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Transition-metal-labeled o-amino acids

The reactions of protected o-bromoglycine esters
RY(O)CNHCH(Br)CO,R? (R! = Ph, OCMe;,; R? = Me, tBu) with
organometallic anions of acetylierrocene, CpFe(CO)(PPh)-
C(O)CHj, (OC)sM=C(OMe)CH; (M = Cr, W), (OC);Cr{ns-di-
phenylmethane), (OC};Cr{né-fluorene), (OC);Cr{n®-dihy-
droanthracene) and of (OC);Cr(n®-aniline) and (OC),Cr{n’-

o-toluidine} provide a method for the introduction of organo-
metallic fragments into the side chains of ¢-amino acids. The
complexes may be useful as markers for a-amino acids in
peptides. The compound (OC)3Cr(n5-0-CgH,(CHa)NHC-
(H)(CO,Me)NHC(O)Ph was characterized by X-ray diffrac-
tiom.

Recently, the introduction of organotransition-metal
fragments into a-amino acids and peptides or precursors
thereof has found much interest. Organometallic complexes
can be used as markers for o-amino acids in peptides® and
for the synthesis of (also unnatural) amino acids and pep-
tidesl, Methods for the addition of organometallic frag-
ments to o-amino acids include e.g. m coordination of
Cr(CO); or CsMesRu™ to aromatic substituents of o-amino
acids!™ or the nucleophilic addition of anionic Schiff bases
from glycine esters to cationic complexes of unsaturated hy-
drocarbons'®l. In the course of our studies on the directed
synthesis of hydrocarbon-bridged complexes by reaction of
anionic with cationic complexest”? we became interested in
the use of electrophilic glycine derivatives as synthons. Steg-
lich and coworkers® have employed protected a-halogly-
cine esters for the derivatization of e-amino acids.

Results and Discussion

The following organometallic anions, which have been
successfully used for C—C coupling!”l, were treated with
protected o-bromoglyeine esters:

— Enolates of acetylerrocene and the anion from the

Davies compound CpFe(CO)(PPh3YC(O)CH;!%,

- anions from Fischer carbene complexes (OC)sM=C(O-

Me)CH;HH1 (M = Cr, W),
~ deprotonated tricarbonylchromium complexes of di-

phenylmethane, fluorene and dihydroanthracenef!?,

These reactions yielded the compounds 1-16.

The compounds 3—5 and 13—16 contain two stereogenic
atoms; the two diastereomers of these complexes (as enanti-

[°1 Part XC: Ref 'L
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omeric pairs) are observed in the 'H- and *C-NMR spec-
tra. A diastereomeric selectivity, which might have been ex-
pected from the steric influence of the m-coordinated
Cr(CO), group'¥ or by the chiral induction of the Davies
complex CpFe(CO)PPhs3);C(OYCH,!Y, could not be de-
tected. For the compounds 1—10 the diastereotopic CH,
groups give rise to two 'H-WMR signals (double doublets)
which are typical of methylene groups adjacent to stereo-
genic centers. The 'H-NMR data of the compounds 11—-16
were assigned according to those of comparable com-
pounds!'?,

In the IR spectra of the carbonyl complexes of 3—16 the
(v)JCO absorption bands are characteristic: In the case of
the enolate complexes 3—6 a strong, single absorption at
¥ = 1917 em~! is observed. The carbene compounds 6—10
exhibit a sharp (A;)CO absorption at ¥ = 2064/2071 ¢cm™!
(Cr, W) and a broad, strong band at v = 1930 cm™'. Two
CO absorption bands are also typical of the Cr(CO); com-
pounds 11-16. All these CO absorptions are much more
intense than those of the N-acyl groups, indicating the good
labeling properties of the synthesized derivatives. 1 and 2
exhibit the oxo band at ¥ = 1660 cm™!, clearly separated
from the amide absorptions.

The compounds 3—6 represent versatile marker mol-
ecules which can be detected by 'H-NMR {(Cp), 'P-NMR
{PPh3) and IR (CO) spectroscopy.

Steglich and coworkerst!*! showed that acylimines from
o-haloglycine derivatives can also be added to amines. This
reaction path was followed for the reaction of (OC);Cr(n°-
aniline} and (OC);Cr(1®-o-toluidine) with methyl a-bromo-
hippurate and a-ethylthio-substituted dipeptide ester and
gave the complexes 17—-20.
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Compounds 17—20 exhibit the typical IR absorptions for
n-coordinated Cr(CO), fragments. The 'H-NMR spectrum
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of complex 18 shows a double set of signals due to the
planar chirality of the (OC);Cr(nS-o-toluidine) fragment
(d.e. 45:55). When product 18 was stirred in a small volume
of Et,0, a yellow solid precipitated from the clear solution.
Examination of the solution and of the solid by 'H-NMR
spectroscopy revealed that the diastereomeric pairs can be
separated by this procedure (d.e. 93:7).

Interestingly, one diastereomer of the dipeptide derivative
19 is formed in high excess. In the '*C-NMR spectrum of 19
just one set of signals is observed, although the '"H-NMR
spectrum shows some weak signals which could be assigned
to the second isomer. Due to the facial chirality of the
Cr(CO); fragment four diastereomers of 20 could be
formed. In the "*C-NMR spectrum just a double set of sig-
nals could be detected. Again the 'H-NMR spectrum shows
weak signals of the other isomers. Similar stereoselectivities
have been observed in the reactions of a-chloroglycyl pep-
tides with o~amino acid esters and enamines®.,

Suitable crystals of 18 for X-ray diffraction were grown
in a mixture of CH;Cl,/pentane (Figure 1).

The crystal of 18 contains one diastereomer (as pairs of
enantiomers). Weak hydrogen bonds (2.09 A) exist between
the O atom of the N-benzoyl and the amide NH group of
the independent molecules.

Support by Deutsche Forschungsgemeinschaft and Fonds der
Chemischen Industrie is gratefully acknowledged.

