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Abstract: The use of borane-derived protecting groups for aldehydes containing pyridine and phosphine
functionalities allows the performance of highly enantioselective additions of functionalized diorganozincs

leading to polyfunctional chiral hydroxy-pyridines and -phosphines with excellent enantioselectivity. © 1998
Elsevier Science Ltd. All rights reserved.
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Recently, we have show ialized diorganozincs ((FG-R);Zn; 1)
aliphatic and aromatic aldehydes in the presence of Ti(OR), and the chiral catalyst (1R,2R)-bis(trifluoro-
methanesulfonamido)cyclohexane? 2 leading to polyfunctional secondary alcohols 3 with high enantio-
selectivity (Scheme 1).3 Although many oxygen-containing functionalities like esters and ethers are well
tolerated in this reaction, the presence of nitrogen-functionalities either in the zinc reagent or in the aldehyde
leads to considerable loss of reactivity and enantioselectivity. This is a result of the strong coordinating ability
of amino functions to the titanium metal center which deactivates the chiral catalyst and favours non-

asymmetric addition pathways.
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Herein, we wish to report a new protective group strategy allowing the highly enantioselective addition to
pyridyl aldehydes and phosphinyl substituted aldehydes. It had been shown that the complexation of a pyridyl

nitrogen atom with boron derivatives modifies considerably the chemical reactivity of the heterocycle allowing

improves their stability towards oxidation and great]y facmtates the purification of polyfunctional
trialkyiphosphines.b We have envisioned that the compiexation of pyridyl- or quinolyi-aldehydes with BEi3,
such as 4, and the use of borane protected phosphiny{ aldehydes, like 5, will allow the asymmetric addition
of diorganozincs without the interference of the basic nitrogen or phosphorus functionality. Below we report

the successful results obtained with this strategy.
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Results and Discussion

The preparation of chiral pyridyl alcohols is especially important due to the use of these compounds for the
synthesis of chiral ligands.” Until now, they were usually prepared by the asymmetric reduction of the
corresponding ketone® or by kinetic resolutions using lipase.® The catalytic addition of diorganozincs to
pyridyl aldehydes was performed previously using stoichiometric quantities of catalyst or in connection with

autocatalytic reactions.!0 Prelimary results in the addition of Pent;Zn to 3-pyridinecarboxaldehyde 6 in the
1 7 vy h sG] 1 I~ =7 1o £A OF. - .
resence of catalytic amounts of 2 (15 mol%) led to the formation of the pyridy! alcohol 7

o

T -~

Y% ee. However, the treatment of 6 wit
which now reacted with Pent;Zn under the above conditions providing after aqueous work-up the alcohol 7a
in 83 % yield and 88 % ee (Scheme 2). This reaction has some generality and provides general access to
pyridy! alcohols 7a-f in 54-96 % yield and 69-93 % ee (entries 1-6, Table 1). Interestingly, functionalized
diorganozincs like Zn((CH3)40Piv); and Zn((CH;)sOPiv), give the corresponding pyridyl alcohol in
satisfactory yield and excellent enantioselectivity. The corresponding 4-pyridinecarboxaldehyde-BEt;
complex 9 undergoes the addition of diorganozincs with lower yields (35-88 %) and slightly reduced

enantioselectivity (66-91 % ee; see entries 7-11 of Table 1).
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Scheme 2
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Table 1. PVlldV] alcohols 7a-k obtained by the enantioselective addition of dio organozings to the
complex of 3- pyndmecarboxaldehyde 8 and 4- -pyridinecarboxaldehyde 9.
Entry Aldehyde (FG-R)3Zn Product of Yieidd eel
(FG-R) type 7 (%) (%)
CHO OH
Z Xy~ "R!
v ®8
BEt, ‘N”
1 Pent 7a: R1=Pent 83 88
2 Et 7b: RI=Et 96 92
3 Bu 7c: R1=Bu 86 84
4 Oct 7d: R1=0ct 90 69
5 (CH)4OPiv | 7e: R!=(CH,)4OPiv 61 91
6 (CH»)sOPiv | 7f: R1=(CH;)sOPiv 54 93
/\‘/CHO HO\/ R2
1]
L N (J\l
3
|
\, Z
N
7 Et 7g: R2=Et 61 91
8 Pent 7h: R2=Pent 88 76
9 Oct 7i: R2=0ct 35 66
10 (CH»2)4OPiv | 7j: R2=(CH,)4OPiv 46 85
1 (CH3)sOPiv | 7k: R?=(CH»)sOPiv 42 88
4solated yields of analytically pure products. OThe enantiomeric excess was determined by

t
v J
)-O-acetylmandelic acid.

In the case of 2-pyridinecarboxaldehyde-BEt; complex no addition reaction was observed due to the steric
hindrance resulting of the complexation with BEt3. In order to extend the method to related heterocycles we
have examined the addition of diorganozincs to 4-quinolinecarboxaldehyde 10 and 4-isoguinoline-
ca_rhnx_aldehvde i

orresno _ndmo borane com

11 as well as to the ¢ Spo n

nlexes res
plexes res

The lmportanu: of the steric hindrance at the sp2-hybridized
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nitrogen center explains the results. Thus, the
Pent;Zn with good yields and 72-81 % ee

Surpnsmgly, the use of the corresponding BEt; compiex 12 ied to disappointing yields and enantio-
selectivities. This may be explained by the lower stability of the BEt; adduct due to the steric repulsion

between the BEt3 and the hydrogen at position 8 (see 12).
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Table 2. Quinolyl- and isoquinolyl-alcohols 14a-d obtained by the enantioselective addition of
diorganozincs to the aldehydes 10-13.

Entry Aldehyde (FG-R);Zn Product of Yieldd ecb
{FG-R) type i4 (%) {%)
CHO HO R
1 N
M M
(A )
N NN
1 10 Et 14a: R =Et 71 72
2 i0 Pent i4b: R = Pent 64 Bi
CHO
Y
7YY
SN A
!"u'
BEt,
2 12 Et 14a3: R = Bt 33 66
4 12 Pent 14b: R = Pent 23 25
CHO HOW R
| N
L _n M7 )
NSNS 4 = —
5 11 Et 14¢c: R = Et 71 0
6 ii Pent id4d: R = Pent 44 O
CHO
e *\
(7
WN\RFL\
= "a
7 13 Et 14¢: R = Et 50 93
8 13 Pent 14d: R = Pent 86 92

a[solated yields of analytically pure products. PThe enantiomeric excess was determined by
derivatisation with (8)-(+)-O-acetyimandeiic acid.

