméli sample was taken out and reduced to the alcohol with LiAlH,. The reactibn was
qtienched with v&.later and the water layer éxtracted With diethyl ether. The cdmbined‘
organic layer were dried (MgSO4) aﬁd the solvent removed under reduced pressure. The

residue was purified by flash chromatography on silica gel (10% diethyl ether/petroleum
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ether) and subjected to HPLC anélysis_to give 85% ee (Whelk-O,. 1.0 mL/min, 6% i-
propanol/hexane, ty = 6 6 and 7.9 min, UV 254 nm); IR (neat) 3392, 2955, 1468, 1055.
(2R 35)-2-(4- bromophenyl) -3,5 dlmethylhexanmc acid pyrrolidine amide (20) Toa
stirring solution of the major diasteromer of 19b (82 mg, 0.26 mmol) and TMSCI (113
mg, 1.0 mmol) in CH,CN (10 mL) was added NaI (150 mg, 1».0 mmol) and the mixture
heated to reflux'vfor 48 .h. . To the cleed solution was added _ethér (50 ml) and the
resulting solution was extracted with VWater (50 'ml), sodium thiosﬁlphate solution (20
mL) and brine (20 mL). "l."he ether layer was dried (MgSO4) and the solvent was removed
under reduced pressure. The residue was purified to give 50 mg (67%) of (2R, 3R)-2-(4-
bromophenyl)-3,5 dimethylhelxanoic acid.> To a solution of (2R, ‘3R)‘-2-(4—bromophenyl)-
3.5 dimethylhe;;anoic acid (32 'mg, 0.11 _mmol), pyrrolidine (9 ‘mg,.‘0.12 mmol) and
DMAP. (1mg) in CH,Cl, (5 mL) was addng"cc (25 mg, 0.12 mmol) and the resulting
solutiori was stirred at ambient tempcrat.u:e for 4h.  The -solvenf ‘was rembvea under
reduced pressure and ;he res.idue purified by flash chromatogréphy on silica gel-(l.:i'
ether/petroleum etherj to give 13 mg (33%) of 20 as a white solid, mp = 135-136 °C; 'H-
NMR (500 MHz, CDCl,) 8 7.42 (d, 2H, J = 8.2 Hz) 7.25 (d, 2H, J = 8.2 Hz), 3.54 (m,
2H), 3.38 (m, 2H), 3.22 (d, 1H,, = 10.0 Hz), 2.32 (m, IH); 1.96 v(m, 1H), 1.83 (m, 4H),
1.58 (m, 1H), 0.98 (d, 3H, J(= 6.4 Hz), 0.82 (m, 1H), 0.77 (d, 3H, J = 6.4 Hz), 0.71 (d,
3H, J = 6.4 Hz); l3C-N‘MR(125 MHz, CDCl,) § 171.3, 137.9, 131.5, 130.5, 120.7, 57.5,
46 6, 45.8, 43.2, 34 7,26.0,25.024.2, 20.9, 18 4; IR 2954, 2870, 1639, 1425; GC/MS
m/z (relative intensity) 297 (97), 295 (100) 254 (14); 256 (14) 171 (40), 169 (40);

HRMS calcd for C,{H,BINO (M-CH,) 336.0963. Found 336.0968.




© 2000 American Chemical Society, J. Am. Chem. Soc., Davies ja994136¢ Supporting Info Page 21

