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Abstract—New chiral Schiff bases were synthesized through tricyclic 2-azetidinones as key intermediate
products which were obtained by reaction of (+)-2-carene with chlorosulfonyl isocyanate.
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During the past decades optically active mono-
terpenes were increasingly used as starting compounds
for the synthesis of chiral reagents and unique syn-
thons for asymmetric synthesis [1]. Among optically
active monoterpenes used in stereoselective syntheses,
including asymmetric metal complex catalysis, an im-
portant place is occupied by 2- and 3-carenes (I, IT) [2].
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For example, ligands obtained from 3-carene (II)
ensured vanadium-catalyzed oxidation of prochiral sul-

fides into optically active sulfoxides [3, 4], palladium-
catalyzed asymmetric allylation [5], and addition of
diethylzinc to aromatic aldehydes [6, 7].

We recently [8] found that the reaction of
(+)-2-carene (I) with chlorosulfonyl isocyanate gives
a mixture of lactams III and IV at a ratio of 1:1.6
(Scheme 1). Compounds III and IV were isolated as
individual substances by fractional crystallization from
hexane. Treatment of lactam IV with Boc,O and sub-
sequent methanolysis afforded compound V. By acid
hydrolysis of the amide group in V we obtained op-
tically active f-amino acid methyl ester VI. Likewise,
the reaction of III with Boc,0 gave afforded com-
pound VII. Unlike ester V, its isomer VIII readily
underwent hydrolysis to acid IX under basic condi-
tions even in the presence of a small amount of water.
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CISO,NCO

(1) Boc,O, DMAP
(2) MeONa, MeOH

(1) MeONa
(2) H,0

CF,COOH

_—

32




SYNTHESIS OF NEW CHIRAL SCHIFF BASES FROM (+)-2-CARENE 33
Scheme 2.
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Depending on the time of contact with water upon
treatment of the reaction mixture, either a mixture of
ester VIII and acid IX or substituted amino acid IX
alone was formed.

Taking into account close position of the newly
formed asymmetric centers to the cyclopropane ring,
the resulting chiral f-amino acids are promising from
the viewpoint of their application in asymmetric syn-
thesis. In fact, it is known that chiral ligands derived
from 2-carene are superior to analogous ligands
derived from 3-carene (II) or a-pinene in the magni-
tude of asymmetric induction in the synthesis of syn-
aldols and asymmetric allylboration [9, 10].

The goal of the present work was to synthesize on
the basis of (+)-2-carene (I) new compounds, mostly
those of the salicylaldehyde imine series, which can be
used as chiral ligands in asymmetric metal complex
catalysis, specifically in vanadium-catalyzed oxidation
of sulfides to sulfoxides.

In order to obtain Schiff bases from salicylaldehyde
and its derivatives it was necessary to synthesize
terpenoids containing a primary amino group. We
found that the use of trifluoroacetic acid instead of

Xllla=Xlllc
R = £-Bu (a), H (b), O,N (c).

water for the decomposition of sodium methoxide after
methanolysis of compound VII resulted in smooth
formation of 95% of N-Boc-protected amino ester
VIII. Interestingly, the reaction mixture contained no
hydrolysis product of the amide group, whereas sub-
sequent keeping of compound VIII in CH,Cl, in the
presence of trifluoroacetic acid gave 97% of amino
ester X (Scheme 2). The reduction of X with LiAlH,
afforded target amino alcohol XI in quantitative yield.

As aldehyde component we selected 3,5-di-tert-
butyl-2-hydroxybenzaldehyde (XIIa), salicylaldehyde
(XIIb), and 2-hydroxy-3,5-dinitrobenzaldehyde (XIIc),
taking into account that ligands obtained from the
same aldehydes and a-pinene or 3-carene (II) turned
out to be the most efficient in vanadium-catalyzed
asymmetric oxidation of sulfides [3, 4, 11]. The reac-
tion of XI with aldehydes XIIa—XIIc¢ smoothly
afforded the corresponding salicylaldehyde imines
XIITa—XIIIc (Scheme 2).

It was reported previously [4, 11] that some Schiff
bases derived from monoterpenoids can exist in part as
tricyclic benzoxazine structures. According to the
'H NMR data, compounds XIIIa and XIIIb were