Experimental Section

All reactions were carried out in dry solvents under argon. —
NMR: Jeol GSX 270 or Jeol EX 400, tetramethylsilane as internal
standard. — IR: 5ZDX FT-IR. — Acetylferrocene (Fluka),
CpFe(CO)(PPh;)C(O)CH,19], (OC)sM=C(OMe)CH,;!'1 (M = Cr,
W), (OC);Cr(nS-diphenylmethane), (0C);Cr(n5-fluorene),
(OC);Cr(n-dihydroanthracene)!®l, (OC),Cr(n%-aniline) (Aldrich),
(OC):Cr(nb-o-toluidine) (Aldrich), methyl a-bromohippuratef®2],
o-bromo-Boc-glycine methyl ester!®, a-bromo-Boc-glycine tert-
butyl ester® and Z—Phe—Gly(SEt)—OMe*! were prepared ac-
cording to literature procedures or were commercially available

Chem. Ber./Recueil 1997, 130, 171177
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Figure 1. Molecular Structure of 18

[l Selected bond lengths [A] and angles [°]: Crl—Cl 2.317(4),
Cr1-C6 2.256(4), Cr1—C9 1.822(5), C9—05 1.159(6), N1—CI
1.378(5), N1-C11 1.437(5), N2—C11 1.445(5), C1-N1-Cl1
124.3(3), NI=CI1-N2 114.4(3), N1—C11-C19 105.7(3).

compounds. The amine—Cr(CO); complexes were recrystallized
from Et,O/pentane before use.

Preparation of the Anionic Organotransition-Metal Compounds:

— To a solution of 114 mg (0.50 mmol) of acetylferrocene in 10
ml of THF was added 20 mg (0.50 mmol) of potassium hydride
at ambient temperature. The mixture was stirred for 2 h to give
an orange suspension of the enolate.

— To a solution of 227 mg (0.50 mmol) of Cpke(CO)-
(PPh;)C(O)CH; in 10 ml of THF was added 0.32 ml (0.50
mmol) of nBuLi (1.6 M in hexane) at —78°C. Stirring for 1/2 h
gave a deep red solution.

— To a solution of 125 mg (0.50 mmol) of (OC)sCr=C(OCH;)CHj,
or 191 mg (0.50 mmol) of (OC)sW=C(OCH3)CHj; in 10 ml of
THF was added 0.32 ml (0.50 mmol) of nBuLi (1.6 M in hexane)
at —78°C. The mixtures were stirred for 1/2 h.

— To solutions of 152 mg (0.50 mmol) of (OC);Cr(nt-di-
phenylmethane), 151 mg (0.50 mmol) of (OC);Cr(n®-fluorene)
or 158 mg (0.50 mmol) of (OC),Cr(n®-dihydroanthracene) in 10
ml of THF were added 107 mg (2.67 mmol) of KH at room
temperature [(OC);Cr(n®diphenylmethane)] or at —25°C
[(OC);Cr(n®-fluorene), (OC);Cr(n°-dihydroanthracene)}. In the
case of (OC);Cr(nS-dihydroanthracene), 142 mg (0.54 mmol) of
18-crown-6 was also added to the reaction mixture. The mix-
tures were stirred for 2 h at the same temperature. The excess
KH was then separated by centrifugation and the deep red solu-
tions of the anions were used directly for the following reactions.

General Procedure for the Reaction of the Anions 1—16 with Elec-
trophilic Glycine Equivalents: The solution of the anion was cooled
to —78°C and then added to a solution of 122 mg (0.45 mmol) of
methyl a-bromohippurate, 121 mg (0.45 mmol) of a-bromo-Boc-
glycine methyl ester or 140 mg (0.45 mmol) of a-bromo-Boc-glycine
tert-butyl ester in 10 ml of THF at —78°C. The mixtures were
stirred at this temperature for 1 h and subsequently allowed to
warm to room temperature. The solvents were evaporated. Purifi-
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cation of the crude products is described separately for each com-
pound:

(#3-CsH;s)Fe[n’-CsH,COCH,CH(CO,CH;)NHC({0)CsH;]
(1): The residue was dissolved in CH,Cl, and the solution was fil-
tered through silica gel with Et,O. The solvent was evaporated and
the residue was washed several times with pentane and dried in
vacuo. Yield 157 mg (83%), orange powder, m.p. 76—78°C. — IR
(KBr): ¥ = 3329 cm™ ! br. (NH), 1735 s, 1659 s, 1647 s, 1530 s
(CO,, NCO, C=0). — 'H NMR (CDCls, 270 MHz): 3 = 3.46 (dd,
27 = 182 Hz, 3J = 4.0 Hz, |H, CHH'), 3.67 (dd, 2J = 18.2 Hz,
37= 3.7 Hz, 1H, CHH"), 3.82 (s, 3H, CHs), 4.20 (s, 5H, Cp),
4.53—4.57 (m, 2H, Cp), 4.76—4.81 (m, 2H, Cp), 5.07-5.12 (m,
1H, CH), 7.37-7.51 (m, 4H, m- and p-Ph, NH), 7.81-7.84 (m,
2H, 0-Ph). — '3C NMR (67.8 MHz, CDCl;): 8 = 41.20 (CH.),
48.70 (CH), 52.80 (CHs), 69.20, 69.40, 70.0, 72.70, 72.80 (Cp).
127.20, 128.70, 129.60, 131.90 (Ce¢Hs), 167.10 (CON), 171.90
(CO,), 201.70 (CpC=0). — Ca:H; FeNO, (419.3): caled. C 63.02,
H 5.05, N 3.34; found C 62.33, H 5.02, N 3.47.

(n°-CsHs)Fe[’-CsH,COCH,CH{CO,CH;)NHC(0)OC-
{CH;)3] (2): The residue was taken up in a mixturc of Et,O/pen-
tane (1:3) and chromatographed [Et,O/pentane (1:3), silica gel].
The second orange elution afforded 2. Yield 149 mg (80%), orange
powder, m.p. 53—54°C. — IR (KBr): ¥ = 3375 cm™! br. (NH),
1752's, 1664 s, 1684 s, 1504 s (CO,, NCO, C=0). — 'H NMR (270
MHz, CDCly): 8 = 1.37 [s, 9H, C(CHs)s], 3.25 (dd, 2/ = 17.9 Hz,
37 =39Hz 1H,CHH"), 3.44 (dd, 2J = 179 Hz, °J = 3.6 Hz, 1H,
CHH"), 3.71 (s, 3H, OCH3), 4.17 (s, 5H, Cp), 4.46—4.48 (m, 2H,
Cp), 4.52—4.58 (m, 1 H, CH), 4.73—4.68 (m, 2H, Cp), 5.61 (d, 3J =
8.1 Hz, 1H, NH). — 13C NMR (67.8 MHz, CDCl;): § = 28.31
[C(CH;)], 41.64 (CH,), 49.44 (CH), 52.53 (OCHs), 69.13, 69.19,
69.93, 72.60, 77.78 (Cp), 79.89 [C(CH,),], 155.48 (CON), 172.05
(CO,), 201.76 (CpC=0). — CaoH,sNOsFe (415.2): caled. C 57.85,
H 6.07, N 3.37; found C 57.74, H 6.02, N 3.37.

