
and also the fact that only very small weakly diffracting single crystals of 
these materials have been obtained so far. We are currently optimizing the 
crystallization of this and related materials. 3: C,H,,NO,Fe; PT, 2 = 2; 
a = 6.838(1). b =7.058(1), c = 9.676(2) A, a = 103.29(1), b = 93.58(1), 
y = 97.83(1)", V = 448.1 A' ( T =  22°C); e,,,, =1.84gcm-), Mo,,, 
1 = 0.71073 A, 2" < 28 < 52"; 1748 reflections (1659 with F >  60(F)); 
Patterson synthesis (SHELXTL). An inversion center relates the two 
halves of the molecule. For 157 parameters R = 0.0351 and R, = 0.0394. 
Further details of the crystal structure investigations are available on re- 
quest from the Fachinformationszentrum Karlsruhe, Gesellschaft fur wis- 
senschaftlich-technische Information mbH, D-W-7514 Eggenstein-Leo- 
poldshafen 2. on quoting the following number CSD-55936, the names of 
the authors, and the journal citation. 

[6] The assignment of the 0x0 and hydroxo bridges was made based on con- 
sideration of the geometry at each oxygen atom, and their number was 
confirmed by the results of the C,H.N,Fe-analysis. The elemental analysis 
is also consistent with the presence of four nitrate anions and sixty waters 
of crystallization in a unit cell containing one molecule of each of both 1 
and 2. 

[7] K. S. Hagen, W. H. Armstrong, J .  Am. Chem. SOC. 1989, 111, 774-775. 
[8] S. M. Heald, E. A. Stern, B. Bunker, E. M. Holt, S. L. Holt, J. Am. Chem. 

[9] Q. T. Islam, D. E. Sayers, S. M. Gorun, E. C. Theil, J.  Inorg. Biochem. 

[lo] J. S. Rohrer. Q. T. Islam. G. D. Watt, D. E. Sayers, E. C. Theil, Biochem- 

[ l l ]  K. M. Towe, W. F. Bradley, J.  Colloid Inletface Sci. 1967, 24, 384-392. 
[12] R. A. Eggleton, R. W. Fitzpatrick, Cluys C l y  Miner. 1988, 36, 111-124. 
[13] A. Manceau, J. M. Combes, G. Calas, Clays Cluy Miner. 1990, 38, 331- 
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New Chiral a-Benzyloxyacryliron(11) Complex 
for Asymmetric Synthesis of 
a,a-Dialkyl-a-hydroxycarbonyl Compounds** 
By Felix Stolz, Peter Strazewski, Christoph Tamm,* 
Markus Neuburger, and Margareta Zehnder 

Davies et al. have shown['] that a series of diastereoselec- 
tive alkylations of carbonyl compounds can be performed 
with high selectivity by using an iron(I1) complex of type 1 as 
chiral auxiliary. To our knowledge, in the past the only ac- 
cessible enantiomerically pure starting materials for the 
preparation of derivatives was the acetyliron complex [ (77,- 
C,H,)CO(PPh3)Fe(COCH3)] (1 a). Both the (9-( +) and the 
(R)-( - ) forms are commercially available, but when their 
high molecular weight and the difficulty of regenerating the 
auxiliary in optically active form are taken in to account, 
they are rather expensive. Both configurations can also be 

b: R = C(CCH$VI)=CH~ 

C: R = HC=CHCH3 

I '  

[*I Prof. Dr. C. Tamm, F. Stolz, Dr. P. Strazewski 
Institut fur Organkche Chemie der Universitat 
St. Johanns-Ring 19, CH-4056 Basel (Switzerland) 
Priv.-Doz. Dr. M. Zehnder, M. Neuburger 
Institut fur Anorganische Chemie der Universitat 
Spitalstrasse 51, CH-4056 Basel (Switzerland) 

[**I This work was supported by the Swiss National Science Foundation. We 
thank Ms. Gisela Umbricht and Dr. C. Bolm, Institut fur Organische 
Chemie der Universitat Basel for the GC and HPLC separations. 

synthesized by the method of Brunner and Schmidt,r2' but an 
efficient procedure for their preparation is not yet available. 

