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Asymmetric addition of organozinc compounds to carbonyl groups is one of the most useful
methods for the synthesis of alcohols with high enantioselectivity. There is a wide range of chiral
catalysts, although their synthesis requires more than one step and not often readily available
starting materials. In this work, chiral B-hydroxy oxazolines derived from (+)-camphor and
(—)-fenchone were easily synthesized through a one-step method, with good yields. Both ligands
were evaluated as catalysts for the stereoselective addition of diethylzinc to aromatic aldehydes.
All ligands showed good catalytic activity, leading both to the preparation of the R enantiomer of
chiral secondary alcohols. As ligand 2 provided slightly better enantioselectivities, it was used as
chiral inductor for the addition of diethylzinc for a larger number of aldehydes, resulting in good
to excellent yields (88-98%) and enantiomeric excess up to 96%.
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Introduction

The enantioselective addition of organometallic
reagents to carbonyl compounds is a powerful methodology
to form a new carbon-carbon bond.!? Generally, due
to their higher reactivity, the asymmetric addition of
organolithium and organomagnesium to aldehydes and
ketones remains a challenge and few examples have been
reported, including the use of very low temperatures and/or
high amounts of chiral inductors.*> On the other hand,
the enantioselective addition of organozinc compounds
to carbonyl group is one of the most useful methods for
the asymmetric synthesis of secondary alcohols with high
enatioselectivity.>36-11

*e-mail: tic@ufpr.br
Editor handled this article: Albertina Moglioni (Associate)

The synthesis of catalysts and their applications as chiral
inductors in carbonyl organometallic addition have been
studied in the last decades. In this way, there is a wide range
of chiral catalysts, such as primary alcohols,'>' diamines,'’*
disulfonamides,?! diols,?*?° oxazolines,”’** aminoalcohols, >
and others.*% However, the synthesis of those catalysts
usually requires more than one step and not often readily
available starting materials. So, the development of new
catalysts, synthesized from easily available and inexpensive
starting materials, through simple synthetic methods, remains
an important challenge (Figure 1).

Natural chiral ketones, such as camphor, fenchone and
menthone are inexpensive and have been applied in the
synthesis of chiral inductors used in the asymmetric addition
reactions of organozinc reagents to carbonyl compounds,
furnishing good to excellent enantioselectivity.>%7-63
Oxazolines have been extensively used in asymmetric


https://orcid.org/0000-0001-8113-2467

1354 New Catalysts Derived from Natural Products

(a)

J. Braz. Chem. Soc.

O OH
Chiral ligand *
H + Et,zn e ieand
Temperature
Time

(b)

Ligand loading: 2 mol%

Time: 6h
~ Temperature:  0°C

Syntesis steps: 4
OH Product
stereochemistry: S
Yield: 97%
e.e.: 98%

Z—

Ligand loading: 5 mol%

Time: 2h
- O Temperature: 0°C
OH Synthesis steps: 1
N\;) Product
> stereochemistry: S
> Yield: 93%
e.e.: 91%

I/\O Ligand loading: 2 mol%
Time: 3h
N\) Temperature: 0°C
Synthesis steps: 2

OH Product
stereochemistry: R
Yield: 98%
e.e.: 98%

Ligand loading: 5 mol%
Time: 2h

OH Temperature: 0°C
Synthesis steps: 1

,N Product

o) stereochemistry: S

Yield: 95%
e.e. 96%

Figure 1. Known and new (+)-camphor and (—)-fenchone derived ligands for the addition of diethylzinc to aldehydes. (a) Stereoselective addition of Et,Zn
to benzaldehyde; (b) notable chiral ligands derived from (—)-camphor and (+)-fenchone; (c) this work: synthesis and evaluation of B-hydroxyoxazolines

as ligands.

catalysis, including some o-hydroxy-2-oxazolines®” and
B-hydroxy-2-oxazolines.*?

The enantioselective catalytic addition of organozinc
reagents to carbonyl groups has been used for the
synthesis of optically active thiazolidines,*® lactones,"
cyclopropyl alcohols,'*!36%7 and natural products such as
(+)-(R)-gossonorol, which shows antifungal, anticancer
and antioxidant activities.'

Following our previous studies,*-*® we envisioned that
bulkier natural ketones like camphor and fenchone could
enhance the steric induction when applied to the addition
of organozinc compounds. Combining the aforementioned
natural ketones with chiral oxazolines, which can be
prepared from natural amino acids, provided access to two
readily available chiral sources, that can be manipulated
for the ligand design.

