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B-Hydroxy ketones can be reduced to the corresponding 1,3-
diols in high yields and with excellent diastereoselectivity by
carrying out the reaction with BH3-pyridine in CH,Cl, at -78
°C in the presence of TiCl,. This protocol is general and

chemoselective: excellent results are obtained when the sub-
stituents are primary, secondary, tertiary alkyl chains or aro-
matic moieties. The presence of reducible functionalities
such as bromide, nitro and cyano groups is well tolerated.

Introduction

The reduction of B-hydroxy ketones in a predictable and
stereoselective manner continues to be of considerable in-
terest in organic synthesis as a straightforward approach to
the construction of 1,3-diol units with stereodefined geo-
metry.

From extensive studies carried out on systems with a ste-
reogenic centre in the B-position,l' it emerged that syn se-
lectivity becomes prevalent when a chelate complex such
as 2 (Scheme 1) is preformed from the interactions of the
bidentate hydroxy ketone with an appropriate Lewis acid,
followed by treatment with an external hydride source. The
crucial point of this approach is the structural conforma-
tion of the chelate complex 2 in its stable form (see
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Scheme 1. Diastereoselective reduction of B-hydroxy ketones 1 via
boron-bound intermediates

Scheme 1). In fact, in order to achieve a high selectivity, it
is necessary that 2 assumes a half-chair conformation (like
2A) with the R? substituent in a pseudo-equatorial position,
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so as to force the hydride ion to enter from the top of con-
formation A due to the steric hindrance exerted by the axial
hydrogen in the a-position.

Generally, the most efficient methodologies require the
use of Lewis acids carrying very encumbered substituents,
in order to increase the steric interactions between the R2
substituent and the metal ligands in conformation 2B. In
this context, methoxydiethyl borane,?! catechol borane,
and terphenyl boronic acid™ have been proved to be very
efficient. Furthermore, it is necessary to firmly anchor the
boron-centred Lewis acid to the hydroxy group through the
formation of a covalent boron—oxygen bond. The use of a
solvent of medium polarity, such as THF, is generally re-
quired.

However, simpler approaches are in principle possible.
Recent studies on the reduction of B-ketophosphane ox-
ides® and related systems[®’! demonstrated that a six-mem-
bered chelate complex can assume a very rigid and con-
formationally stable half-chair structure when formed and
allowed to react in noncoordinating solvents such as
CH,CI, or toluene.

Given the importance of the target at issue, it seemed
very useful to investigate the possibility of applying this
concept to the reduction of B-hydroxy ketones in order to
set up an operatively simple methodology.

Following these suggestions, we now report a very effici-
ent and convenient protocol for the syn-reduction of B-hy-
droxy ketones like 1, which has been proved to be general,
chemoselective and highly diastereoselective.

Results and Discussion

The methodology was based on the treatment at low tem-
perature of a B-hydroxy ketone 1 with TiCly in CH,Cl, as
the solvent, followed by the addition of BHj-pyridine,
(Scheme 2). After the reaction was complete, the usual
acidic workup gave crude cyclic borates, which were decom-
posed to the desired syn-diol by treatment with H,O, in a
basic medium.
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Scheme 2. Diastereoselective reduction of B-hydroxy ketones 1 via
titanium-bound intermediate

The method shows general applicability. High yields and
high syn-selectivity have always been observed independ-
ently of the nature of the R! and R? groups. In fact, the
reaction works well when R! and R? are primary, secondary
and tertiary carbon chains, or aromatic moieties, as shown
in Table 1.

Table 1. TiCly-mediated reduction of B-hydroxy ketones la—o with
borane complexes

o om DTCY OH OH OH QH

DG SIS & o

1 3) H3O+ syn-3 anti-3
4 H0y
Starting R R’ Reducing Product Yield syn-3/anti-3
material agent (%)
1 1a Ph Et BH;py 3a 80 >99:1
2 1b Ph Ph BHipy 3b 98 97:3
3 1¢ p-CN-Ph CsHy, BH;py 3¢ 77 98:2
4 1d Et Ph BH;py 3a 92 91:9
5 1d Et Ph BHy*Me,S 3a 93 91:9
6 le Et p-Br-Ph BH;py 3e 88 88:12
7 le Et p-Br-Ph BH;Me;S 3e 86 80:20
8 1f Et p-NO,-Ph BHipy 3f 80 80:20
9 1f Et p-NO,-Ph  BH3-Me,S 3f 85 77:23
10 1g CsHy  p-MeO-Ph BHipy 3g 87 95:5
11 1g C;Hy  p-MeO-Ph BHyMe;S 3g 85 72:28
12 1h Et Bu BH;py 3h 92 98:2
13 1i C,4H, CsHyy BH;py 3i 92 99:1
14 11 CsH, iPr BH;py 31 92 95:5
15 1m iPr iPr BH;py 3m 90 99:1
16 1n iPr CsHy; BH;py 3n 89 >99:1
17 1o {Bu {Bu BHipy 30 90 >99:1

However, a decrease in selectivity is observed when the
R? framework is a p-nitro-substituted phenyl group (syn/
anti = 80:20, Table 1, entry 8). The presence of a strongly
electron-withdrawing substituent probably causes a de-
crease in the electron density on the oxygen atom of the
hydroxy group, weakening the interaction between the oxy-
gen and Ti'V; the cyclic complex 4A becomes less rigid with
a consequent decrease in the stereofacial discrimination.
This interpretation is in good agreement with the substitu-
ent effect on the phenyl group: the syn-selectivity decreases
in the order p-OMe (syn/anti = 95:5, entry 10), H (syn/
anti = 91:9, entry 4), p-Br (syn/anti = 88:12, entry 6), p-
NO, (synlanti = 80:20, entry 8).