(7’-CsHs)Fe(CO)(PPh;) COCH,CH(CO,CH;)NHC(0O) CsHs
(3): The residue was taken up in a mixture of Et,O/pentane (2:1)
and chromatographed [Et,O/pentane (2:1), silica gel]. The second
orange elution afforded 3. Yield 157 mg (54%), yellow powder, m.p.
54°C. — IR (KBr): ¥ = 3432 cm™! br. (NH), 1917 s (CO), 1751 s,
1596 s, 1664 s, 1509 m (CO,, NCO, C=0). — "H NMR (270 MHz,
CDCl5): 8 = 2.98 (dd, 2J = 18.4 Hz, *J = 3.3 Hz, 1 H, CHH’), 3.30
(dd, 2J = 17.6 Hz, 3J = 4.6 Hz, | H, CHH"), 3.46 (s, 3H, CHj3),
3.71 (s, 3H, CHj3), 3.91 (m, 1H, CH{H’), 3.99 (dd, 2J = 18.4 Hz,
3J = 3.7 Hz, 1H, CHH"), 4.20—4.23 (m, 1 H, CH), 4.35 (d, 2J =
1.1 Hz, 5H, Cp), 443 (d, 2J = 1.2 Hz, 5H, Cp), 4.52—4.55 (m,
1H, CH), 6.57 (d, *J = 9.5 Hz, 1H, NH), 6.87 (d, */ = 7.1 Hz,
1H, NH), 7.76—7.17 (m, 40H, C4Hs, PPh;). — 3C NMR (1004
MHz, CDCly): 8 = 49.76 (CH), 49.85 (CH), 52.19 (CH,), 52.97
(CH3), 64.70 (CH,), 65.10 (CH,), 85.32 (Cp), 85.42 (Cp), 127.30,
127.40, 128.22, 128.34, 128.44, 128.51, 129.94, 130.01, 131.50,
131.60, 133.43, 133.51, 134.61, 134.65, 136.40, 136.52 (C4Hs,
PPh,), 166.20 (CON), 166.54 (CON), 172.55 (CO,), 172.77 (COy),
275.22 (CpC=0), 278.31 (CpC=0). — *'P NMR (109.3 MHz,
CDCly): 3= 7598, 76.05. — CyyH3,FeNOsP (645.5): caled. C
66.98, H 499, N 2.17; found C 66.86, H 5.22, N 2.20.

(n°-CsHs)Fe(CO)(PPh;) COCH,CH{CO,CH;)NHC(0)-
OC{(CHj); (4): The residue was taken up in a mixture of petroleum
ether/ethyl acetate (4:1) and chromatographed [pctroleum ether/
ethyl acetate (4:1), silica gel]. The second orange elution afforded
4. Yield 40 mg (14%), yellow powder, m.p. 109°C. — IR (KBr):
¥ = 3442 cm™’ br. (NH), 1919 s (CO), 1743 s, 1712 5, 1603 s, 1495
m (CO,, NCO, C=0). — 'H NMR (400 MHz, CDCl;): § = 141
[s, 9H, C(CHj,)s}, 1.42 s, 9H, C(CH3),), 2.83 (dd, 2J = 19.9 Hz,
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3J = 2.7Hz, |H, CHH’), 3.06 (dd, 3/ = 17.3 Hz, 3J = 5.4 Hz, | H,
CHH'), 3.39 (s, 3H, CHs), 3.57 (dd, 2J = 17.3 Hz, 3J = 3.7 Hz,
1H, CHH'), 3.65 (s, 3H, CH,), 3.78 (dd, 27 = 19.9 Hz, 3/ = 4.7
Hz, 1 H, CHH'), 3.82—3.86 (m, 1 H, CH), 3.92-3.96 (m, 1H, CH),
436 (m, SH, Cp), 4.37(d, 2/ = 1.1 Hz, 5H, Cp), 4.53 (d, 3/ = 9.5
Hz, 1H, NH), 4.95 (d, 3J = 7.9 Hz, 1 H, NH), 7.30~7.47 (m, 30H,
PPh,). — 3C NMR (67.8 MHz, CDCLy): 8 = 28.26 [C(CH;)s],
28.36 [C(CH,)s), 5046 (CH), 50.59 (CH), 52.02 (CH;), 52.07
(CHs), 65.01 (CH,), 65.46 (CH}), 78.91 [C(CH3)s), 79.35 [C(CH3)s],
85.20 (Cp), 85.33 (Cp), 128.15, 128.29, 129.90, 129.98, 133.25,
133.50, 135.90, 136.54 (PPhy), 155.50 (CON), 155.75 (CON),
172.96 (COs), 173.30 (CO,), (CpC=0 not observed). — ¥P NMR
(109.3 MHz, CDCl): 8 = 75.70, 76.13. — C1,H3sFeNOGP (641.5):
caled. C 63.66, H 5.66, N 2.18; found C 63.14, H 6.39, N 2.20.

(4°-CsHs)Fe(CO)(PPh;) COCH,CH(CO,C{CH3);)NHC(O)-
OC(CHy3); (5): The residue was taken up in a mixture of petroleum
etherfethyl acetate (3:2) and chromatographed [petroleum ether/
ethyl acetate (3:2), silica gel]. The first orange elution yielded 5.
Yield 74 mg (24%), yellow powder, m.p. 158°C. — IR (KBr): ¥ =
3433 em™! br. (NH), 1919 s (CO), 1709 s, 1612 s, 1484 m (CO,,
NCO, C=0). — 'H NMR (270 MHz, CDCl3): 3 = 1.26 [s, 9H,
C(CH;)s), 1.40[s, 9H, C(CHj);], 1.42 [s, 18 H, C(CHs;)s], 2.84—2.88
(m, 2H, CHH'), 3.47-3.49 (m, 2H, CHH"), 3.71 (“q”, 3J = 5.0
Hz, 1H, CH), 3.98 (“q”, 3J = 5.4 Hz, 1H, CH), 4.38 (br., 10H,
Cp), 4.58 (d, 3J = 9.6 Hz, 1H, NH), 4.90 (d, 3/ = 7.6 Hz, 1H,
NH), 7.31-7.46 (m, 30H, PPhy). — '3C NMR (1004 MHz,
CDCly): 8 = 27.66 [C(CHa)s], 27.91 [C(CHaj);], 28.28 [C(CH3)3],
28.37 [C(CH;)s], 51.22 (CH), 51.28 (CH), 64.93 (CH,), 65.59
(CH,), 78.57 [C(CH3)s], 79.02 [C{CH3)3), 80.57 [C(CH3)5], 80.83
[C(CHj3)], 85.17 (Cp), 85.39 (Cp), 128.18, 128.21, 129.89, 133.31,
133.79, 13594, 136.57 (PPh;), 15545 (CON), 155.84 (CON),
171.58 (CO,), 171.72 (CO,), (CpC=0 not observed). — 31P NMR
(109.3 MHz, CDCl;): 8 = 75.83, 76.29. — C3;Hy,FeNOgP (683.5):
calcd. C 65.01, H 6,19, N 2.05; found C 64.58, H 6.26, N 2.05.