Methyl (R)-2-adamantanylph_enylac_etate (21a). A solution of 3a (80 mg, 0.45 _mmol)
in 2,2- dlmethylbutane (5 mL) was added dropwise over 60 .min to a stirring, degassed
solution of Rh,(S-DOSP), (10 mg, O. 005 mmol) and adamantane (153 mg, 0.89 mmol) in
2,2-dimethylbutane (5 mL) at 24 °C. The resulting solution was stirred for another 10‘
min and then the solvgnt was rémoVed under lreduced pressure. Excess- adamantane was
removed by sublimation -under high vacuum. The residue was purified by flash
chromatography on silica gel (4% diethyl ether/petroleum ether) to give 86 mg (62%) of
213.as a viscous oil, 90% eé (Chiralcel-bD, 0.7 mL/min, 0.4% i-propanol[hexane, g =
7.9 and 12.1 min, UV 254 nm); | [a]®, = -22.9 (c = 0.75, CHCL,); 'H-NMR (300 MHz, -
CDCL,) § 7.38 (m, 2H), 7.28 (m, 3H), 3.64 (s, 3H), 3.28 (s, 1H), 1.95 (s, 3H), 1.73 — 1.50
(m, 12H); l3CV-NMR (75 MHz, CDCl,) & 174.2, 134.8, 130.2, 127.7, 127.1, 63.0,v 51.2,
39.8, 36.7, 36.2, 28.5; IR (neat) 2908, 2849, 1732, 1456, 1199, 1150, 702 cm’; CD
A(nm) and G(deg mol’ cm?): [0],,, =5000, [0, — ,9000, (61,3 -3000 [61,4 - 1000.
GC/MS m/z Qelative intensiiy) 284 (4), 135 (100); HRMS calcd for C,,H,,0,: 284.1776.
Found: 284.1761. | |
Metﬁyl (R)-2-édamantényl-4-brbmophenylacetate (21b). A degassed solution of 3b
o (1325 g, 5.19 mmol}) in 2,2-dimethy1butané 40 fnL) was added dropwise over2 hto a |
, degéssed solution of Rh,(S-DOSP), (51 mg, 0.027 mmol) and adamantane (’1 373 g,
10.08 mmol) in 2,2-divmethy1.butane (20 mL) at 24 °C. ‘The resulting solution was stirred
fqr another 10 min and then the solvent was removed under reduced pressure. Excess
adamantane was removed by sublimation under high vacuum. The residue was purified

by flash chromatography on silica gel (4% diethyl ether/petroleum ether) to give 1.317 g

(70%) of 21b as a white solid. [0]* =-17.1 (c = 1.1, CHCl,); 'H-NMR (300 MHz,
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CDCly) 8 7.42 (d, 2H, J=8.4Hz), 7.25('_(d, 2H, J = 8.4 Hz), 3.64 (s, 3H),.3.24 (s,b 1H),v
1.95 (s, 3H), 1.73 - 1.50 (m 12H) 3C.NMR (75 MHz, CDCl,) §174.8 (C), 133.8(C),
131.8 (CH), 130.7 (CH) 121.2 (C), 62.2 (CH), 51.3 (CH,), 39.7 (CHZ) 36.6 (CH2) 36.2
(C), 284 (CH); IR (neat) 2906, 1735-, 1491, 1201'_, 1153, 1014 cm™; CD A(nm) and
6(deg mol” cm?): [6],50 —7OOO,V [6]22; - 18000, [0, - 110001[9]240 - 1000. GC/MS m/z
(relative intensity) 364 (5), 135 (100); LRMS (FAB) m/z (M+1) 363, HRMS caled for
C,9H23Bf02: 362.0_88.1. Found: 362.0869. A small.,sample of 21b was taken out and
reduced to the alcohol witﬁ LiAlH4. The reaction was quenched with water and the water
layer extracted with diethyl ether. The combined-organic layer were dried (MgSO4) and
the soiVent remoyed under réduced pressure. The residue was purified by flash
chromatography on silica gel (.10% diethyl ether/petroleum ether) and subjected to HPLC
analysis: 96% ee (Whelk-O, 1.0 mL/fnin; 6% i-proparxol/hexa»lr.le,ytR =9.6 and 12.8 min,
UV 254 nm), lH-NMR 8 7.32 (m, 3H), 7.20 (m, 2H), 4.02 (m, 2H), 2.53 (m 1H), 1.92
(s, 3H), 1.62 = 0.97 (m, 12H); IR (neat) 3300, 2900, 2849, 1451, 1051, 703 cm™;
‘ GC/MS m/z (relative intensity) 135 (60), 104 (iOO).
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STRUCTURE DETERMINATION SUMMARY

Empirical Formula :: vC23 Hél I O3
Color; Habit colorless réétangular plate
Crystal Si;e (mm) .. - 0.51 x0.22 x,0i15 |
Crystal System Orthorhomsiq
Space Group 22,22 (No. 19y
Unit Cell Dimensions é = 5.665(1) A
b = 8.631(2) A
c.= 40.605(9) Av
Volume o © 1985.4(7) A3
2 - 4
Formula weight ' “472.3
Density(calc.) |  1.580 Mg/m>
Absorption Coefficient |  1 1.613 ﬁm_l

F(000) ' 944




Data Collection

Diffractometer Used
‘ Radiation

Temperature (K)

Monochromator

26 Range

Scan Typé.

Scan Speed.

