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Amino Acid Complexes of Metal Carbonyls: Mechanistic Aspects of the CO-Labilizing
Ability of Glycinate Ligands in Zero-Valent Chromium and Tungsten Derivatives®
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The amino and phosphino acid derivatives of chromium(0) and tungsten(§)][[Et(CO)4(O-CCH,NH>)] (1),
[EtN][Cr(CO)4(OLCCHNHMe)] (2), [EuN][Cr(CO)s(O:CCHNMey)] (3), [EuN]W(CO)4(O,CCH(C(CHy)3)-

NH2)] (4), [EtN][W(CO)4(02CCH(GsHs)NH2)], [EtaN][W(CO)4(0,CCHPPh)] (5), and [E&N][Cr(CO)4(OLCH.-

PPh)] have been synthesized from the reaction of the MEIBJ adduct with the tetraethylammonium salt of

the corresponding amino or phosphino acid in THF solution. The complexes have been characterized in solution
by 13C NMR and infrared spectroscopies and in the solid state by X-ray crystallography. The geometry of the
metal anion is, in each case, that of a distorted octahedron consisting of four carbonyl ligands and a puckered
five-membered glycinate chelate ring, bound through the nitrogen atom and one of its oxygen atoms. Notable
about complex is that the crystal obtained exhibited both a different morphology and a different space group
than its tungsten analogue. Examination of the packing diagram reveals that this change is due to the different
orientation of the chelate ring ihrelative to the corresponding orientation in the W(GOYCCH,NH,)~ anion.
Complexesl and2 exhibit intermolecular hydrogen-bonding interactions between the amiité §foup and the

distal oxygen on an adjacent molecule, witkr 40 distances of 2.828 and 2.821 A, respectively. Investigations

of the lability of the carbonyl ligands have been carried out. The lability is proposed to be due to base-assisted
removal of a proton from the amine ligand leading to a substitutionally labile amide transient species. The tungsten
analogue of complek was used to obtain evidence in support of this mechanism. The isotope &ffbg) (vas
measured for W(CQJO,CCH,NH,)~ usingds-glycine and was found to be 2.34. The activation parameters for

the intermolecular exchange of CO in the JEfW(CO)4(O.,CCH;NH,)] salt were determined and found to be

AH* = 15.44 1.0 kcal/mol andASF = —23.2 4+ 3.2 eu, values consistent with the proposed mechanism. In
addition, the effect of substitution of electron-donating (CgizHand electron-withdrawing (¢Bls) substituents

on the methylene carbon was evaluated. There was little change in the rate of CO exchange observed for
W(CO)(O,CCH(C(CH)3)NHy)~ (5) and W(CO)(O,CCH(CsHs)NH,) ™ vs W(CO)(O.CCHNH,)~, showing that

steric or electronic effects away from the N center are not responsible for the observed CO lability. As anticipated
on the basis of the proposed substitutional pathway, the phosphino acid metal carbonyl derivatives did not exhibit

facile intermolecular CO exchange.

Introduction ligand and is anticipated to be an excellent CO-labilizing group,

even better than alkoxides or aryloxides.
Our initial interest in amino acid complexes of zero-valent

group-six transition metals was motivated by a desire to > mE mE
mechanisticall i oc, oc oc, M

y understand metal-catalyzed decarboxylation oe e ., DO
processes. These derivatives were of particular concern since Og‘w\o O(;C'— \ti;© Ogc',.',--w:g/v@)

we had previously demonstrated that interaction of the car-
boxylate ligandyia an appended distal group, with the metal's

center enhances the rate of decarboxylation relative to the free While amino acid derivatives of tungsten carbonyl were being
base, e.g., (CQWWNCCH,CO,~ decarboxylates more rapidly  investigated, it was observed that, in those instances where the
than [NCCHCO,7].2 In addition to this matter an issue of nitrogen atom contained at least one hydrogen, the CO ligands
importance to our comprehensive efforts in carbon dioxide underwent a facile exchange process W80 in solution®
chemistry involves the structural and reactivity investigation of That is, the anions W(CQO.CCH,NHz)~ and W(CO)-
coordinatively unsaturated metal carbonyl derivatives which are (O,.CCH,NHMe)~ are subject to the reaction defined in eq 1,
stabilized byr-donation from aryloxide and amide ligands. For whereas thé\,N-dimethylglycinate complex was inert toward