{OC)sCr=C{OCH;)CH,CH(CO,CH;)NHC(O)C4zHs (6): The
purification was carried out as described for 1. Yield 107 mg (54%),
yellow powder, m.p. 89°C (dec.). — IR (KBr): v = 3270 cm™! br.
(NH), 2064 s, 1924 br. (CO), 1745 s, 1642 m, 1530 s (CO,, NCO).
~ TH NMR (270 MHz, CDCl3): & = 3.79 (s, 3H, CH3), 3.85 (dd,
2J = 15.6 Hz, 3J = 5.4 Hz, 1H, CHH’), 3.99 (dd, *J = 15.6 Hz,
3J = 47 Hz, 1H, CHH"), 4.84 (s, 3H, CH3), 5.08—5.11 (m, 1 H,
CH), 6.86 (d, 3/ = 5.9 Hz, | H, NH), 7.43-7.51 (m, 3H, m- and
p-Ph), 7.73-7.81 (m, 2H, o-Ph). — 3C NMR (100.4 MHz,
CDCl;): & = 50.40 (CH), 52.90 (CH3), 63.30 (CH,), 67.90 (CH,),
127.00, 128.70, 131.90, 133.50 (CsHs), 166.70 (CON), 171.60
(COy), 215.90 (CO), 222.80 (CO), 356.60 (Cr=C). — C\3H;sCrNO,
(441.3): caled. C 48.99, H 3.39, N 3.17; found C 49.01, H 3.84,
N 3.35.

(0C)sCr=C(OCH;)CH,CH(CO,CH;)NHC(O)OC(CH3;);
(7): The residue was dissolved in CH,Cl, and filtered through silica
gel with Et,O. The solvent was evaporated, the residue was dis-
solved in petroleum ether and filtered again through silica gel. The
starting material was eluted with petroleum ether and the product
with diethyl ether. The solvent was removed by evaporation and
the residue was stirred at —78°C in 5 ml of pentane to yield 7,
after centrifugation, as a yellow solid. Yield 116 mg (59%), yellow
powder, m.p. 84°C (dec.). — IR (KBr): ¥ = 3443 cm™! br. (NH),
2065 s, 1935 br. (CO), 1743 s, 1712 m, 1508 s (CO,, NCO). — 'H
NMR (270 MHz, CDCl;): 8 = 1.41 [s, 9H, C(CHa»);), 3.71 (s, 3H,
CHs,), 3.81 (dd, 27 = 18.7 Hz, *J = 6.1 Hz, 1H, CHH'), 3.90 (dd,
2J = 18.7 Hz, 3J = 5.6 Hz, | H, CHH'), 4.60 (“q”, 1 H, CH), 4.80
(s, 3H, CH,), 5.12 (d, *J = 8.3 Hz, 1H, NH). — 3C NMR (100.4
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MHz, CDCL): 8 = 28.20 [C(CH,)s), 51.10 (CH), 52.70 (CHj),
63.80 (CH.), 67.80 (CH3), 80.30 [C(CHLa)s), 154.90 (CON), 171.60
(CO,), 21590 (CO), 22290 (CO), 35720 (Cr=C). -
C1eH1sCrNO (437.3): caled. C 43.94, H 4.38, N 3.20; found C
44.42, H 4.28, N 3.69.

(OC)sW=C(OCH;)CH,CH{CO,CH;)NHC(0)CsHs (8): The
purification was carried out as described for compound 5. Yield
134 mg (52%), yellow powder, m.p. 106°C (dec.). — IR (KBr): v =
3235 cm™! br. (NH), 2071 s, 1943 br. (CO), 1749 s, 1639 m, 1571
$ (CO,, NCO). — '"H NMR (270 MHz, CDCl3): 6 = 3.73 (dd, 2J =
16.5 Hz, 3J = 5.7 Hz, 1H, CHH'), 3.80 (s, 3H, CH,), 3.82 (dd,
2J = 16.5 Hz, *J = 59 Hz, 1H, CHH"), 4.66 (s, 3H, CH;),
5.10—5.12 (m, 1H, CH), 6.80 (d, >J = 7.3 Hz, 1H, NH), 7.42-7.52
(m, 3H, m- and p-Ph), 7.76—7.99 (m, 2H, o-Ph). ~ *C NMR
(100.4 MHz, CDCl;): 8 = 50.80 (CH), 53.30 (CHj,), 66.10 (CH,),
70.90 (CHs), 127.90, 129.60, 132.90, 133.50 (C¢Hs), 167.90 (CON),
172.70 (CO,), 198.20 (CO), 212.30 (CO), 330.20 (W=C). —
CsHsNOgW (573.1): caled. C 37.69, H 2.64, N 2.44; found C
37.43, H 2.83, N 2.39,

(OC)sW=C(OCH;)CH,CH{CO,CH;)NHC(O)OC(CH;);
(9): The purification was carried out as described for compound 7.
Yield 177 mg (69%), yellow powder, m.p. 112°C (dec.). — IR
(KBr): ¥ = 3377 cm™! br. (NH), 2072 s, 1956 br. (CO), 1741 s, 1708
m, 1516 s (CO,, NCO). — 'H NMR (270 MHz, CDCl;): 8 = 1.37
[s. 9H, C(CH3)3], 3.49 (dd, 2/ = 17.1 Hz, 3J = 6.7 Hz, 1H, CHH'),
3.66 (dd, 2J = 17.1 Hz, 3J = 5.4 Hz, 1H, CHH"), 3.68 (s, 3H,
CH,), 4.56 (s, 3H, CH3), 4.55—4.59 (m, 1 H, CH), 5.10 (4, 3/ =
7.8 Hz, 1H, NH). — 3C NMR (100.4 MHz, CDCl3): § = 28.21
[C(CH,)3}, 51.18 (CH), 52.65 (CHs3), 66.04 (CH;), 70.33 (CH,),
80.25 [C(CH3);), 154.84 (CON), 171.54 (COy), 196.77 (CO), 203.12
(CO), 330.07 (W=C). — C;4H;oNO (W (569.2): caled. C 33.76, H
3.36, N 2.46; found C 33.86, H 3.52, N 2.57.