Some runs were carried out using BH;*Me,S as the redu-
cing agent. However, the observed selectivities are generally
slightly lower with respect to those with BH3py.

The present method shows good chemoselectivity; owing
to the specific and mild conditions employed, easily redu-
cible functionalities such as nitro, cyano and aromatic
bromide groups remain unaffected.
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The method was also applied to substrates with two ste-
reogenic centres in the a- and B-positions. When the o- and
B-substituents are in a syn relationship (5a and 5b) the re-
duction is highly diastereoselective (Table 2). This is not
surprising because in these cases the effects of the substitu-
ents are complementary in stabilising the 6A structure due
to the presence of an additional A'? strain when the -
methyl group is equatorial,[’® (Scheme 3). Therefore, since
in these systems there are no apparent difficulties in syn-
selectivity control, we limited our investigations to only two
examples (see Table 2). Efficient and simple methodologies
for the reduction of this kind of system have recently been
reported in the literature.[#]

Table 2. TiCly-mediated reduction of B-hydroxy ketones Sa—b with
borane complexes

1) Ticl,

O OH 2)reduction OH OH OH OH
1 2 1 2+ L1 2
R R R R R
R )YL 3)H;0"
5 4 Hy)Op  1,2-syn-2,3-syn-7  1,2-anti-2,3- syn-7

Starting R R? Reducing Product Yield 1,2-syn-2,3-syn-7/

matetial agent (%)  1,2-unti-2,3-syn-7
1 Sa Ph Ph BH;-Me,S 7a 92 >99:1
2 5b Ph Et BH;-Me,S 7b 89 98:2
H
O OH \27 H OH OH
Rl)Kr'\ R2 —_— R:@\\O':ﬂ‘lcll‘ R]/H/‘\Rz
| o]
5 Me 6A H 1,2-syn-2,3-syn-7

Scheme 3. Diastereoselective reduction of syn-a,B-disubstituted-p-
hydroxy ketones 5 via a titanium-bound intermediate

When the a- and B-substituents are in an anti-relation-
ship (8a and 8b), however, the reaction is not stereoselective
(Table 3). In these cases the effects of the substituents are
opposite: while the R? group destabilises the 9B conforma-
tion, the a-methyl group destabilises the 9A conformation
(Scheme 4). As a consequence the structure of the chelate
complex can be depicted by an equilibrium between the al-
most equally populated 9A and 9B arrays. Thus, the low
selectivity observed is not unexpected since it has been
proved that the selectivity of attack of the borane complexes
approximately reflects the conformational equilibrium of
chelate complexes.[#]

As far as the structure of the chelate complex is con-
cerned, two hypotheses can be made: i) the interaction be-
tween the B-hydroxy ketone and TiCl, gives rise to the
formation of a Ti-alcoholate with loss of HCI; ii) the loss of
HCI does not occur and structures 4, 6 and 9 are probable.

In systems with a stereocentre in the a-position this as-
pect has been investigated by Di Mare,® who reported con-
vincing evidence supporting the second hypothesis. There-
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Table 3. TiCl,; mediated reduction of B-hydroxy ketones 8a—b with
borane complexes

1) TiCly
O OH 2 reduction OH OH OH OH
F ) reducti : D
Rl)Y\RZ Rl)\l/\Rz + R1/Y\R2
8 3) I—{30+ 1,2-syn-2,3-anti-10  1,2-anti-2,3-anti-10
4) H,0,
Starting R’ R’ Reducing Product Yield spmanti-10/anti,anti-10
material agent (%)
1 8a Ph Ph  BHipy 10a 90 2476
2 8a Ph Ph BH;Me,S 10a 90 52:48
3 8 Et Et  BHipy 10b 38 13:87
H OH OH

1,2-anti-2,3-anti-10

8 Me oH

A CH OH
HWO mey | 2 X

9B

1,2-syn-2,3-anti-10

Scheme 4. Diastereoselective reduction of anti-a,B-disubstituted-3-
hydroxy ketones 8 via a titanium-bound intermediate

fore we assumed that structures 4, 6 and 9 are representative
of the actual nature of the chelate complexes.

As previously mentioned, the reaction gives 1,3-diols as
borate derivatives after a simple acidic quenching. In fact,
we were able to isolate compound 11 (Figure 1) after the
reduction of 1b in >95% purity.”)