Scheme 3.
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R = £-Bu (a), H (b), O,N (c).
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Scheme 4.
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mixtures with the corresponding tricyclic isomers
XIVa and XIVb at ratios of 1:0.4 (a) and 1:0.3 (b)
(Scheme 3). The presence of benzoxazine XIVe in
addition to structure XIIIc in CDCI; solution (XIIlc:
XIVe ~1:0.1) followed from the '"H NMR spectrum
which contained a signal at & 5.92 ppm assignable to
12-H; however, most signals of XIVe in the 'H and
5C NMR spectra could not be identified because of its
low concentration. The configuration of C'* in mole-
cule XIVb was determined with the aid of quantum-
chemical calculations. Preliminary conformational
analysis of the (12R)- and (12S)-diastereoisomers of
XIVb, as well as of Schiff base XIIIb revealed,
respectively, 29, 31, and 42 stable conformations. The
energy of the most stable (12R)-conformer of XIVb is
lower by 6.1 kcal/mol than the energy of the most
stable (12S)-conformer. Moreover, steric arrangement
of substituents in eight most stable conformers of
Schiff base XIIIb is favorable for cyclization with
formation of (12R)-diastercoisomer, whereas the most
stable conformer suitable for the formation of
(1285)-diastereoisomer has an energy higher by
1.9 kcal/mol. The mean-square deviations of the cal-
culated NMR chemical shifts of the (12R)-diastereo-
isomer from the experimental values were Ad =
0.16 ppm ('H) and Ad¢ = 2.8 ppm (**C) against A =
0.26 and Ad¢c = 3.2 ppm for the (125)-configuration.
Thus the calculations showed that both thermo-
dynamic and conformational control of the cyclization
of Schiff base XIIIb should favor formation of tri-
cyclic product with (R)-configuration of the C'* atom,
and the calculated chemical shifts of the (12R)-dia-
stereoisomer are better consistent with the experi-
mental ones. Therefore, we can conclude with high
probability that compound XIVb has just (12R)-con-
figuration. The (12R)-diasterecoisomer of XIVa is also
appreciably more stable than its (12S5)-isomer (by
3.5 kcal/mol). Furthermore, the 'H and '*C NMR spec-
tra of XIVa are similar to those of XIVb, so that the
former can also be assigned (12R)-configuration.

We previously found that electron-withdrawing
substituents in the aromatic ring favor oxazine ring
closure in salicylaldehyde imines derived from
a-pinene [11]. By contrast, increased concentration of
the oxazine structure was observed for analogous
ligands derived from 3-carene (II) if donor groups
were present in the aromatic ring [4]. Obviously,
ligands XIVa—XIV¢ obtained from 2-carene (I) dis-
play the same relation between electronic effect of
substituents in the benzene ring and the fraction of
tricyclic isomer as that found for the ligands based on
3-carene (II).

The reduction of compound VI with LiAIH, unex-
pectedly led to the formation of a complex mixture of
products which contained no primary amino group.
Therefore, amino ester VI was used as starting mate-
rial for the synthesis of new ligands. By reaction of VI
with salicylaldehydes XIIa and XIIb we obtained
Schiff bases XVa and XVb, and the subsequent
reduction of XVb with LiAlH, gave compound XVI
(Scheme 4).

Compounds XIITa—XIIIc, XVa, XVb, and XVI
were tested as ligands in the asymmetric oxidation of
methylsulfanylbenzene (XVII) in the presence of
VO(acac), (Scheme 5). Sulfide XVII was used previ-
ously as model substrate in the oxidation in the pres-
ence of ligands synthesized from 3-carene (II) [4] and
a-pinene [11]. Taking into account the data of [4, 11],
70% hydrogen peroxide was selected as oxidant, and
methylene chloride, as solvent.

Scheme 5.
i
M .
©/ SMe 110, VO(acac),/L* ©/ S e
XVl (S)-XVIII

The oxidation with ligand XIIla gave sulfoxide
(S)-XVIII with a small enantiomeric excess (ee 8%).
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In going to less sterically hindered ligand XIIIb, the ee
value decreased to 4%. The oxidation of XVII in the
presence of VO(acac), and dinitro-substituted ligand
XIIIc resulted in the formation of (R)-XVIII as the
major stereoisomer, but the ee value was also poor
(8%). Weak asymmetric induction was also observed
in the vanadium-catalyzed oxidation of sulfide XVII
using ligands XVa, XVb, and XVI; in these cases, the
ee values did not exceed 6%.

Enantioselective catalytic addition of organometal-
lic reagents, in particular of diethylzinc, to aldehydes is
one of the most effective methods for the synthesis of
optically active secondary alcohols [12, 13]. We
examined enantioselective addition of diethylzinc to
benzaldehyde (XX) (Scheme 6) in the presence of
compound XVI and amino alcohol XIX which was
synthesized by us previously [8] by reduction of a mix-
ture of compounds VIII and IX with LiAlH4. The
results are given in table.

Scheme 6.
OH
©/ CHO e znir Me
—_—
XX (S)-XXI

The use of compound XVI turned out to be inef-
fective: the reaction was slow, the conversion of benz-
aldehyde XX was as low as 9%, and the product,
1-phenylpropan-1-ol (XXI), was almost racemic. The
reaction in the presence of amino alcohol XIX was
characterized by higher conversion and enantioselec-
tivity, and the ee value of (S)-XXI was 29%.

EXPERIMENTAL

The 'H and “C NMR spectra were recorded on
a Bruker DRX-500 and AV-400 spectrometers at
500.13 and 400.13 MHz for 'H and 125.76 and
100.61 MHz for °C, respectively, from solutions in
CDCI3—CCly, (~1:1 by volume); the residual proton
and carbon signals of the solvent were used as refer-
ence (0 7.24, 6¢c 76.90 ppm). The structure of the prod-

Asymmetric addition of diethylzinc to benzaldehyde (XX)
in the presence of ligands X VI and XIX*

. . b
Ligand no. Conv(;jsmn, Yield (g/f0 XXI, ee %
XVI 9 79 2 (R)
XIX 53 77 29 (S)

* Molar ratio XX-ZnEt,~ligand 1:1.1:0.1; temperature 0°C.

