New 2,5-diazabicyclo[2.2.1]heptanes and their application in the asymmetric
addition of diethylzinc to benzaldehyde
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New (185,45)-2,5-diazabicyclo[2.2.1]heptane derivatives synthesised by directed ortho metalation result in enantioselectivities of
up to 78% e.e. when used as catalysts in the addition of diethylzinc to benzaldehyde.

The addition of diethylzinc to prochiral aldehydes is a convenient Compound was prepared in five steps starting fragtréns)-
model for testing chiral ligands as enantioselective catalysts fat-hydroxyprolinet® However, théN-tosyl-O,0*-dimesyl-protected
this fundamental carbon—carbon bond-forming reaction. EnantigiStrans)-4-hydroxy-2-pyrrolidinemethanol replaced the previ-
pure B-amino alcohols often are used as catalysts for theseously reported tritosyl-protected substaft&he deprotonations
reactions. Compounds structurally related to proline were foundiere performed using 1.7 equiv. sécbutyllithium/TMEDA
to be particularly efficient for the preparation of highly effective and the subsequent addition of a selected electrophile
chiral ligands-4 reactivity depends on the choice of solveng, the use of dry
Recently, Guijarre@t al? introduced a related class of catalystsdiethyl ether instead of THF enhances the regioselectivity but
using the 2-azabicyclo[2.2.1]heptane moiety which was preparediecreases the conversion and yield. For most electrophiles,
via a hetero Diels—Alder reaction. Here we report 2,5-diazasubstitution at the 4-position appears to be favoured over the
bicyclo[2.2.1]heptane derivatives as a new class of chelatin§-position; however, in the presence of benzophenonehi3;3
ligands for organozinc compounds. (trifluoromethyl)benzophenone or diphenyl disulfide, the 6-
N-Boc-substituted pyrrolidines are readily deprotonated bysubstituted products can be isolated by chromatography. On the
secbutyllithium to yielda-lithio amino synthetic equivalens®  basis of the structure determination4df by X-ray diffraction
The inclusion of (-)-sparteine as the chiral auxifigoyovides  (Figure 2)f it was possible to assign the configuration of all
excellent stereochemical control. However, when an enantiopu@her products: as shown in Figure 2, the orientation of the
compound, such as $49)-2-methyl-2,5-diazabicyclo[2.2.1]- substituent at the 6-position was found to be equatorial.
heptanel, prepared by the ‘chiral-pool’ synthesis frarans The sterically more hindered electrophiles €) resulted in
4-hydroxy+L-prolin€l® is used as the starting material, the needhe substitution predominantly on the bridgehead (Table 1).
for an additional chiral base is eliminated.

T Preparation and analysis oB8a and 5a A solution of 882 mg

/ (8.00 mmol) of TMEDA in 15 ml of dry THF was cooled to —78 °C and
6.2ml of 1.3M BusLi in hexane (8.00 mmol; 1.7 equiv.) was added

Me\ H <6e> dropwise. After stirring for 30 min at this temperature, a solution of 1 g
N~ (4.70 mmol) of2 in 10 ml of dry THF was added dropwise at —78 °C or

N H <62 below. The mixture was additionally stirred for 3 h at this temperature.

H<4>\ 2.92 g (16.00 mmol) of benzophenone in 10 ml of dry THF was added.

Then the mixture was warmed slowly to room temperature and quenched
with 30 ml of saturated aqueous ammonium chloride. The layers were

1R=H separated, and the aqueous phase was extracted with diethyl ether
2 R=Boc (3x30 ml). The organic layers were collected, dried over sodium sulfate
and evaporated. The residue was purified by column chromatography
Figure 1 Deprotonation sites if. (silica gel, light petroleum—ethyl acetate, 2:1). The two fractiBasuid

