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ner) for synthesizing interesting new compounds. This extends 
the chemistry of ferrocene by a basic new variant, and also 
opens a unique opportunity for the enantioselective-catalytic 
synthesis of planar-chiral ferrocene derivatives. 

Experimental Section 
General procedure for preparing the cyclization precursors 1-3 from the corre- 
sponding ferrocenyl alkanoic acids: To a stirred suspension of the ferrocenyl alka- 
noic acid (4.1 mmol) in anhydrous benzene (60 mL) was added sodium hydride 
(4.18 mmol) under an argon atmosphere, and after 10 min pyridine (2.61 mmol). 
The mixture was cooled to 0 "C, and freshly distilled oxalyl chloride (26.5 mmol) 
added dropwise. After complete addition stirring was continued for 30 min at 0 "C. 
for 30 rnin at room temperature, and finally for 1 h at 55°C. After filtration of the 
reaction mixture through a short pad of silica gel, the solvent and excess oxalyl 
chloride were completely removed in vacuo The dark brown residue was dissolved 
in Et,O (15 mL), and a solution ofdiazomethane (35 ml. " 0 . 6 ~  in Et,O) added at 
0 'C. After the reaction mixture was stirred for 20 min at 0 "C excess diazomethane 
and solvent were completely removed in vacuo, and the residue was purified by flash 
chromatography (hexaneiEtOAc). 
General procedure for the cyclization experiments summarized in Table 1 : To a 
solution of the catalyst (34 pmol; 5 mol%) in the anhydrous solvent (10 mL) was 
added dropwise at RT under an atmosphere of argon a solution of the diazoketone 
(0.68 mmol) in the solvent (5 mL) within about 30 min. Gas evolution (NJ indicat- 
ed the decomposition of the diazo compound. After complete addition stirring was 
continued until complete conversion was reached (usually about one hour). After 
rapid filtration of the dark brown reaction mixture through a short pad of silica gel 
under argon, the solvent was completely removed in vacuo. The products were 
separated and purified by flash chromatography or radial chromatography (using 
a chromatotron) under an argon atmosphere. 
Enantioselective cyclizations: Ligand 17 (17.3 pmol) was added to a solution of 
Cu'OTf (17 pmol; weighed in a glove box) in CH,CI, (3 mL) under an argon atmo- 
sphere. After the reaction mixture was stirred for 2 h at RT, the green solution of the 
catalyst was heated to reflux, and a solution of the substrate (2 or 3; 0.34 mmol) in 
CH,CI, (10 mL) slowly added within 2 h with a syringe pump (all under argon). 
After complete addition the brownish solution was heated at reflux for 20 rnin 
before being subjected to work-up as described above. The enantiomeric excess of 
the product was determined with HPLC (Daicel, Chiralcel OJ). 

Received: May 28, 1997 [Z 10490IEl 
German version: Angex,. Chem. 1997, 109,2569-2572 

Keywords: asymmetric catalysis 
complexes - chirality * sandwich complexes 

C-H activation * carbene 

[l] T. J. Kealey, P. L Pauson, Nature 1951, 168, 1039. 
[21 Ferrocenes. Homogeneous Catalysis - Organic Synthesis - Materials Science 

(Eds.: A. Togni, T.Hayashi), VCH, Weinheim, 1995. 
[31 See for instance a) H.-G. Schmalz, A. Schwarz, G. Diirner, Tetrahedron Lett. 

1994,35, 6861 ; b) H.-G. Schmalz, E. Hessler, J. W. Bats, G. Diirner, ibid. 1994, 
35,4543; c) H.-G. Schmalz, S .  Siegel, J. W. Bats, Angew. Chem. 1995,107,2597; 
Angew,. Chem. Int. Ed. Engl. 1995,34,2383; d) H.-G. Schmalz, K. Schellhaas, 
ibid. 1996, 108, 2277 and 1996, 35, 2146. 

[4] A literature search in Chemical Abstracts using the query [ferrocen# and 
(carben# or diazo#)] indicated that carbene chemistry [6], which has often 
proven its value for the functionalization of benzene derivatives, was never 
applied to ferrocenes. For intramolecular C-H insertions into allylic C-H 
bonds of butadiene-Fe(CO), complexes, see T. A. Petrel, J. M. Stephan, K. F. 
McDaniel, M. C. McMills, A. L. Rheingold, G. P. A. Yap, J.  Org. Chem. 1996, 
61, 4188. 