® Calculated on the reacted benzaldehyde (XX).

¢ Enantiomeric excess of XXI was determined by GC-MS using
a chiral stationary phase. The absolute configuration was as-
signed by comparing the sign of the optical rotation of XXI with
published data.

ucts was determined by NMR spectroscopy with the
aid of '"H-'H double resonance, *C J-modulation
(JMOD; off-resonance decoupling from protons), and
two-dimensional *C—'H correlation (C—H COSY,
direct C—H couplings, 'Jcy = 160 Hz) techniques. The
high-resolution mass spectra were obtained on a DFS
Thermo Scientific spectrometer (USA) (total ion
scanning, 0-500 amu, electron impact, 70 eV; direct
sample admission into the ion source). The specific
optical rotations were measured on a polAAr 3005
polarimeter.

Chirospecific GC-MS analysis was performed on
a 6890N gas chromatograph coupled with a 5973
INERT mass selective detector (Agilent, USA)
[Cyclosil-B capillary column, 30 mx0.32 mm X
0.25 um; oven temperature programming from 50°C
(2 min) to 220°C (5 min) at a rate of 2 deg/min;
injector and interface temperature 250°C; carrier gas
helium, flow rate 2 ml/min, split ratio 99: 1; amu range
9-500; sample volume 1 pl]. The purity of the initial
compounds and final products was checked by GLC on
an Agilent 7820A instrument (USA) equipped with
a flame-ionization detector and an HP-5 30-m quartz
capillary column (carrier gas helium).

Conformational analysis of diastereoisomers of
compounds XIIIb, XIVb, and XIVa was performed
according to the procedure described in [14]. Geomet-
ric parameters of all conformers were optimized in
terms of the density functional theory (DFT) using
PBE functional [15] and L1 basis set (A0l [16],
an analog cc-pVDZ); PRIRODA software [17]. The
NMR chemical shifts were calculated by the GIAO/
DFT/PBE method (L22 basis set, A22, an analog of
cc-pCVTZ; PRIRODA software). Visualizations of the
optimized structures, as well as their Cartesian coor-
dinates and calculated chemical shifts, are available at
http://limor1.nioch.nsc.ru/quant/conformers/carenes/.
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Quantum-chemical calculations were performed at the
Information and Calculation Center of the Novosibirsk
State University (http://www.nusc.ru/).

Compounds VI {[a]p' = —21.2° (¢ = 1.2, CHCl;)}
and VIII {[a]5 = —34.7° (c = 0.2, CHCl;)} were syn-
thesized from (+)-2-carene (I) according to the proce-
dure described in [8].

Methyl (1R,2S,3R,6R)-3-amino-3,7,7-trimethyl-
bicyclo[4.1.0]heptane-2-carboxylate (X). A solution
of 0.500 g (1.60 mmol) of compound VIII in 30 ml of
anhydrous methylene chloride was cooled to 0°C,
1.5 ml of trifluoroacetic acid was added, and the
mixture was stirred for 2.5 h at 0°C, neutralized with
a saturated aqueous solution of NaHCOs, and extracted
with methylene chloride. The extract was dried over
Na,SO,, and the solvent was distilled off. Yield 0.330 g
(97%). The '"H NMR spectrum of the product coin-
cided with that given in [8].

{(1R,25,3R,6R)-3-Amino-3,7,7-trimethylbicyclo-
[4.1.0]heptan-2-yl}methanol (XI). A solution of
0.166 g (0.79 mmol) of compound X in 30 ml of anhy-
drous tetrahydrofuran was cooled to 0°C, a suspension
of 0.100 g (2.63 mmol) of LiAlH4 in 5 ml of anhy-
drous THF was added dropwise under stirring, and the
mixture was heated for 2 h under reflux. The mixture
was then treated with water until hydrogen no longer
evolved, and the precipitate was filtered off and washed
with diethyl ether. Yield 0.144 g (100%), [a]3 =
—23.06° (¢ = 0.72, CHCl3), mp 69.3°C. "H NMR spec-
trum, 9, ppm: 0.61 d.d (4-H, Js, = 9.0, Jy 5, = 8.2 Hz),
0.85 m (1-H), 0.87 s (C°Hs), 0.96 d.d (2-H, J,4 = 9.0,
Jo1 = 5.2 Hz), 1.01 s (C'°H;), 0.98-1.12 m (2H, 6-H),
1.14 s (C’H3), 1.63 d.d.d.d (5-H,,, *J = 15.0, Jsop6a =
7.6, Jseq6eq = 1.0, Js.0q4 = 1.0 Hz), 1.84 d.d.d.d (5-Hg,
T = 15.0, Jsaxeax = 11.8, Jsara = 8.2, Jsaxgeqg =
8.2 Hz), 3.53 d.d (11-H, °J = 11.0, J,,,, = 2.4 Hz),
422 d.d (11-H, %J = 11.0, Jy;-, = 2.7 Hz). ®C NMR
spectrum, 8¢, ppm: 39.58 d (C'), 21.20 d (C?), 17.22 s
(C?), 18.36 d (CY), 15.40 t (C°), 39.01 t (C%), 50.74 s
(C"), 27.18 q (CY), 15.19 q (C), 29.10 q (C'*), 65.02 t
(C™). Found: m/z 183.1614 [M]". C;;H,;NO. Calculat-
ed: M 183.1618.