The presence of free BEi; has also been suppoited by the formation of a substantial amount of cthylated
product ida during the addition of Pent;Zn to the quinoiine-BEt; complex 12 (ratio i4a:14b = 1.8:1)

Thus, the reaction of BEt; with Pent;Zn leads to an equilibration resulting in the formation of mixed
trialkylboranes and mixed dialkylzincs, explaining the low yields and moderate enantioselectivity. On the
other hand, the isoquinolinecarboxaldehyde 11 behaves as expected. Its reaction with Et;Zn or Pent,Zn
under standard conditions produces the addition product in 44-71 % in racemic form. By using the

corresponding BEt; complex 13, satisfactory yields and enantioselectivities over 92 % ee were obtained
chnis i tha atilitey ~f tha nratanting arann ctratacvy
SHUWILE WG Lty I UL PIVIGLLLLE Z1UUP Sualtvyg
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Like the nitrogen atom of amines. the nhosnhorus center of nhosnhines ig stronelv hacic and hamnere the
o £ WAy MRSV pIAANOPAAI SO WNALLVE UL pPRAVO rll)llvu a5 U\»lvllbl] CiaJiv iias ll“lllt’vlt’ AW
enantioselective addition of dioreganozines to aldehvdes. v-Hvdroxvohosnhines of tvne 18 are imnortant
bul N EsRARNT LV A U\/ll] LR A ‘ &LJ ULUI\JHAIUQPIIIII\I’ AV 2 SN 9 P\/ A aAiv llllwlwlll

precursors for the preparation of chiral phosphines. We have decided to investigate the reaction of the
protecied phosphinyl aidehyde 5 with diorganozincs in the presence of the catalyst 2 (Scheme 3 and Table 3).
The enantioselectivity of the addition reaction was surprisingly high and polyfunctional hydroxyphosphines
like 15¢ and 15d were obtained in over 94 % ee (see entries 3 and 4 of Table 3). The preparation of the
starting aldehyde § was achieved in two steps using the reaction of the lithiated 3-chloropropanol 16 with
PhyPLi-BHj3 providing the alcohol 17 in 65 % yield. Swern oxidation of 17 provides the aldehyde 5 in 66 %
yield (Scheme 3).

BH O (FG-R)aZI‘! Nt OH
3 ‘ b3
Ph Fl,./\v/U\.H Ti(Oi-Pr), | A~

2 2 (8 mol%) Ph,P R-FG

5 "35 OC tO "20 DC, 14 h lsa_d . 56 _ 83 %
90 - 95 %ee
Ph,PLi " BH, ?HB Swern ?'13\)]\
c” "0l TaE 3n ~ PhP” 7 TOH Ph,P H
16 20°Ctort 17: 65 % 5:66%

Scheme 3

Table 3. Preparation of the y-hydroxyphosphine-BH3 complexes 15a-d by the addition of
diorganozincs to the aldehyde 5.

Fntry (F(I_R\-7n Dradnet af funa 18 Vialda anb
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- T N AT BH._ QH - o
3 (LUHp)40LF1V T3 ol 95
I Y N\ 154
Fhior J 10¢C
PivO
4 STT N A RBRH., QH cr
4 (CHp)5OAC ] J0 94
ne .L/\v v/\ISd
L 11
AcO

aTsolated yields of analytically pure products. PThe enantiomeric excess was determined by
derivatisation with (§)-(+)-O-acetylmandelic acid.
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Conclusion
In ecnmmarv we have chawn that the uce of haranec ag nratecting orounce allowe the addition of varinoug
AIE DOUIrMINIRCAE 9 VYW LI VW JS1IUVVIE RIIGL LIV MOWw VI UViGLIvo GO !Jl.Ul\t\Jllll& 61Uut}d QIIV YW O Uiv QULILIVIL Vi YRLiIVWY
PO} b smzrai At mnadenernl At dan arm A walntad hatamnncinlan o 1ral)l Aac fa e aade bt T AT e B oL e
UlUYnglUL 510 Py[ luylLdlUU)\d.lUﬁuyutb alll 1C1alcd 11CICl Lyl..ll:b wCll LU HIC pHOSpHIYIdldenyuc 5 willl

good to excellent enantioselectivities. The role of the added borane is to neutralize the complexation ability of
the basic nitrogen or phosphorus centers. Extension of these methods to aminoaldehydes is currently

underway in our laboratory.

Experimental

General considerations

AN reactinne with aroanametallic reacente were carried out under areon. Solvents (toluene athar) wara dried
423h LWV LIVILD VY i Ulsull\llll\lhulll\/ l\lubvllta FY WA W WAL LIV UL Uliuvil ul&ull. UL VY LIVO \lvluwllv’ Vul\/‘, YWiv AUl v

and freshly distilled from sodium/benzophenone. CH,Cl; and DMF were freshly distilled over CaH,.
Reactions were monitored by gas-liquid-phase chromatography (GC) and thin-layer chromatography (TLC)
analy31s of hydrolyzed ahquots 'H- and '3C-NMR bpectra were recorded on Bruker ARX 200 and AC 300.

AO1 1 NTe o1

lK-SpeC[ra were recorded on Perkin-Eimer 281 and Nicolet 511. Upucal rotations were measured with Perkin-
Flmer 241 Mace enectra were recorded on Varian MAT CH 7 A Flemental analvecec were nerfaormed hy the

LAIKIVE LT 1. IVAGIS SPALLIG yWLIL ICLUIULU Uil ¥ GIRGIE IVAZ3 R WXk 7 43, BAUEHUHILGL GIIGI Yy OUS yWilL PUriViiiey Uy ine

Microanalytical Service Laboratory of the Fachbereich Chemie (Marburg).

Starting materials

Ti(Oi-Pr)4 was distilled before use. The following starting materials were prepared according to literature
nracedureg: Rllf\?“ll Pont-7Znll (R RY.1 2.hi s(triflucromethanesu Lvnnmnln\r‘\lr-]nhnvqnnZd The alkyl

PivevUuiLvs., asujia LWL PR ADY A% A P - ulo\ujxx orometnanesu HallluVv L yviviivAallv A1iv ainy!:

iodides required for the preparation of the corresponding dialkylzincs were prepared by standard methods: 4-
iodobutyl pivalate!?, 5-iodopentyl pivalate!2, 5-iodopentyl acetate!2.

Isoquinoline-4-carboxaidehyde 11

n_Rutullithinm (14 N mI Aafa 1 A2 M enlntinn in havana) wac nl nr‘ ;n a 'l\rnu_,_nnn]rnr] flagl nnn"-\nazl \uGﬂr\
lb Uu\,j uxuuuux L7V LI, UL A 1,770 AVE DULULIUILR B ll\.»l\ull\-'} wao i 11l Ullivww Ivenuvu llabh’ \lul P\au 1L
an argon inlet, a low-temperature thermometer, a magnetic stimng bar and a rubber septum. The solution was
concentrated to ca. 2 mL in vacuo. The remaining viscous solution was diluted with THF/ether (90 mL; 1:1)

and cooled to -70 °C. A solution of 4-bromoisoquinoline (2.08 g, 10 mmol) in THF (2 mL) was slowly added

and stirred for further 15 min. A red SllSpCHSlOH was obtained to which a precoolecl ( /0 ”L) solution of DMF