We were interested in the enantiomerically pure a-benzyl- 
oxyacryliron(i1) complex (1 b), because Michael addition and 
subsequent alkylation of the intermediate enolate leads to 
a,a-dialkyl-a-hydroxycarbonyl derivatives, a class of com- 
pounds that are difficult to prepare in optically active form. 
We therefore developed a process that yielded the two optical 
antipodes (R)-1 b and ( 9 - 1  b in gram quantities from inex- 
pensive starting materials in good yield (Scheme 1). 

I o.-. : 
rac-4 Li 

,..O"C' 1 x 
+ 6a + 6b 

M F ,  reflux I NaH ! SOz 

(R)- (-)-lb (S)- (+)-lb 

6a,b 

a: (RR)  b: (SS)  

Scheme 1, Synthesis of a-benzyloxyacryliron(l1) complexes (R)-1 b and ( 3 - 1  b 

Compound rac-3 was prepared by a known procedure 
from [{(q5-C,H,)Fe(CO),},] (2) in 42 % overall yield.r'bv31 
Deprotonation with n-butyllithium followed by a highly 
stereoselective alkylation of the intermediate enolate rac-4 
with chloromethyl (-)-menthy1 ether (5) afforded 6a (less 
polar) and 6 b (more polar). The relative configuration of the 
centers Fe* and a-C* were assumed to be (R*,R*) or 1 (like) 
on the grounds of the presumed configuration of the (E) 
lithium enolate 4 (cf. Davies et al.r'b-C1). The u- 
diastereomers [(R*, s*) or unlike)] are in principle also pos- 
sible, but were not observed in the 'H NMR spectrum of the 
product mixture. A single flash-chromatographic separation 
on silica gel (toluene/ether/pentane 90: 5: 5) furnished the 
virtually enantiomerically pure products in 43 (6a) and 42 % 
(6b) yield. The elimination of (-)-menthol from 6a and 6b 
was achieved with sodium hydride under retention of config- 
uration at the iron atom. After filtration over a short column 
(neutral A1,03), precipitation of the only iron complex 

,I\ :,A, , ,,-, , , ,k,, , 

500 

250 

-50 ' -50 
10.0 11.0 12.0 13.0 1L.O 10.0 11.0 12.0 13.0 1L.O 

t lminl - t[minl - 
Fig. 1 Resolution of rac-1 b and (.I+( + ) - 1  b by HPLC on a chiral stationary 
phase. The y axis represents the UV absorption at A = 277 nm [mV]. Mobile 
phase: 2-propanol/n-hexane 1.5:98.5. Derivatization of the stationary phase: 
cellulose carbamate (Chiralcel OD" by Daicel). Enantiomeric excess of (8- 
(+)-1 b: 96.1 % ee. Enantiomeric excess of the (-)-menthol (Fluka) used for 
the synthesis of (R)-( -)-1 b and (s)-( +)-1 b: 98.75 YO ee (determined by gas 
chromatography with (-)-menthy1 acetate on permethylated b-cyclodextrin.) 
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present with n-pentane yielded (R)-( -)-I b or (9-( +)-1 b 
(from 6 a  and 6 b  respectively) in preparative amounts as 
amorphous, air- and moisture-insensitive solids in 87-92 % 
yield (Fig. 

The crystal structure of racemic l b  has been solved 
(Fig. 2). As in the corresponding (E)-crotyliron complex 
1 c,[ld1 it reveals that the f i  carbon atom is oriented s-cis to the 
carbonyl oxygen atom of the same ligand. The anti arrange- 
ment of the two carbonyl oxygen atoms is the only possible 
one for steric reasons.[ld-el 

Fig. 2. Structure of (R)-l b in the solid state. Thermal ellipsoids represent 30% 
probability. Carbon atoms are complete ellipsoids; heteroatoms have a sector 
removed. 