2,4-Di-tert-butyl-6-{(1R,25,3R,6R)-2-hydroxy-
methyl-3,7,7-trimethylbicyclo[4.1.0]heptan-3-yl-
iminomethyl}phenol (XIIIa). A solution of 0.040 g of
3,5-di-tert-butyl-2-hydroxybenzaldehyde (XIIa) in
5 ml of methanol was added dropwise under stirring to
a solution of 0.073 g of compound XI in 4 ml of anhy-
drous methanol. The mixture was stirred for 2 days at
room temperature, the solvent was distilled off, and the

residue was subjected to column chromatography on
silica gel using hexane—triethylamine (1%)—chloroform
(0 to 100%; gradient elution) as eluent. Yield 0.058 g
(85%), [a]d +6.11° (¢ = 0.36, CHCI;). "H NMR spec-
trum, o, ppm: 0.56 d.d (2-H, J,4 = 94, J,, = 5.1 Hz),
0.80 d.d.d (4-H, J4,2 = 94, J4,5_ax = 81, J4,5_eq =
1.0 Hz), 1.03 s (C°H;), 1.11 s (C'°H3), 1.30 s (17--Bu),
1.33 s (C*H3), 1.28-1.37 m (6-H,,), 1.40—-1.47 m
(1-H), 1.43 s (15-t-Bu), 1.51 d.d.d (6-H,,, *J = 14.0,
Joegsar = 8.1, Joegseq = 1.5 Hz), 1.54 d.d.d.d (5-H,,,
2J = 148, JS-eq,é-wc = 72, JS-eq,6-eq = 15, JS-eq,4 = 1.0 HZ),
1.91 d.d.dd (5-Hu, % = 14.8, Jsgepar = 117, Jsges =
8.1, Jsareeq = 8.1 Hz), 3.63 d.d (11-H, %/ = 10.5, Jy;; =
7.6 Hz), 3.87 d.d (11'-H, °J = 10.5, J;;, = 5.4 Hz),
7.03 d (18-H, J13’16 =24 HZ), 732 d (16-H, J15718 =
2.4 Hz), 8.34 s (12-H), 14.20 br.s (14-OH). °C NMR
spectrum, 8¢, ppm: 44.47 d (C"), 23.25 d (C?), 17.55 s
(C%), 19.82 d (CY), 15.91 t (C°), 38.68 t (C°), 58.68 s
(C"), 24.73 q (CY), 15.87 q (C°), 29.04 q (C'®), 65.00 t
(C™), 162.56 d (C'?), 118.14 s (C"), 158.49 s (C"),
136.84 s (C"), 126.49 d (C'), 139.44 s (C'"), 125.89 d
(C'™), 35.14 s (CY), 34.14 s (C™), 29.56 q (3C, C*),
31.65 q (3C, C*). Found: m/z 399.3131 [M]".
C26H41N02. Calculated: M 399.3132.

Tautomer XIVa. '"H NMR spectrum, §, ppm:
0.69 d.d.d (4-H, J4,2 = 93, J4,5—ax = 75, J4’5_eq =
1.0 Hz), 0.85 d.d (2-H, J/,4=9.3, J,,=3.8 Hz), 0.97 s
(C°H;), 1.06 s (C'°H3), 1.07-1.21 m (1-H, 6-H), 1.30 s
(17-t-Bu), 1.39 s (C*Hs, 15--Bu), 1.40-1.46 m (6'-H),
1.59 d.d.m (5-H,,, °J = 14.8, Js..p¢ = 7.2 Hz), 1.78 m
(5-H,y), 4.00 d.d (11-H, *J = 11.4, J;;, = 1.5 Hz),
439 d.d (11'-H, 2J = 11.4, J;,., = 2.2 Hz), 5.45 s
(12-H), 7.21 d and 7.25 d (16-H, 18-H, Jy,15 = 2.4 Hz).
BC NMR spectrum, 8¢, ppm: 33.65 d (C'), 22.97 d
(C?), 16.93 s (C?), 18.88 d (C*), 14.59 t (C°), 36.08 t
(C®), 48.20 s (C7), 24.46 q (C%), 15.50 q (C°), 29.62 q
(C"), 69.63 t (C'), 81.32 d (C'), 123.85 s (C"),
151.98 s (C'), 135.80 s (C"), 123.53 d and 120.63 d
(C', C'™), 140.36 s (C'), 35.14 s (C"), 35.03 s (C*),
29.84 q (3C, C*"), 31.85 q (3C, C*).