(7.7. mLY in THF (15 mL) was added Aftar ctirring for furthar 10 m tha mivinra wao ananchad th
U/ Mg i and (iJ My Was agaea. ALer Suifing 100 turuicl 1v min tne mixture was quencnea with

ethanol (10 mL) and warmed to 20 °C. After adding sat. aq. NH4Cl the product was extracted with ether and
dried over MgSOy4. After removal of the solvents the crude product was recrystallized from ethanol. After
filtration and drying in vacuo the product was obtained in 65 % yield (1.02 g). M.p. 96 °C; IR (neat)‘ 1687
(s), 1490, (s), 1080 (s), 895 (s); IH-NMR (CDCl3, 300 MHz): 6 = 10.32 (s, 1 H), 9.36 (s, 1 H), 9.12 (d, J

17> THY QQA (e 1THY QMN/A T=QHH> 1\ 74 (m 1 I\ TAA (v 1 IV 130 NMD (Y1, T8
T 12 0Z, 1 11), 0.60\S, 1 11), 0.uU\G,s =0 10Z, 1 ni), /.05 U, 1 11), /.00 (I, & 11j; "“C-INIVIR (LUeis, /D

MHz): & = 192.4, 157.8, 152.5, 133.1, 131.9, 128.0, 127.9, 124.4, 124.1; MS (ED): m/z 157 (100, M*),
128 (83), 102 (26), 77 (14), 75 (15), 51 (18); C1oH7NO (157.17); caled C 76.41, H 449, N 8.91; found C
76.55, H 4.63, N 8.68.

( 3- 11yur"()x_y‘pFt)ﬁ_‘yt/uipucn_yL[/ru’}'S;')uinc -borane compaex 1713

To a solution of diphenylchlorophosphine (8.70 g, 39.4 mmol) in THF (20 mL) was added borane-dimethyl-
sulfide complex (3.15 g, 39.4 mmol) at O °C. The reaction mixture was stirred at room temperature for 2 h.
Then it was cooled and dropwise added with vigorous stirring to a solution of lithium naphthalenide (prepared
from lithium (0.56 g, 80.7 mmol) and naphthalene (10.3 g, 80.0 mmol) in THF (40 mL)) carefully
monitoring the reaction temperature, which should not exceed -50 °C. The resulting dark red reaction mixture
was stirred for 10 min at -50 °C and then added slowly to a suspension of lithium 3-chloropropan-1-ol in THF
(20 mL) at -20 °C. The resulting yellow solution was stirred at 0 °C for | h and then further 2 h at 20 °C. The
solvents were removed under reduced pressure. To the residue were added ether (100 mL) and sat. aq.
NH4C1 The aqueous layer was extracted several times with ether and the combined organic phase was
Wasneﬂ Wl[n Drlne ana Grlea over lVlgDU4 I—\I[el' m[rauon dl'l(.l CV&pOr&thﬁ 01 LI]C bUlVLlllb I.[l(. fC‘;lUuL was
purified by flash chromatography using mixtures of hexane and ether (1:3) yielding phosphinoalcohol 17 as a

clear viscous sirup (6.59 g, 65 %). IR (neat): 3380 (br), 2940 (m), 2370 (s), 1440 (s), 1060 (s), 740 (s), 700
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(s); '"H-NMR (CDCl3, 300 MHz): & = 7.72 - 7.28 (m, 10 H), 3.56 (m, 2 H), 2.83 (s, 1 H), 2.37 - 2.20 (m,
2 H), 1.80 - 1.61 (m, 2 H), 1.60 - 0.40 (m, 3 H); 13C-NMR (CDCl3, 75 MHz): 6 = 131.8 (d, J = 9.1 Hz),
130.9 (d J=2.2Hz), 129.0 (d, J =554 Hz), 128.6 (d, J = 9.9 Hz), 62.2 (d, J = 149 Hz), 25.8, 21.7 (d,
J =38.5 Hz); MS (El): m/z 257 (5), 244 (38), 199 (100), 183 (27), 108 (22), 91 (21), 36 (21); C;5HoBOP
(258.09); calcd C 69.80; H 7.81; found C 69.61; H 7.90.

(3-Oxopropyl)diphenylphosphine-borane complex 513,14

This phosphinylaldehyde was prcpdl‘ed from hydroxyphoqphine 17 by a conventional Swern oxidation using
oxalyl chloride. Yield: 66 %. IR (neat): 2920 (w), 2840 (w), 2740 (w), 2380 (s), 1740 (s), 1490 (s), 1110
(s), 1060 (s), 740 (s), 690 (s); TH-NMR (CDCls, 300 MHz): 8=9.72 (d, / = 2.7 Hz, 1 H), 7.72 - 7.47 (m,
10 H), 2.76 - 2.64 (m, 2 H), 2.56 - 2.47 (m, 2 H), 1.95 - 0.40 (m, 3 H); 13C-NMR (CDCls, 75 MHz): 6 =
l992(d J=13.7Hz), 132.0(d, J =9.2 Hz), 131.4 (d, J =2.3 Hz), 128.9 (d, J = 10.1 Hz), 128.6 (d, J =
37.4,17.8 (d, J = 39.9 Hz); MS (EI) m/z 256 (2), 255 (8) 242 (42), 199 (18), 186 (100), 183

I Y- &

(73), C15H18DUP (256.07); calcd C 70.35; H 7.08; found C 70.32; H 7.12.

General Procedure 1 for the Preparation of Functionalized Dialkylzinc Compounds via lodine-Zinc-Exchange
Reaction?d

A 100 mL two-necked flask with argon inlet, a magnetic stirring bar, a dropping funnel and a septum cap was
charged with an iodoalkane (50 mmol) and Cul (29 mg, 0.3 mol %). Et;Zn (7.7 mL, 75 mmol, 1.5 equiv)
was transferred via cannula to the dropping funnel and was dropwise added to the iodoalkane at 25 °C. The
reaction mixture was heated to 50-75 °C for several hours. The conversion of the iodoalkane was checked by
gas chromatographical analysis (GC) of hydrolyzed and iodolyzed aliquots. Finally, the reaction flask was
connected to a short-path distillation apparatus and the formed EtI and excess Et,Zn were condensed off in
vacuo (0.1 Torr, 55 °C). Two cooling traps cooled with liquid nitrogen were connected before the vacuum
pump. After 2 h, decane (1.5 mL) was added and the evaporation was pursued for 0.5 h. This coevaporation
procedure was repeated three times. The resulting dialkylzinc reagent was dissolved in ether (10 mL) and was
ready to use. The distilled Et,Zn collected in cooling traps was quenched by addition of mixtures of
hexanes/acetone and then warmed up to 20 °C.

(FG-R)3Zn from FG-RI Temperature (°C) Reaction time
FG-R for preparation
Gt 75 18
PivO(CH,)4 55 16
PivO(CH,)s 55 16
AcO(CHy)s 50 14

General Procedure 2 for the Protection of Pyridyl-, Quinoyl— and Is mquinoylheteroammatics with BEt3

A 10 mL flask with an argon inlet, a magnetic stirring bar and a septum cap was charged with the aldehyde
and cooled to 0 °C. Solids, like quinoline- and isoquinoline-4-carbaldehydes, were suspended in ether (1
mL). BEt; (1 equiv) was added and the mixture allowed to warm to 20 °C. After stirring for 15 min the

resulting complexes were diluted with small amounts of ether (ca. 1 mL) and were ready to use.