Herein we describe the synthesis of B-hydroxy-
2-oxazolines, easily prepared from (—)-fenchone and
(+)-camphor and their application as chiral inductors in
the enantioselective addition of diethylzinc to aldehydes.

Experimental
General

All air- and moisture-sensitive reactions were carried
out under dry argon atmosphere. Tetrahydrofuran (THF),

hexane, toluene, and diethyl ether were dried by distillation
from sodium using benzophenone as indicator. Diethylzinc
and n-butyllithium solutions (in hexane) were purchased
from Sigma-Aldrich (Saint Louis, USA) in 1 and 1.6 M,
respectively. All other materials were commercially
obtained with analytical purity.

Purification of reaction products was carried out
manually by flash column chromatography using Merck
(Darmstadt, Germany) 9385 Silica gel-Breckland 60
(0.040-0.063 mm). Analytical thin-layer chromatography
was performed on silica gel 60 and GF (5-40 um thickness)
plates. Optical rotations were measured in a Jasco (Tokyo,
Japan) P-2000 polarimeter.

The nuclear magnetic resonance (NMR) spectra were
obtained on a Bruker (Billerica, USA) AC 200 spectrometer
operating at 4.7 Tesla (200 MHz for 'H) at 293 K, using
CDCl, as solvent. The chemical shifts (0) are given in ppm,
related to tetramethylsilane (TMS) signal at 0.00 ppm as
internal reference, and the coupling constants (J) are given
in hertz (Hz).

Chiral gas chromatography (GC) analyses were
performed in a Varian (Palo Alto, USA) 3800 chromatograph
equipped with a flame ionization detector, helium
as carrier gas, and Chirasil-Dex CB-B-cyclodextrin
(30m x 0.25 mm x 0.25 pm) as stationary phase. The carrier
gas was helium, used at a constant pressure of 59 kPa and
a constant flow of 1 mL min™'. The injector temperature
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was 280 °C, with the initial temperature set at 60 °C and a
temperature ramp of 3 °C min™ rising to a final temperature
of 280 °C for 10 min.

High-resolution mass spectrometry (HRMS)
data were obtained on a Waters (Mildford, USA)
liquid chromatography time-of-flight (LC-TOF) mass
spectrometer (LCT-XE Premier) with electrospray
ionization (ESI) in the positive mode.

Synthesis of ligands

(1S,2R,4S)-2-(((S)-4-1sopropyl-4,5-dihydrooxazol-2-yl)
methyl)-1,3,3-trimethylbicyclo[2,2,1]heptan-2-ol (1)

In a 25 mL round bottom flask equipped with a stir
bar under argon atmosphere, anhydrous THF (4.0 mL)
and (5)-(-)-2-methyl-4-isopropyloxazoline (0.254 g,
2.00 mmol) were added and the temperature reduced
to =78 °C. After temperature stabilization, n-BuLi
(2.10 mmol) in hexane was added at once. The reaction
mixture was stirred for 15 min followed by addition, drop
by drop, of a (—)-fenchone (0.308 g, 2.00 mmol) solution
dissolved in anhydrous THF (4.0 mL). The mixture was
stirred at =78 °C for 30 min and the cooling bath was
removed. After reaching room temperature, the reactional
mixture was washed with saturated NaHCO, aqueous
solution (10 mL) and the aqueous layer was extracted with
hexane/ethyl ether (1:1, 10 mL). The organic layers were
combined, dried with anhydrous Na,SO,, filtrated, and
evaporated. The crude product was purified by flash column
chromatography using ethyl ether/ethyl acetate/hexane
(0.25:0.25:9.5) to obtain the pure B-hydroxyoxazoline 1.
'H NMR (200 MHz, CDCl;) 6 0.91 (d, J 6.8 Hz, 3H),
0.93 (d, J 5.6 Hz, 3H), 0.97 (m, 2H), 1.00 (s, 6H), 1.02 (d,
J 5.6 Hz, 3H), 1.10 (dd, J 10.46 and 1.56 Hz, 1H), 1.52
(m, 5H), 2.16 (m, 1H), 2.40 (d, J 1.14 Hz, 2H), 3.86 (dd,
J8.75and 7.61 Hz, 1H), 4.23 (dd, J 8.00 and 7.61 Hz, 1H),
5.70 (s, 1H); *C NMR (50 MHz, CDCL,) 6 17.80, 19.11,
19.55, 22.89, 25.44, 27.31, 29.45, 32.20, 33.27, 40.67,
44.22, 49.86, 52.07, 70.06, 72.53, 79.66, 168.05; GC-MS
m/z (%), 154 (16.64), 127 (8.51), 109 (5.10), 95 (2.50),
81 (100), 69 (61.65), 56 (49.43), 41 (50.53); HRMS m/z,
caled. for C;H;,NO, [M + H]*: 280.2271, found: 280.2277;
[a]p® =34.57 (¢ 1.20, CH,Cl).