2-{(1R,2S,3R,6R)-2-Hydroxymethyl-3,7,7-tri-
methylbicyclo[4.1.0]heptan-3-yliminomethyl}-
phenol (XIIIb). A solution of 0.038 g of 2-hydroxy-
benzaldehyde (XIIb) in 5 ml of methanol was added
dropwise under stirring to a solution of 0.108 g of
compound XI in 4 ml of anhydrous methanol, and the
mixture was stirred for 3 days at room temperature.
The solvent was distilled off, and the residue was
purified by column chromatography on silica gel using
hexane—triethylamine (1%)—chloroform (0 to 100%;
gradient elution) as eluent. Yield 0.089 g (73%),
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[a]h = +1.85° (¢ = 1.3, CHCI;). '"H NMR spectrum, 3,
ppm: 0.51 d.d (2-H, J2,4 = 92, J2,1 = 5.1 HZ),
0.82 d.d.d (4-H, J472 = 92, J4,5»ax = 82, J4’5,@q =
1.0 Hz), 1.01 s (C°Hs), 1.08 s (C'°H;), 1.33 s (C*H3),
1.29-1.47 m (3H, 6-H, 1-H), 1.57 d.d.d.d (5-H,,, °J =
148, Js_eq,ﬁ_w[ = 73, J5_eq,4 = 10, Jj_eq’6_eq = 1.0 HZ),
1.90 d.d.d.d (5-Hu, % = 14.8, Jsgepar = 119, Js ey =
8.2, Js.ux6eq = 8.2 Hz), 3.54 d.d (11-H, J = 103, Jyy, =
7.2 Hz), 3.77 d.d (11'-H, *J = 10.3, J;;.; = 5.6 Hz),
6.79 d.d.d (17-H, J17,16 = 75, J17,1g = 75, J17,15 =
1.1 HZ), 6.78 d.d (IS-H, J15,16 = 81, J15’17 =1.1 HZ),
7.19 d.d (18-H, J18’17 = 75, J13716 =1.6 HZ), 7.24 d.d.d
(16—H, J16’15 = 81, J16’17 = 75, J]Q]g =1.6 HZ), 8.30 s
(12-H), 14.4 br.s (14-OH). BC NMR spectrum, O,
ppm: 44.24 d (C"), 23.05 d (C?), 17.56 s (C*), 19.58 d
(CY, 15.82 t (C°), 38.95 t (C%), 58.75 s (C"), 23.92 q
(C*), 15.77 q (C?), 28.94 q (C'?), 64.77 t (C'),
161.16 d (C'), 118.83 s (C"), 162.24 s (C'*), 117.49 d
(C"), 132.11 d (C'°), 117.84 d (C"), 131.21 d (C™).
Found: m/z 287.1884 [M]". C;sH,50,N. Calculated:
M 287.1880.

Tautomer XIVb. 'H NMR spectrum, §, ppm:
0.68 d.d.d (4-H, J4,2 = 92, J4,5_ax = 75, J4,5_eq =
1.0 Hz), 0.81 d.d (2-H, J54 = 9.2, /5, = 3.8 Hz), 0.96 s
(C°H3), 1.04 s (C'°H3), 1.10 m (1-H), 1.19 m (6-H,,),
1.36 s (C*H3), 1.39 m (6-H,,), 1.59 d.d.d.d (5-H.,, *J =
150, JS-eq,é-ax = 73, JS-eq,G-eq = 18, J5_eq’4 =1.0 HZ),
1.78 d.d.d.d (5-Hy, 27 = 15.0, Js.r.60r = 12.2, J5gq =
7.5, Js.ax6eg = 7.5 Hz),3.97 d.d (11-H, T = 11.4, J,;, =
1.7 Hz), 4.38 d.d (11'-H, J = 11.4, J,;., = 2.2 Hz),
5.47 s (12-H), 6.76-6.81 m (15-H, 17-H), 7.14 d.d.d
(16-H, J15,15 = 81, J16’17 = 75, J16,18 =1.6 HZ),
7.31 brd (18-H, Jis.17 = 7.5 Hz). BC NMR spectrum,
8¢, ppm: 33.54 d (Ch), 22.91 d (C?), 16.89 s (C?),
18.72 d (CY), 14.52 t (C°), 35.98 t (C°), 48.10 s (C),
24.31 q (CY), 15.42 q (C%), 29.52 q (C'), 69.56 t (C'),
81.26 d (C'%), 124.13 s (C"), 155.54 s (C'), 116.52 d
(C"), 129.45 d (C'°), 119.07 d (C'), 126.31 d (C'®).

2-{(1R,2S,3R,6R)-2-Hydroxymethyl-3,7,7-tri-
methylbicyclo[4.1.0]heptan-3-yliminomethyl}-4,6-
dinitrophenol (XIIIc). A solution of 0.099 g of
3,5-dinitrosalicylaldehyde (XII¢) in 5 ml of methanol
was added dropwise under stirring to a solution of
0.121 g of compound XI in 4 ml of anhydrous
methanol. The mixture was stirred for 2 days at room
temperature, the solvent was distilled off, and the
residue was recrystallized from diethyl ether with ad-
dition of hexane. Yield 0.157 g (89%), [a]d' = +7.5°
(c = 0.31, CHCl;), mp 60.4°C. '"H NMR spectrum, 5,
ppm (CDCls—acetone-dg): 0.80 d.d (2-H, J,4 = 8.8,