OH

oBo

Ph)\/l\ Ph

11
R! -
R%\\%B‘ Ph

syn-12

12a: R'=Ph, R*>=Et 12g: R! = C4Hg, R*= p-MeOCgH,

12¢: R = p-NCCH,, R*=CsH,
12e: R' =Et, R?=p-BrC¢H,
12f: R' = Bt, R?= p-O,NCgH,

12h: R' = Et, R*= Bu
12i: Rl = C4H9, R2 = CSHll
12n: R' = iPr, R?=CsH,,

Figure 1. Cyclic borate 11 and boronate derivatives syn-12 for
structural assignment of 1,3-diols 3

These results confirm the stability of the cyclic borate
intermediates to prolonged acidic treatment, and thus an
oxidative decomposition with H,O, in basic medium was
required to obtain the corresponding 1,3-diol 3b.[6¢.72.10]

Finally, particular attention was devoted to the reaction
of 1m with BHj5-py. It has been suggested previouslyl®! that
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the use of BCl; instead of TiCly as the Lewis acid promoter
is more productive for the reduction of B-hydroxy ketones
with borane complexes in CH,Cl,, as the TiCly-mediated
reduction has been found not to be stereoselective. We re-
peated this reaction several times according to our meth-
odology and we found excellent yields and high diastereose-
lectivity in all cases (see Table 1, entry 15). At present there
are no reasonable explanations for this discrepancy; how-
ever, our methodology differs from the previously reported
one in the decomposition step of the borate intermediates.

Finally, for structure assignment, the unknown 1,3-diols
were converted into the corresponding phenyl boronates 12
(Figure 1),'!1' since the spectroscopic analysis of these deriv-
atives is more straightforward than that of the parent diols
owing to their well defined cyclic structure.

Conclusion

In conclusion, a simple, general and highly diastereose-
lective procedure for the reduction of B-hydroxy ketones,
with a stereogenic centre in the B-position, to the corres-
ponding syn-1,3-diols is now available. From the obtained
results the present methodology seems to be competitive
with, and in some cases superior to, more sophisticated
methods available in the literature.

Moreover, the present work confirms that reductions pro-
ceeding via a chelate complex intermediate are more fruitful
if the reaction is carried out in noncoordinating solvents
with powerful coordinating agents such as TiCl,. From lit-
erature reports, the use of TiCly should not be considered
the most appropriate choice since this reagent does not
carry bulky ligands, and thus it is not able to exert a high
steric repulsion towards the [B-substituent in the chelate
complex intermediate; however, the experimental results
demonstrated that the 4" strain between the chlorine li-
gand and the alkyl substituent is generally sufficient to
completely shift the equilibrium towards conformation 4A.
This is the only strain present in the system. Moreover, the
1,3-interaction cannot be considered negligible because in
the reduction of anti-B-hydroxy ketones 8 it competes with
the 1,2-interaction between R! and the o-methyl substitu-
ent.

Experimental Section

General Remarks: Flash chromatography was performed on Merck
silica gel (0.040—0.063 nm). All reactions were carried out in oven
dried glassware under a dry argon atmosphere. 'H NMR, NOE
and decoupling experiments were recorded at 300 MHz with a
Varian Gemini instrument. '3C NMR and DEPT experiments were
acquired at 75 MHz with a Varian Gemini instrument. The relative
proportions between the two diastereoisomers were measured by
integration of the 'H peaks and of some '*C peaks using appropri-
ate long delay times. Chemical shifts are given in ppm from SiMe,.
Coupling constants are given in Hertz.

Typical Experimental Procedure: The starting B-hydroxy ketone (1
equiv.), dissolved in CH,Cl,, was treated with 1.2 equiv. of TiCl,

4681



FULL PAPER

G. Bartoli, M. Bosco, E. Marcantoni, M. Massaccesi, S. Rinaldi, L. Sambri

(1 M solution in CH,Cl,) at —78 °C. After 10 min an excess of
BH;py or BH3Me,S (3—4 equiv.) was added at —78 °C. After 2 h
the reaction was quenched with aqueous HCI (1 m). The mixture
was extracted with CH,Cl, and concentrated at reduced pressure
to give a mixture of cyclic boron derivatives. In order to obtain
pure 1,3-diols the mixture was treated with basic H,O, (NaOH,
10%) in Et,0/MeOH (1:1) for 48 h, extracted with CH,Cl, and
dried over MgSO,. The solvent was removed under reduced pres-
sure and the pure 1,3-diols isolated by column chromatography
(petroleum ether/Et,0,7:3).

B-Hydroxy ketones 1a—o, 5a—b, 8a—b were synthesised by a stand-
ard procedure.['?! The spectroscopic data of the known compounds
12,00 b0 (L] 1m[13] 55,0141 5115 83 [16] gh[17) 3p 18] 3y [1e]
3m,[1%1 30,191 1,2-syn- and 2,3-syn-7a,’2 1,2-syn- and 2,3-syn-7b,l4l
1,2-syn- and 2,3-anti-10a,"¥ 1,2-anti- and 2,3-anti-10a,* 1,2-syn-
2 and 3-anti-10b,1#] and 1,2-anti-2 and 3-anti-10bl’?! were identical
to those reported in the literature.

The spectroscopic data of unknown compounds follow:

4-(3-Hydroxyoctanoyl)benzonitrile (1c): 'H NMR (CDCl;,
300 MHz): 6 = 091 (t, Juu = 7.0, 3 H, CH;), 1.25—1.70 (m, 8 H,
4 X CH,), 3.0 (br. s, 1 H, OH), 3.10-3.15 (m, 2 H, CH,),
4.20—4.30 (m, 1 H, CH), 7.75—7.80 (m, 2 H, Ph), 8.00—8.10 (m,
2 H, Ph). 3C NMR (CDCl;, 75 MHz): § = 13.8 (CH3), 22.4 (CH,),
25.0 (CH,), 31.5 (CH,), 36.4 (CH,), 45.4 (CH,), 67.5 (CH), 117.6
(C), 1284 (CH), 132.3 (CH), 139.6 (C), 151.3 (C), 199.2 (C).
Cy5sH19NO, (245.3): caled. C 73.44, H 7.81; found C 73.43, H 7.82.