(OC)sW=C(OCH;)CH,CH(CO,C{CH3)3;) NHC(0O)OC-
(CHj3)z (10): The purification was carried out as described for
compound 7. Yield 179 mg (65%), yellow powder, m.p. 113°C
(dec.). — IR (neat): ¥ = 3424 cm~! br. (NH), 2068 s, 1951 br. (CO),
1729 s, 1705 m, 1497 s (CO,, NCO). — 'H NMR (270 MHz,
CDCly): § = 1.41, 1.43 [s, 18H, C(CHa),}, 3.58 (dd, 2J = 17.0 Hz,
3] = 6.2Hz, 1H, CHH"), 3.69 (dd, 2J = 17.0 Hz, 3J = 4.7 Hz, 1 H,
CHH"), 443 (“q”, 1H, CH), 4.60 (s, 3H, CH,), 5.13 (d, *J = 8.1
Hz, |H, NH). — *C NMR (100.4 MHz, CDCl;): 8 = 27.88
{C(CH,)], 28.26 [C(CH3)], 51.76 (CH), 66.50 (CH,), 70.22 (CH,),
80.04 [C(CH,)], 82.51 [C(CHa)), 154.99 (CON), 170.11 (CO»),
196.85 (CO), 202.99 (CO), 330.62 (W=C). — CioHzsNO;oW
(611.3): caled. C 37.33, H 4.12, N 2.29; found C 37.51, H 4.15,
N 2.32.

(0OC);:Crfu-n>-C13H;,CH(CO,CH;)NHC(0)CsHs] (11); The
residue was dissolved in CH,Cl, and filtered through silica gel with
Et,0. The solvent was evaporated and the residue was stirred twice
with pentane at —20°C and then dried in vacuo. Yield 178 mg
(80%), yellow powder, m.p. 82—83°C (dec.). — IR (KBr): Vv = 3295
cm™! br, (NH), 1967 vs, 1887 vs (CO), 1743 s, 1650 m, 1523 m
(CO,, NCO). — 'H NMR (270 MHz, [Dglacetone): 8 = 3.42 (s,
3H, CHj), 3.65 (s, 3H, CHs), 427 (d, 3J = 10.4 Hz, 1H, CH),
4.42 (d,3J = 9.3 Hz, 1H, CH), 5.36—5.73 [m, 10H, CH, C4Hs1°-
Cr(CO);). 5.88 [d, 3 = 6.3 Hz, 1 H, C4Hs-1°-Cr(CO),], 6.18 [d,
3J = 6.3 Hz, |H, CHsn-Cr(CO)4], 7.25—7.55 (m, 16H, Ph),
7.64—7.69 (m, 2H, Ph), 7.73 (d, *J = 8.3 Hz, 1 H, NH), 7.88~7.93
(m, 2H, Ph), 8.09 (d, 3/ = 8.7 Hz, | H, NH). — '3C NMR (1004
MHz, [Dglacetone): 8 = 52.13 (CH), 52.22 (CH), 52.30 (CH,),
52.55 (CH3), 57.44 (CH), 57.51 (CH), 91.17, 91.50, 91.99, 92.30,
96.22, 96.38, 96.74, 97.42, 98.90, 99.93, 113.12, 113.18 [12C, C¢H;-
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NE-Cr(CO)3), 128.01, 128.35, 128.40, 128.45, 129.02, 129.07, 129.17,
129.22, 12991, 129.96, 132.20, 132.30, 134.70, 134.81, 139.25,
139.74 (16C, Ph), 167.11 (CON), 167.22 (CON), 171.39 (COy)
172.08 (CO,), 233.85 (CO), 233.99 (CO). — CagH, CrNO; (495.5):
caled. C 63.02, H 4.27, N 2.83; found C 62.67, H 4.31, N 2.97.

(OC).?C"[,U’”O'CHHHCH(COZCH.?) NHC(0)OC(CH;)5] (12):
The purification was carried out as described for compound 11.
Yield 117 mg (53%), yellow powder, m.p. 139°C (dec.). — IR
(KBr): ¥ = 3405 cm™! br. (NH), 1967 vs, 1886 vs (CO), 1745 s,
1713 s, 1498 m (CO,, NCO). — 'H NMR (270 MHz, [D¢]acetone):
&= 129 [s, 9H, C(CH,);], 1.34 [s, 9H, C(CH3)3], 3.41 (s, 3H,
CH,), 3.61 (s, 3H, CHs), 4.03 (d, *J = 9.6 Hz, 1 H, CH), 4.24 (d,
3] = 82 Hz, 1H, CH), 4.81-4.96 (m, 2H, CH), 5.32—-6.04 [m,
11H, NH, CeH;s15-Cr(C0O)5)], 6.48 (m, 1 H, NH), 7.29-7.47 (m,
10H, Ph). — 3C NMR (1004 MHz, [Dglacetone): & = 28.17
[C(CHa)s], 28.29 [C(CH,)s), 52.05 (CH), 52.13 (CH), 52.32 (CH,),
52.81 (CH,), 58.41 (CH), 58.64 (CH), 79.72 [C(CH:):], 79.84
[C(CH,)sl, 91.49, 91.69, 92.16, 92.50, 94.84, 96.01, 96.33, 96.63,
97.19, 98.68, 112.72, 113.17 [12C, CgHsmb-Cr(CO)s], 128.49,
128.50, 128.58, 129.21, 129.92, 130.08, 139.05, 139.18 (8C, Ph),
155.77 (CON), 156.06 (CON), 171.61 (COy), 172.36 (CO,), 234.12
(CO), 234.25 (CO). — CyyHo5sCrNO; (491.5): caled. C 58.65, H
5.13, N 2.85; found C 58.54, H 5.13, N 3.09.