J2,1 = 6.1 HZ), 0.89 d.d.d (4-H, J4,2 = 88, J4,5_ax = 83,
Jis5.eq = 1.0 Hz), 0.94 s (C°Hs), 1.12 s (C'°H3), 1.36-
1.47 m (1-H, 6-H,,), 1.58 s (C*H3), 1.66 d.d.d.d (5-H,,,
2J = 153, Js_eq,é_ax = 75, Js_eq’6,€q = 15, Js_gq’4 =1.0 HZ),
1.80 br.d.d (6-H,,, *J = 14.3, Js.cg5.0x = 8.3 Hz),
191 d.d.d.d (5-Hu, % = 153, Jsaepar = 11.5, Jsas =
8.3, Jsareeg = 8.3 Hz), 3.75 d.d (11-H, 2/ = 11.1, Jyy, =
4.7 Hz), 3.93 d.d (11"-H, %J = 11.1, J;,., = 4.4 Hz),
8.49 d (18-H, Jig 6 = 3.1 Hz), 8.58 br.s (12-H), 8.80 d
(16-H, Jis.15 = 3.1 Hz), 14.61 br.s (14-OH). °C NMR
spectrum, 8¢, ppm: 42.21 d (C"), 21.18 d (C?), 18.05 s
(C%), 18.74 d (CY), 14.79 t (C°), 37.01 t (C%), 60.53 s
(C), 24.05 q (CY), 15.26 q (C°), 28.29 q (C'), 63.02 t
(C™), 164.06 d (C'), 117.59 s (C"), 170.74 s (C'),
130.68 s (C'), 127.94 d (C'®), 140.73 s (C'), 136.74 d
(C'™). Found: m/z 377.1579 [M]". CsH304N;. Calcu-
lated: M 377.1581.

Methyl (15,28,3R,6R)-2-(3,5-di-tert-butyl-2-hy-
droxybenzylideneamino)-3,7,7-trimethylbicyclo-
[4.1.0]heptane-3-carboxylate (XVa). A solution of
0.052 g of 3,5-di-tert-butyl-2-hydroxybenzaldehyde
(XIIa) in 5 ml of methanol was added dropwise under
stirring to a solution of 0.052 g of compound VI in
4 ml of anhydrous methanol. The mixture was stirred
for 7 days at room temperature, the solvent was
distilled off, and the residue was purified by column
chromatography on silica gel using hexane—triethyl-
amine (1%)—chloroform (0 to 100%; gradient elution)
as eluent. Yield 0.095 g (100%), [o]3’ = —67.73° (¢ =
0.43, CHCI,). '"H NMR spectrum, 6, ppm: 0.76 d.d.d
(4-H, J4,2 = 94, J4,5_ax = 81, J4’5_eq = 23), 098 d.d
(2-H, Jo4 = 9.4, J,; = 5.1 Hz), 1.05 s (C°Hs, C'°Hy),
1.07 m (6-H,y), 1.09 s (C*H3), 1.30 s (16-t-Bu), 1.44 s
(14-t-Bu), 1.47 m (5-H,,), 2.01 m (5-H,,), 2.04 m
(6-H,,), 2.66 d.d (1-H, J,, = 5.1 Hz), 3.75 s (OCHj),
7.05d (17-H, J17’15 =24 HZ), 733 d (IS-H, J15717 =
2.4 Hz), 8.27 s (11-H), 13.8 br.s (OH). >C NMR spec-
trum, 8¢, ppm: 71.10 d (C"), 27.48 d (C?), 18.00 s (C°),
20.77 d (C*), 16.47 t (C), 34.64 t (C°), 45.07 s (C7),
24.15 q (C%), 15.56 q (C°), 28.54 q (C'"), 165.04 d
(C™), 117.74 s (C'), 158.42 s (C"), 136.72 s (C'),
126.62 d (C"), 139.40 s (C'°), 125.63 d (C'7), 35.07 s
(C'™), 34.06 s (C"), 29.50 q (3C, C*), 31.57 q (3C,
Cc?"), 175.20 s (C*%), 51.30 q (C**). Found: m/z
427.3084 [M]". Co7H4NO;. Calculated: M 427.3081.