example, the series of tungsten tricarbonyl derivatives depicted

below have been fully structurally characterized in solution and (3) (a) Darensbourg, D. J.; Klausmeyer, K. K.; Mueller, B. C.; Reibenspies,

in the solid staté. The amido ligand is thus a gooddonation J. H.Angew. Chem., Int. Ed. Endl992, 31, 1503. (b) Darensbourg,
D. J.; Klausmeyer, K. K.; Reibenspies, J. IHorg. Chem 1996 35,

T Dedicated to Professor R. G. Wilkins on the occasion of his 70th Inorg. Chem.1996 35, 1535.
birthday. (4) (a) Brown, T. L.; Atwood, J. DJ. Am. Chem. S0d.976 98, 3160.
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(1) Darensbourg, D. J.; Holtcamp, M. W.; Longridge, E. M.; Khandelwal, 366. (c) Poulton, J. T.; Flting, K.; Streib, W. E.; Caulton, K.I8org.
B.; Klausmeyer, K. K.; Reibenspies, J .Bl. Am. Chem. Sod.995 Chem.1992 31, 3190. (d) Caulton, K. GNew J. Chem1994 18,
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(2) Darensbourg, D. J.; Chojnacki, J. A.; Atnip, E. ¥.Am. Chem. Soc. (5) Darensbourg, D. J.; Atnip, E. V.; Klausmeyer, K. K.; Reibenspies, J.
1993 115 4675. H. Inorg. Cheml994 33, 5230.
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CO dissociation under the same reaction conditions. Since thedeprotonated amino acid. THF was removed from the reaction mixture
former complexes were shown to hydrogen bond both in by vacuum, and the resulting light orange solid was washed several
solution and in the solid statgia the N—H moiety, this CO times in hexanes to yield a yellow to orange powder. Crystals were
lability was suggested to originate from the intermediary of a grown by the slow diffusion of hexane into a concentrated THF solution

transient amido species, much like that proposed in the base-Of the complex at-10°C. The extreme air sensitivity of the chromium

assisted hydrolysis of metal ammine and amine complexes (eq

2)6

W(CO),(O,CCHNHR)™ + *CO~——=
w(**c0),(0,CCHNHR)™ + ?CO (1)

Co(NH)X*" + OH™ — Co(NH,);OH*" + X~ (2)
At this time we wish to compare and contrast the structural
and reactivity studies of amino acid derivatives of chromium
and tungsten tetracarbonyl. In particular, kinetic evidence will
be presented which will serve to better define the mechanistic

aspects associated with the enhanced CO lability observed in

selected amino acid derivatives. The CO labilities in the metal

compounds rendered an accurate analysis, of powder or crystals,
difficult to obtain. Nevertheless, the complexes were shown by IR
and NMR to be analytically pure. Anal. Calcd for [Sij[Cr(CO)4(O.-
CCHzNHZ)] (l) (C14H24N2060r): C, 45.66; H,6.57; N, 7.61; O, 26.07.
Found: C, 41.61; H, 7.88; N, 7.98; O, 23.78. Anal. Calcd for
[Et4N][CI’(CO)4(OzCCH2NHMe)] (2) (C15H25N205CI'): C, 4713, H,
6.86; N, 7.33; O, 25.11. Found: C, 45.52; H, 7.46; N, 7.58; O, 23.40.
Anal. Calcd for [E4N][Cr(CO)4(O,CCH,NMe,)](3)(CiH28N206Cr):

C, 48.49; H, 7.12; N, 7.07; O, 24.22. Found: C, 42.96; H, 7.73; N,
7.37; 0, 23.78. Anal. Calcd for [RX][W(CO)4(O.,CCH(C(CH)3)-
NH)] (4) (CigH32N0sW): C, 38.86; H, 5.80; N, 5.04. Found: C,
37.65; H, 5.81; N, 5.04.