1-Hydroxy-1-phenyl-3-pentanone  (1d): 'H NMR (CDCls,
300 MHz): § = 1.06 (t, Jun = 7.4, 3 H, CH3), 245 (q, Juu = 74,
2 H, CH,), 2.70—-2.90 (m, 2 H, CH,), 3.3 (br. s, 1 H, OH),
5.10-5.20 (m, 1 H, CH), 7.25-7.40 (m, 5 H, Ph). '3C NMR
(CDCls, 75 MHz): § = 7.3 (CH3), 36.7 (CH,), 50.6 (CH,), 69.8
(CH), 125.5 (CH), 127.4 (CH), 128.3 (CH), 142.9 (C), 211.5 (C).
Cy1H 140, (178.2): caled. C 74.13, H 7.92; found C 74.15, H 7.92.

1-(4-Bromophenyl)-1-hydroxy-3-pentanone (le): '"H NMR (CDCls,
300 MHz): § = 0.97 (t, Jun = 7.3, 3 H, CH3), 2.36 (q, Juu = 7.3,
2 H, CH,), 2.65-2.85 (m, 2 H, CH,), 3.6 (br. d, Jyuy = 3.1, 1 H,
OH), 4.90—5.10 (m, 1 H, CH), 7.05—7.20 (m, 2 H, Ph), 7.30—7.45
(m, 2 H, Ph). 3C NMR (CDCl;, 75 MHz): § = 7.3 (CH3), 36.7
(CH,), 50.4 (CH,), 69.2 (CH), 121.2 (C), 127.3 (CH), 131.4 (CH),
141.9 (C), 211.5 (C). C;;H3BrO, (257.1): caled. C 51.56, H 5.12;
found C 51.55, H 5.13.

1-Hydroxy-1-(4-nitrophenyl)-3-pentanone (1f): 'H NMR (CDCls,
300 MHz): § = 1.08 (t, Jyy = 7.3, 3 H, CH3), 248 (q, Juu = 7.3,
2 H, CH,), 2.75-2.85 (m, 2 H, CH,), 3.6 (br. s, 1 H, OH),
5.20—5.30 (m, 1 H, CH), 7.50—7.60 (m, 2 H, Ph), 8.15—8.25 (m,
2 H, Ph). 3C NMR (CDCl;, 75 MHz): § = 7.2 (CH3), 36.6 (CH,),
50.1 (CH,), 68.8 (CH), 123.4 (CH), 126.3 (CH), 146.9(C), 150.3
(©), 211.1 (C). C;;H|3NO, (223.2): caled. C 59.17, H 5.87; found
C 59.18, H 5.86.

1-Hydroxy-1-(4-methoxyphenyl)-3-heptanone  (1g): 'H NMR
(CDCls, 300 MHz): 6 = 0.89 (t, Juu = 7.5, 3 H, CH3), 1.25—1.35
(m, 2 H, CH,), 1.45—1.60 (m, 2 H, CH,), 2.35—2.45 (m, 2 H, CH,),
2.73 (dd, Jypu = 3.6, Juu = 17.1, 1 H, CH,), 2.84 (dd, Jynu =
8.9, Jun = 17.1, 1 H, CHyp), 3.4 (br. s, 1 H, OH), 3.78 (s, 3 H,
CH3), 5.00—5.10 (m, Jyu = 8.9, Juu = 3.6, 1 H, CH), 6.80—6.90
(m, 2 H, Ph), 7.20—7.30 (m, 2 H, Ph). 13C NMR (CDCl;, 75 MHz):
& = 13.7 (CH3), 22.1 (CH,), 25.5 (CH,), 43.3 (CH,), 50.9 (CH,),
55.1 (CH3), 69.5 (CH), 113.7 (CH), 126.8 (CH), 135.0 (C), 158.9
(©), 211.5 (C). C14H05 (236.3): caled. C 71.16, H 8.53; found C
71.14, H 8.53.
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5-Hydroxy-6,6-dimethyl-3-heptanone (1h): 'H NMR (CDCl;,
300 MHz): & = 0.86 (s, 9 H, 3 X CHs), 1.02 (t, Jup = 7.3, 3 H,
CH3), 2.35-2.60 (m, 4 H, 2 X CH,), 3.0 (d, Jyu = 3.1, 1 H, OH),
371 (dt, Juy = 9.9, Jun = 3.1, 1 H, CH). 3C NMR (CDCl,
75 MHz): & = 7.5 (CHa), 25.6 (CHy), 34.1 (C), 36.8 (CH,), 43.7
(CH,), 74.9 (CH), 213.1 (C). CoH 50, (158.2): caled. C 6831, H
11.47; found C 68.31, H 11.46.