Methyl (1S5,25,3R,6R)-2-(2-hydroxybenzylidene-
amino)-3,7,7-trimethylbicyclo[4.1.0] heptane-3-car-
boxylate (XVb). A solution of 0.038 g of 2-hydroxy-
benzaldehyde XIIb in 5 ml of methanol was added to
a solution of 0.104 g of compound VI in 4 ml of anhy-
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drous methanol. The mixture was stirred for 3 days at
room temperature, the solvent was distilled off, and the
residue was purified by column chromatography on
silica gel using hexane—triethylamine (1%)—chloroform
(0 to 100%; gradient elution) as eluent. Yield 0.155 g
(100%), [a]5 =—130.77° (¢ = 0.13, CHCl;). '"H NMR
spectrum, 6, ppm: 0.72 d.d.d (4-H, Jys = 94, Jssm =
8.3, J4,5-eq =20 HZ), 0.95 dd (2—H, J2,4 = 94, J2,1 =
5.1 Hz), 1.01 m (6-H,,), 1.02 s (C’Hs, C'°H3), 1.06 s
(C*H3), 1.49 d.d.d.d (5-H,y, °J = 14.6, Js.oy6.0c = 7.6,
Is-eq6eq = 2.8, Js.qa = 2.0 Hz), 1.97 d.d.d.d (5-Hg, =
146, JS—ax,6—ax = 103, Js,ax’6_€q = 83, JS—ax,4 = 8.3 HZ),
2.03 m (6-H,), 2.65 d (1-H, J,, = 5.1), 3.73 s (OCHa),
6.80 d.d.d (16—H, J16515 = 75, J16’17 = 75, J16514 =
1.1 HZ), 6.91 d.d.d (14-H, J14,15 = 81, J14,16 = 11,
J14,17 = 0.6 HZ), 7.20 d.d (17-H, J17,1(, = 75, J17,15 =
1.6 HZ), 7.25 d.d.d (IS-H, J15,14 = 81, J15,16 = 75,
Jis17 = 1.6 Hz), 8.25 s (11-H), 13.54 br.s (OH).
BC NMR spectrum, 8¢, ppm: 70.88 d (C'), 27.69 d
(C?), 18.13 s (C?), 20.52 d (C*), 16.41 t (C°), 34.67 t
(C%), 45.16 s (C7), 24.10 q (C%), 15.59 q (C°), 28.52 q
(C'), 163.93 d (C'), 118.74 s (C'), 161.59 s (C"),
117.26 d (C'), 132.10 d (C"), 118.06 d S'%), 131.00 d
(C'"), 175.02 s (C'®), 51.40 q (C'"). Found: m/z
315.1827 [M]". C19HysNO;. Calculated: M 315.1829.

2-{(18,2S5,3R,6R)-3-Hydroxymethyl-3,7,7-tri-
methylbicyclo[4.1.0]heptan-2-ylaminomethyl}-
phenol (XVI). A solution of 0.051 g of compound
XVb in 30 ml of anhydrous THF was cooled to 0°C,
a suspension of 0.018 g of LiAlH,4 in 5 ml of anhydrous
THF was carefully added dropwise under stirring, and
the mixture was heated for 2 h under reflux. The
mixture was then treated with water until hydrogen no
longer evolved, and the precipitate was filtered off and
washed with diethyl ether. The product was purified by
column chromatography on silica gel (5 g) using
hexane—ethyl acetate (0 to 100%; gradient elution) as
eluent. Yield 0.047 g (100%), [a]d’ = +0.71° (c = 0.27,
CHCl;). '"H NMR spectrum, 8, ppm: 0.70 d.d (2-H,
J2,4 = 92, J2,1 =52 HZ), 0.78 d.d.d (4-H, J4,2 = 92,
Jisa = 8.3, Juseq = 2.0 Hz), 0.80 s (C°H;), 0.90 m
(6-H,y), 1.06 s (C°Hs), 1.10 s (C'°H3), 1.32 m (6-H,,),
1.38 d.d.d.d (5-Hu, *J = 14.5, Jseysax = 7.6, Jsegbeq =
3.0, Js.q4 = 2.0 Hz), 1.71 d.d.d.d (5-Hg, 2J =145,
JS—ax,6»ax = 105, JS—ax,4 = 83, JS—ax,6—eq =83 HZ), 215 d
(1-H, J;, = 5.2 Hz), 3.39 d and 4.05 d (1H each, 18-H,
’J=11.0 Hz), 3.80 d and 4.24 d (2H, 11-H, *J =
13.7 HZ), 6.73 d.d (16-H, J16’15 = 74, J16717 =74 HZ),
6.85 br.d (14-H, Jy415 = 8.0 Hz), 6.97 br.d (17-H,
J17,16 =74 HZ), 7.13 brd.d (15-H, J15’14 = 80, J15,16 =
7.4 Hz). BC NMR spectrum, dc, ppm: 59.82 d (Cl),

24.84 d (CY), 17.72 s (C?), 20.54 d (C*, 15.31 t (CY),
34.57 t (C°), 36.92 s (C), 22.91 q (C%), 15.19 q (C°),
28.42 q (C'), 49.72 t (C"), 120.97 s (C'?), 158.09 s
(C"), 116.45 d (C"), 129.26 d (C"), 118.93 d (C'®),
129.00 d (C'), 66.81 t (C'). Found: m/z 289.2035
[M]". CisH»7;NO,. Calculated: M 289.2036.

Typical procedure for the asymmetric oxidation
of methylsulfanylbenzene (XVII). A mixture of 2 mg
(8 umol) of VO(acac), and 12 pmol of the correspond-
ing ligand in 2 ml of appropriate anhydrous solvent
was stirred until VO(acac), dissolved completely
(~20 min). A solution of 0.105 g (847 pumol) of
methylsulfanylbenzene (XVII) in 3 ml of anhydrous
solvent was added under stirring, the mixture was
cooled if necessary, and 1.06 mmol of oxidant was
added. The progress of the reaction was monitored by
GLC. When the reaction was complete, the mixture
was treated with 10 ml of distilled water, the organic
layer was separated, the aqueous layer was extracted
with the solvent used (2x5 ml), and the extracts were
combined with the organic layer, washed with water
(2x10 ml), and dried over MgSO,. The drying agent
was filtered off, the solvent was distilled off on
a rotary evaporator, and the residue was analyzed by
"H NMR spectroscopy to determine the conversion and
product ratio. The enantiomeric excess of compound
XVIII was determined from the 'H NMR spectra
recorded in CCl4—CDCl; in the presence of an equal
amount (by weight) of (R)-(—)-3,5-dinitro-N-(1-phenyl-
ethyl)benzamide. The absolute configuration was as-
signed by comparing the sign of the optical rotation of
XVIII with published data.