Compound 1 b was butylated in /3 position with nBuLi 
(two equivalents are required for complete conversion--cf. 
Davies et al.["I), and the resulting lithium enolate 7 trapped 
in situ with water, methyl iodide, or ethyl iodide (Scheme 2). 
The reaction mixture was filtered over a short column (neu- 
tral AI,O,), and the alkylation products precipited on addi- 
tion of n-pentane. The yields determined at  this stage lay 
between 76 (10a,b) and 88 YO (8a, b). The diastereoselectivity 
of the reactions was estimated from ' H  NMR spectroscopy 

1 

(El-7 1 

U -78% -3 20°C 
12: R = CH3 
13: R a CH2CH3 

14 

1 5 : R = H  - Rv 16:R=CH3 
IdNEt3 

CH2CI&H3OH 17: R = CH$H3 
40% 

8.9.10 

Scheme 2. Alkylation of (R)-  or (9-1 b, followed by cleavage of the acyl ligands 
from iron. ((Fe'l = [(a5-C,Hs)CO{PPha)Fe]). 

and the preparative separation of the product mixture. The 
enolizable acyl derivatives 8, like 6a,b, were stable on silica 
gel, but 9 and 10 required separation on neutral A1,0,. The 
selectivity lay between 80 and 95 YO ds. In the case of 9 a  and 
b (prepared from (R)-(-)-1 b) the exact ratio (17:83) could 
be established by gas chromatography on permethylated 8- 
cyclodextrin of the final product 14 formed on removal of 
the chiral auxiliary and the benzyl function. The ratio of 
8 a: 8 b (7 : 93) was determined by HPLC (Si-60,0.3 % ether in 
hexane). 

The racemic major product 9 b could also be crystallized. 
The crystal structure (Fig. 3 b) shows that the 1 diastereomer 
was formed preferentially, as expected from the structure of 
1 b. After methylation the acyl ligand rotated approximately 
180" around the (0C)-(a-C) bond, allowing the smallest a 
substituent, the methyl group to point in the direction of the 
triphenylphosphane ligand. Additional noteworthy features 
of the crystal structure are the changes in some angles 
(0-C-Fe-COR is wider and OEC-Fe-PPh, narrower 
than in 1 b) and the remarkable rigidity of the pentyl side 
chain.f5I The chirality of the propeller geometry of the 
triphenylphosphane ligand follows the general rule in both 
crystal structures:[lel the screw in the ( R )  complex is clock- 
wise and in the (8 complex counterclockwise. 

Fig. 3. Structure of (R)-9b in the solid state. The thermal ellipsoids represent 
30 % probability. Carbon atoms are complete ellipsoids; heteroatoms have a 
sector removed. 

Both the extremely high diastereomeric selectivity of the 
alkylation of ruc-3 and the usually absolutely selective alkyl- 
ations and protonations of comparable substrates['d,g] show 
that in complexes 1 the chiral auxiliary does not even permit 
sterically nondiscriminating electrophiles to attack from the 
triphenylphosphane side. The diminished stereoselectivity of 
the alkylation of 1 b thus requires a different explanation. 
The 'H NMR spectrum of 1 b suggests that in solution even 
at room temperature the complex exists virtually exclusively 
in the cisoid conformation, as in the solid state. Addition of 
nBuLi forces the enolate 7 into the (Z) configuration 
(Scheme 2). Then (2)-7 is alkylated stereospecifically to the 
I diastereomer. However chelation of the two oxygen atoms 
by a lithium ion in the ( E )  enolate 7 (as in enolate 4) must 
lead specifically to the u diastereomer. Since two equivalents 
of nBuLi are required for complete conversion, it seems that 
the first equivalent of nBuLi merely coordinates to 1 b. The 
delayed onset of the red coloration typical of enolate forma- 
tion supports this hypothesis. Apparently this type of activa- 
tion is a prerequisite for the n-butylation of 1 b in 8 position. 
It is feasible that the presence of lithium ions simultaneously 
causes a partial isomerization to the transoid isomer of 1 b, 
which in turn reacts with the second equivalent of nBuLi to 
yield (E)-7. A greatly enhanced reactivity to nBuLi of the 
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mere traces of transoid conformer present would be another, 
but unlikely explanation. 

The diastereoselectivity of the reaction presents no prob- 
lem for synthesis, because the less polar side products 8a- 
10 a are separable by chromatography with minimum losses. 
Absolute diastereomeric purity of the products is attainable, 
and after cleavage of the acyl ligands enantiomerically pure 
a-benzyloxy-a,a-dialkylcarbonyl compounds are obtained. 