7-Hydroxy-5-dodecanone (1i): 'H NMR (CDCl;, 300 MHz): & =
0.85—1.00 (m, 6 H, 2 X CHj3), 1.25-1.70 (m, 12 H, 6 X CH,),
2.40—2.65 (m, 4 H, 2 X CH,), 3.1 (br. s, 1 H, OH), 4.00—4.10 (m,
1 H, CH). 3C NMR (CDCl;, 75 MHz): § = 13.8 (CH3), 14.0
(CH3), 22.2 (CH,), 22.5 (CH,), 25.1 (CH,), 25.6 (CH,»), 31.7 (CH,),
36.4 (CH,), 43.3 (CH,), 48.9 (CH,), 67.6 (CH), 212.5 (C).
C,H,40, (200.3): caled. C 71.95, H 12.08; found C 71.97, H 12.07.

5-Hydroxy-2-methyl-3-decanone (1n): 'H NMR (CDCl;, 300 MHz):
=097 (t, Junu = 73,3 H,CH;), 1.12(d, Jyny = 74,6 H, 2 X
CH;), 1.25—1.55 (m, 8 H, 4 X CH,), 2.45—2.70 (m, 3 H, CH and
CH,), 3.1 (br. s, 1 H, OH), 3.95-4.05 (m, 1 H, CH). '3C NMR
(CDCl3, 75 MHz): 6 = 14.0 (CH3), 17.9 (CH3), 22.6 (CH,), 25.1
(CH,), 31.7 (CH,), 36.4 (CH,), 41.4 (CH), 46.6 (CH»), 67.6 (CH),
216.0 (C). C;H»0, (186.3): caled. C 70.92, H 11.90; found C
70.94, H 11.90.

5-Hydroxy-2,2,6,6-tetramethyl-3-heptanone (10): 'H NMR (CDCl;,
300 MHz): & = 0.89 (s, 9 H, 3 X CHj), 1.12 (s, 9 H, 3 X CHa),
240 (dd, Jyu = 10.2, Jyu = 17.3, 1 H, CH,), 2.70 (dd, Jyu =
1.7, Juy = 17.3, 1 H, CH,), 3.2 (br. s, 1 H, OH), 3.63 (dd, Jy 1y =
1.7, Jun = 102, 1 H, CH). 13C NMR (CDCl;, 75 MHz): § = 25.7
(CH,), 26.3 (CHs), 34.2 (C), 37.9 (CH,), 44.6 (C), 75.0 (CH), 218.2
(C). C;Hx0, (186.3): caled. C 70.92, H 11.90; found C 70.91,
H 11.89.

(1R*,3R*)-1-phenyl-1,3-pentanediol (3a): Yield 144 mg (80%). 'H
NMR (CDCls, 300 MHz): 6 = 093 (t, Jun = 7.5, 3 H, CH;),
1.45—-1.60 (m, 2 H, CH,), 1.70—1.90 (m, 2 H, CH,), 3.2 (br. s, 1
H, OH), 3.5 (br. s, 1 H, OH), 3.80—3.95 (m, 1 H, CH), 4.90—5.00
(m, 1 H, CH), 7.25-7.40 (m, 5 H, Ph). 3C NMR (CDCl;,
75 MHz): 6 = 9.5 (CH3), 30.7 (CH,»), 44.7 (CH,), 74.0 (CH), 75.2
(CH), 125.6 (CH), 127.4 (CH), 128.4 (CH), 144.5 (C). C;;H ;0>
(180.2): calcd. C 73.30, H 8.95; found C 73.31, H 8.94.

4-|(1R*,3R*)-1,3-dihydroxyoctyl]benzonitrile (3c): Yield 190 mg
(77%). "H NMR (CDCls, 300 MHz): § = 0.88 (t, Juu = 7.2, 3 H,
CH3), 1.20—1.60 (m, 9 H, 4 X CH, and 1 H CH,), 1.70—1.80 (m,
1 H, CH,), 2.5 (br. s, 2 H, OH), 3.95—4.05 (m, 1 H, CH), 4.95—5.05
(dd, Jyu = 74, Juu = 5.8, 1 H, CH), 7.40—7.50 (m, 2 H, Ph),
7.55—7.65 (m, 2 H, Ph). '3C NMR (CDCl;, 75 MHz): § = 13.8
(CH3), 22.4 (CH,), 24.7 (CH,), 31.5 (CH,), 37.9 (CH,), 44.8 (CH,),
73.0 (CH), 74.1 (CH), 110.6 (C), 118.7 (C), 126.2 (CH), 132.0 (CH),
149.7(C). C,sH,NO, (247.3): caled. C 72.84, H 8.56; found C
72.86, H 8.57.

(1R*,3R*)-1-(4-bromophenyl)-1,3-pentanediol (3e): Yield 228 mg
(88%). 'H NMR (CDCls, 300 MHz): § = 0.88 (t, Jyy; = 7.4, 3 H,
CH3;), 1.45-1.60 (m, 2 H, CH,), 1.70—1.80 (m, 2 H, CH,), 3.2 (br.
s, 2 H, OH), 3.80—3.95 (m, 1 H, CH), 4.80—4.90 (m, 1 H, CH),
7.15-7.25 (m, 2 H, Ph), 7.40—7.50 (m, 2 H, Ph). 3C NMR
(CDCl;, 75MHz): § = 9.4 (CH;), 30.6 (CH,), 44.4 (CH,), 73.7
(CH), 74.3 (CH), 121.0 (C), 127.3 (CH), 131.3 (CH), 143.4 (C).
C;H;5BrO, (259.1): caled. C 50.98, H 5.83; found C 51.00, H 5.84.