Synthesis of [E4N][M(CO) 4(PPh,CH,CO,)] Derivatives. The
synthesis of [EIN][M(CO)4(PPhCH,CQO,)] (where M= W or Cr) was
accomplished in yields in excess of 90% in a manner analogous to
that described for the amino acids. One equivalent of MBI
(prepared by photolysis of 0.500 g of W(GQy 0.300 g of Cr(CQ)

(diphenylphosphino)acetate tetracarbonyl anions were deter-was reacted with 1 equiv of the tetraethylammonium salt of the

mined in order to distinguish between electronic effects arising
from the carboxylate's amino functionalities.

Experimental Section

Methods and Materials. All manipulations were performed on a
double-manifold Schlenk vacuum line under an atmosphere of argon
or in an argon-filled glovebox. Solvents were dried and deoxygenated

by distillation from the appropriate reagent under a nitrogen atmosphere.

Photolysis experiments were performed using a mercury arc 450-W
UV immersion lamp purchased from Ace Glass Co. Infrared spectra
were recorded on a Mattson 6022 spectrometer with DTGS and MCT

detectors. Routine infrared spectra were collected using a 0.10-mm

CaR, cell. *C NMR spectra were obtained on a Varian XL-200
spectrometer 13CO was purchased from Cambridge Isotopes and used
as received. Cr(C@)and W(CO} were purchased from Strem
Chemicals, Inc., and used without further purification. Glycine and
sarcosine were purchased from Fischer Scientific Company and Aldrich
Chemical Company, Inc., respectively, and were washed with THF prior
to use. Dimethylglycine (purchased from Aldrich Chemical Company)
and deuterated glycings (purchased from Cambridge Isotopes) were
used without further purificationL-tert-Leucine was donated by NSC
Technologies and was used as received. 2-Phenylglycine was obtaine
from Aldrich Chemical Company and used without further purification.
(Diphenylphosphino)acetic acid was prepared by the literature metho
cited’” Microanalyses were performed by Galbraith Laboratories, Inc.,
Knoxville, TN, and Canadian Microanalytical Service, Ltd., Delta, BC,
Canada.

Synthesis of [EtN][O.CCHXNRR'] and [Et4N][O.CCH.P-
(CeHs),] Salts. The synthesis of these salts was accomplished by the
addition of 1 equiv (1.4 mmol) of BNOH, 25% in methanol, to the
corresponding amino or phosphino acid (whereeRi or Me, R = H
or Me, and X= H, CgHs, or C(CH)3). The mixture was stirred for 60

min, and the methanol was removed under vacuum overnight, leaving

a clear gel (when X= H) or white powder (when X= CgHs or
C(CHg)a).

Synthesis of [E4N][M(CO) 4(O.CCHXNRR')] Derivatives. The
synthesis of [EN][M(CO)4(O.,CCHXNRR)] (where M= W or Cr)
was accomplished in yields in excess of 80% by the reaction of 1 equiv
of M(CO)sTHF (prepared by the photolysis of 0.300 g of Cr(GO)
0.500 g of W(CQOg in THF) with 1 equiv (1.4 mmol) of the

(6) (a) Tobe, M. L.Adv. Inorg. Bioinorg. Mech1983 2, 1. (b) Garrick,
F. J.Nature (London)1937 139 507. (c) Dixon, N. E.; Jackson, W.
G.; Marty, W.; Sargeson, A. Minorg. Chem.1982 21, 688. (d)
Gaudin, M. J.; Clark, C. R.; Buckingham, D. org. Chem.1986
25, 2569. (e) Buckingham, D. A.; Marzilli, P. A.; Sargeson, A. M.
Inorg. Chem1969 8, 1595. (f) Watson, A. A.; Prinsep, M. R.; House,
D. A. Inorg. Chim. Actal986 115 95.