General Procedure 3 for the Asymmetric Addition of Functionalized Dialkyizincs to Protected Pyridyl-,
Quinoyl- and Isoquinoylcarbaldehyde

A 100 mL two-necked flask with an argon inlet and a septum cap was charged with ether (4 mL), Ti(Oi-Pr)4
(1.5 mL, 5 mmol, 2.0 equiv) and (R,R)-1,2-bis(trifluoromethanesulfonamido)cyclohexane (165 mg, 8 mol
%). After cooling to -20 °C, a solution of the functionalized dialkylzinc (1.5-2.7 equiv) was slowly added.
The mixture was stirred for 0.5 h and the protected aldehyde 8 (5.0 mmol) was added. The reaction mixture
was stirred at -20 °C for 16 h. It was diluted with ether and quenched with a mixture of sat. aq. NH4Cl and 10
% aq. HCl leading to a clear solution. The aqueous layer was extracted with ether (3 x 30 mL). The combined
organic layer was washed with 2N NaOH in order to remove the catalyst and was dried (MgSOy). After
filtration and evaporation of the solvents, the residual oil was purified by flash chromatography
(hexanes/ether) affording pure heteroaromatic alcohols. The enantiomeric excess was determined with 1H-
NMR on the corresponding O-acetylmandelic ester prepared using (S)-(+)-O-acetylmandelic acid and DCC
according to Parker's method.!¢
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General Procedure 4 for the Asymmetric Addition of Functionalized Dialkylzincs to (3-Oxo-
propyl)diphenylphosphine-borane complex §

A 25 mL three-necked flask equipped with an argon inlet, a thermometer and a septum cap was charged with
ether (1.5 mL), Ti(Oi-Pr)4 (445 mg, 1.6 mmol, 1 equiv), (R,R)-1,2- bis(trifluoromethanesulfonamido)-
cyclohexane (48 mg, 0.1 mmol, 8 mol%). The reaction mixture was stirred for 30 min at 30 °C and then
cooled to 60 °C. A solunon of the functionalized dialkylzinc (2.0 - 2.5 equiv) was slowly added and the
yellow solution was stirred for 10 min. After warming to - 20 °C, the aldehyde 5§ (400 mg, 1.6 mmol)
dissolved in ether (1 mL) was rapidiy added. The reaction mixture was stirred for 14 h. TLC analysis of a
hydrolyzed aliquot indicated the completion of the reaction. The reaction mixture was quenched with sat. aq.
NHCI and diluted with ether (50 mL). The aqueous layer was extracted with ether (4 x 50 mL).The

(Y, gouds 14y al.tCid

combmed organic layers were washed with brine and dried (MgSO4) After filtration and evaporation of the
solvents, the residual yellowish oil was purified by flash chromatography (hexanes/ether) leading to pure
phosphinylaicohols. The enantiomeric excess was determined with 'H-NMR of the corresponding O-
acetylmandelic ester prepared using (§)-(+)-O-acetylmandelic acid and DCC according to Parker's method.!6
The absolute configurations of the alcohols were assigned tentatively according to Trost's method. 17

(S)-1-(37-Pyridyl)-hexanol Ta

Pyridyl-3-carbaidehyde (0.5 mL, 5.0 mmol) was first protected with BEt3 (0.75 mL, 5.0 mmol, 1 equiv)
following procedure 1 and then treated with Pent,Zn (2.0 equiv) following procedure 2 yielding alcohol 7a
(0.67 g, 83 %, 88 %ee) after flash chromatographical purification (EtOAc/CH,Cl; 2:1; sz 0.17); rrﬂn20 =

-34 9 (c =2. 2 CHClg) IR (neat): 3240 (m) 2918 (s) 2855 (s), 1574 (m), 1460 (m), 1432 (m), 1H-NMR
(CDCl3, 300 MHz): 6 = 8.83 (m, 1 H), 8.28 (m, 1 H), 7.64 (m, 1 H), 7.17 (m, 1 H), 4.60 (t, J = 6.4 Hz, 1
H), 4.46 (s, 1 H), 1.79 - 1.55 (m, 2 H), 1.40 - 1.21 (m, 6 H), 0.80 (t, J = 6.8 Hz, 3 H); 13C-NMR (CDCl;,
75 MHz): 6 = 148.0, 147.5, 140.9, 133.9, 123.5, 71.7, 39.0, 31.6, 25.3, 22.5, 13.9; MS (ED): m/z 179 (5,
M+), 108 (100), 80 (12), 53 (6); Cy;H;+NO (179.26); caled C 73.69, H 9.56, N 7.86; found C 73.50, H
9.60, N 7. 87.

(S)-1-(3"-Pyridyl)-propanol Tb
Pyridyl-3-carbaldehyde (0.5 mL, 5.0 mmol) was first protected with BEt3 (0.75 mL, 5.0 mmol, 1 equiv)

following procedure I and then treated with Et;7n (1.5 emllv\ follnwmo procedure 2 yielding alcohol 7h

(0.66 g, 96 %, 92 %ee) after flash chromatographlcal punﬁcatxon (EtOAc/CH2C12 2:1; Rf—-— 0.1 1); [a]p20 =
-43.6 (¢ 9.1, CHCl); IR (neat): 3220 (m), 3070 (m), 2970 (s), 2880 (s), 1560 (w), 1460 (m), 1415 (s),
1340 (s), 1220 (m); tH-NMR (CDCls, 300 MHz): & = 8.31 (m, 1H), 8.25 (m, 1 H), 7.63 (m, 1 H), 7.15
(m, 1 H), 490 (s, 1 H), 4.51 (t, J = 6.6 Hz, 1 H), 1.68 (m, 2 H), 0.82 (t, 3 H, J = 7.41 Hz); 13C-NMR
(CDCl3, 75 MHz): 6 = 147.9, 147.4, 140.6, 133.9, 123.3, 72.8, 31.9, 9.8; MS (EIL): m/z 137 (9, M+), 108

(100), 80 (14), 53 (8). The obtained dnalytlcal data are identical with the literature.”

(S)-1-(3°-Pyridyl)-pentanol Tc

Pyridyl-3-carbaldehyde (0.5 mL, 5.0 mmol) was first protected with BEtz (0.75 ml., 5.0 mmol, 1 equiv)
following procedure I and then treated with BuyZn (2.0 equiv) following procedure 2 yielding alcohol 7¢
(0.67 g, 86 %, 84 %ee) after flash chromatographical purlflcatlon (EtOAc/CH2C12 2:1, Rf— 0. 17) [alp? =
-35.3 (c 8.8, CHCl3); IR (neat): 3380 (s), 2940 (m), 1640 (m), 1420 (m); 'H-NMR (CD(flg,, 300 MHz): 8 =
8.35 (d, 1 H, 1.5Hz), 8.28 (m, 1 H), 7.64 (m, 1 H), 7.17 (m, 1H), 4.60 (t, J = 6.1 Hz, 1 H), 4.05 (s, 1 H),
1.79 - 1.56 (m, 2 H), 1.24 (m, 4 H), 0.81 (t, J = 7.0 Hz, 3 H); 13C-NMR (CDCl3, 75 MHz): & = 184 1,

147.5, 140.8, 133.8, 132.4, 71.8, 38.8, 27.7, 22.5, 13.9; MS (EI): m/z 163 (3), 118 (11), 108 (100), 80

P71, 110 ,, U

(38), 36 (48); C10H15NO (165 23) caled C 72. 69, H9. 15 N 8.48; found C 72. 39 H9. 38, N 8. 51.