Scan Range (w)

Background Measurement

Standard Reflections

Index Ranges

Reflections Coliected
Independent Reflections
Observed Reflections
Absorption Correction

Min./Max. Transmission
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Siemens R3m/V

Mo Ka (A = 0.71073 A)

297

" Highiy oriented graphite crystal

5.0 to 42.0°
w
Constant; 1.50°/min. in w

0.50°

- Stationary crystal and stationary

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

scan time
3 measured every. 197 reflections

0<h=<5, 0<k=<38,
—40 < £ =< 40

- 2624

2148 (R, _
S in

¢ = 0.91%)

2148 (F > 0.30(F))
Semi-empirical

0.5875 / 0.6807
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Solution and Refinement

System Used . o Siemens SHELXTL PLUS Release-h.ll(VMS)
Solution - Pafterson syntheéis

Refinement Method  " full—Matrix Least-Squares

Quantity Minimized _ZW(FOQFC)ZIV

Absolute Strucﬁure n = 1;09(6) (Chirality sécure)
Extinction_Correction - x = 0.00010(6), where

F* = F [ 1+ 0.002xF2/sin(26) 17 /%

Hydrogen Atoms Riding model, U(H) = U(C) + 0.01

]

Weighting Scheme w 02(F) + O.OOOZF2
Number of Parameters refined 246

Final R indices (obs. data) R = 3.25 %, wR = 3.12 %

R Indices (all data) \ R=3.25%, wR=3.12 %
Goodness—of~Fit o 1.28

Largest and Mean A/o 0.001, 0.000
Data-to—-Parameter Ratio _ 8.7:1

Largest Differenée Peék 0.59 eA;3

3

Largest Difference Hole -0.48 eh”
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Table 1. Atomic coordlnates (x104) and equlvalent 1sotrop1c

dlsplacement coefficients (A xlO )]

X y z . U(eq)
I(1) - 3863(1) 5515(1) 4489(1) 60(1)
C(1) " 4120(11) 637(7) 7083 (1) 42(2)
C(2) 2635(10) 212(7) 6838(1) 40(2)
C(3) 581(9) -622(8) 6915(1) 47(2)
C(4) 95(10) -1041(7) 7232(1) - 47(2)
C(5) 1149(13) -1005(7) 7826(1) 56(2)
C(6) 2677(12) -566(9) - 8065(1) 57(2)
C(7) 4717(12) 244(8) 7984(2) 62(3)
C(8) 5208(10) 645(8) 7673(1) 49(2)
Cc(9) 3652(11) 233(6) 7417(1) 42(2)
C(10) -1618(9) -616(7) 7492(1) 40(2)
C(11) 3126(9) 728(7) - 6485(1) 42(2)
Cc(12) 1270(13) 1883(7) © 6376(1) - 51(2)
0(13) 1957(7) . 2484(5) 6058(1) 51(2)
C(14) " 359(12) 3336(7) 5897(2) 45(3)
0(15) -1549(9) 3653(5) 6011(1) 67(2)
c(21) 1242(12) 3846(6) 5570(1) 43(2)
C(22) 3376(11) 3353(7) 5447(1) 50(2)
C(23) 4104(12) 3827(7) 5138(1) 48(2)
C(24) 2670(11) 4817(7) 4961(1) - 46(2)
C(25) 586(11) 5344(7) 5082(1) 54(2)
C(26) -147(11) 4845(7) 5391(1) 48(2)
0(31) 1170(8) -1340(4) 6184(1) 45(1)
C(32) 3413(9) -568(7) 6230(1) 45(2)
C(33) 5154(10) = -1837(7) - 6312(1) - 50(2)
C(34) 4134(13) -3221(7) . 6133(1) 62(3)

C(35) 1526(13)  -2985(7) 6184(2f 63(3)

* Equivalent isbtrbpic U defined as one third of the
trace of the orthogonalized Uij tensor




© 2000 American Chemical Soc‘iety,' J. Am. Chem. Soc., Davies ja994136¢ Supporting Info Page 28

Table 2. Bond lengths (A)

119 (6) O c(1)-c2) .352 (8)