(7) Van Doorn, J. A.; Meijboom, NPhosphorus, Sulphur, Silicat89
42, 223.

phosphino acid. THF was removed from the reaction mixture by
vacuum, and the resulting orange solid was washed three times with
hexanes to yield an orange powder. Crystals were grown by the slow
diffusion of hexane into a concentrated THF solution of the complex
at —10 °C. Anal. Calcd for [EIN][W(CO)4«(PPhCH,CO,)] (5)
(CaoH3NOPW): C, 42.53; H, 5.19; N, 2.25. Found: C, 43.87; H,
5.26; N, 2.32.

X-ray Crystallography. [Et JN][Cr(CO) 4(O,CCH,;NRR')] Deriva-
tives (1—3). Crystal data and details of data collection are given in
Table 1. A yellow needle of, a yellow-orange needle & and an
orange block o8 were mounted on glass fibers with epoxy cement at
room temperature and cooled in a liquid nitrogen cold stream.
Preliminary examination and data collection were performed on a
Rigaku AFC5R X-ray diffractometer (Cud§ A = 1.541 78 A radiation)
for 1 and a Nicolet R3m/v X-ray diffractometer (MoK 1 = 0.710 73
A radiation) for2 and 3. Cell parameters were calculated from the
least-squares fitting of the setting angles for 24 reflections. Omega
scans for several intense reflections indicated acceptable crystal quality.
Data were collected for 420> 26 > 50°. Three control reflections,
collected for every 97 reflections, showed no significant trends.
Background measurements by stationary-crystal and stationary-counter

c}echniques were taken at the beginning and end of each scan for half

the total scan time. Lorentz and polarization corrections were applied

o t0 1456 reflections foll, 3536 for2, and 3703 foB. A semiempirical

absorption correction was appliedtand3. A total of 1456 unique
reflections forl, 3391 for2, and 3520 for3, with [I| = 2.00(l), were
used in further calculations. All three structures were solved by direct
methods [SHELXS program package, Sheldrick (1993)]. Full-matrix
least-squares anisotropic refinement for all non-hydrogen atoms yielded
R = 0.0745,R, = 0.1943, andS = 1.042 forl, R = 0.0398,Rw =
0.0696, ands = 1.049 for2, andR = 0.0357,R, = 0.0886, and5 =
1.052 for3. Hydrogen atoms were placed in idealized positions with
isotropic thermal parameters fixed at 0.08. Neutral-atom scattering
factors and anomalous scattering correction terms were taken from
International Tables for X-ray Crystallography

[EtaN][W(CO) 4(O,CCH(C(CH3)3)NH], 4. Crystal data and details
of data collection are given in Table 1. An orange needld ofas
mounted on a glass fiber with epoxy cement at room temperature and
cooled in a liquid nitrogen cold stream. Preliminary examination and
data collection were performed on a Rigaku AFC5R X-ray diffracto-
meter (Cu K, A = 1.541 78). Data collection methods and parameters
are identical to those described for complexes3. Lorentz and
polarization corrections were applied to 2711 reflectiongifoA total
of 2527 unique reflections were used in further calculations. Aniso-
tropic refinement for all non-hydrogen atoms yielded= 0.0590,R,,
= 0.1381, andS= 1.103.

