7 =3

TETRAHEDRON

LETTERS

@73/
h\:atod

Tetrahedron Letters 39 (1998) 155-158
Pergamon

Platinum Catalysed Diboration of Terminal Alkenes with Chiral Diborane(4) Compounds
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Abstract: Chiral diborane(4) compounds, synthesised from Bo(NMej)4 and the relevant chiral
diols, react with terminal alkenes in the presence of Pi(dba)y (dba = dibenzylidene acetone)

affording 1,2-diboryl compounds which have diastereoselectivities up to 60% d.e.
© 1997 Elsevier Science Ltd. All rights reserved.
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achieved by using either a chiral borane or a chiral catalyst. For example, the chiral borane diiso-
pinocamphenylborane (IpcyBH) reacts with Z-alkenes to give, after oxidation, enantiomerically enriched
alcohols,! whilst styrene has been shown to react with catecholborane (HBcat; cat = 1,2-O2CgHy), in the
presence of a rhodium/(R)-BINAP catalyst affording, after oxidation, the corresponding alcohol with an e.e. of
96% (R).2 Large enantioselectivities were also observed in the rhodium catalysed reaction of catecholborane
with E-PhCH=CH(Bcat) in the presence of the chiral diphosphine (§,5)-chiraphos, the corresponding 1,2-bis-
boronate ester being formed with an e.e in excess of 70 %.3 Bis-boronate esters can, however, be prepared

directly from unsaturated precursors and diborane(4) compounds as has been demonstrated for 1,3-dienes,4

nd Au(l) sources in

the case of alkenes®?), to give either 1,4- (dienes) or 1,2- (a
analogy with the hydroboration studies outiined above, the potential ciearly exists to carry out such diboration
reactions asymmetrically using either chiral diborane(4) compounds or chiral metal catalysts. Herein we
describe the results of studies of the former type.

The reaction of the chiral diols dimethyl-L-tartrate, (S)-1-phenylethane-1,2-diol or (R, R)-1,2-
diphenylethane- 1,2-diol with B2(NMej)4 afforded the corresponding chiral diborane(4) compounds B2{R, R-
OCH(CO>,Me)CH(COsMe)0} 2 1, Bo(S-OCH,CHPhO); 2 and B(R, R-OCHPhCHPhO); 3 in excellent

yields, full details of which will be reported elsewhere. 7 Compounds 1 - 3 react with the alkenes 4-

@, nylbiphen 1 wylnaphthalene (6) in the presence of the phosphine-free
platinum catalyst [Pt(dba);] (dba = dibenzylidene acetone), recently employed by Miyaura and coworkers, 60

according to Scheme 1, the results of which are tabulated in Table 1.8.9
The yields and diastereomeric excesses (d.e.) of the reactions shown in Scheme 1 and Table 1 were

determined by 'H nmr spectroscopy. For example, the 'H nmmr spectrum of 9 in C¢Dg in the region of 1.95 -

0040-4039/98/$19.00 © 1997 Elsevier Science Ltd. All rights reserved.

PII: S0040-4039(97)10474-9



156

2.20 ppm revealed two sets of doublets of doublets (Fig. 1), one major, § 2.02, and one minor, § 2.11,
mrrmracrandim o s e b thea Alas A-ld\.h- e | efne protons ¢ o Amsbrn ~ greiir 1 o annh A A Feere
corresponding to one of the diastereotopic methylene protons of the central CHCHz group in each of the two

product diastereomers, present in a ratio of about 4:1 for which the diastereomeric excess is therefore 60 %.
The presence of two diastereomers in a 4:1 ratio was also evident from that part of the spectrum corresponding
to the OCHPh protons. In general, it is apparent from Table 1 that the highest diastereoselectivities are found
when the diborane(4) compound 3 is employed and whilst none of the d.e.'s 1s exceptional, the principle of
asymmetric alkene diboration using chiral diborane(4) compounds has been demonstrated.

Related studies dealing with the asymmetric diboration of prochiral dienes will be reported elsewhere.”