(1R*,3R*)-1-(4-nitrophenyl)-1,3-pentanediol (3f): Yield 180 mg
(80%). "H NMR (CDCls, 300 MHz): § = 0.96 (t, Juu = 7.5, 3 H,
CH3), 1.45-1.60 (m, 2 H, CH,), 1.70—1.85 (m, 2 H, CH,), 2.3 (br.
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s, 1 H, OH), 3.90-4.05 (m, 1 H, CH), 4.1 (br. s, | H, OH),
5.05-5.15 (m, 1 H, CH), 7.50—7.65 (m, 2 H, Ph), 8.15—-8.30 (m,
2 H, Ph). 3C NMR (CDCls;, 75 MHz): § = 9.4 (CH), 31.0 (CH,),
44.6 (CH,), 74.2 (CH), 74.3 (CH), 123.6 (CH), 126.4 (CH), 147.1
(C), 152.2 (C). C;,H,sNO, (225.2): caled. C 58.66, H 6.71; found
C 58.64, H 6.70.

(1R*,3R*)-1-(4-methoxyphenyl)-1,3-heptanediol (3g): Yield 207 mg
(87%). '"H NMR (CDCls, 300 MHz): = 0.90 (t, Jyu = 7.2, 3 H,
CHs3), 1.25—1.55 (m, 6 H, 3 X CH,), 1.70—1.90 (m, 2 H, CH,),
29 (br. s, 1 H, OH), 3.1 (br. s, I H, OH), 3.80 (s, 3 H, CHj;),
3.90—4.00 (m, 1 H, CH), 490 (dd, Jyu = 3.7, Juug = 9.5, | H,
CH), 6.85—6.95 (m, 2 H, Ph), 7.25—7.35 (m, 2 H, Ph). '*C NMR
(CDCl;, 75 MHz): § = 14.0 (CH3), 22.7 (CH,), 27.5 (CH,), 37.8
(CH,), 45.2 (CH,), 55.3 (CH3), 72.7 (CH), 75.0 (CH), 113.8 (CH),
126.8 (CH), 136.8 (C), 159.0 (C). C4H»,05 (238.3): calcd. C 70.56,
H 9.30; found C 70.54, H 9.31.

(3R*,5R*)-2,2-dimethyl-3,5-heptanediol (3h): Yield 147 mg (92%).
'H NMR (CDCls, 300 MHz): § = 0.91 (s, 9 H, 3 X CH3), 0.95 (t,
Jun = 74,3 H, CHj), 1.25—-1.70 (m, 4 H, 2 X CH,), 2.8 (br. s, 2
H, OH), 3.50 (dd, Jyu = 10.6, Jyu = 1.8, 1 H, CH), 3.70—3.80
(m, 1 H, CH). 3C NMR (CDCls;, 75 MHz): § = 9.7 (CH3), 25.5
(CHs;), 30.9 (CH,), 34.8 (C), 36.4 (CH,), 74.8 (CH), 81.2 (CH).
CyH,00; (160.3): caled. C 67.45, H 12.58; found C 67.46, H 12.59.

(5R*,18%)-5,7-dodecanediol (3i): Yield 186 mg (92%). 'H NMR
(CDCl3, 300 MHz): 8 = 0.85—1.00 (m, 6 H, 2 X CHj3), 1.25—1.70
(m, 16 H, 8 X CH,), 3.2 (br. s, 2 H, OH), 3.75—3.90 (m, 2 H, CH).
13C NMR (CDCls, 75 MHz): § = 14.0 (CH3), 22.6 (CH,), 22.7
(CH,), 25.0 (CH,»), 27.5 (CH,»), 31.8 (CH»), 37.9 (CH,), 38.2 (CH»),
42.8 (CH,), 73.2 (CH). C|,H»40, (202.3): caled. C 71.23, H 12.95;
found C 71.24, H 12.94.

(3R*,5R*)-2-methyl-3,5-decanediol (3n): Yield 168 mg (89%). 'H
NMR (CDCl;, 300 MHz): 6 = 0.85—1.00 (m, 9 H, 3 X CHs),
1.15-1.75 (m, 11 H, 5 X CH, and CH), 3.1 (br. s, 2 H, OH), 3.64
(ddd, Juyu = 2.2, Juu = 5.1, Jyuu = 10.0, 1 H, CH), 3.75-3.90
(m, 1 H, CH). '3C NMR (CDCls, 75 MHz): § = 14.0 (CH3), 17.4
(CH3), 18.2 (CH;), 22.6 (CH,), 25.0 (CH,), 31.8 (CH,), 34.2 (CH),
38.2 (CH,), 39.3 (CH,), 73.3 (CH), 78.0 (CH). C;1H»40>: caled. C
70.16, H 12.85; found C 70.18, H 12.84.

Cyclisation of 1,3-Diols into the Corresponding Phenylboronate De-
rivatives 12: The 1,3-diols were converted into the corresponding
phenylboronates 12 according to a previously reported proced-
ure.' In all cases almost quantitative yields were obtained
(>98%).

When a detectable amount of the anti-isomer was present, a com-
parison of the (8cC-1 + 8cC-3) values!'' of the syn- and anti-
isomers (Hoffmann rules)?” allowed an unequivocal assignment.
In all other cases the structure was assigned by NOE NMR experi-
ments.

