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B3 5512w 8] Imamotot= alkyldimethylphosphine
bomne_gj;_ -‘?—H z&s}g—ﬂ 1.2-bis(alkylmethytphosphine)
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Pietrusiewic %ﬂ%}/‘é vinylphosphine oxidel|
R,Culi =2 alkylamine HMg-A17 Rrlahge]] ojst
388X alkylmethylphenylphosphine oxide’#} (2-ami-
noalkyl)phosphine oxide?] =SS skt =
&, 3st84) vinylphosphine oxideZ [4+2]cycloaddi-
tiondh-§-2} dienophile® butadiene®} WH§-A1A 3EH3
“} cyclohexytmethylphenylphosphinc oxide® €%1.2

™ ? achiral diarylvinylphosphineS paliadium complex
9} 2H-8-A1A ADR-§- P-chiral diphosphine palladium
complexE- 433}t Hyness F8HA rerr-butyl-
phenylphosphine oxides] allyl bromideS LDA%} ®}:
A7 BEHEA allyl-rerr-butytphenylphosphine oxide?}
FAdglS ¥ 13193 T1° Denlst vinylmagnesium bromide
$} lithium acetylide® P-chloroaminophosphine®} H}-&
AlA achiral aminovinylphosphineS 92 £ 7hpis
o 9]&fl achiral vinylphosphine oxided &4 sledvt’
Beletskaya= palladium £9}-& o] -83}e] dimethylpho-
sphinc} alkeny! halide®] T2} #x]g ¥h-2 2 uchiral
diphenylvinylphosphines- ¥Hd 3} et

H. %= achiral PP-dimethylarylphosphine(1)°.2
H#E] P-chiral vinylphosphine borane 3-& Al &t
Z&Ale] F7bg-, [4+2]cycloaddition HH-5-2] dieno-
phile®} 23} P-chiral phosphine borme®] FEAE
Aol ol-837] Hsle] IRME 29] o AE{shA ARt

© O, =
o = <
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=7 242 Electrothermal 910& AR&-3)8ic}. &
A 2FEHL Bruker IFS-458 o|83led 2427
£ 7153195, 'H-NMRS JEOL-EX 400(400 MHz)
o} A] chloform-d %<4 f}(CH,)Si-S internal standard
2 Mgl 715319} YP-NMR2 Bruker DPX-
3000121 MHzyg AH881 T, % eel IBM LC/9533
(Diacel Chiralpak AD column)g AR8-sted dgich
EE Aekat Sofii A 5l Axste] AMslA,
{(—)-sparteined- CaH.5 718k} SF3led o2 3leof
A Alg-slgiet,
(S5)-P42-(19,10-Dimethyhanthronyl-2-hydroxyethyi}-
P-methylphenylphosphine borane(2a). =3 #}3}
E la@dt0mg, 2.4 mmol), °1|Ei(10 mL) ¥ (-)-spar-
teine(0.58 mL, 2.5 mmol, 1.1 equiv.)g Hebdiros =
ZA1Z) 25 mL BRI EI o} 2F 7F Fol|A]
-78°CZ FA151EA sec-BuLi(Q98 mL. 4M in hexane,
L1 equiv.)ys AAF] 7)818dct. ubgoll S —78°Col| A 4-

[m Jl)l'