(S)-1-(3°-Pyridyl)-nonanol 7d
Pyridyl-3-carbaldehyde (0.5 mL, 5.0 mmol) was first protected with BEt3 (0.75 mL, 5.0 mmol, 1 equiv)

following procedure 1 and then treated with OctyZn (2.0 equiv) following procedure 2 yielding alcohol 7d

CeChnn/C 2 (2 gt 11 NIV e WAL Y LeLur & AN QuL U S

(1.0 g, 90 %, 69 %ee) after flash chromatographical purxﬁcatxon (EtOAc/CH2C12 2:1; Ry= 0.34); [a]p?0 =
-17.6 (c = 8. 7 CHClIl3); IR (neat): 3248 (m), 2924 (s), 2853 (s), 1740 (w), 1595 (w), 1465 (w), 1430 (w),
1336 (w); TH-NMR (CDCls, 300 MHz): 6 = 8.42 (m, 1 H), 8.38 (m, 1 H), 7.68 (m, 1 H), 7.23 (m, 1 H),
4.66 (t, J = 6.0 Hz, 1 H), 3.65 (s, 1 H), 1.84 - 1.62 (m, 2 H), 1.21 (m, 12 H), 0.84 (¢, J = 7.0 Hz, 3 H);
13C-NMR (CDCl;3, 75 MHz): d = 148.4, 147.7, 140.6, 123.5, 72.0, 39.2, 31.9, 29.5, 29.2, 25.7, 22.7,

NAVALR \ xS Rer) iYARAL) WU, 1400 Wl rhwy AT g iy Fy i
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14.1; MS (EI): m/z 221 (6), 108 (100), 80 (11); Cy14H»3NO (221.33); caled C 75.97, H 10.47, N 6.33;
found C 75.85, H 10.41, N 6.30.

(S)-5-Pivaloxy-1-(3 -pyridyl)-pentanol Te

Purmdvl_.2_carhaldahvdae (D28 mI 2 § mmal) wac firet nrotectad with REt, (N 28 mT 2 § mmanl 1 anuiy

rYNQyi-5-CardcaiGlnyae (V.oo i, 4.2 [MT0:; WaS 1St PIOCCied Wit O3 (V.06 M, £.0 MiNGy, 1 € uxv;
following procedure 1 and then treated with di(4-pivaloxybutyl)zinc (1.6 equiv) following Droced:re 2
yielding alcohol 7e (1.0 g, 61 %, 91 %ee) after flash chromatographical punflcauon (EtOAc/CH2C12 2.1, Ry
= 0.16); [a]p?0 = -21.3 (¢ = 6.7, CHCl3); IR (neat): 3245 (m), 2954 (s), 2870 (m), 1723 (s), 1580 (w),
1480 (m), 1430 (w), 1285(m), 1160 (s); 'TH-NMR (CDCl3, 300 MHz): & = 8.34 (s, 1 H), 8.27 (m, 1 H),

T3 (e 1THY 717 (m 1 HY A72(¢c 1T HY ARl (t T=SQHz 271\ 2Q4A (¢t T = A8 > 2 LI\ 174

FoJC \1lly 1 KLJy T4 7 \1kly 1 X1]y Vel 3y L 11}y, W.UL (L J — J.O 114, &L 11), J.7% \L, J — U.J 1ML, &4 11)y 1.JU ~

1.26 (m, 6 H), 1.07 (s, 9 H); 13C-NMR (CDCls, 75 MHz): 6 = 178.4, 147.9, 147.2, 140.6, 133.7, 123 .4,
71.3, 63.9, 38.5, 38.4, 28.2, 26.9, 21.8; MS (EI): m/z 265 (4, M*), 122 (18), 108 (100), 103 (16), 101
(20), 57 (39); C15H23NO3 (265.34); caled C 67.89, H 8.74, N 5.28; found C 67.71, H 8.65, N 5.48.

AV Dl\:ﬂln\r\r_ A3 n\)rl/‘]\:ll hnvn'yn )] 7f

(W e VGalUAy s (J “py e CAL
Pyridyl-3-carbaldehyde (0.5 mL, 5 mmol) was first protected with BEt3 (0.75 mL, 5.0 mmol, 1 equiv)
following procedure I and then treated with di(5-pivaloxypentyl)zinc (3.2 equiv) following procedure 2
yielding alcohol 7f (0.76 g, 54 %, 93 %oee) after flash chromatographical purification (EtOAc/CH,Cl, 2:1; Ry

= 0.15); [a]p?0 = -13.0 (¢ = 4.7, CHCl3); IR (neat): 3220 (m), 2970 (s), 1723 (s), 1600 (m), 1410 (m),
1280 (m), 1150 (s); '"H-NMR (CDCl;, 300 MHz): 8 = 8.44 (s, 1 H), 8.39 (m, 1 H), 7.66 (m, 1 79

11w ALTLANAVRAN \(dl el yy LJVUV LVALLL j. U = U \0, 1 K1), O.J7 (U, & i1}y /.UU \lll 1 11}, Iesds
(m, I H)_ 466 (t,J 6.7 Hz, 1 H), 3.98 (t,J = 6.6 Hz, 2 H), 3.51 (s, 1 H), 1.81 - 1.25 (m, 6 H), 1.14 (s,
9 H); 13C-NMR (CDCl3, 75 MHz): § = 178.4, 147.9, 147.2, 140.6, 133.7, 123.4, 71.3, 63.9, 38.5, 38.4,
28.2,26.9, 21.8; MS (EI): m/z 279 (3, M+) 122 (8) 108 (100) 103 (30), 57 (27); C16H25NO3 (279.37);

h e AONY &N O mE YY

~AnlAd M o 10 h g nn 1
caica © 0s8./0, 1 YUl ,lV J.U1L; found C 68. 12, l"lB‘UO N 4.94.