[5] Planar-chiral ferrocene derivatives are especially important in the field of enan- 
tioselective catalysis, see for instance a) T. Hayashi in ref. [2], pp. 105-142; b) 
Y Butsugan, S .  Araki, M. Watanabe in ref. [2], pp. 143-169; c) A. Togni, 
Angew. Chem. 1996,108,1881; Angew. Chem. Int. Ed. Engl. 1996.38.1475, and 
references therein. 

[6] Reviews: a) T. Ye, M. A. McKervey, Chem. Rev. 1994,94, 1091 ; b) A. Padwa, 
D. J. Austin, Angew. Chem. 1994,106,1881; Angew Chem. Int. Ed. Engl. 1994, 
33,1797; c) A. Padwa, K. E. Krumpe, Tetrahedron 1992,48,5385; d) J. Adams, 
D. M. Spero, ihid. 1991, 47, 1765; e) H. Brunner, Angew. Chem. 1992, 104, 
1208; Angew. Chem. Int.  Ed. Engl. 1992, 31, 1183. 

[7] a) M. Hrytsak, N. Etkin, T. Durst, Tetrahedron Let f .  1986, 27, 8679; b) M. 
Hrytsak, T. Durst, J.  Chem. SOC. Chem. Commun. 1987,1150; c) S .  D. Babu, M. 
Hrytsak, T. Durst. Can. J .  Chem. 1989,67,1071; d) N. Etkin. S .  D. Babu, J. C. 
Fooks, T. Durst, J .  Org. Chem. 1990,55, 1093 

[8] a) K. L. Rinehart, Jr., R. J. Curby, Jr., P. E. Sokol, J .  Am. Chem. Soc. 1957, 79, 
3420; b) M. Camack, M. A. Spielman in Organic Reacfrons, Vol. 111 (Ed.: R. 
Adams), Wiley, New York. 1946, p. 83. 

191 All new compounds were characterized by the usual spectroscopic methods (see 
Table 2) and gave correct elemental analysis and/or high-resolution mass spec- 
tra. 

[lo] This protocol is based on the procedure of C. Ray, B. Saha, U. R. Ghatak. 
Synth. Commun. 1991. 21, 1223. 

[ l l ]  Compound 6 was prepared by formylation of ferrocene with N-methylfor- 
manilide/POCI, (74%) according to M. Rosenblum, A. K. Banerjee, N. 
Danieli, R. W. Fish, V. Schlatter, J .  Am. Chem. Soc. 1963, 85, 316. 

[12] K. Schlogel, Monatsh. Chem. 1957,88, 601 
[13] We currently have no explanation for the formation of ferrocene from 1, 2, or 

3 under these reaction conditions. 
[14] For the reaction of diazo compounds with benzene derivatives leading to cyclo- 

heptatrienes (Buchner reaction), see ref. [6a], p. 1120, and references therein. 
[15] Fluorinated solvents have been successfully used for catalytic transformations 

of metal carbenes: M. P. Doyle, Chem. Rev. 1986.86, 919. 
[16] B. E. Maryanoff, J .  Org. Chem. 1982,47, 3000. 
[17] The formation of dimeric products of constitution 16 was evident from MS and 

NMR data: HR-MS: calcd for C,,H,,Fe,O,: 478.0319, found: 478.0315; MS 
(El, 130°C)- 239 (100%; strongly stabilized radical cation of 10); 'H NMR: in 
addition to the Cp-H signals at 6 = 3.9-4.28, two pairs of coupled dubletts 
at 6 = 2.7513.16 and 3.0513.28 (& = 21 Hz) were observed, which confirm the 
formation of only two diastereomers A double set of signals also appeared in 
the I3C NMR spectrum. 

[IS] S .  Drenkard, J. Ferris, A. Eschenmoser, Helv. Chim. Acta 1990, 1373. 
[19] a) M. P. Doyle, Q.-L. Zhou, C. E. Raab, G. H. P. Roos, Tetrahedron Lett. 