[EtsN][W(CO) 4(O.CCHP(C¢H5s)2], 5. Crystal data and details of
data collection are given in Table 1. An orange needles afias
mounted on a glass fiber with epoxy cement at room temperature and
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Table 1. Crystallographic Data for Complexds-5

1 2 3 4 5
empirical formula G4H24N206CF C15H26N2060r CleHngzof,Cf C36H54N4012W2 C30H40NOGPW
FW 368.2 382.2 396.2 556.3 725.47
space group Pna2; P2:/c P2i/c P2, P2,/c
v, A3 1837.7(6) 1916.8(8) 1981.3(7) 2199.5(6) 3203.4(8)
z 4 4 4 4 4
dealo, g/CIT? 1.331 1.325 1.386 1.680 1.504
a A 13.622(3) 13.713(3) 11.558(2) 11.976(2) 17.101(2)
b, A 13.029(3) 10.276(2) 11.519(2) 11.745(2) 13.310(2)
c, A 10.354(2) 14.747(4) 14.964(3) 16.646(2) 14.130(2)
a, deg 90 90
B, geg 112.7(2) 96.00(3) 90110.050(10) 9095.120(10)
7, deg
T,K 163 193 193 173 293
(Mo Ka), mm? 5.386 0.627 0.616 10.022 7.331
wavelength, A 1.541 78 0.710 73 0.71073 1.541 78 0.710 73
Re,2 % 7.45 3.98 3.57 5.90 3.24
Rur° % 19.43 6.96 8.86 13.81 7.53
AR = Y |Fo — Fel/YFo. ® Rur = {[JW(Fo? — FA)F/(T W)} 2.
Scheme 1 Cr(CO)(0O,CCH,NHMe)~ is 233 cnt?, which is more typical
NH,CH,CO,H of monodentate carboxylate complexes. Similarly, the asym-
+ BNoH > INH:CHCOJ[EUN] - — metric and symmetrie(CO,) vibrations in the (N,0) chelated

glycino complex which have been definitively assigned#y

hv labeling occur at 1622 and 1367 chwith a corresponding\
Cr(CO)e <on CHCO)sTHF  —— value of 255 cm!. On the other hand, thes€CQ,) vibrational
modes are observed at 1597 and 1395t = 202 cnt?) in
KBr, compatible with intermolecular hydrogen bonding between
the distal oxygen atom of the carboxylate and the hydrogen atom
of the amino group.

Table 3 lists the'3C NMR data for the complexes in both

[Cr(CO),(gycinate)][Et,;N] ——

cooled in a liquid nitrogen cold stream. Preliminary examination and . . .
data collection were performed on a Nicolet R3m/v X-ray diffractometer the CO and carboxylate regions of the spectra. Chemical shift

(Mo Ka, 2 = 0.710 73). Data collection methods and parameters are data for the M(CQ)moieties reveal a slight electronic difference
identical to those described for complexies3. Lorentz and polariza- ~ between the CO liganttans to oxygen versus the CO ligand

tion corrections were applied to 4980 reflectionsSorA total of 4754 transto nitrogen. Furthermore, in the unsymmetrically substi-
unique reflections were used in further calculations. Anisotropic tuted derivatives (i.e., sarcosing, andL-tert-leucine,4), 13C
refinement for all non-hydrogen atoms yield&d= 0.0324,R, = NMR reveals that the axial carbonyls are no longer equivalent.
0.0753, ands= 1.105. The carboxylaté3C resonances display small shifts relative to

Kinetic Measurements. The rates of'*CO exchange in these  gne another depending on the nature of the metal amino acid
complexes were determined by placing an acetonitrile solution of the derivative.
corresponding complex (0.6 mmol in 20 mL) under an atmosphere of The glycino complex of chromiunt, exhibits the antisym-
13CO. The solution was situated in a thermostated water bath at 25.1 . L . ’
metric and symmetric vibrations of the Nigroup at 3365 and

°C when M= Cr and at 40.0C when M= W and shaken periodically. . . . -
The exchange process was monitored by observing the decrease iPoL0 cntt in acetonitrile solution and at 3368 and 3173¢m

absorbance of the highest frequem¢g0O) band of the starting complex 1N KBr. These vibrational modes shift to 2294 and 2254 &¢m

as a function of time. in CHsCN and 2288 and 2079 crhin KBr upon forming the
glycino-ds complex? The greater difference in the(NH,)
Results frequencies noted in KBr most likely results from the extensive