. . . ) . 5a) were recrystallised from diisopropyl ether yielding 500 mgBaf
We investigated the deprotonationZyfwhich contains three  (279%) and 300 mg dsa (16%) as colourless crystals.
possible sites for metalation (Figure 1) and relies on the highly For 3a mp 125-126 °C!H NMR (200 MHz, CDC}) d: 1.21 (s, 9H,
directing and activating power of carbamate grodps. Boc-Me), 1.32 (d, 1H, H-7] 11 Hz), 2.33 (s, 3H, NMe), 2.36 (d, 1H,
H-7,J 11 Hz), 3.10 (d, 1H, H-3) 10 Hz), 3.14 (d, 1H, H-3] 10 Hz),
Table 1 Products obtained by lithiation @ and quenching with various  3.18-3.22 (m, 1H, H-1), 3.53 (d, 1H, H512 Hz), 3.84 (d, 1H, H-6,

electrophiles. J12 Hz), 7.07-7.65 (m, 10H, aromatic HiC NMR (50 MHz, CDCY)
M M d: 28.10, 41.32, 42.23, 54.60, 60.72, 61.73, 76.82, 77.91, 80.40, 126.37,
e\ R e\ 126.68, 127.21, 127.33, 127.70, 144.97, 146.88, 155.56. Found (%): C,
N-| T N~ 72.79; H, 7.78; N, 7.09. Calc. for,El,N,O; (%): C, 73.07; H, 7.66;
N N R N, 7.10.
\ \ For 5a mp 135-136 °C!H NMR (200 MHz, CDC}) 6: 1.18 (s, 9H,
Boc Boc Boc—Me), 1.39 (d, 1H, H-7] 10 Hz), 1.67 (d, 1H, H-7] 10 Hz), 2.15
4 5 (s, 3H, NMe), 2.35 (d, 1H, H-3,10 Hz), 3.30-3.34 (m, 1H, H-1), 3.67
(d, 1H, H-3,J 10 Hz), 4.38 (d, H-6] 3 Hz), 4.68—4.72 (m, 1H, H-1),
- " | 7.10-7.80 (m, 10H, aromatic HEC NMR (50 MHz, CDC}) ¢: 27.73,
Substituent R Z)'/;e)'f of3 22'/5)'3 of4 Zﬁf)'f of 33.68, 42.95, 59.92, 63.26, 66.95, 68.27, 78.81, 79.78, 126.08, 126.51,
_ 126.85, 127.15, 127.19, 127.88, 145.62, 146.96, 157.46. Found (%): C,
a Diphenylhydroxymethyl 27 — 16 72.70; H, 7.68; N, 7.07. Calc. for,@1,N,0, (%): C, 73.07; H, 7.66;
b g:%_,sr‘;—Blsl(]t#fléjoromethﬁ/l%— 12 12 4 N, 7.10.
iphenyl]hydroxymethy! * Crystal data forb: C,gH.,gFsN,Os, orthorhombic, space grod2,2,2;,
¢ 9-Hydroxy-&H-fluoren-9-yl 26 - 14 a=9.070(3)Ab= 12C.66112f*4)6 Ac=24.835(6) AV = 27055 K, 7= 4,
d  Phenylmercapto 31 - 32 T =297 K. Details of the crystal structure determination may be obtained
? 9—h¥1drox|y—9-_|—xantr:3—9—yll 24 - - from the Director of the Cambridge Crystallographic Data Centre,
N-Phenylaminocarbony — — 13 Lensfield Road, Cambridge CB21EW (UK) quoting the reference
3lsolated yield after flash chromatography. number CCD-103148.
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Table 2 Results of the asymmetric addition of diethylzinc to benzaldeh

Me Me Me
\ \ R \
N~ N~ N~
NH NH NH R
R
6 7 8
e.e? Configuration
6a 78 R
6ar 38 R
6b 37 R
6¢C 2 R
6d 10 S
6e 4 S
7b 11 S
8a 38 R
16 R

d
Figure 2 Structure of4b in the solid state. Selected bond lengths (A): 8f
C(1)-C(2) 1.549, C(1)-C(12) 1.574, C(1)-N(1) 1.475, C(4)-N(1) 1.4832aSubstituents R: see TablePEnantiomeric excesses were determine
N(1)-C(7) 1.361, C(12)-0O(3) 1.426; selected bond angles (°): N(1)-C(1)HPLC analysis using a chiral column (Daicel Chiralcel OD-H, 5% R+
C(12) 116.5, C(2)-C(1)-C(12) 114.4, N(1)-C(1)-C(2) 100.0; torsionaln-hexane, 0.5 ml mir}, detection at 254 nmiBoc-protected ligandReac
angle C(12)-C(1)-C(2)-N(2) 164.4°. tion conducted in dry light petroleum.