1995. 36, 4745; b) M. P. Doyle, M. N. Protopopova, C. D. Poulter, D H. 
Rogers, J .  Am Chem. SOC. 1995,117,7281 ; c) H. Lim. G.  A. Sulikowski, J Org. 
Chem. 1995,60,2326; d) K. Burgess, H. Lim, A. M Porte, G. A. Sulikowski, 
Angew. Chem 1996,108,192; AnKen. Chem. Itit. Ed. Engl. 1996,35,220; e) N. 
Watanabe, T. Ogawa, Y Ohtake. S .  Ikegami, S .  Hashimoto, Synlert 1996, 85. 

[20] M. P. Doyle, W. R. Winchester, M. N. Protapopova, A. P. Kazala, L. J. 
Westrum, Org. Synth. 1995, 73, 13, and references therein. 

[21] The use of this catalyst resulted in an extremely slow conversion to give a 
complex mixture containing the desired cyclization product at best in traces. 

1221 a) E. J. Corey, N. Imai. H.-Y. Zhang, J .  Am. Chem. SOC. 1991,113,728; for the 
use of chiral bisoxazoline and semicorrin ligands, see b) A. Pfaltz, Acc. Chem. 
Res. 1993.26, 339; c) A. Pfaltz in Advances in Catalytic Processes, Vol. 1, (Ed.: 
M. P. Doyle), JAI, Greenwich, CT, USA, 1995, p. 61. 

(231 [&' = - 107.7, c = 0.115 inCHC1,. Theabsoluteconfiguration ofthecycliza- 
tion product (12 or ent-12) was not established; the enantiomeric excess was 
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Self-replication, like the chirality of the components, is one of 
the most characteristic features of living organisms. Therefore, 
self-replication of a chiral molecule is of much interest. The 
concept of self-replication, however, has not been applied in 
asymmetric synthesis; almost all conventional asymmetric syn- 
theses require chiral auxiliaries with structures which differ from 

[*I Prof. Dr. K. Soai, Dr. T. Shibata, T. Takahashi, T. Konishi 
Department of Applied Chemistry, Faculty of Science 
Science University of Tokyo 
Kagurazaka, Shinjuku-ku, Tokyo 162 (Japan) 
Fax: Int. code +(3)3235-2214 
e-mail: ksoai(4;ch.kagu.sut.ac.jp 

[**I This work was supported by the Proposed-Based Advanced Industrial Tech- 
nology R & D Program from the New Energy and Industrial Technology De- 
velopment Organization (NEDO) of Japan and by a Grant-in-Aid for Scientif- 
ic Research from the Japanese Ministry of Education, Science, Sports, and 
Culture. 

2458 0 WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1997 0570-0833/97/3622-2458 $17.50+ .SO10 Angewy. Chem. Int. Ed. Engl. 1997,36, No. 22 



COMMUNlCATlONS 

those of the chiral products. The only exceptions are the 
diastereoselective process with self-regeneration of a stereocen- 
ter,['I the asymmetric autoinduction,'21 and the asymmetric au- 
tocatalytic reaction.[31 Asymmetric autoinduction has been lim- 
ited to the enantioselective alkylation of aldehydes.[21 We report 
here the first highly enantioselective self-replication in an asym- 
metric autoinductive reduction in which the structure and con- 
figuration of the chiral ligand and product are identical. 

We examined the asymmetric autoinductive reduction of 
a-amino ketones with lithium aluminum hydride14] modified with 
a chiral1,2-amino alcohol and an achiral additive[51 (Scheme 1). 

Asymmetric 
self-replication 
F 

I 
H I LiAIH4 - PhNEt 

t !*+ 
(PhhEt), 

I 
(PhNEt), 

Scheme 1. Asymmetric self-replication of 1,2-amino alcohols; A = chiral ligand, 
B = reaction product. The ligand A recovered at the end of the reaction and the 
product B have the same structure and configuration. 

2-Morpholinoacetophenone (1 a) was reduced with chirally 
modified LiAlH,, which was prepared insitu from LiAlH,, 
chiral (S)-2-morpholino-l-phenylethanol (2 a),[61 and N-ethyl- 
aniline'5a1 in Et20  at - 78 "C. The 1,2-amino alcohol (S)-2a was 
obtained in 95.8% ee (Table 1, entry l), which means that 