Synthesis. Each of these complexes was prepared in greater intermolecular hydrogen-bonding network found in the solid
than 80% yield by the labile ligand displacement reaction of State ¢ide infra). _ _
M(CO)sTHF, obtainedvia photolysis of Cr(CQ) or W(CO), Structures. C_ryst_als of1 suitable for smglc_a-crystal X-ray
with the tetraethylammonium salt of the corresponding amino Structure determination were grown by slow diffusion of hexane
or phosphino acid in THF. Scheme 1 summarizes the generalinto @ concentratgd THF solution of the complex over several
approach employed in the synthesis of the complexes underdays. The resulting crystals were small yellow needles that
discussion, specifically indicating the preparation of the glycino differed from the crystals of the tungsten analogue in several
complex of chromium. In each case examined, there wasimportantaspects. The tungsteglycine derivative grew long
infrared spectral evidence that a metal pentacarbony! intermedi-fibers up to 3.7 cm in length. These latter crystals were
ate preceded the production of the final isolated chelated product.considerably more stable than those of the chromium derivative
With one exception, the sarcosine derivative, the neutral end described herein, the structure of which was determinedlad
of the ligand was observed to bind to the pentacarbonyl metal °C to prevent loss of intensity of the signal. Finally, the tungsten
fragment initially. This was evident from the position of the ~2analogue crystallized in tH2,2,2,, space group, while complex
»(CO) bands and the separatiak) (n v(CO,) asymmetric and 1 crystallized inPna2;. The difference in the two crystal

symmetric modes (Table 8). For example, in Cr(CQ) structures can be found by carefully examining the packing
(NH.CH,CO,)~ is 152 cnrl, which is very close to that diagrams of the two crystals. In tungsten, the glycinate ring
observed in the [BN][NH.CH,CO,] salt, whereasA in packs so that it igrans to the glycinate rings in adjacent

molecules; in chromium, the glycinate ring paaks to other

(8) Nakamoto, K.Infrared and Raman Spectra of Inorganic and Coor-
dination Compoundsith ed; Wiley: New York, 1986; p 231.. (9) Condrate, R. A.; Nakamoto, K. Chem. Physl965 42, 2590.
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Table 2. Carbonyl Stretching Frequencies of M(G@Amino or Phosphino Acid Derivatives

v(C=0), cn1?t

complex v(C=0), cn?t asym sym
Cr(CO)(NH,CH,CO,)~ 2063 (w) 1928 (vs) 1861 (rhy 1621 1469
Cr(CO)(O2CCHNHMe)~ 2073 (w) 1908 (vs) 1863 (Y 1627 1394
Cr(CO)(NMe,CH,CO,)~ 2063 (w) 1923 (vs) 1862 (rhy 1636 1469
W(CO)(NH,CH(t-Bu)CO,)~ 2061 (w) 1913 (v¥)© 1636 1469
W(CO)(NH,CH(CsHs)CO,)~ 2062 (w) 1918 (vd)© 1646 1469
Cr(CO)(P(GHs)2CH,CO,)~ 2069 (w) 1928 (v¥)e 1614 1486
W(CO)(P(GsHs)2CH,CO,)~ 2062 (w) 1934 (v9)e 1614 1486
Cr(CO}X(O,CCH:NH,)~ 1999 (w) 1867 (vs) 1856 (sh) 1800 (im) 1622 1367
Cr(COR(Oz**CCHNH,)~ 1998 (w) 1868 (vs) 1857 (sh) 1800 (m) 1579 1321
Cr(CO)(O.CCH.NHMe)~ 1999 (w) 1866 (vs) 1855 (sh) 1803 (im) 1627 1367
Cr(CO}(O,CCHNMe,)~ 1999 (w) 1866 (vs) 1853 (sh) 1807 (m) 1632 1378
W(CO)(O.CCH(t-Bu)NH,)~ 1993 (w) 1855 (vs) 1842 (sh) 1795 (m) 1621 1363
W(CO)(NH>CH(CsHs)CO,)~ 1996 (w) 1856 (vs) 1844 (sh) 1799 (m) 1643 1374
Cr(COW(P(GeHs).CH.CO,)~ 2003 (w) 1881 (vs) 1862 (sh) 1816 (m) 1635 1374
W(CON(P(GsHs).CH,CO,)~ 2004 (w) 1875 (vs) 1856 (sh) 1814 (m) 1631 1376

a As the tetraethylammonium satSpectra determined in THENitrogen-bound complexX. Oxygen-bound complex.Phosphorus-bound complex.

f Spectra determined in GBN.