(0C);Cr[u--C13H,CH{ COCH;)NHC(0)CsHs] (13): The
purification was carried out as described for compound 11. Yield
175 mg (79%), yellow powder, m.p. 76—78°C (dec.). — IR (KBr):
7 = 3283 cm~! br. (NH), 1963 vs, 1880 vs (CO), 1744 s, 1646 m,
1516 m (CO,, NCO). — 'H NMR (270 MHz, [Dglacetone): & =
3.73 (s, 3H, CHa), 3.84 (s, 3H, CH,), 4.80 (d, *J = 5.3 Hz, | H,
CH), 4.83 (d, *J = 4.1 Hz, 1H, CH), 5.54 (dd, 3/ = 5.3 Hz, *J =
8.2 Hz, 1H, CH), 5.61—-5.75 [m, 4H, C¢Hyn®Cr(CO)3], 5.79 (dd,
3]7= 4.1 Hz, 3J= 9.3 Hz, 1H, CH), 623 [d, *J = 6.2 Hz, 1H,
CeH,-n8-Cr(CO)s], 6.38—6.47 [m, 2H, CeHan5-Cr(CO)4, 6.51 [d,
3J = 6.2 Hz, 1 H, CgHy-5-Cr(CO);], 7.29—7.83 (m, 1§ H, Ph), 8.02
(m, 2H, NH). ~ 13C NMR (100.4 MHz, [DgJacetone): 8 = 50.41
(CH), 50.55 (CH), 51.88 (CH,), 52.49 (CH,), 52.70 (CH), 55.41
(CH), 87.80, 87.85, 93.22, 93.45, 96.03, 96.09, 96,38, 96.74, 104.12,
11174, 114.61, 114.21 [12C, CeHyn®-Cr(CO)s], 121.21, 123.46,
126.14, 127.89, 127.90, 128.61, 128.83, 128.95, 129.23, 129.31,
129.51, 132.26, 134.83, 137.68, 138.31, 140.35, 141.92, 144.27 (20C,
Ph), 167.90 (CON), 168.72 (CON), 171.44 (CO,), 172.41 (CO,),
234.31 (CO), 234.50 (CO). — C,6H5CrNOg (493.4): caled. C 63.29,
H 3.88, N 2.84; found C 63.21, H 3.97, N 3.01.

(OC)sCr{u-4°-Cy3H,;CH(CO,CH;)NHC(0)OC(CH3)5] (14):
The purification was carried out as described for compound 11.
Yield 121 mg (55%), yellow powder, m.p. 122°C (dec.). — IR
(XBr): v = 3377 cm™! br. (NH), 1963 vs, 1881 vs (CO)., 1747 s,
17105, 1693 5, 1523 5 (CO,, NCO). — 'H NMR (270 MHz, [DgJace-
tone): & = 1.27 [s, 9H, C(CH,)s], 1.29 [s, 9H, C(CHa3)3], 3.77 (s,
3H, CH,), 3.86 (s, 3H, CH,), 4.62 (d, 3/ = 5.0 Hz, 1H, CH), 4.74
(4, 3 = 3.9 Hz, 1H, CH), 5.02 (“q”, 3/ = 5.1 Hz, 1H, CH), 5.27
(“q”, 3J= 43 Hz, |H, CH), 5.61-5.85 [m, 4H, CsHymb
Cr(CO)5)), 6.13 (d, 3J = 5.7 Hz, 1 H, NH), 6.41-6.55 [m, 3H, NH,
CeHyn®-Cr(CO)s)), 7.31-7.51, 7.62—17.65, 7.77-7.85 (m, 8 H, Ph).
— 3C NMR (100.4 MHz, [Dglacetone): & = 27.76 [6C, C(CHa)s],
50.23 (CH), 50.35 (CH), 52.20 (CH,), 52.33 (CH;), 56.18 (CH),
56.76 (CH), 79.26 {2C, C(CH,);}, 87.53, 87.81, 92.27, 92.69, 92.86,
92.99, 93.19, 93.36, 111.56, 111.91, 114.13, 114.27 [12C, C¢Hy-nt-
Cr(CO);], 120.57, 120.97, 125.47, 125.58, 128.64, 128.94, 129.16,
139.99, 141.35, 142.65 (10C, Ph), 155.78 (2C, CON), 171.36 (COy),
171.53 (CO,), 234.26 (CO), 234.33 (CO). — CpaH,;CrNO; (489.4):
caled. C 58.89, H 4.74, N 2.86; found C 58.68, H 5.05, N 2.89.
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(OC);Cr[u-1-C,4H,;CH(CO,CH; )NHC(0)CsHs/ (15): The
purification was carried out as described for compound 11. Yield
167 mg (73%), yellow powder, m.p. 87—89°C (dec.). — IR (KBr):
¥ = 3318 cm~! br. (NH), 1963 vs, 1882 vs (CO), 1743 5, 1662 m,
1518 m (CO,, NCO). — 'H NMR (270 MHz, [Dglacetone): 8 =
3.50 (s, 3H, CH,), 3.71 (s, 3H, CH,), 4.18 (d, 3/ = 8.6 Hz, 1H,
CH), 435 (d, 3J = 7.2 Hz, 1H, CH), 491 (d, 37 = 94 Hg, 1H,
CH), 495 (d, 3J = 9.4 Hz, 1H, CH), 5.09 (d, 3J = 7.1 Hz, 1H,
CH), 5.13 (d. 37 = 7.1 Hz, 1 H, CH), 5.44—5.79 [m, 8 H, CH, CsH,-
15-Cr(CO)3), 5.82 [d, 3J = 6.5 Hz, 1 H, CsH415-Cr(CO)3), 6.06 [d,
3J = 6.8 Hz, 1 H, CH,-15-Cr(CO)3], 7.13~7.60 (m, 16 H, NH, Ph),
7.75—7.93 (m, 4H, Ph). — '3C NMR (100.4 MHz, [D¢Jacetone):
5= 3451 (CH,), 34.74 (CH,), 48.41 (CH), 48.85 (CH), 52.36
(CHa3), 52.69 (CH3), 57.70 (CH), 58.84 (CH), 92.33, 92.75, 93.52,
94.41, 94.53, 94.84, 95.51, 96.24, 108.92, 108.99, 110.41, 110.72
[12C, C¢Hsmb-Cr(CO);], 127.31, 127.46, 128.11, 128.23, 128.29,
128.63, 128.73, 128.87, 129.13, 129.23, 129.28, 129.36, 132.43,
132.56, 134.54, 134.75, 134.79, 134.87, 135.51, 135.65 (20C, Ph),
167.11 (CON), 167.22 (CON), 171.48 (CO,), 171.51 (CO,), 220.59
(2C, CO). — Cy7H,;CrNOg (507.1): caled. C 63.90, H 4.17, N 2.76;
found C 63.58, H 4.30, N 2.85.