Scheme 1
Ar\
\.:"’
Ar,
4-6 (1] \..
. >
(RO)B B(O,R)
B2(O2R);
1-3 7-11

4, Ar = 4-MeOCgH, 7, Ar = 4-MeOCgHy; OoR = R, R-OCH(CO,Me)CH(CO,Me)O
5, Ar = 4-PhCgHy 8, Ar = 4 MeOCgH;; O;R = § OCH,CHPhO
6. Ar = 2-CyoH7 9, Ar = 4-MeOCgHy; OsR = R,R-OCHPhCHPhO
. 10, Ar=4-PhCgHy; O,R = RR-OCHPhCHPhO
L OpR = KR-OCHILIMe)LREUMEY 11, Ar = 2-CoHy; O,R = R,R-OCHPhCHPhO
2, O,R = S-OCH,CHPhO
3, O-R = R, R-OCHPhCHPHhO

Table 1. Yield and % d.e. data for reactions between the terminal alkenes 4 - 6 and the chiral diborane(4)
compounds 1 - 3.

Alkene B2(02R)2 % Yield?2 % d.e.? Product
4 1 20 N/AD 7
4 2 60 5 8
4 3 80 60 9
5 3 40 50 i0
6 3 60 10 11

4 Measured by 'H nmr. P In this case, coincidence of the signals due to the two diastereomers in the 'H nmr spectrum of the reaction

prevented any accurate determination of the reaction d.e.
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Figure 1. The 'H nmr spectrum of 9 in CgDg in the region of 1.95 - 2.20 ppm showing two sets
of doublets of doublets (one major and one minor) corresponding to one of the diastereotopic
methylene protons of the central CHCHj group in each of the two product diastereomers. The
peak height asymmetry in each set is due to second order effects involving nearby coupled

resonances not shown.
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In a typical preparation, a Youngs tap tube was charged with 3 (0.05 g, 0.11 mmol), [Pt(dba);] (5

mol%) and toluene (5 cm3) and cooled to 0" C, to which a sample of 4-vinylanisole (0.020 cm3, 0.15

mmol) was then added. After 3 days at 4° C, the toluene was removed by vacuum leaving a dark brown

solid from which the product was extracted with hexane (2 x 5 cm3). After evaporation, 9 was obtained
as a white solid (0.05 g, 80%) along with small amounts of the hydrolysis product
M/ NWOTTIDLATTDI MY ) L7 ray
{DlUCOrnC I v j 2 -y,

Spectroscopic data: Compound 7. 'H nmr (400 MHz, CDCl3): 8 7.20 (m, 4H, Ar); 5.49 (s, 4H,
OCH(COyMe) CH(COyMe)O)*; 3.80 (s, 12H, CO,CH3)*; 3.70 (s, 3H, CH30); 2.80 (dd, IH,
ArCH(B)YCHy(B), 3Jgx = 9.3 and 9.3 Hz)*; 1.60 (dd, 1H, ArCH(B)CH2(B), 3Jy11 = 9.3 and 16.4 Hz)*;
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140 (dd, 1H, ArCH(B)CH2(B), 3y = 9.3 and 16.4 Hz)*. 1'B-{1H} nmr (128.15 MHz, CDCl3): §
13§ rme pn\r‘nlat@d Or HA R~ 2 0K <'7 nnnd SNQ 184
wIalenss REARAERAT WEARNV WAULVAE 1V ‘AA‘OM‘V 'J - . -7 AVUIIV JUU LUV,