(1S,2S,4R)-2-(((S)-4-1sopropyl-4,5-dihydrooxazol-2-yl)
methyl)-1,7,7-trimethylbicyclo[2,2,1]heptan-2-ol (2)

In a 25 mL round bottom flask equipped with a stir
bar under argon atmosphere, anhydrous THF (4.0 mL)
and (S5)-(-)-2-methyl-4-isopropyloxazoline (0.254 g,
2.00 mmol) were added and the temperature reduced
to =78 °C. After temperature stabilization, n-BuLi
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(2.10 mmol) in hexane was added at once. The reactional
mixture was stirred for 15 min followed by addition, drop
by drop, of a (+)-camphor (0.308 g, 2.00 mmol) solution
dissolved in anhydrous THF (4.0 mL). The reaction
mixture was kept under agitation at —=78 °C for 30 min
and the cooling bath was removed. After reaching room
temperature, the reactional mixture was washed with
saturated NaHCO, aqueous solution (10 mL) and the
aqueous layer was extracted with hexane/ethyl ether (1:1,
10 mL). The organic layers were combined, dried with
anhydrous Na,SO,, filtrated, and evaporated. The crude
product was purified with flash column chromatography
using acetone/hexane (0.5:9.5), yielding 0.455 g (81%) of
pure B-hydroxyoxazoline 2. '"H NMR (200 MHz, CDCl,)
0 0.88 (s, 6H), 0.89 (d, J 6.96 Hz, 3H), 0.97 (m, 1H), 0.98
(d, J 6.96 Hz, 3H), 1.15 (s, 3H), 1.40 (m, 3H), 1.70 (m,
4H), 2.11 (dt, J 13.2 and 3.7 Hz, 1H), 2.35 (d, J 15.6 Hz,
1H), 2.55 (d, J 15.6 Hz, 1H), 3.87 (m, 1H), 3.94 (dd, J 8.5
and 6.8 Hz, 1H), 4.24 (dd, J 8.5 and 6.8 Hz, 1H); *C NMR
(50 MHz, CDCly) 6 10.71, 18.53, 19.01, 21.07, 21.54,
26.88, 30.51, 32.92, 36.59, 45.17, 46.93, 49.23, 52.19,
69.80, 72.09, 78.67, 166.62; GC-MS m/z (%), 169 (1.60),
127 (18.57), 108 (33.76), 95 (89.28), 84 (100), 81 (50.58),
70 (6.16), 69 (38.95), 56 (63.59), 55 (41.75), 43 (31.23),
41 (52.81); HRMS m/z, calcd. for C;H;,NO, [M + HJ":
280.2271, found: 280.2273; [a],** —69.00 (c 2.50, CH,CI).

General procedure for addition of diethylzinc to aldehydes

A 10 mL reaction vial with a stir bar was loaded with
B-hydroxyoxazoline (0.05 mmol), anhydrous hexane
(1.0 mL), and diethylzinc solution in hexane (2.50 mL,
2.50 mmol) under argon atmosphere. The solution was
stirred at 20 °C for 20 min. After that, the temperature
was reduced to 0 °C and aldehyde (2.00 mmol) in
anhydrous hexane (4.0 mL) was added to the vial. After
2 h, the temperature was raised to room temperature and an
NaHCO, saturated aqueous solution (4.0 mL) was added
to the vial. The layers were separated, and the aqueous
layer was extracted with hexane/ethyl ether (1:1, 5.0 mL)
three times. All organic layers were combined, dried with
anhydrous Na,SO,, filtrated, and concentrated in a rotatory
evaporator. The crude product was purified using flash
column chromatography.