I(1)-C(24) 2 1
C(1)-C(9) 1.424 (7) | ~C(2)-C(3) 1.403 (8)
C(2)-c(11)  1.530 (7) . C(3)-C(4) 1.368 (7)
C(4)-C(10)  1.411 (7) . €(5)-C(6)  "1.353 (9)
C(5)-C(10)  1.421 (7) . C(6)-C(7)  1.390 (9)
C(7)-C(8) 1.338 (8) | C(8)-C(9) . 1.410 (8)
C(9)-C(10)  1.400 (8) C(11)-C(12)  1.514 (9)
C(11)-C(32) 1.532 (8). C(12)-0(13)  1.447 (6)
0(13)-C(14)  1.336 (8) . . C(14)-0(15)  1.206 (8)
C(14)-C(21)  1.487 (8) - C(21)-C(22). 1.376 (9)
C(21)-C(26) 1.376 (8) C(22)-C(23) 1.384 (8)
. C(23)-C(24)  1.380 (8) .. C(24)-C(25)  1.357 (9)
. C(25)-C(26)  1.388 (8) 0(31)-C(32)  1.447 (7)
0(31)-C(35)  1.434 (7) ©€(32)-C(33)  1.511 (8)

1 1

C(33)-C(34)

.514 (9) . C(34)-C(35)

.505 (10)
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Table 3. Bond angles (9)

C(2)-C(1)-C(9) 121.1(5) C(1)-C(2)-C(3) 119.6(5)

C(1)-C(2)-c(11) = ~119.8(5) | C(3)-C(2)-C(11) 120.5(5)
C(2)-C(3)-C(4) = 120.7(5) : C(3)-C(4)-C(10) 120.9¢5)
C(6)-C(5)-C(10) 119.8(6) C(5)-C(6)-C(7) 120.3(5)
C(6)-C(7)-C(8) - 121.6(6) C(7)-C(8)-C(9) 120.2(6)
C(1)-C(9)-C(8) 121.7(5) - . C(1)-C(9)-C(10) 119.3(5)
C(8)-C(9)-C(10) 119.0(5) T C(4)-C(10)-C(5) . 122.5(5)
C(4)-C(10)-C(9) 118.4(5) . C(5)-C(10)-C(9) 119.1(5)
C(2)-C(11)-C(12) 109.8(4) C(2)-C(11)-C(32) 116.1(5)
C(12)-C(11)-C(32)  111.0(4) . C(11)-C(12)-0(13) . 108.0(5)
C(12)-0(13)-C(14) 116.8(5) - . 0(13)-C(14)-0(15) 123.1(5)
0(13)-C(14)-C(21) 111.8(5) 0(15)-C(14)-C(21) 125.1(6)
C(14)-C(21)-C(22) 121.9(5)  C(14)-C(21)-C(26) 117.8(6)
C(22)-C(21)-C(26) 120.3(5) . €(21)-C(22)-C(23) 120.0(5)
C(22)-C(23)-C(24) 118.6(6) : I(1)-C(24)-C(23)" 117.2(4)
I(1)-C(24)-C(25) 120.6(4) C(23)-C(24)-C(25) 122.1(5)
C(24)-C(25)-C(26) 118.9(6) -~ C(21)-C(26)-C(25) 120.1(6)
C(32)-0(31)-C(35) 109.3(5) C(11)-C(32)-0(31)  109.3(4) .
C(11)-C(32)-C(33) 116.7(4) . 0(31)-C(32)-C(33) 105.6(5)

C(32)-C(33)-C(34) 102.5(5) C(33)-C(34)-C(35) 101.6(5) -
0(31)-C(35)-C(34) 105.8(5) ' : :




/
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Table 4. Anisotropic displacement coefficients (A2x103)