(8)-1-(4"-Pyridyl)-propanol 7g
Pyridyl-4-carbaldehyde (0.5 mL, 5 mmol) was first protected with BEt3 (0.75 mL, 5.0 mmol, 1 equiv)
following procea’ure / and then treated with EtZZn (2 0 equiv) following procedure 2 yielding alcohol 7g

i AN

(0.42 g, 61 %, 91 %ee) after flash chromatographical purification (EtOAc/CH;Cl; 2:1; Ry = 0.10); [ajp2® =
453 (c = 6.2, CHCl3); IR (neat): 3220 (s), 3000 (s), 2880 (s), 1690 (s), 1600 (s)

- L3 § L % § JJ LN vQn T S )y SV D)y LUV \O)y, LUV D), LUUU (D),

1220 (m) 1H- NMR (CDCl3, 300 MHL) 6=844(d,J=47Hz,2H), 724 (d,J=438,2 H), 4 59 (t, J =
6.3 Hz), 3.41 (s, 1 H), 1.73 (g, J = 7.5 Hz, 2 H), 0.91 (t, J/ = 7.4 Hz); 13C-NMR (CDCl3, 75 MHz): § =
153.6, 149.5, 121.0, 740 31.7, 9.7, MS (EI): m/z 137 (24, M), 108 (100), 80 (30), 53 (11), 51 (11);

\TaVa bl \, Jr‘wﬂ nﬂnnr\v -~ an

CgH11NO (137.18); d C 76.04, H 8.08, N 10.21; found C 70.09, H 7.83, N 10.36.

En
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)
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(8)-1-(4-Pyridyl)-hexanol Th

Pyridyl-4-carbaldehyde (0.5 mL, 5 mmol) was first protected with BEt3 (0.75 mL, 5.0 mmol, 1 equiv)
following procedure I and then treated with Pent;Zn (2.0 equiv) following procedure 2 yielding alcohol 7h
(0.42 g, 61 %, 91 %ee) after flash chromatographical purification (EtOAc/CH,Cl; 2:1; Ry = 0.14); [atjp? =
212 (e =34 CHCLY: TR (neat): 3215 (m) 2020 (m) 9050 (<) 2020 (e} IREN () 1400 fe) 1410 ().

=J 1.4 \V = O, a3, N UIvdAy). D4 L Jd (L), JUDSVU \Ully, 470U \D)y, L7 (D), ZO0UU (3), 1UUU (3], 1971V (Il1},

IH-NMR (CDCl3, 300 MHz): 8 = 8.34 (s, 2H), 7.23 (d, J = 5.9 Hz, 2 H), 4.63 (t, / = 6.0 Hz, 1 + 1 H),
1.66 (m, 2 H), 1.26 (m, 6 H), 0.83 (t, .I 6.1 Hz, 3 H); 13C-NMR (CDCl3, 75 MHz): & 154.8, 149.3,
121.1, 72.7, 38.9, 31.7, 25.2, 22.5, 13.9; MS (EI) m/z 179 (11, M+), 108 (100), 80 (21), 43 (6);

I Te 0 YA ra e LI R Y no=m

C1H7NO (179.26); caled C 73.69, H 956 N 7.82; found C 73.18, H 9.57, N 8.16.

(S)-1-(4-Pyridyl)-nonanol Ti
Pyridyl-4-carbaldehyde (0.5 mL, 5 mmol) was first protected with BEt3 (0.75 mL, 5.0 mmol, 1 equiv)
following procedure 1 and then treated with Oct,Zn (2.0 equiv) following procedure 2 yielding alcohol 7i

(0.39 g, 35 %, 66 %ce) after flash chromatographical purification (btUAc/CH2L12 2:1; Re= 0. 29) [a]p20 =

~ = naat)s 2VEN (=Y D0Q1K (oY DR8N (oY 1T7AN ( 1TANN 1 1A8K (v 140K ()
-14.9 (L =27, CHC13) IR (ucat) JL0U (I, 2713 (8), 403U (§), 1 /94U \W) 10UV \W} 1433 \W) 1823 (W),

1340 (w); 'H-NMR (CDCls, 300 MHz): & = 8.41 (s, 2H), 7.23 (d, /=59 Hz, 2 H), 5.19 (t,J =6.0 Hz, 1
H), 433 (s, 1 H), 1.63 - 1.61 (m, 2 H), 1.17 (m, 12 H), 0.72 (t, J = 7.0 Hz, 3 H); 13C-NMR (CDCl3s, 75
MHz): 5 153.7, 148.6, 121.2, 72.6, 38.9, 31.8, 29.4, 29.1, 25.2, 22.6, 14.0; MS (EI): m/z 221 (2, M),
108 (100), 80 (11); C14H23NO (221.33); caled C 75.97, H 10.47, N 6.33; found C 75.92, H 10.36, N

£ 10
0.17.



10326 C. Lutz et al. / Tetrahedron 54 (1998) 10317-10328

(S)-5-Pivaloxy-1-(4-pyridyl)-pentanol 7j

Pyridyl-4-carbaldehyde (0.5 mL, 5 mmol) was first protected with BEt3 (0.75 mL, 5.0 mmol, 1 equiv)
following procedure I and then treated with di(4-pivaloxybutyl)zinc (1.6 equiv) following procedure 2
yielding alcohol 7j (0.42 g, 61 %, 91 %ee) after flash chromatographical purification (EtOAc/CH,Cl, 2:1; Ry
=0.12); frﬂnzo = -20.0 (c = 5.1, CHCly); IR (neat) 3230 (s), 2940 (s), 1720 (s), 1600 (s), 1480 (s), 1280
(s), 1150 (s); TH-NMR (CDClg, 300 MHz) $ = 8.39 (m, 2 H) 7.19 (m, 2 H) 4.61 (t, J= 59Hz 1 H),

395 (t,J = 6.6 Hz, 2 H), 3.57 (s, 1 H), 1-68 - 1.29 (m, 6 H), 1.10 (s, 9 H); I3C-NMR (CDCls, 75 MHz):

8 =178.7, 154.2, 149.5, 120.9, 72.6, 64.2, 38.8, 28.5, 27.2, 25.8, 25.1; MS (El): m/z 165 (2), 250 (3),

122 (19), 108 (100), 101 (62), 80 (21), 57 (99); C sH23NO3 (265.34); caled C 73.69, H 9.56, N 7.82;
found C 73.18, H 9.57, N 8.16.

(S)-6-Pivaloxy-1-(4"-pyridyl)-hexanol Tk

Pyridyl-4-carbaldehyde (0.5 mL, 5 mmol) was first protected with BEt3 (0.75 mL, 5.0 mmol, 1 equiv)
following procedure I and then treated with di(5-pivaloxypentyl)zinc (1.6 equiv) following procedure 2
yielding alcohol 7k (0.59 g, 42 %, 88 %ee) after flash chromatographical purification (EtOAc/CH,Cl, 2:1; Ry
= 0. 15) [a]p2d = -17.5 (c = 3.7, CHCl3); IR (neat): 3200 (m), 29970 (s), 1720 (s), 1600 (m), 1290 (s)

1160 (s); 'H-NMR (CDCls, 300 MHz): & = 8.32 (m, 2 H), 7.19 (m, 2 H), 4.60 (t, J = 6.7 Hz, | + 1 H),

3.94 (t, J = 6.6 Hz, 2 H), 1.66 - 1.28 (m, 8 H), 1.09 (s, 9 H); 13C-NMR (CDCl3, 75 MHz): & =178.7,

154.7, 149.2, 121.0, 72.4, 64.2, 38.8, 38.7, 31.6, 28.5, 27.3, 25.8, 25.1; MS (EI): m/z 250 (3), 180 (9),

163 (4), 122 (23), 108 (81), 101 (61), 80 (25), 57 (100); C14H25NO3 (279.37); caled C 73.69, H 9.56, N

7.82; found C 73.18, H 9.57, N 8.16.