Spectroscopic data and (8cC-1 + 8cC-3) syn and (8cC-1 + 3cC-
3) anti values of boronates 12 follow:

(4R*,6 R*)-4-ethyl-2,6-diphenyl-1,3,2-dioxaborinane (12a): 'H NMR
(CDCls, 300 MHz): 6 = 0.97 (t, Juu = 7.3, 3 H, CHj3), 1.50—1.70
(m, 3 H, 1 X CH, and 1H CH,), 2.12 (dt, Jyu = 2.8, Juu = 14.0,
1 H, CH,), 4.10—4.20 (m, 1 H, CH), 5.10 (dd, Jyu = 2.8, Juu =
11.5, 1 H, CH), 7.15—-7.40 (m, 8 H, Ph), 7.80—7.90 (m, 2 H, Ph).
13C NMR (CDCls, 75 MHz): § = 9.4 (CHs), 30.0 (CH,), 41.4
(CHy), 73.1 (CH), 73.4 (CH), 125.2 (CH), 127.4 (CH), 127.5 (CH),
128.4 (CH), 130.6 (CH), 133.9 (CH), 143.0 (C); (6cC-1 + 8.C-3)
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syn = 146.5, (8cC-1 + 8cC-3) anti = 140.1. C;H;9BO, (266.1):
caled. C 76.72, H 7.20; found C 76.73, H 7.20.

4-[(4R*,6 R*)-6-pentyl-2-phenyl-1,3,2-dioxaborinan-4-yl]benzonitrile
(12¢): '"H NMR (CDCl;, 300 MHz): § = 0.91 (t, Jyu = 7.2, 3 H,
CHs;), 1.25—-1.40 (m, 4 H, 2 X CH,), 1.40—1.50 (m, 1 H, CH,),
1.50—1.75 (m, 4 H, 2 X CH,), 2.25 (dt, Jyu = 2.8, Junu = 14.1,
1 H, CH,), 4.20—4.35 (m, 1 H, CH), 5.23 (dd, Juu = 2.8, Junu =
11.5, 1 H, CH), 7.60—7.75 (m, 3 H, Ph), 7.75—7.85 (m, 2 H, Ph),
7.90—8.00 (m, 2 H, Ph), 8.15-8.25 (m, 2 H, Ph). 3C NMR
(CDCl;, 75 MHz): § = 14.0 (CHs3), 22.6 (CH,), 24.6 (CH,), 31.7
(CH,), 37.0 (CH,), 41.4 (CH,), 71.8 (CH), 72.8 (CH), 111.3 (C),
118.8 (C), 125.9 (CH), 127.6 (CH), 130.9 (CH), 132.4 (CH), 133.9
(CH), 148.2 (C); (6cC-1 + 8cC-3) syn = 144.6, (6cC-1 + 6C-3)
anti = 134.1. C,yH»4BNO, (321.2): calcd. C 74.78, H 7.53; found
C 74.80, H 7.54.

(4R*,6 R*)-4-(4-bromophenyl)-6-ethyl-2-phenyl-1,3,2-dioxaborinane
(12¢): '"H NMR (CDCl;, 300 MHz): § = 1.07 (t, Jyu = 7.5, 3 H,
CH;), 1.45—-1.80 (m, 3 H, CH, and 1 H CH,), 2.21 (dt, Jynu =
2.7, Jun = 139, 1 H, CHy), 4.15-4.25 (m, 1 H, CH), 5.17 (dd,
Jun = 2.0, Jyy = 7.8, 1 H, CH), 7.15-7.60 (m, 7 H, Ph),
7.80—7.95 (m, 2 H, Ph). 3C NMR (CDCl;, 75 MHz): § = 9.3
(CH3), 30.0 (CH,), 41.1 (CH,), 72.8 (CH), 72.9 (CH), 121.2 (C),
126.9 (CH), 127.5 (CH), 130.7 (CH), 131.5 (CH), 133.9 (CH), 141.9
(C); (BcC-1 + 8cC-3) syn = 145.7, (3cC-1 + 6:C-3) anti = 139.4.
C7H3BBrO, (345.0): calcd. C 59.18, H 5.26; found C 59.16, H
5.28.

(4R*,6 R*)-4-ethyl-6-(4-nitrophenyl)-2-phenyl-1,3,2-dioxaborinane
(12f): 'H NMR (CDCl;, 300 MHz): 8 = 1.09 (t, Jyuy = 7.4, 3 H,
CH;), 1.55—1.75 (m, 3 H, CH, and 1 H CH,), 2.29 (dt, Jyn =
2.8, Junu = 14.0, 1 H, CH,), 4.20—4.30 (m, 1 H, CH), 5.33 (dd,
Jun = 2.8, Jun = 114, 1 H, CH), 7.35-7.50 (m, 3 H, Ph),
7.60—7.65 (m, 2 H, Ph), 7.85—7.95 (m, 2 H, Ph), 8.10—8.20 (m, 2
H, Ph). 3C NMR (CDCl;, 75 MHz): § = 9.3 (CH3), 30.0 (CH,),
40.9 (CH,), 72.6 (CH), 72.9 (CH), 123.8 (CH), 126.0 (CH), 127.6
(CH), 130.9 (CH), 133.9 (CH), 147.3 (C), 150.1 (C); (cC-1 + 6C-
3) syn = 145.5, (8cC-1 + 08cC-3) anti = 138.7. C;H ;sBNO,
(311.1): caled. C 65.62, H 5.83; found C 65.63, H 5.81.