Uy U o Ui Y12 Y13 U23
1(1) - 79¢1y  S57(1)  42Q1) . -3(1) 3(1) 7(1)
(1) 42(3)  42(3)  41(3)  -12(5) 8(3) 0(3)
c(2) 44(3)  40(4)  35(3) -2(3) 0(3) -3(3)
c(3) 39(4)  54(4)  47(4) . -11(4) 1(3) . 0(3)
C(4) 38(3)  65(4)  38(4)  -11(3) 7(3) 7(3)
c(5) 52(4)  68(4)  47(4)  3(4)  17(4) 7(3)
C(6) . 67(4)  83(5)  23(3) 4(5) 3(3) “1(4)
c(7) ~ . 66(5) 67(5)  53(4) 2(4)  -10(3)  -15(4)
c(8) 55(4)  58(4)  33(3) 6(4)  0(3) -8(3)
c(9) 43(3)  46(3)  36(3)  T(&) -8(3) -3(3)
c(10) 36(4)  52(3)  33(3) 9(4) 4(3) -1(3)
c(11) - 37(3)  53(4) - 35(3) -7(3) 4(2) 4(3)
c(12) 6L(4)  S4(4)  34(3)  2(4)  18(4) 4(3)
0(13) 57(3) 55(2)  40(2) 5(2) . 7(2)  10(2)
c(14) 48(5)  LL(4)  47(4) 0(3) 2(3)  -5(3)
0(15) 68(4) 79(3)  56(3)  19(3)  14(3) . 13(2)
c(21) 46(3)  40(3)  42(3) -6(3) 104y -7(3)
c(22) 49(6)  47(3)  55(4) 9(3) 6(3) . 7(3)
c(23) 43(4)  -60(4)  42(3) S3(4)  -11(3) 0(3)
c(24) s56(4)  42(4) 38(3)  -10(3) -9(3) 5(3)
c(25) 61(5)  48(4)  55(4)  13(4) 7(3)  11(4)
C(26) 55(4)  55(4)  35(3)  16(3) 3(3) 1(3)
0(31) 42y 47(2)  45(2) 0(3)  -12(2) -2(2)
C(32) 46(4) 52(3) - 36(3) 38 - 9(3) 1(3)
c(33). 48(4) - 65(4) 36(3)  11(3) 2(3) 5(3)
C(34) 76(6)  55(4)  55(4)  17(4) . 5(4) -3(3)

C(35) 64(5) 59(4)  66(4) 2(4) -15(4) -2(3)

The anisotropic displacement exponent takes the form:

~2x% (h%ar%y

+ 2hka*b*U1

11.+ . 2)
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Table 5. H-Atom coordinates (xlOé) and isétropic

displacement coefficients (A2x103)

X Ly -z U
H(14) 5511 .. 1222 7031 _ 51
H(3A) -493 - =904 6742 57
H(4A) -1300 - -1632 7280 57
H(5A) -248 -1578 7882 66
H(6A) 2351 -816 - 8291 68
H(7A) 5800 521 8156 72
H(8A) 6621 . 1215 . 7625 . 59
H(11lA) 4597 1281 6489 52 -
H(12A) 1154 2712 6533 61
H(12B) -240 1383 - 6361 . 61
‘H(22A) 4359 2678 5576 51
H(234) 5578 3477 5048 58
H(25A) -364 6050 ‘ 4956 65
H(26A) -1623 5200 5479 - 58
! H(32A) 3871 -110 6024 _ 55
H(334) 5226 . -2016 6545 59
. H(33B) 6705 -1591 6233 59
H(34A) 4662 4177 6228 72
H(34C) 4534 -3205 5903 72
H(35C) 641 -3464 6010 73

H(354) 1038 - -3423 6391 73
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- STRUCTURE DETERMINATION SUMMARY

Empirical formula . Cig Hyg Br N O~
Color; Habit f ’ | colorless parallelepiped (cut)
Crystal Size- (mm) . 0.50 x 0.34 x 0.58
nystal System | Orthorhombic
'Space Group ) P2,2,2, (No. 19) .
Unit Cell Dimensions a = 9.5740(10) A:‘
b =-11.565(2) A
c =16.600(2) A
Volume ' . >1837._9(5) A3
z | S
Formula weight . 352.3
Density(calc.) 1.273 Mg/m3
Absorption Coefficient 2.213 mm_l

F(000) . 736




Data Collection

Diffractometer Used
Radiation

. Temperature (K)
Ménochromator

24 R%nge

Scan Type

Scan Speed

Scan Range (w)

Background Measurement

Standard Reflections

Index Ranges

’Reflections Collected
Independent Reflections
"Observed Reflections
Absorption Corrqctibn

Min./Max. Transmission
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Siemens R3m/V
Mo Ka (A = 0.71073 A)

297

'Highly oriented graphite crystal

5.0 to 45.0°

20-9

Constant; 3.00°/min. in w.
0.70° plus Ka-separation |

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

scan time

3 measured every 197 reflections

,»0 <h =10, -12 <k = 12,

~17 < £ < 17
5158

2409 (R, . = 1.20%)
1953 (F > 4.00(F))
Semi-empirical

0.2637 / 0.3033
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Solution and Refinement

System Used
Solution
. Refinement Metﬁoa
_Quantity ﬁinimized
Absolute Structgre

Extinction Correction

Hydrogen Atoms
Weighting Scheme

Number of Parameters refined

Final R indices (obs.vdata)