(S)-1-(4"-Quinolyi)-propanol 14a

Quinolyl-4-carbaldehyde (0.40 g, 2.5 mmol) was treated with Et;Zn (2.0 equiv) following procedure 2
yielding alcohol 14a (0.33 g, 71 %, 72 %ee) after flash chromatographical purification (EtOAc/CH,Cl, 2:1;
Ry= 0. 25) [0]p20 = +38. 4 (c= 12.5, CHCl3); IR (neat): 3210 (s) 3075 (s) 2968 (s), 1588 (s), 1509, (s)
1460 (m), 1120 (m), 1090 (m); 'H-NMR (CDCl;, 300 MHz): & = 8.57 (m, 1 H), 7.93 (m, 2 H), 7.54 (m, 1
H), 7.42 (m, 2 H), 5.30 (m, 1 H), 4.34 (s, 1 H), 1.83 (m, 2 H), 0.94 (t, J = 7.3 Hz, 1 H); 13C-NMR
(CDCl3, 75 MHz): & = 151.1, 149.9, 147.8, 129.8, 128.8, 126.2, 125.4, 122.9, 117.3, 69.7, 31.5, 25.6,
22.4, 13.8; MS (EI): m/z 187 (55, M+), 158 (100), 130 (97), 103 (11), 77 (12), 75 (7), 51 (5); CnHmNO
(187.23), caled C 76.97, H 6.99, N 7.48; found C 76.72, H7. 11, N 7.48.

(S)-1-(4"-Quinolyl)-hexanol 14b

Quinolyl-4-carbaldehyde (0.40 g, 2.5 mmol) was treated with Pent,Zn (2.0 equiv) following procedure 2
yielding alcohol 14b (0.37 g, 64 %, 81 %ee) after flash chromatographical purification (EtOAc/CH,Cl, 2:1;
Rf=0.34); [a]p?0 = +50.9 (c = 3.7, CHCl3); IR (neat): 3225 (s), 2930 (s), 1590 (m), 1510 (m), 1380 (s),
1190 (s); TH-NMR (CDCl;, 300 MHz): 6 = 8.57 (m, 1 H), 7.93 (m, 2 H) 7.54 (m, 1 H), 7.42 (m, 2 H)
5.30 (m, i H), 4.34 (s, 1 H), 1.83 (m, 2 H), 0.94 (t, J = 7.3 Hz, 1 H); 13C-NMR (CDCl;, 75 MHz): 6 =
151.1, 149.9, 147.8, 129.8, 128.8, 126.2, 1254, 122.9, 117.3, 69.7, 38.3, 31.5, 25.6, 22.4, 13.8; MS
(ED): m/z 229 (30, M), 158 (100), 130 (35), 103 (5); C;sHgNO (229.91); caled C 78.56, H 8.35, N 6.11;

found C 78.45, H 8.30, N 6.06.

(8)-1-(4 -Isoquinoiyi)-propanoi 1dc

Isoquinolyl-4-carbaldehyde (0.47 g, 3.0 mmol) was first protected with BEt3 (0.45, 3.0 mmol, 1 equiv)
following procedure 1 and then treated with Et;Zn (2.0 equiv) following procedure 2 yielding alcohol 14¢
(0.28 g, 50 %, 93 %ee) after flash chromatographical purlflcatlon (EtOAc/CH2Clz 2:1; Rf 0. 06) [a]p?0 =
+42.7 (c = 1.9, CHCl3); IR (neat): 3250 (s), 2960 (s), 1620 (s), 1240 (m), 980 (m); 1H-NMR (CDCl5, 300
MHz): & = 8.62 (s, 1 H), 8.17 (s, 1 H), 7.90 (d, J = 8.6 Hz), 7.58 (d, J = 8.2 Hz, 1 H), 7.32 (m, 2 H),
5.14 (s, 1 H), 4.94 (t, J = 8.7 Hz, 1 H), 1.72 (g, J = 10.8 Hz, 2 H), 0.73 (t, / = 11.1 Hz, 3 H); 13C-NMR
(CDCls, 75 MHz): § = 151.5, 139.9, 133.7, 133.3, 130.1, 128.1, 128.0, 126.6, 123.0, 71.4, 30.8, 10.4;

MS (EI) m/z 187 (16), 158 (100) 130 @n, 77 (10); C12H13NO (187.23); caled C 76.98, H 6.99, N 7.48;
found C 76.72, H 6.50, N 7.36.

(S)-1-(4"-Isoquinalyl)-hexanol 14d
Icnnnmnlvl -4-carbaldehyde (047 g, 3.0 mmol) was first nrmer‘red with BEt; (0.45, 3.0 mmol, 1 equiv)

i vaiaviaa WL Y + L4

following procedure 1 dnd lhcn [reated with PentZZn (2.0 equlv) following pmcedure 2 yielding alcohol 14d



C. Lutz et al. / Tetrahedron 54 (1998) 10317-10328 10327

(0.28 g, 86 %, 92 %ee) after flash chromatographical purification (EtOAc/CH,Cl; 2:1; Ry= 0.06); [a]p?® =
+57.1 (c = 0. 8 CHCI3); IR (neat): 3300 (s), 3010 (m), 1940 (m), 1480 (m), 1440 (ﬁ), 1180 (m), 1000(s);
IH-NMR (CDCl3, 300 MHz): §=8.88 (s, | H), 8.38 (s, | H), 8.11 (d,/J=84Hz, 1 H),780(d,J=79

Hz, 1 H), 7.61 (m, | H), 7.48 (m, 1 H), 5.21 (t, J = 7.3 Hz, | H), 4.52 (s, 1 H), 1.86 (m, 2 H), 1.52 -
1.21 (m, 6 H), 0.80 (t, J = 7.2 Hz, 3 H); 13C-NMR (CDCl;, 75 MHz): § = 152.0, 140.1, 134.0, 133.5,

.41 cdo Radiy o7 22X S R A i AVARAL. U = Ny kS

130.4, 128.4, 126.9, 1233 70.7, 38.3, 318 26.1,22.7, 141 MS (EI): m/z 229 (11, M*), 158{100) 130
(30), 128 (14), 77 (10); C1sH19NO (229.31); caled C 78.56, H 8.35, N 6.11; found C 78.36, H8.71, N
5.95.