Results and Discussion

The B-hydroxy-2-oxazolines were easily obtained by
the addition of 2-oxazoline anions to the respective ketones,
as previously described.?? The B-hydroxy-2-oxazoline 1 was
obtained through an exo approach of the oxazoline anion
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Figure 2. Synthesis of the B-hydroxy-2-oxazolines 1 and 2.

to the carbonyl group of (—)-fenchone, as reported in the
literature,”"’? generating the endo-alcohol derivative with
diastereomeric excess (d.e.) greater than 97%.

On the other hand, since (+)-camphor has a high steric
hindrance caused by the methyl groups at the exo side of
the bicyclic system, the addition of the oxazoline anion
to the carbonyl group of (+)-camphor occurred via endo
approximation (Figure 2) resulting in the exo-alcohol 2,
which was obtained with d.e. higher than 97%.

The stereochemistry and structure of both 3-hydroxy-2-
oxazolines 1 and 2 were determined using NMR analysis,
such as coupling constants, heteronuclear single quantum
coherence spectroscopy (HSQC), heteronuclear multiple
bond correlation (HMBC) and nuclear Overhauser effect
(NOE). For detailed information, see Supplementary
Information (SI) section.

With the chiral inductors obtained, all stereoselective
diethylzinc additions to aldehydes were carried out in
hexane following reported procedures,*** and the results
are presented in Table 1.

As ligand 2 provided slightly better enantioselectivities
in the previous study (up to 93%, e.e.), it was used as the
chiral inductor for the addition of diethylzinc to some more
aldehydes. The results are displayed in Table 2. Acceptable
to good asymmetric inductions of 82-96% and good to
excellent yields (88-98%) were reached.

The proposed mechanism for the addition of diethylzinc
to aldehydes using the endo-f-hydroxy-2-oxazoline 2 as
the chiral catalyst is shown in Figure 3. It is based on
the generation of intermediate complexes, as previously
described by several other research groups.””” We believe
that the mechanism consists of two steps. In the preceding
step, diethylzinc reacts with the oxazoline 2 to generate
the catalytically active species 3A and 3B, of which 3A is
energetically favored since it avoids steric repulsion of the
ethyl zinc part with the isopropyl group of the oxazoline
and the methyl group of camphor moiety, as it occurs in
3B. Coordination of diethyl zinc and the aldehyde to 3A
leads to the favored transition state 4A, which gives, in
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Table 1. Yield and products in the addition reaction of diethylzinc to
aldehydes

o)
OH N/\)

1

(0} OH
lig. (5 mol%)
+ 2eq.Et,Zn ————
R~©)LH q. B, Hexane R@/k/
0°C,2h

Ligand 1 Ligand 1 Ligand 2 Ligand 2

entry Product yield/ % ece./% yield/% ee./%
"

1 ©j\/ 93 88 (S) 95 91 (S)
OH

2 /©/'\/ 89 84.(S) 93 90 (5)

Cl

"

3 ©il/ 88 85 (S) 90 85 (S)
O/
"

4 @i/ 91 91 () 92 93 (S)

o~

OH

5 89 90 (5) 93 92.(S)

E

N,

e.e.: enantiomeric excess.

good agreement with the experimental results, highly
enantioselectively the corresponding chiral alcohol with
S configuration.

Conclusions

In summary, we report the easy synthesis of new chiral
inductors 1 and 2, prepared from natural ketones through
a one-step method, and their application as a catalyst in
stereoselective addition of diethylzinc to aldehydes, which
allowed the preparation of chiral secondary alcohols in
good to excellent yields and enantiomeric excess up to 96%.
We envisioned that this approach will enable further ligand
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Table 2. Yield and products in the addition reaction of diethylzinc to
aldehydes using ligand 2

o} OH
H . 2eq. Etzzn lig. 2 (5 mol%)
R Hexane R
0°C,2h
Product Yield / % ee./%

/
Q
o
5 T

93 92
OH
2 /@J\/ 91 82
O,N
OH
3 d\/ 88 88
OH
4 \©/'\/ 95 95
OH
5 /©/'\/ 90 89
HO
6 OO 93 93
OH
7 95 9
S, OH
8 @-{_ 98 90

e.e.: enantiomeric excess.
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designs, that shall pave the way to new easily accessible
chiral pre-catalysts.

Supplementary Information

Supplementary information (spectra and detailed
mechanisms) is available free of charge at http://jbcs.sbq.
org.br as PDF file.
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