R Indices (éll dataj
Goodness-of-Fit

Largest aﬁd Meaﬁ‘A/a
Déta—to—Paraﬁeter‘Ratio

Largest Difference Peak

. Largest Difference Hole

F' = F [ 1+ 0.002xF/sin(26) ]

Siemens SHELXTL PLUS Release &4.11(VMS)
Patterson synthesis: |
Fu114ﬁétrinLeasf—Squares

Zw(Fof-FC)z :

n = 1.01(2)

x = 0.0001(2), where

-1/4

Riding model, isotropic U’'s refined

wl = 62(F) + 0.0004F>
192 |

R=3.28 %, wR =3.17 &
R=04.66%, wR = 3.45 %
0.99

0.001, 0.000

10.2:1

0.37 oA~

-0.30 eA™
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Table 1. Atomic-cqordinaﬁesb(xloa),and equivalent isotropic

displacement coefficients'(Aleos)

: X : y z U(eq) -
- Br(l) - 3451(1) 6400(1) 3008(1) 61(1)
N(1) 9818(4) | 3981(3)  1640(2) 47(1)
0(Ll) ©9269(3)  2573(3) - 2502(2) 46(1)
C(1) 10160(8) ©  5572(5) 5941(3) = 123(4)
C(2) 10274(6) 4528(4) 5370(3) 71(2)
C(3) 9875(5) 4877 (4) - 4527(2) 49(2)
C(4) 9970(4) 3972(3) 3868(2) . 38(LD)
C(5) . 9487 (4) 4476(3) 3060(3) 36(1)
C(6) 9535(4) 3599(4) 2377(2) - 36(1)
C(11) 8006(3) 4953(3) 3088(2) 30(D)
C(12) 6870(4) 4244(4) 3217(3) . 42(2)
C(13) 5536(5) 4649 (4) - 3214(3) 44(2)
C(14) 5299 (4) "5801(4) 3066(3) 42(2)
C(15) 6408 (4) 6555(3) 2955(2) . 44(1)
C(16) 7746 (4) 6118(3) . 2962(3) - 39(L)
C(21) 9405(8) - 3568(7) 5694(3) - 121(3)
C(41) 11462(5) 3475(4) 3785(3) 59(2)
C(91) 10106(7) 5171(4) 1386(3) 76(2)
C(92) 10243(8) 5104(6) - 492(3) . 106(3)
C(93) 9919(11) 3958(7) 258(3) 193(86)

C(94) 9728(6) : 3203(4) . 937(3) 69(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)

Br(1)-C(14) 903 (&) o N(1)-C(6)

1 1.328 (5)
N(1)-C(91) 1.466 (6) _ N(1)-C(94) 1.475 (6)
0(1)-C(6) 1.231 (6) C(1)-C(2) 1.540 (8)
C(2)-C(3) 1.506 (6)- ‘ C(2)-C(21) 1.488 (9)
C(3)-C(4) 1.517 (6) C(4)-C(5) 1.535 (6)
C(4)-C(41) = 1.546 (6) - C(5)-C(6) 1.522 (6)
C(5)-C(11) 1.522 (5) : C(11)-C(12) = 1.379 (5)
C(11)-C(16) 1.386 (5) ‘ C(12)-6(13) 1.360 (6)
C(13)-C(14) .1.374 (6) C(14)-C(15) 1.386 (6)
C(15)-C(16) 1.377 (6) e C(91)-C(92) = 1.493 (7)
€(92)-C(93) 1 1.437 (8)

.415 (10) - "> C(93)-C(94)
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Table 3. Bond angles (O) .

-C(6)-N(1)-C(91) ' 128.0(4) : 'C(G)fN(l)-C(94) 120.9(4)

C(91)-N(1)-C(94) 110.9(3) C(1)-C(2)-C(3) 110.1(4)
C(1)-C(2)-C(21) 108.9(5) ' C(3)-C(2)-C(21) . 113.2(5)
C(2)-C(3)-C(4) 118.0(4) C(3)-C(4)-C(5) 110.5(3)
C(3)-C(4)-C(4l) 112.1(4) C(5)-C(4)-C(4l) 110.0(3)
C(4)-C(5)-C(6) 112.9(3) ' C(4)-C(5)-C(11) 113.0(3)
C(6)-C(5)-C(11) 107.0(3) - N(1)-C(6)-0(1) 121.2(4)
N(1)-C(6)-C(5) 118.0(4) 0(1)-C(6)-C(5) 120.7(4)
C(5)-C(11)-C(12) 121.6(3) C(5)-C(11)-C(16) 121.0(3)
C(12)-C(11)-C(16) 117.4(3) .. C(11)-C(12)-C(13) 122.3(4)
C(12)-C(13)-C(14) 119.3(4) Br(1l)-C(14)-C(13) 121.0(3)
Br(1l)-C(14)-C(15) 118.5(3) " C(13)-C(14)-C(15) 120.5(4
C(14)-C(15)-C(16) . 118.7(4) C(11)-C(16)-C(15) 121.7(3)
N(1)-C(91)-C(92) 104.7(4) C(91)-C(92)-C(93) 107.5(5)