Cleavage of the Boc group was achieved in moderate to We are grateful to the Sanochemia group for the donation of
excellent yields either by using TFA or (in the cas8af5a  chemicals. We thank Professor Andreas Rizzi for supplying the
and 4b) by refluxing with aqueous sodium hydroxi#@l@lhe  chiral HPLC column. S. N. thanks the Fonds zur Férderung
resulting compounds were tested for their ability to direct chiratler wissenschaftlichen Forschung (FWF) for his postdoctoral
selectivity in the addition of diethylzinc to benzaldehyde. scholarship (Lise-Meitner grant no. M0435-CHE).

As summarised in Table 2, the highest enantiomeric excess
was observed for ligan@a. Generally, the compounds with References
flexible phenyl substituent64, 6b and8a) resulted in higher . . .

e.e. values than more rigid derivativée @nd6€). The yields ! S )S'ié!\lzggré_aﬁsvgh};ﬁn;g\?gné’;gé’ (gg?e:m 1991,103 35; 6)
of the catalysed reactions were moderate giving up to 50% 05 A Ookawa and K. Soall. Chem. Soc., Perkin Trans. 1987, 1465.
benzyl alcohol as a by-product. When the reaction was conducteg E. J. Corey, P. Yuen, F.J. Hannon and D. A. WierdlaDrg. Chem
using catalysba in dry light petroleum instead of toluene, a  1990,55, 784.

decrease in the enantioselectivity from 78% to 38% e.e. wag M. Shi, Y. Satoh and Y. Masakl, Chem. Soc., Perkin Trans. 11998,
observed. 2547. _

In summary, we have introduced a new class of chiral catalyst§ ZDE;S%U'Ja”Q P. Pinho and P. G. Anderssdn,Org. Chem 1998, 63,
capable of inducing moderate-to-high e.e. values in the additio : ) .
of pdiethylzinc to genzaldehyde W?'[h moderate yields. Theser??5 E' Seak' W. J. Zajdel and D. B. ReiZhem. Rey1984,84, 471.

. - L : . Beak and W. K. Led, Org. Chem 199358, 1109.
catalysts are synthesised by directed lithiatior2,0fvhich can g 3’ Gallagher, S.Wu, N. A. Nikolic and P.Beak, Org. Chem
be produced in technical-scale amounts. Further studies inves- 1995 60, 8148.
tigating the effects of different catalyst ligand substituents ong p. Hoppe, F. Hintze, P. Tebben, M. Paetow, H. Aherns, J. Schwerdtfeger,
the stereoselectivity of this addition reaction are in progress. P. Sommerfeld, J. Haller, W. Guarnieri, S. Kolczewski, T. Hense and
|. Hoppe,Pure Appl. Chem 199450, 1479.
§ A solution of 15 mg (0.05 mmol) dda in 2 ml of dry toluene was 10 T.F.Braish and D. E. Fo4, Org. Chem 1990,55, 1684.
cooled to 0 °C and treated with 2.2 ml (2.2 mmol) of N.@iethylzinc ~ 11 (@) V. Snieckus,Chem. Rey 1990,90, 879; b) P. Beak, A.Basu,
in hexane. After stirring for 30 min at this temperature, 0.1 ml of D.J. Gallagher, Y. S.Park and S. Thayumanavacg. Chem. Res
benzaldehyde (1.0 mmol) was added dropwise. The mixture was stirred 1996,29, 552.
at 0 °C for 24 h, quenched with 10 ml of saturated agueous ammonium
chloride and extracted with diethyl ether (3x10 ml). The organic layers
were collected, dried over sodium sulfate and evaporated. The oily
residue was filtered through silica gel (light petroleum—ethyl acetate, 9:1)Received: 18th December 1998; Com. 98/1416
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