|t
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SAI7E AelZ F THR2mL)e] 10,10-dimethylanthrone
05g, 22mmol}E o3 cannulad o[-£3kd 7lslt
217 ¥ Ao Fdeh iFR ¥ 5% H.SO, T8
N5 mLyg 71l 7] S8 Felslal & 3& o
SmL)E 33 FE3A. NaHCO:. 9-84(5 mL)¢t
AFEGEmLE HF f7] & oA BEE F
MgSO.2 ZAZAA SuiE 713t SF3le] AR 2
of o8 20% EtOAc/Hex2# #7038l flash chroma-
tographyel| A1 WA A S 337 mg(90%) LU} mp
119~120°C; 'H NMR(CDCly) §7.92(dd, J=7.5Hz, ArH),
7.72(dd, J=8.0Hz, 1H, ArH), 742-720(m, 8 H, ArH).
4.78(s, 1 H, OH), 2.72(dd, J=15.2 Hz, | H, PCHHC), 2.50
(dd, J=14.5 Hz, PCHHC). 1.60(s, 3H, CCHs), 1.35(d.
J=8.5 Hz, PCH;). 0.16(broad, 3 H, BH;); *'P NMR(CDCl;)
84.56(d, J=46.3 Hz); IR(KBr) 3515, 3048, 2967, 2930,
2265, 1478, 1319, 1128, 1131, 145,977, 753, 637 cm™'; 7}
2% HPLC(F% 10 mL/min, 10% IPA/hexane, t 11.86,
15.56 min.eilA &8 A 98% eeE HHA}.
($)-P-[2-(10,10-Dimethyl)anthronyl-2-hydroxyethyl]-
P-methyl-2-methylphenylphosphine borane(2b). ¥
4 3RNE 1bE $19) 2a9} S wpEoE HRAI7)
F 7k AL 0% EOAc/Hex2 2 H7N3 flash chro-
matographyoll A1 A AL 304 mg(75%) L%,
mp 126-128°C; 'H-NMR(CDCly) 87.63(dd, J=7.2
Hz. 1H, ArH), 7.62-7.53(m, 3H, ArH), 7.51-743 (m,
1 H, ArH), 7.35-721(m, 4H. ArH), 7.15-7.1Xs, 2 H,
AtH), 7.01-695(m, 1H, ArH), 4.80(s, 1 H, OH),
2.78(dd, J=15.3 Hz, PCHHC), 24%dd, J=15.1 Hz,
PCHHC), 2.40(s, 3H, ArCH;), 1.65(s, 3H, CCHa),
1.64(s, 3H, CCH:), 143(d, }=9.4Hz, PCH;), (.17
(broad, 3 H, BH;); *' P-NMR(CDCl;) 83.84(d, J=56.4 Hz),
IR(KBr) 3514, 3057, 2951, 2914, 2375, 2319, 1476, 442,
1383, 1296, 1131, 1043, 1038, 978, 755, 641 cm '; V&
HPLC(f#% 10mL/min, 15% IPA/hexane, tx 14.52,
18.54 min. oA &8} A3 95% eeF HiH
(S)-P-[2-(10,10-Dimethyl)anthronyl-2-hydroxyethyl]-
P-methyl-2,6-dimethylphenyphosphine  borane(2c). £
23 3 1cE 99 2as} 2L WpH2E Mg
F 7] 48 20% EtOAcCHex2E %73t flash chro-
matographyoll ] A A -2 347 mg(80%) B
mp 171-174°C; 'H NMR(CDCly) 87.82(dd. J=7.5
Hz, 1H, ArH), 740-7.14m. 4H, ArH), 7.2(t, 1H,

ArH), 69(1, J=7.6Hz, ArH), 6 4m. 2H, ArH), 441
{s, 1H, OH), 3.72(s. 6H, 20CH;), 2.85(dd. J=15
Hz, PCHHC), 2.54(dd, J=15.3 Hz, PCHHC), 1,63(m,
3 H, CCH-), 1.55(s, 3 H, CCH-), 1.35(broad, 3 H, BH.);
P NMR(CDCI;) 82.53(d, J=52.1 Hz); IR(KBr) 3495,
3067, 3028, 2943, 2839, 2411, 2361, 1582, 1466, 1423,
1288, 1184, 1103, 984, 945, 756, 590 cm™'; F|&&
HPLC(-% 10 mL/min, 20% IPA/hexane, tx 13.75,
16.25 min)ell Al FA8F A3} 98% eeF B+
(R)-P-(2-Methylene-10,10-dimethylanthrenyl)-P-me-
thylphenylphosphine borane(3a). 3}3¥E- 2a(375 mg,
1.0 mmol)s} olE}(10 mLyE FetEEoz 7z
25 mlL FEeki3d]| Wil 428k bipyridines: 71 o
2 78°CE FA3HA n-BuLi(0.625 mL 1.6M in
hexane, 1.1 equivys HA3F] 7isle] | xaino=
W3sl7] AA7A] 7leka 10 B2 o Ae] Fgiot o]
uhg- oo THF(2 mL)l =4l 4-biphenylcarbonyl
chloride(0.28 g, 1.1 mmol)}& cannulag ¢]-&3}e]
718t ¥ A7 AT, el E AlASKAS. FAAA
ol CH.CL(5 mL)$t 76 mLyE 7kt f71 2
2 $URT 4 B CHOLQ mLE 33 3530
ggaladeh. MgSO.2 AZAANI, silica gel2 A91%l
2 column 2 78t F o8 7Y AlA e o
2 Ak A& 20% EOAcHex2-2 A7l flash
chromatographysl Al 48] TAE 302 mg@85%) &
vt mp 126-129°C; 'H NMR(CDCl) 87.7-7.6(m.
4 H, ArH), 7.5(d, J=7 Hz, 1 H, ArH), 7.2-7.12(m, 4 H,
ArH), 7.1(t, J=7 He, 1 H, ArH), 6.90(t, J=7 Hz, 1 H,
ArH), 6.10(d. J=2.1 Hz, 1 H, PCH=C), 1.61(s, 3 H,
CCHs), 1.54(d, J=9.5 Hz, 3, H, PCH,), 1.52(s, 2 H,
CCHa), 0.89(broad, 3 H, BH,); *'P NMR(CDCl:) 86.39
(d, J=49.3 Hz); IR(KBr) 3062, 2979, 2953, 2386, 2333,
2249, 1589, 1465, 1405, 1365, 1294, 1109, 1061, 912,
767, 710, 692 cm ',
(R)-P-(2-Methylene-10,10-dimethylanthrenyl)-P-me-
thyl-2-methylphenylphosphine borane(3b). 33-% 2b
S 919 3as) S HpEoR WA F A AL
10% EtOAc/Hex2 2 Z7)&} flash chromatogtaphyel]
A WAe] TS 278 mg(75%) LT mp 108-
109°C; 'TH NMR(CDCly) 87.70-7.50(m, 4H, ArH),
7.32-7.15(m, 8H, ArH), 6.11(d. J=9.5Hz, I|H,
PCH=C), 2.52(s, 3H, ArCH;), 1.75(s, 3H, CCHa),
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1.53¢s. 3H, CCH,), 1.46(d, J=10Hz, PCH;), 093
(broad, 3H, BH:); *'P NMR(CDCL) 34.61(d, J=
47.3 Hz); IR(KBr) 3057, 2965, 2958, 2386, 2331, 2249,
1586, 1469, 1362, 1297, 1149, 1106, 977,761, 749, 572
cm™.
(R)-P-(2-Methylene-10,10-dimethylanthrenyl)-P-me-
thyl-2,6-dimethylphenylphosphine borane(3c). 23t
- 91e] 3a9) S uhg oz HRZAIR F Aled
H-g 10% EtOAcHex 2.2 703t flash chromatogra-
phyoll ] wi8e] TAZE 212 mg(55%) At mp
168-169°C; 'H NMR(CDCLy) 87.75(dd, J=7.5Hz, 1
H, ArH). 7.63(dd. J=7.5Hz, ArH), 7.59(dd, 1H.
ArH), 7.12-7.05(m, 4H, ArH), 7.0, H. ArH), 6.73
(t, 1H, ArH), 6.32(m, 2H, AcH). 6.13(d, J=4.5
Hz, 1H. PCH=C), 382(s. 6H, OCH,, 163(s. 3 H,
CCH,), 1.61(s. 3H. CCH,), 1.27(broad, 3H, BH,)
P NMR(CDCL) 8249(d, J=25.1Hz); IR(KBr) 3065,
3029, 2987, 2983, 2943, 2846, 1602, 1569, 1467,
1245, 927, 784, 715, 573 cm™.