(S)-2a was newly formed in 78.8% yield with 82.4% ee."] This 
result implies that 1 a was enantioselectively reduced by chiral 
2a to give new 2 a with the same (S) configuration. Lowering the 
reaction temperature (from -78 to - 1 O O T )  improved the 
chemical yield, and the enantioselectivity remained high (en- 
try 3). When the chiral ligand (R)-2a was used instead of (S)-2a, 
(R)-2a was formed in 88.6% yield with 84.7%) ee (entry 4). 
Entries 5-9 in Table 1 demonstrate that a variety of N-hetero- 
cycles can be used as amino substituents. The reactions of ( 9 - 2 c  
and 2d at -78 'Cr81 were also examined (entries 6 and 7); 
the enantioselectivity was very high in both cases (87.9 and 
90.1 YO ee, respe~tively).[~l The ee values of products 2a-2d 
(entries 4-7) were easily improved to greater than 99.5% ee by 
a single recrystallization. This means that, by the self-replication 
of amino alcohols used as chiral ligands, increased amounts of 
chiral amino alcohols were obtained with no loss of enantiomer- 
ic purity. With (S)-2-(N,N-dibenzylamino)-I -phenylethan-1-01 
(2e) as the chiral ligand, product 2e formed in moderate optical 
yields (72.2 % ee, entry 8). Entry 9 shows the results of the reac- 
tion with (S)-l-(4-methylphenyl)-2-pyrrolidinoethan-l-ol 

The present method demonstrates the first highly enantio- 
selective autoinductive reduction in which the product has the 
same structure and configuration as the chiral ligand; a separa- 
tion of the product from the chiral ligand is therefore unneces- 
sary. This system could introduce a new concept into asymmet- 
ric reduction. 

(2f)."O' 

Experimental Section 
In the following, a typical experiment and the method used to calculate the yield and 
ee values of the newly formed 1,2-amino alcohol (Table 1. entry 3) are described. To 
a suspension (1 mL) of LiAIH, (47.4 mg, 1.25 mmol) in Et,O was added a solution 
(14 mL) of (S)-Za (263.0 mg, 1.27 mmol, >99.5% ee) in Et,O over a period of 
10 min with vigorous stirring. The mixture was heated at reflux for 1 h, treated 
within 5 min with a solution (2 mL) of N-ethylaniline (309.0 mg. 2.55 mmol) in 
Et,O, and heated again at reflux for an additional hour. After the reaction mixture 
was cooled to - 100 "C, a solution (3 mL) of 1 a (102.7 mg, 0.50 mmol) in Et,O was 
added dropwise. The reaction mixture was stirred at this temperature for 3-4 h, 
poured into 1 M hydrochloric acid (5 mL) to quench the reaction, and neutralized 

Table 1. Asymmetric autoinductive reduction according to Equation (1) using 1,2-amino alcohols 2a-f as 
chiral ligands [a] Ar. h H 

LiAIH4 - HO NR2 - PPhNEt 
2a-f 

HO NR2 ('1 0 NRz 
E!20, -78 1-1 00% 

2a-f la-f 

Entry Ar -NK2 Chiral ligand T["C] ee/%[b,c] Product [d] 
Yield ee/"/. (eei Yo) [bl 

n 
u 
n 
LJ 

Ph -N 0 (S)-Za (>99.5) - 78 95.8(5) 78.8 82.4(S) 1 

Ph -N 0 (S)-Za (>99.5) - 78 92.1 ( S )  77.7 73.2(S) 2 

Ph -N 0 (S)-Za ( > 99.5) - 100 95.?(S) 89.2 83.613) 3 

Ph -N 0 (R)-Za(>99.5) -100 96.1 (R) 88.6 84.7(R) 4 

5 Ph -N NBn (S)-Zb(>99.5) -100 95.3(S) 88.9 81 6(S) 

6 Ph - N S  (S)-Zc (>99.5) - 78 97.7(S) 73.0 8?9(S)  

7 Ph - N 3  (S)-Zd (>99.5) - 78 97.6(S) 82.4 90.1(S) 

8 Ph -NBn2 (S)-Ze (95.3) - 78 90.6(S) 65.3 72.2(S) 

9 To1 - N 3  (S)-Zf (95.7) - 78 89.4(S) 92.9 69.7(S) 

[a] Molar ratio l.LiA1H,:Z:N-ethylaniline forentries 1 and 3-9 1.0:2.5:2.5:5.0., forentry 2 1.0:1.8:1.8:3.6. 
[b] Enantiomeric purities were determined by HPLC analysis using a chiral column; >99.5% ee means that 
the minor peak was undetectable. [c] Enantiomeric purity of the total amount of isolated 2. [d] The portion 
of Z used at the beginning of the reaction as a chiral ligand was excluded in the calculation (see Experimental 
Section). 