Typical procedure for the addition of diethylzinc
to benzaldehyde. A 1 M solution of diethylzinc in
hexane (from Acros Organics), 3.33 ml (3.33 mmol),
was slowly added to a solution of 0.3 mmol of the
corresponding ligand in 20 ml of anhydrous hexane.
The resulting solution was stirred for 20 min at room
temperature, cooled to 0°C, and 0.32 g (3 mmol) of
benzaldehyde (XX) was added. The mixture was kept
for 20 h at 0°C, a saturated solution of ammonium
chloride was added, the mixture was stirred for 15 min,
the organic phase was separated, and the aqueous
phase was extracted with diethyl ether. The extract was
combined with the organic phase and dried over
Na,S0O,, the solvent was distilled off, and the residue
was purified by column chromatography on silica gel
using hexane—ethyl acetate (10 to 50%; gradient
elution) as eluent. The ee value of 1-phenylpropan-1-ol
(XXI) was determined by GC-MS using a column
with a chiral stationary phase.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 48 No. 1 2012



SYNTHESIS OF NEW CHIRAL SCHIFF

This study was performed under financial support

by the Russian Foundation for Basic Research (project
no. 08-03-00495).

REFERENCES

. Liu, W., Handbook of Chiral Chemicals, Ager, D., Ed.,
Boca Raton: Taylor & Francis, 2006, 2nd ed., p. 59.

. Macaev, F.Z. and Malkov, A.V., Tetrahedron, 2006,

vol. 62, p. 9.
. Koneva, E.A., Khomenko, T.M., Kurbakova, S.Yu.,
Komarova, N.I., Korchagina, D.V.,, Volcho, K.P,

Salakhutdinov, N.F., Tolstikov, A.G., and Tolstikov, GA.,
Russ. Chem. Bull., 2008, vol. 57, p. 1680.

. Koneva, E.A., Volcho, K.P.,, Korchagina, D.V., Sala-
khutdinov, N.F., and Tolstikov, A.G., Russ. J. Org. Chem.,
2009, vol. 45, p. 815.

. Benetsky, E.B., Zheglov, S.V., Grishina, T.B., Maca-
ev, F.Z., Bet, L.P.,, Davankov, V.A., and Gavrilov, K.N.,
Tetrahedron Lett., 2007, vol. 48, p. 8326.

. Watts, C.C., Thoniyot, P., Cappuccio, F., Verhagen, J.,
Gallagher, B., and Singaram, B., Tetrahedron: Asym-
metry, 2006, vol. 17, p. 1301.

. Joshi, S.N. and Malhotra, S.V., Tetrahedron: Asymmetry,
2003, vol. 14, p. 1763.

8.

10.

11.

12.

13.

14.

15.

16.
17.

BASES FROM (+)-2-CARENE 39

Koneva, E., Volcho, K., Gatilov, Y., Korchagina, D.,
Salnikov, G., and Salakhutdinov, N., Helv. Chim. Acta,
2008, vol. 91, p. 1849.

. Ramachandran, P.V., Xu, W., and Brown, H.C., Tetra-

hedron: Asymmetry, 1997, vol. 8, p. 1379.

Brown, H.C., Randad, R.S., Bhat, K.S., Zaidlewicz, M.,
and Racherla, U.S., J. Am. Chem. Soc., 1990, vol. 112,
p- 2389.

Koneva, E.A., Volcho, K.P., Korchagina, D.V,
Komarova, N.I., Kochnev, A.l.,, Salakhutdinov, N.F.,
and Tolstikov, A.G., Russ. Chem. Bull., 2008, vol. 57,
p. 108.

Noyori, R., Asymmetric Catalysis in Organic Synthesis,
New York: Wiley, 1994, p. 255.

Lake, F. and Moberg, C., Russ. J. Org. Chem., 2003,
vol. 39, p. 436.

Ardashov, O.V., Genaev, A.M., II’ina, 1.V., Korchagi-
na, D.V., Volcho, K.P., and Salakhutdinov, N.F., Russ. J.
Org. Chem., 2010, vol. 46, p. 1786.

Perdew, J.P., Burke, K., and Ernzerhof, M., Phys. Rev.
Lett., 1996, vol. 77, p. 3865.

Laikov, D.N., Chem. Phys. Lett., 2005, vol. 416, p. 116.

Laikov, D.N., Chem. Phys. Lett., 1997, vol. 281, p. 151;
Laikov, D.N. and Ustynyuk, Yu.A., Russ. Chem. Bull.,
2005, vol. 54, p. 820.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 48 No. 1 2012