Table 3. 3C NMR Data for the Carbonyl and Carboxylate Ligands

in M(CO)s(O,CCHXNRR)~ Anions®

13C resonance, ppin

CO COz
(trans (trans
compleX® CO(axial) toN) toO) CQ~
Cr(CO)(O,CCH,NH,)~ 215.1 229.0 2295 184.5
Cr(CO(O.CCH,NHMe)~  215.8,215.4 230.2 230.3 185.7
Cr(CO)(O.,CCH,NMe,)~ 214.1 228.8 230.0 176.6

W(CO(O.CCH(-Bu)NH,)~ 205.8,205.7 216.2 217.0 179.5

a Spectra determined in acetonitrifie-° As the tetraethylammonium
salt. ¢ The assignments of tHéC signals for CO groupsansto N vs
thosetrans to O are based on the general observation that'iGe
resonance for a CO groumansto N is upfield relative to a CO group

transto O in W(CO} derivatives (see, e.g.: Todd, L. J.; Wilkinsin, J.
R. J. Organomet. Cheni974 77, 1. Reference: Darensbourg, D. J.;
Wiegreffe, H. PInorg. Chem199Q 29, 592.). Nevertheless, the signals
are quite close and an absolute distinction is not needed at this time.

rings. A comparison of the packing diagrams for the two metal
systems is shown in Figure 1. Figure 2 shows a thermal

ellipsoid diagram of the anion of compléxand selected bond

lengths and bond angles are shown in Table 4. The structure
of complexl consists of a glycinate residue that forms a chelate
ring at the metal tetracarbonyl center through its nitrogen atom
and one of its oxygen atoms to give a distorted octahedron.
The CrN bond length was determined to be 2.15(1) A while
the Cr—0 bond length was 2.14(1) A. The glycinate ligand

formed a 77.6(5) bite angle with the metal atom.

The crystal structure oflL reveals strong intermolecular

hydrogen bonds formed between the N group of a glycinate

ligand in one anion and the distal oxygen of the carboxylate
group in an adjacent anion. As expected, the glycino chromium
derivative mimics the glycino tungsten derivative in that

hydrogen bonding holds the complexes together in infinite
helical chains, with each turn of the helix consisting of three
metal anions (Figure 3). Free glycine crystallizes in three

distinct forms: a, 8, and y.1° Each displays extensive
intermolecular hydrogen bonding, with the form being

composed of infinite helical chains packed together with lateral
hydrogen bonding between the chains forming a three-

Figure 1. (a) Cr glycinate packing diagram. (b) W glycinate packing
diagram.

dimensional network of hydrogen bond§. Table 5 lists typical bound glycinate. In Table 6, typical-NO distances for the
bond lengths of the three forms of glycine and the chromium- these different forms of hydrogen-bound glycine are provided.

(10) (a) Marsh, R. EActa Crystallogr.1958 11, 654. (b) Power, L. F.;
Turner, K. E.; Moore, F. HActa Crystallogr., Sect. B976 11, 32.
(c) litaka, Y. Acta Crystallogr 196Q 13, 35. (d) litaka, Y.Acta

Crystallogr. 1961, 14,

In a manner analogous to that employed for comglesingle
crystals of [E4N][Cr(CO)4(O,CCH,NHMe)] (2) and [E4N]-
[Cr(COu(O,CCHNMey)] (3) were obtained by slow diffusion
of hexane into a concentrated THF solution of the respective
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Figure 2. ORTEP diagram of the anion of compléxshowing 50%
probability thermal motion ellipsoids with atomic numbering scheme.