n 
u 
n 
u 
n 
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with a saturated aqukous solution of NaHCO, (15 mL) at 
0 "C. The mixture was filtered over celite, the precipitate 
thoroughly washed with CH,CI, (30 mL), and the com- 
bined filtrate extracted with CH,CI,. The extract was 
dried over anhydrous MgSO,, and the solvent removed 
under reduced pressure. Purification of the crude product 
by flash column chromatography gave Za (355.5 mg) as 
a mixture of the newly formed product 2a  and the chiral 
ligand Za (263.0 mg). HPLC analysis of the mixture us- 
ing a chiral column (DAICEL Chiralcel OD-H) provided 
an enantiomeric purity of 95.7% ee. Therefore, the mix- 
ture consisted of (S)-Za (347.9 mg) and (R)-Za (7.6 mg). 
The amount of newly formed Za was 355 5-263 0 = 
92.5 mg (0.446 mmol, 89.2% yield). consisting of (S)-Za 
(347.9 - 263.0 = 84.9 mg) and (R)-Za (7.6 mg). The 
newly formed (S)-enriched amino alcohol 2 a  had an 
enantiomeric purity of 83.6% ee. 
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Chiral Methyl-Branched Surfactants and 
Phospholipids: Synthesis and Properties 
Michael Morr,* Jens Fortkamp, and Stefan Riihe 

The recent publication of the synthesis and unusual proper- 
ties of spiro-surfactants by Menger et al."] prompted us to re- 
port the results of our work on chiral methyl-branched surfac- 
tants and phospholipids which are obtained by formal opening 
of spiro-compounds. For some time we have been engaged in 
the isolation of chiral methyl-branched fatty acids, for example, 
(2R,4R,6R)-2,4,6-trimethyloctanoic acid (l)['I from the preen 
gland of the musk duck Cairina moschata as well as 
(2R,4R,6R,8R)-2,4,6&tetramethyldecanoic acid (2) and 
(2R,4R,6R,8R)-2,4,6,8-tetramethylundecanoic acid (3)['l from 

m n R 

1 
2 
3 
lardolure 
norlardolure 

COOH 
COOH 
COOH 
OCHO 
OCHO 

the preen gland of the domestic goose Anser a$ domesticus. In 
addition to a number of new derivatives of these compounds- 
such as the mite pheromones lardolure and norlard~lure[~. 51 as 
well as new, chiral ferro- and antiferroelectric liquid crystals 
with methyl side chainsc6]-we were interested in the physical 
and chemical properties (such as critical micellization concen- 
tration (CMC)) of surfactants 4 and 5, which are derived from 

[*] Dr. M. Morr, Dr. J. Fortkamp, S .  Riihe 
Gesellschaft fur Biotechnologische Forschung mbH 
Mascheroder Weg 1, D-38124 Braunschweig (Germany) 
Fax: Int. code +(531)6181-444 
e-mail : mmo@gbf-braunschweig.de 

4 

5 

1 and 2, respectively. We also focused our attention on the 
diacyl-sn-glcero-3-phosphatidylcholines 10- 15, which show 
high enantiomeric purity and a uniform chain length of ten 
carbon atoms, but varying numbers of methyl-substituted chiral 

Q 

10 b- 
U 

11 6- 
Q 

12 b- 
0 

13 A- 

Y o - c - H  O +/  

0 H * & U ~ - 6 V N '  
15 b- 

centers. Properties required for their useful applications (e. g. as 
membrane constituents) were analysed by differential scanning 
calorimetry (DSC) to determine the main phase-transition tem- 
peratures, and with a Langmuir film balance to record n-A- 
isotherms. 

The methyl esters 6 of 1 and 2 were allowed to react with 
lithium aluminum hydride to give alcohols 7 (n = 0 , l ;  yield 
95 %), which were converted by tosylation (via 8) into the bro- 
mides 9 with LiBr in acetone ( 8 5 % ) .  The reaction of 9 with 
trimethylamine in ethanol at 80 "C (in a pressure vessel) afford- 
ed 4 and 5 in quantitative yield. 

2460 0 WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1997 0570-083319713622-2460 S 17.50f .SO10 Angew. Chem. Int. Ed. Engl. 1997, 36, No. 22 