[(S)-3- H\;fl,rnrvnpnh)li rl ﬂnv’nhncphtno ~borane complex 15a

ARy & LUT sCA AJis

Prepared using EtZZn (0 35 mL, 3.4 mmol) and 5 (400 mg, 1.6 mmol) following procedure 4 (reaction
conditions: -35 °C, 14 h, toluene) yielding alcohol 15a (370 mg, 83 %, 90 %ce) after flash chromatographical
purification (hexane/ether 1:1); [a]p29 = +15.5 (¢ = 1.3, CHCI3); IR (neat): 3400 (br), 2940 (m), 2380 (s),

1440 (s), 1110 (s), 1060 (s), 740 (s), 690 (s); 'H-NMR (CDCls, 300 MHz): 8 = 7.73-7.41 (m, 10 H), 3.55
(m, 1 H), 2.58-2.44 (m, 1 H), 2.30-2.16 (m, 1 H), 1.82-1.68 (m, 2 H), 1.63-135(m, 3 H),09(t, J=74

SJOL L IS4 1 iy L oaxy Ai)y Vel \4y v

Hz 3H) 1.96 - 0.38 (m, 3 H); 13C- NMR (CDCI3 75 MHz): 5— 132. l d, J = 92 HZ), 1320 (d, J=9.1
Hz), 131.1 (m), 129.7 (d, J = 55.1 Hz), 129.1 (d, J = 55.1 Hz), 128.7 (d, 7 = 9.8 Hz), 73.2 (d, / = 13.4
Hz), 29.9 , 21.6 (d, J = 38.4 Hz), 9.8; MS (EI): m/z 285 (5), 272 (52), 200 (100), 199 (92), 183 (23);
Cy7H24BOP (286.14); caled C 71.36; H 8.45; found C 71.56; H 8.75.

[(S)-3-Hydroxyoctyl]-diphenylphosphine-borane complex 15b
Prepared using PentyZn (810 mg, 3.9 mmol) and 5 (400 mg, 1.6 mmol) following procedure 4 (reaction

conditions: -25 °C, 14 h, toluene) yleldmg alcohol 15b (370 mg, 72 %, 93 %ee) after flash
chroﬁatogr“p iical puriﬁcahon (hexane/ether 2:1); [0]p2® = +10.9 {c = 1.2, CHCl3); IR (neat): 3420 (br),
2940 (s), 2380 (s), 1440 (s), 1110 (m), 1060 (s), 740 (s), 690 (s); 'H-NMR (CDCl3, 300 MHz): §=7.70 -
7.37 (m, 10 H), 3.60 (m, 1 H), 260 240(m 1 H), 2.32-2.16 (m, 1 H), 197(br I H), 1.82-1.66 (m, 1
H), 1.66 - 1.48 (m, 1 H), 1.48 - 1.16 (m, 8 H), 0.87 (t, / = 6.8 Hz 3H),190 0.41 (m, 3 H); 13C-NMR
(CDCl3, 75 Hz): 6=132.0(d, /=94 Hz), 1319 (d, J=9.4 H z), 1’%1 .0 (m), 129.6 (d, J = 55.0 Hz), 129.2
(d, J =55.0 Hz), 128.7 (d, J = 10.0 Hz), 128.6 (d, J = 9.8 Hz), 71.8 (d, J = 13.4 Hz), 37.0, 31.6, 30.3,
25.1,22.4,21.4 (d, J = 38.4 Hz), 13.8; MS (EI): m/z 327 (5), 314 (46), 200 (100), 183 (26), 108 (23)
Exact mass. calcd for CygH29BOP: 327. 2049 observed: 327.2048.

ncpcuc:u ubmg ul\"f vaalu)&yuutyuuuu \J 5 mmol) and 5 {4060 mg, 1.6 ‘l‘moi) 10 Wlng proceaure 4
(reaction conditions: -20 °C, 14 h, ether) yielding alcohol 15¢ (393 mg, 61 %, 05 Joee) after flash

chromatographical purlflcatxon (hcxane/ether 1:1, 1% NEt3 added); [a]p20 = +9.2 (¢ = 0.6, CHCI3); IR
(neat): 3460 (br), 2950 (s), 2370 (s), 1740 (s), 1290 (s), 1160 (s), 1060 (s 740 (s), 690 (s); 'H-NMR

),
(CDC13, 300 MHz) 8=17.73 - 7.61 (m, 4H) 7.42 -7.36 (m, 6 H), 4.02 (t, J =

65H7 2 H), 3.68 - 3.56
| & Y I ~'4 - I 2 20 ~ £ s 1 1T\ 1 f\o /.. 1T a D IY 1 n
(m, 1 H), 2.56 - 2.40 (m, 1 H), 2.29 - 2.15 (m, | H), 1.98 (br, | H), 1.17 (s, 9 H), 1.79 - 0.50 (m, 11 H);
I3C-NMR (CDCl3, 75 MHz): § = 178.5, 132.0 (m), 131.0 (m), 129.6 (d, J = 55.0 Hz), 129.2 (d, J = 55.0
Hz), 128.7 (d, J = 9.8 Hz), 128.6 (d, J = 9.9 Hz), 71.5 (d, J = 13.3 Hz), 64.0, 38.6

0, 38.6, 36.6, 30.4, 28.4,
27.1,21.9, 21.5 (d, J = 38.3 Hz). MS (EL): m/z 400 (10), 299 (8), 200 (100), 183 (22), 108 (20), 57 (27);
C24H36BO3P (414.31); caled C 69.57; H 8.76; found: C 69.57; H 9.02.

[(S)-8-Acetoxy-3-hydroxyoctyl]-diphenylphosphine-borane complex 15d

Prepared using d|(5 acetoxypentyl)zmc (5. 1 mmol) and 5 (500 mg, 2.0 mmol) following procedure 4
(reaction conditions: -20 °C, 14 h, toluene) yielding alcohol 15d (424 mg, 56 %, 94 %ee) after flash
chromatographical purification (toluene/EtOAc 4:1, 1% NEt; added); [a]p20 = +7.6 (c = 1.6, CHCl); IR
(neat): 3400 (br), 2930 (s), 2370 (s), 1720 (s), 1240 (s), 1060 (s), 740 (s), 690 (s); 'H-NMR (CDCls, 300
MHz): 8 =7.71 - 7.58 (m, 4 H), 7.48 - 7.34 (m, 6 H), 3.99 (1, J = 6.7 Hz, 2 H), 3.62 - 3.52 (m, | H), 2.58

AVAR Réy v i = o1a v oAi Sl VO™ Vs RAdiy iw A1 SV T Jadde \1lly 11X e d O
by ] B

-2.38(m, 1 H), 2.28 - 2 1() (m, 1 H), 1.99 (bs 4H) 180 0.30 (m, 13 H); 13C- NMR (CDCl3, 75 MHz): §
=171.1,132.1 (d, / = 9.1 Hz), 131.9 (d, J = 9.1 Hz), 131.0 (m), 129.6 (d, / = 55.2 Hz), 128.7 (d, / = 9.8
Hz), 128.6 (d, J = 98HZ) 716(d J = 134HZ) 64.3, 36.9, 30.4, 28.4, 25.7, 25.1, 21.5 (d, J = 384

ﬂ—q

t‘lZ), 20.8;, MS U:l) m/z 37

IMO s AON

200 (100), 183 (24), 108 (24), 43 (29); Ca;H3,B0O3P (386.28); caicd C
86
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