C(92)-C(93)-C(94) 112.5(5) . N(1)-C(94)-C(93) 104.0(4)
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© 2000 American Chemical Sociefy, J. Am. Chem. Soc., Davies ja994136¢ Supporting Info Page 38

Table 4. Anisotropic displacement,éoefficients (A2x103)
U U U,, - U U U,

11 22 33 12 13 23
Br(1) 42(1) 68(1) 74(1) 17(1) S1(1) - 3(L)
N(1) 65(3) 41(2) - 34(2) 2(2)  4(2) -4(2)
0(1) 51(2) 33(2) 56(2) -1(1) 2(2) -1(2)
c(1) 230(9) 84(5) 54(4) . 2(5)  -26(6)  -13(3)
C(2) 94(5) 65(4) 52(3) -2(3) -9(3) -5(3)
c(3) 61(3) 48(3) - 36(3) - 6(3) -5(3) -1(2)
c(4) 40(2) 40(3) . 36(2) 4(2) -1(2) 3(2)
c(5) 29(2) 34(2) 46(3) -2(2) 6(3) 4(2)
c(6) ©30(2) 40(3) 37(2) 8(2) -1(2) C2(2)
C(11) 30(2) 33(2) 29(2) -1(2) 2(2) . 0(2)
c(12) 41(3) 31(2) 53(3) 9(2) -3(2) 3(2)
c(13)  38(3) 44(3) - 50(3) -2(2) 11(2). 0(2)
C(14) 37(3) 48(3) 41(3) 14(2) -3(3) 1(2)
c(15) 51(3) 36(2) 44,(2) 6(3) -2(3) 2(3)
C(16) 42(2) 32(3) 44.(2) -2(2) -3(2) 3(2)
C(21) 198(8) 112(5) 53(3) -59(6) 16(4) L 6(4)
C(41) 49(3) 69(3) 58(3) 17(3)  -9(3) -4(3)
C(91) 122(5) 56(3)  51(3) - -20(4) 12(3) 9(3)
C(92) - 175(8) 84(5) 59 (4) -21(5) 9(4) 7(4)
C(93) 441(18) 88(6) 50(4) -29(9) 32(8) 0(4)

C(94) 93(4)  63(3) . 50(3) 6(3) 6(3) -11(3)

The anisotfopic displacement exponent takes the form:

2,2 .2
=2n" (h"a* U11 + e + thafb*Ulz)
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Table 5. H-Atom coordinates (x104) and isotropic

displacement coefficients (A2x103)

X .y z U
H(14) 10720 6197 5739 102
H(1B) 9202 - 5815 5973 - 396
H(1C) 10483 5357 6468 118
H(24) 11228 _ 4272 5357 141
H(3A) 8929 5151 4549 88 - ’
H(3B) 10452 5517 4369. 35
H(4A) 9357 3346 4006 70
H(5A) 10105 ' 5100 2924 20
. H(124) 7031 3436 - 3313 56
H(134) 4762 4140 3310 62
H(15a) . 6238 7367 2887 53
H(1l6A) = 8520 6627 2865 47
H(21A) 9454 -2899. 5352 ' 117
H(21B) . 9736 3371 6222 113
H(21C) 8455 3828 5727 234
H(414) 11757 3149 4289 ' 104
H(41B) 11482 2888 3376 97
H(41C) 12081 4093 3638 93
H(91A) 10946 5452 1634 79
H(91B) 9347 5673 1529 137
H(924) 11192 5267 ‘ . 343 262
H(92B) 9647 5661 235 191
H(934) 9060 3985 - -39 354
H(93B) 10630 3656 -91 226
H(944) 8839 - 2820 ' 925 137

H(94B) 10457 2633 954 110