The oxidative cleavage of the a-benzyloxyacyl ligands 
from the iron complex with bromine and methanol proved to 
be problematic at first. As Davies et al.[''I had reported 
earlier, the bond between C(acyl) and a-C tends to break 
instead of the Fe-C(acy1) bond, forming not the desired 
methyl esters 11-13, but the benzyl methyl acetal 15 or the 
ketals 16, 17 that are shortened by one carbon atom. We 
therefore studied various cleavage conditions in order to bias 
the product composition. The most common cleavage 
reagent, bromine, yields varying mixtures of esters and ac- 
etals or ketals depending on the added mole equivalents of 
reagent and the reaction time. N-bromosuccinimide affords 
almost exclusively the acetal or ketal, but in poor yield. 
Iodine or bromine with added triethylamine furnishes exclu- 
sively the acetal or ketal (82% for 16). However, with chlo- 
rine gas in dichloromethane the ester forms exclusively (54% 
for 12). 
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CAS Registry numbers: 
(R)-1 b. 138061-03-7: (S)-1 b, 138230-57-6; rur-l b ,  138230-58-7; ruc-3, 111618- 
46-3; 5, 26127-08-2: (R,R)-6a, 138061-04-8; (S,S)-6b, 138230-59-8; (R*,S*)- 
8 a. 138061-05-9; (R*,R*)-8 b, 138230-60-1 ; ruc-9a(R',SL), 138061-06-0; (R,S)- 
9 a ,  138230-61-2; ruc-9b(R*,R*). 138230-62-3; (R,R)-Bb, 138230-63-4; (R*,S*)- 
10a, 138061-07-1; (R*,S*)- lob ,  138230-64-5; 12, 138061-00-4; 14, 138061- 
01-5; 1 b, 138061-02-6. 

[l] a) G. J. Baird, J. A. Bandy, S. G. Davies, K.  Prout, J Chem. Soc. Chem. 
Commim. 1983. 1202-1203; b) S. G. Davies. M. Wills, J. Orgunomer. Chem. 
1987. 328, C29-C33; c) S. G. Davies, D. Middlemiss, A. Naylor, M. Wills. 
J Cheni. Soc. Chetn. Commun. 1990, 797-799; d) S. G. Davies, I. M. Dor- 
dor-Hedgecock, K. H. Sutton, J. C. Walker, R. H. Jones, K. Prout, Tetruhe- 
&on 1986,42. 5123-5137; e) S .  G. Davies, A. E. Derome, J. P. McNally, J 
Am. Chem. Soc. 1991, 113. 2854-2861; f )  S. G. Davies, 0. Ichihara, J 
Chem. Soc. Cheni. Commun. 1990. 1554-1555; g) S. G. Davies, J. C. Walk- 
er. ibid. 1986, 495-496 

[2] H. Brunner. E. Schmidt, J Orgunornet. Chrm. 1972, 36, ClX-C22. 
131 E. 1 Crawford, C .  Larnbert, K. P. Menard. A. R. Cutler, J Am. Chrm. Sot. 

1985, 107. 3130- 3139. 
[4] The same absolute configuration as that of 1 a was assigned on the assump- 

tion that the 1-benzyloxyacryl ligand does not reverse the optical rotation. 
( R ) - ( - ) - I  b :  
[1]:&, = +300; [a];" = +192 (c  = 0.4, C,H,). 

[5] ruc-l b was crystallized from pentane at -20 "C. C,,H,,FeO,P, triclinic 
space group space group P1 (no. 2). Z = 4 (2 independent molecules/asym- 
metric unit), (i = 10.713(3), /I = 15.395(8), c' = 18.200(7) A, d = 83.17(6). 
,ff = 92.06(4). " =  103.95(4)', V = 2895.5(3).&', 6tirlEd = 1.315g~rn-~ ,  
F(OO0) = 1192. Collection of data at room temperature, CAD4 diffrac- 
tometer, graphite monochromator, Mo,, ( 2  = 0.71069 A), w-26' scun, 
O,,,, = 28 '. 11973 independent reflections, 9235 of which with ( E )  > 2u(1;1. 
Solution by Patterson methods with subsequent weighted difference Fouri- 
er syntheses. Refinement: block matrix, least-squares method (SHELX-76) 
with anisotropic thermal parameters for all non-hydrogen atoms, 
R = 0.0590, R, = 0.0596 for 704 parameters. ruc-9b was crystallized in the 
dark from diethyl ether under a light stream of nitrogen at room tempera- 
ture. C,,H,,FeO,P. triclinic. space group (no. 2), Z = 2, u = 8.126(4), 
h = 12.234(5), c = 16.465(9) A, a = 96.11(4), ,O = 93.48(5), q = 92.85(3)'. 
V = 162?.0(3) A', Q ~ ~ , ~ ~  = 1.320 gcm-'. F(OO0) = 680. Data collection and 
structure determination as above, 5807 independent reflections, 3733 of 
which with ( F )  > 2u(F). R = 0.0749, R, = 0.0631 for 403 parameters. 
Further details of the crystal structure investigation may be obtained from 
the Director of the Cambridge Crystallographic Data Centre. University 
Chemical Laboratory, Lensfield Road, GB-Cambridge CB2 1EW on quot- 
ing the full journal citation. 