1

: 8 (Major diastereomer) 7.20 (m, 14H, Ar); 5.24 (m, 2H,
OCHPhCH,O)*; 4.52 (m, 2ZH, OCHPhCH,O)¥; 4.00 (m, ZH, OCHPhCH,0)*; 3.83 (s, 3H, CH30);
2.79 (m, 1H, ArCH(B)CH2(B))*; 1.59 (dd, 1H, ArCH(B)CH2(B), 3Jgy = 5.1 and 10.3 Hz); 1.41 (m,
1H, ArCH(B)CH(B))*. (Minor diastereomer) 7.20 (m, 14H, Ar); 5.24 (m, 2H, OCHPhCH;0)*; 4.52
(m, 2H, OCHPhCH,0)*; 4.00 (m, 2H, OCHPhCH,0)*; 3.81 (s, 3H, CH30); 2.79 (m, 1H,
ArCH(B)CH(B)*; 1.63 (dd, 1H, ArCH(B)CH»(B), 3Jgyu = 5.1 and 10.3 Hz); 1.41 (m, 1H,
ArCH(B)CH(B))*. 1!B-{!H} nmr (128.15 MHz, CDCl3): 8 33.2. Hrms calculated for Cy5Hy¢B705
428.197, found 428.197.
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of the relevant signals). 'H nmr (400 MHz, CDCl3): 6 (Major diastereomer
2H, OCHPhCHPhO); 5.08 (s, 2H, OCHPhCHPhO); 3.81 (s, 3H, CH30)*, 3.20 (dd, [H,
ArCH(B)CHa(B), 3Jyg = 11.5 and 5.9 Hz)*; 1.83 (dd, 1H, ArCH(B)CH»(B), 3Jgu = 11.5 and 16.4
Hz); 1.60 (dd, 1H, ArCH(B)CH»(B), 3Jgy = 5.9 and 16.4 Hz). (Minor diastereomer) 6.80 (m, 24H, Ar);
5.11 (s, 2H, OCHPhCHPhO); 5.06 (s, 2H, OCHPhCHPhQ); 3.81 (s, 3H, CH30)*; 3.20 (dd, 1H
ArCH(B)CH3(B), 3Jyy = 8.8 and 7.6 Hz)*; 1.80 (dd, 1H, ArCH(B)CH»(B), 3JyH = 8.8 and 14.2 Hz);
1.64 (dd, 1H, ArCH(B)CH,(B), 3Jgy = 7.6 and 14.2 Hz). 1!1B-{!H} nmr (128.15 MHz, CDCl3): § 33 .4.

Hrms calculated for C37H34B205 580.260, found 508.260.
pound 10. 'H nmr (400 MHz, CDCl3): 8 (Ma

1
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3 (dd, IH, ArCH(B)CH»(B), °
5.8 and 16.0 Hz). (Minor dlasteremmer) 7 40 (m, 29H, Ar) 5. 16 (s, 2H, OCHPthH’hO)* 5.13 (s
OCHPhCHPhQ); 3.06 (dd, 1H, ArCH(B)CH2(B), 3Jyuy = 8.9 and 7.9 Hz); 1.87 (dd, lH,
ArCH(B)CH»(B), 3Juu = 8.9 and 15.1 Hz); 1.79 (dd, 1H, ArCH(B)CH2(B), 3JqH = 7.9 and 15.1 Hz).
HUB-{1H} nmr (128.15 MHz, CDCl3): § 32.2. Hrms calculated for C42H3¢B203 626.281, found
626.280.

Compound 11. IH nmr (400 MHz, CDCl3): 8 (Major diastereomer) 7.30 (m, 27H, Ar); 5.16 (s, 2H,
OCHPhCHPhO); 5.10 (s, 2H, OCHPhRCHPhO); 3.20 (m , !H, ArCH(B)CH2(B))*; 1.93 (dd, 1H
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ArCH(B)CHz(B) 3JHH =83 and 158 Hz)' 1.80 (dd, 1H, ArCH(B)CHz(B ) 3JHH = 8.1 and 15.8 H).
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3.20 (m, 1H, ArCH(B)LHz(B))* 1.99 (dd, 1H, ArLH(B)( “Ho(B), 3Jyp = 11.1 and 16.2 Hz); 1.75 (dd
1H, ArCH(B)CH»(B), Jgu = 6.2 and 16.2 Hz). 1B-{1H} nmr (128.15 MHz, CDCl3): § 31.9. Hrms
calculated for C49H34B204 600.267, found 600.265.

Signals marked * are coincidental with those of the other diastereomer.

In systems where sources of ligand-free Pt(0) arc the catalyst precursors (such as [Pt(dba);]), the only

means of controlling the chirality of the diborated products is by employing enantiomerically pure

chiral diborane(4) compounds.