{OC);Cr[u-n°-Cy3H,;CH(CO,CH3)NHC(Q) OC(CH3); ] (16):
The purification was carried out as described for compound 11.
Yield 120 mg (53%), yellow powder, m.p. 142°C (dec). — IR
(XBr): ¥ = 3386 cm ™! br. (NH), 1965 vs, 1887 vs (CO), 1741 m,
1714 m, 1510 w (CO,, NCO). — "H NMR (270 MHz, [Dglacetone):
8= 129 [s, 9H, C(CH,);], 1.31 [s, 9H, C(CH;)3], 3.75 (s, 3H,
CHs;), 3.77 (s, 3H, CH3), 4.05 (d, *J = 9.1 Hz, 1H, CH), 4.18—4.29
(m, 5H, CH), 4.44 (“t”,3J = 9.8 Hz, 1H, CH), 4.75 (“q”,*J = 5.9
Hz, 1H, CH), 5.56-5.91 [m, 8H, C¢H4-n5-Cr(CO);], 6.02 (d, *J =
9.6 Hz, | H, NH), 6.60 (d, 3J = 10.6 Hz, 1H, NH), 7.18-7.33 (m,
8H, Ph). — 1C NMR (100.4 MHz, [D¢lacetone): & = 27.83 [6C,
C(CH,)3], 33.99 (CH,), 34.21 (CH,), 48.13 (CH), 48.80 (CH), 51.76
(CH3), 52.08 (CHj), 58.67 (CH), 60.39 (CH), 73.50 [((CHj)s],
79.41 [C(CHs)s], 92.11, 92.52, 93.94, 93.97, 95.16, 95.69, 108.21,
108.68, 109.97, 110.42 [12C, CgH;n%Cr(CO)4], 126.95, 126.99,
127.69, 127.75, 128.16, 128.24, 128.37, 128.64, 133.22, 134.55,
135.06, 135.43 (12C, Ph), 155.20 (CON), 155.27 (CON), 170.77
(CO,), 170.94 (CO,), 233.85 (CO), 233.91 (CO). — CysH25CrNO,
(503.5): caled. C 59.64, H 5.00, N 2.78; found C 59.82, H 5.38,
N 3.05.

General Procedure for the Preparation of 17—20: To a solution
of 122 mg (0.45 mmol) of methyl a-bromohippurate or 182 mg of
a-chloro dipeptide ester (generated in situ from 194 mg of a-ethyl-
thio dipeptide ester with 1 equiv. of SO,Cl, in CH,Cl, at 0°C) in
10 ml of THF was added 80.9 ul (0.47 mol) of ethyl(diisopro-
pyl)amine at —78°C. The mixtures were stirred for 1/2 h and then
115 mg (0.50 mmol) of (OC);Cr(n®-aniline) or 117 mg (0.50 mmol)
of (OC);Cr(n%-o-toluidine) was added. After stirring for 1/2 h at
the same temperature the suspension was allowed to warm to room
temperature and the solvent was evaporated. The residue was dis-
solved in CH,Cl, and filtered through silica gel with Et;O. The
solvent was evaporated and the residue was washed several times
with pentane at 0°C and dried in vacuo.

(OC);Crfu-n®-CsHsNHCH( COsCH; )NHC(0)CsHs] — (17):
Yield 168 mg (89%), yellow powder, m.p. 76°C. — IR (KBr): v=
3376 cm ! br. (NH), 1953 vs, 1867 vs (CO), 1744 5, 16395, 1552 s
(CO,, NCO). — 'H NMR (270 MHz, [Dglacetone): & = 3.77 (s,
3H, CH,), 5.02 [t, 3J = 6.4 Hz, 1H, C;Hsn°-Cr(CO)s), 5.39 [d,
3] = 7.6 Hz, 1H, CeHs-n5-Cr(CO),], 5.46 [d, 3J = 5.8 Hz, 1H,
CeHs-n%-Cr(CO)s], 5.82 [t, 3] = 6.5 Hz, 1H, CgHs15-Cr(CO),],
5.95—6.00 {m, 1 H, CH), 6.20 (d, 3J = 6.2 Hz, | H, NH), 7.467.61

175



FULL PAPER

B. Kayser, K. Polborn, W. Steglich, W. Beck

(m, 3H, C¢Hs), 7.96 (d, 3J = 7.3 Hz, 2H, CsHs), 8.57 (d, *J = 8.2
Hz, 1H, NH). — 3C NMR (100.4 MHz, [Dglacetone): & = 53.78
(CH.,), 60.48 (CH), 78.01, 78.23, 85.74, 98.64, 98.79 [5C, C¢Hs-nS-
Cr(CO)s], 128.81, 129.72, 132.75. 133.16, 134.94 [7C, C¢Hs, C¢Hs-
nS-Cr(CO))], 168.07 (CON), 169.95 (CO,), 235.17 (CO). —
C1oH,¢CrN,0; (420.3): caled. C 54.29, H 3.84, N 6.66; found C
55.01, H 4.59, N 6.42.

(OC);Crfu-n*-CsHy( CH3; ) NHCH(CO,CH;)NHC( Q) CsH ]
(18): Yield 166 mg (85%), yellow powder, m.p. 65°C. — IR (KBr):
¥ = 3285 cm™! br. (NH), 1951 vs, 1864 vs (CO), 1750 s, 1646 s,
1520 m (CO,, NCO). — 'H NMR (270 MHz, [Dglacetone): & =
2.20 (s, 3H, CH,), 2.23 (s, 3H, CHs), 3.79 (s, 3H, CH;), 3.82 (s,
3H, CHs), 5.03—5.13 [m, 2H, CsH4n5-Cr(CO);], 5.39—5.55 [m,
4H, C¢H4nS-Cr(CO);, NH], 5.62—5.74 [m, 2H, CH, CsH,m°-
Cr(CO);], 5.79-5.93 [m, 3H, C4H,n5-Cr(CO)s, NH], 6.14 (“t”,
37 = 8.3 Hz, 1H, CH), 7.44-7.63 (m, 6H, C¢Hs), 7.87—8.01 (m,
4H, C¢Hs), 8.41 (d, 3J = 8.5 Hz, 1H, NH), 8.71 (d, *J = 7.9 Hz,
1H, NH). — 3C NMR (100.4 MHz, [Dglacetone): & = 16.99
(CH3), 17.02 (CH;), 53.19 (CHs), 53.45 (CH,5), 59.41 (CH), 60.74
(CH), 75.79, 76.78, 86.11, 86.23, 92.63, 94.08, 96.14, 96.38, 99.77,
99.94 [10C, C¢H,n®Cr(CO);], 127.94, 128.04, 128.17, 128.96,
129.21, 129.49, 132.40, 134.08 [14C, C¢Hs, CeHs-nb-Cr(CO)s],
167.71 (CON), 167.24 (CON), 169.83 (CO,), 169.64 (CO,), 235.80
(CO). = CyH sCrN,O¢ (434.4): caled. C 55.31, H 4.18, N 6.44;
found C 55.55, H 4.37, N 6.50.