[6] The experimental details of the syntheses for all compounds and their phys- 
ical and spectroscopic characterization will be published later. They are part 
of the proposed dissertation of F.S. 

[1]:406 = -294; [a];' = -191 ( c =  0.4. C6H6). ( Q ( + ) - l b :  

Enzymatic Preparation of Enantiomerically Pure 
N-alkyl Amino Acids** 
By Ulrich Groeger,* Karllieinz Drauz, and Herbert Klenk 

N-alkyl-L-amino acids L-3, and more particularly N- 
methyl-L-amino acids, are important building blocks of pep- 
tide and depsipeptide antibiotics.['] They also occur free in 
biological material, as for instance, N-methyl-L-tryptophan 
in the seeds of Ahrus precatorius.[21 Although preparation of 
optically inactive or racemic compounds 3 presents no  prob- 
lem, synthesis of the enantiomerically pure compounds L-3 is 
laborious and sometimes provides unsatisfactory yields.[31 

One possible route to enantiomerically pure amino acids is 
the enantioselective hydrolysis of appropriate racemic N- 
acetylamino acids catalyzed by an aminoacylase from Asper- 
gillus oryzae or from porcine kidney (acylase I, EC 3.5.1.14), 
as for instance is used in an industrial process to prepare 
L-methionine or ~-valine.[~] Although acylase I displays high 
selectivity for a wide spectrum of substrates, this system has 
limitations. Replacement of the hydrogen on the amine ni- 
trogen atom by an alkyl group causes loss of enzymatic 
activity. Thus N-acylated secondary amines such as N-acy- 
lated proline (1 a) or N-acylated N-alkylamino acids cannot 
be hydrolyzed by this method.[51 

Recently we isolated and characterized a new bacterial 
N-acyl-L-proline-acylase, whose high enantioselectivity 
(ee > 99.8 %) makes it suitable for preparing L-proline from 
1 a,['] This enzyme also hydrolyses only the L-enantiomer of 
N-acetyl and N-chloroacetyl derivatives of azetidine-2-car- 
boxylic acid (1 b) and pipecolic acid (1 c), thus enabling the 
enzyme-catalyzed resolution of these compounds.['1 

Compounds 1 a x  are N-acylated cyclic secondary amines. 
Ring-opening leads to the corresponding N-acylated, 
straight-chain secondary amines 2. The precursors 2 can be 
prepared as racemates in good yield from 3 in a modified 
Strecker synthesis via N-alkylaminonitriles 4 (Scheme 1 ,  
Table 1). 

Ib a 
R* 

Ri\NACOOH CI/"COCI/OH 
L C I  - 

0 

L 

R =  R' 

H H 

4 3 
Scheme 1 .  For R', R2 see Table 1. 

[*I Dr. U. Groeger, Dr. K. Drauz, Dr. H. Klenk 
Degussa AG 
Fachbereich Forschung Organische und Biologische Chemie 
Postfach 1345, D-W-6450 Hanau 1 (FRG) 

[**I Amino Acid Transformation, Part 8. This work was supported by the 
Bundesrninister fur Forschung und Technologie (0319007 A3). Part 7. K. 
Drauz, M. Kottenhahn. K. Makryaleas, H. Klenk, M .  Bernd. Angew. 
Chem. 1991, 103. 704-706; A q e ~  Chem. 1111. Ed. Engl. 1991, 30, 712- 
714. 
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