Wi g

B3k 20) YL olzE
10,10-dimethylanthrone-&-

7% steld SR 15

sec-BuLi/(-)-sparteine - A

Tuble 1. Enantioselective deprotonation of phosphine boranes
(1) and esterification-climination of phosphine borane alco-

holb(z)
Q. ag
H:

*mz Hy s e

» . p HO b ’
Af’l\CH AT Arl "'/l

cn, o CH, cny O

1
(a) i) sec-BuLi, 78°C C. 4-6, 11) . THF, 3h. -78°C

(b} Y n-BuLi. ELO, -78°C, 10 min, bipyridine, i) Cj{-"_?,
THE 10 min, iii) . 3-4h

Compound(2}  Compound(3)
Substrate -
) Ar yield* e¢®  Yield mp
’ % o Yo ‘C
a CH: 90 98 85  126-129
b 2-(CHyCH, 75 95 75 108-109
¢ 26(CH:O)CeH: 80 98 35 167-168

“Isolated yield. *After recrystallization
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Table 2. Acid-calalyzed dehydration of phosphine borane alco-
hols (2)

$H3 y + ?Hs ) ‘

A B, CHCL 3hon P
HsC THO 5”3 )
2 3
Compound(3)
Compound(2) Ar ey
Yield* %
a CoHs 40
2-(CH3)C.H. 45
2,6-(CH;05CH;, 25

Isolated yield

43le] T78°Col A HbEAIA FE TEF) 95-98% ee
£ s 295 A9 B3 29 ek
F dolal 3E 49| AAUREC2 IFHE 35 YA
Bzl sk ot whE A ARE °#A1E‘r(fable
1. 3X). 33E 39 7E= 'H NMR3 P NMR
2 #elzledch %, 'H NMRY) 86.10-6.17 ppmetial
PCH=CS] | 708 47}, P NMR@ $52.49-6.38
ppm oA gl(Pyel debgde}, olel ke Aale ukg
Zofl A FHE ot ol ExFdE el
oM AAAERgo| Yol ol 2E1Z A ARl 213
H 7oz FAH A3HE 228 FelsiA] g3 oﬂ*
B 3A AR AJAHE 2434 3 3a7t 0% &
£2 doF T, BjHE 29 @ibeg A &) GM
A ZARE A3 IE 39] PR 45-25%2 oA
= g AqA (Table 2. a}_L)_ iﬁ{% 2Z8e] 2
FE IS A2 e e IRE 4% B S
E gt gl 93 AR o 2B E gL A
= 7o) F2 Uhsle Woud HE 32 gAI3)
T o E uys) S3EA) 9 ool Tsjedi=
T Foll et

S

H45

ol 2 B H
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