(4R*,6 R*)-4-butyl-6-(4-methoxyphenyl)-2-phenyl-1,3,2-dioxa-
borinane (12g): '"H NMR (CDCl;, 300 MHz): § = 0.95 (t, Jyu =
7.3, 3 H, CH3), 1.35—1.45 (m, 2 H, CH,), 1.45—1.65 (m, 4 H, 2 X
CH,), 1.65—1.75 (m, 1 H, CH,), 2.19 (dt, Juyu = 2.8, Jun = 14.0,
1 H, CH,), 3.80 (s, 3 H, CH3), 4.20—4.30 (m, 1 H, CH), 5.15 (dd,
Jun = 2.8, Jun = 11.5, 1 H, CH), 6.85—6.95 (m, 2 H, Ph),
7.30—7.45 (m, 5 H, Ph), 7.80—7.95 (m, 2 H, Ph). 3C NMR
(CDCl3, 75 MHz): § = 14.1 (CH;), 22.7 (CH,), 27.2 (CH»), 36.9
(CH,), 41.9 (CH,), 55.3 (CH3), 71.9 (CH), 73.2 (CH), 113.8 (CH),
126.5 (CH), 127.5 (CH), 130.6 (CH), 133.9 (CH), 135.2 (C), 159.0
(C); (0cC-1 + 8cC-3) syn = 144.1, (6cC-1 + 6cC-3) anti = 139.7.
C,0H,5BO; (324.2): caled. C 74.09, H 7.77; found C 74.11, H 7.78.

(4R*,6 R*)-4-(tert-butyl)-6-ethyl-2-phenyl-1,3,2-dioxaborinane (12h):
'H NMR (CDCls, 300 MHz): § = 1.00 (s, 9 H, 3 X CHj3), 1.08 (t,
Jun = 7.3, 3 H, CH;), 1.30—1.55 (m, 1 H, CH,), 1.55—1.70 (m,
2 H, CHy), 1.93 (dt, Juu = 13.6, Jun = 2.7, | H, CHy), 3.79 (dd,
Jun = 115, Jyn = 2.7, 1 H, CH), 3.95-4.10 (m, Jyu = 8.7,
Jun = 2.7, 1 H, CH), 7.30—7.45 (m, 3 H, Ph), 7.80—7.90 (m, 2
H, Ph). 3C NMR (CDCls, 75 MHz): 6 = 9.6 (CHj), 25.4 (CHj;),
30.4 (CH,), 32.9 (CH,), 34.6 (C), 73.2 (CH), 79.3 (CH), 127.4
(CH), 130.4 (CH), 133.8 (CH). C,5sH»3BO, (246.2): calcd. C 73.19,
H 9.42; found C 73.22, H 9.40.

(4R *,65%)-4-butyl-6-pentyl-2-phenyl-1,3,2-dioxaborinane (12i): 'H
NMR (CDCl;, 300 MHz): 6 = 0.85—1.05 (m, 6 H, 2 X CHy),
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1.25-1.80 (m, 15 H, 7 X CH, and 1H CH,), 1.97 (dt, Jyy;q = 2.7,
Jun = 13.8, 1 H, CH,), 4.05-4.20 (m, 2 H, CH), 7.20—7.45 (m,
3 H, Ph), 7.80—7.90 (m, 2 H, Ph). 3C NMR (CDCls, 75 MHz):
§ = 14.0 (CH3), 14.1 (CHs), 22.7 (CH,), 24.8 (CH,), 27.3 (CH,),
31.9 (CH,), 37.1 (CH,), 37.4 (CH,), 39.1 (CH,), 71.8 (CH); (8.C-
1 + 8cC-3) syn = 143.6, (5-C-1 + 8C-3) anti = 137.6. C,gH,BO,
(288.2): caled. C 75.01, H 10.14; found C 75.03, H 10.15.

(4R*,6 R*)-4-isopropyl-6-pentyl-2-phenyl-1,3,2-dioxaborinane (12n):
'"H NMR (CDCls, 300 MHz): § = 0.92 (t, Juy = 7.4, 3 H, CH;),
098 (d, Jun = 6.9, 3 H, CH;), 1.05 (d, Juu = 6.8, 3 H, CH;),
1.30—1.40 (m, 6 H, 3 X CH,), 1.40—1.55 (m, 1 H, CH,), 1.55—1.65
(m, 2 H, CH,), 1.70—1.85 (m, 1 H, CH), 1.94 (dt, Juyu = 2.8,
Jun = 13.7,1 H, CH,), 3.84 (ddd, Jyn = 2.8, Jyu = 6.0, Jyn =
8.9, 1 H, CH), 4.00—4.10 (m, 1 H, CH), 7.30—7.45 (m, 3 H, Ph),
7.75—7.90 (m, 2 H, Ph). *C NMR (CDCl;, 75 MHz): § = 14.1
(CHs), 17.8 (CH3), 18.1 (CH3), 22.7 (CH,), 24.8 (CH,), 31.9 (CH,),
33.9 (CH), 35.8 (CHy), 37.4 (CH»), 71.9 (CH), 76.6 (CH), 127.4
(CH), 130.4 (CH), 133.8 (CH). C,7H»;BO, (274.2): calcd. C 74.46,
H 9.92; found C 74.47, H 9.90.
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