(OC);Criu-n®-CsHsNHCH(CO,CH3;)NHC(O)CH{CH;-
CsH;)NHC(O)OCH,C4Hs] (19): Yield 196 mg (73%), yellow
powder, m.p. 101°C. — IR (KBr): ¥ = 3395 cm™! br. (NH), 1955
vs, 1869 vs (CO), 1746 m, 1709 m, 1672 m, 1551 m (CO,, NCO), —
'H NMR (270 MHz, [DgJacetone): § = 2.88—2.99 (m, 1 H, CHH"),
3.17-3.29 (m, 1H, CHH"), 3.73 (s, 31, CH3), 4.43-4.49 (m, 1 H,
CH), 4.83—5.05 [m, 3H, CH,, CsH5-n6-Cr(CO)s], 5.19—5.23 [m,
1H, C¢Hs-n®-Cr(CO)s], 5.38—5.43 [m, 1H, CsHs-n-CH(CO)],
5.73—5.79 [m, 2H, C¢Hsn5-Cr(CO),|, 6.09—6.13 (m, 1H, NH),
6.47—6.53 (m, 1 H, CH), 6.80 (d, 3J = 7.2 Hz, | H, NH), 7.20—7.31
(m, 10H, C4Hs), 8.19-8.25 (m, 1H, NH). — 3C NMR (100.4
MHz, [Dglacetonc): 8 = 38.15 (CH,), 53.18 (CH,), 56.59 (CH),
59.55 (CH), 66.43 (CH,), 76.89, 77.00, 78.77, 85.07, 97.99 [5C,
C¢Hs-n5-Cr(CO)3], 127.08, 128.09, 128.28, 128.83, 128.89, 12991,
129.94, 131.77, 137.99 [11C, C¢H;, CgHsn®-Cr(CO)4}, 156.54
(CON), 168.94 (CON), 172.19 (CO,), 23555 (CO). —
CooHayN3O5Cr (597.5): caled. C 58.29, H 4.55, N 7.03; found C
57.54, H 4.69, N 6.22.

(OC);Cr{u-nt-CsH,(CH; )NHCH(CO,CH; ) NHC(O)CH-
(CH,CsHs) NHC{O)OCH,C4H] (20): Yield 160 mg (58%), yel-
low powder, m.p. 107°C. — IR (KBr): ¥ = 3405 cm™! br. (NH),
1952 vs, 1864 vs (CO), 1747 m, 1707 m, 1673 m, 1523 m (CO,,
NCO). — 'H NMR (270 MHz, [D¢jacetone): & = 2.16 (s, 3H,
CHs), 2.19 (s, 3H, CHL), 2.98 (dd, J = 13.8 Hz, 37 = 8.9 Hz, 2H,
CHH'), 3.22 (dd, 2J = 13.8 Hz, 3J = 5.5 Hz, 2H, CHH'), 3.78 (s,
3H, CH;), 3.79 (s, 3H, CH3), 4.41—4.51 (m, 2H, CH), 5.02 (s, 4H,
CHy), 5.08 [“t”, 3J = 6.3 Hz, 2H, C4Hy-n5-Cr(CO);], 5.26—5.43
[m, 4H, C¢Hyn®-Cr(CO);], 5.59-5.75 [m, 4H, CH, CgH,n°-
Cr(CO)4}, 5.86 (“d”, 3 = 6.2 Hz, 2H, NH), 6.65 (d, 2H, NH),
7.17—7.38 (m, 20H, C¢Hs), 8.29 (“d”, 3J = 7.8 Hz, 2H, NH). —
13C NMR (100.4 MHz, [Dglacetone): § = 16.96 (CH), 17.08
(CHj;), 37.98 (CH,), 53.16 (CHj), 53.39 (CHj3), 56.84 (CH), 56.91
(CH), 60.00 (CH), 60.07 (CH), 66.36 (CH,), 76.75, 76.93, 86.01,
86.17, 93.70, 93.90, 96.24, 96.31, 99.60, 99.77 [10C, C¢H4m°®-
Cr(CO);], 127.03, 128.01, 128.11, 128.22, 128.77, 129.06, 129.23,
129.82, 137.65, 137.79 [22C, C¢Hs, CeHsno-Cr(CO);], 156.49
(CON), 169.29, 169.37 (CON), 172.02, 172.20 (CO»), 235.53 (CO),
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235.76 (CO). — CaoHasCrN;Og (611.6): caled. C 58.92, H 4.78, N
6.87; found C 58.97, H 4.70, N 6.81.

X-ray Structure Determination of 181%: CyHsCrN,Oq, M =
434.36, T = 293(2) K, wavelength 0.71073 /u\, triclinic, P1 (No. 2),
crystal size 0.30 X 0.33 X 0.53 mm, a = 9.295(4), b = 13.006(2),
¢ = 18.44%(7) A, o = 97.88(2), P = 98.27(3), v = 107.76(3)°, ¥ =
2062.8(13) A%, Z = 4, dicaled.) = 1.399 g/om®, p = 0.592 mm™,
F(000) = 896, ® range 2.20—21.98°, index ranges —9 < h <9; —13
sk =<13;0=<1=19, 5232 collected reflections, 5040 independent
reflections (Ri,, = 0.0178), max./min. transmission 0.9982 and
0.7587, data/restraints/parameters: 5040/0/527, GOF = 0.896,
R1 = 0.0486, wR2 = 0.1433, F > 4c(F) = 4068, wheights: w = 1/
[c2F2 + (0.1055 P)? + 1.3748P]; P = (F2 + 2F}H/3, R1 = 0.0615,
wR2 = 0.1534 (all data), largest diff. peak/hole = 0.459/—0.503
e- A3

* Dedicated to Professor Victor Gutmann on the occasion of his

75th birthday.
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