Table 4. Selected Bond Lengths (A) and Angles (deg) for
[Et4][Cr(COM(O.CCHNH2)] (1)?

Cr(1)-C(1) 1.83(2) Cr(1}0(5) 2.219(13)
Cr(1)-C(2) 1.89(2) O(5)-C(5) 1.20(2)
cr(1)-C(3) 1.819(14) o(6YC(5) 1.25(2)
cr(1)-C(4) 1.73(2) N(L}-C(6) 1.49(2)
Cr(1)-N(1) 2.150(10)
CA)-Cr(1-C(3)  90.6(11) C(2}Cr(1)-O(5)  92.6(9)
C)-Cr(1-C(1)  86.1(8) N(1}Cr(1-0(5) 75.1(5)
C(3)-Cr(1-C(1)  88.0(6) C(5rO(5)-Cr(1) 117.0(10)
C()-Cr(1-C(2)  87.9(11) C(6YN(1)-Cr(1) 110.6(9)
C(3)-Cr(1-C(2)  86.2(7) O(YC(5)-0(6) 123.1(14)
C(1)-Cr(1-C(2) 171.5(8) O(5)C(5)-C(6)  118.9(13)
C(4)-Cr(1-N(1) 100.3(6) O(6YC(5)-C(6)  117.9(12)
C(3)-Cr(1)-N(1) 168.8(10) C(5¥C(6)-N(1)  113.9(12)
C1)-Cr(1-N(1)  90.2(5) O(-C(2-Cr(l) 171(2)
C2)-Cr(1-N(1)  96.7(6)  O(4yC(4)—-Cr(1) 173(2)
C(4)-Cr(1-0(5) 175.4(6) O(}C(1)-Cr(l) 167(2)
C(3)-Cr(1)-0(5)  94.0(10) O(3}C(3)-Cr(1) 169(3)
C(1)-Cr(1)-0(5)  93.9(7)

a Estimated standard deviations are given in parentheses.

Figure 3. Ball and stick representation of the anion of complex
illustrating the intermolecular hydrogen bonding which forms helical
chains.

complex. Figure 4 shows a thermal ellipsoid drawin@ofvith

selected bond lengths and angles listed in Table 7. Like

complex 1, the sarcosine derivative exists in a polymeric

Darensbourg et al.

Table 5. Selected Internal Bond Distances (A) in Free and Bound
Glycine*

glycine form N-C1 C1-C2 c2-01 Cc2-02
Cr—glycinate  1.50(2) 1.47(2) 1.24(2) 1.24(2)
W—glycinate  1.43(4) 1.50(4) 1.32(4) 1.38(4)

a 1.474(5)  1.523(5) 1.252(5)  1.255(5)
B 1.484(15) 1.521(15) 1.233(15) 1.257(15)
y 1.491(11) 1.527(11) 1.237(11) 1.254(11)

aEstimated standard deviations are given in parentheses. Atom-
numbering scheme:

_ol
HoN-H,C1—C2C

Table 6. Hydrogen-Bonding Distances (A) in Free and Bound
Glycine

glycine form N--O (A) ref
Cr—glycinate 2.828 this work
W-—glycinate 2.746 5

o 2.768 10a, 10b
B 2.758 10c

y 2.687 10d

Table 7. Selected Bond Lengths (A) and Angles (deg) for
[EtaN][Cr(CO)4(O.CCH.NHMe)] (2)2

Cr(1)-C(1) 1.894(3) O(13C(1) 1.154(3)
Cr(1)-C(2) 1.887(3) O(4yC(4) 1.165(3)
Cr(1)-C(3) 1.828(3) O(5)C(5) 1.261(3)
Cr(1)-C(4) 1.805(3) 0(6)-C(5) 1.234(3)
Cr(1)-0(5) 2.091(2) N(1)-C(7) 1.469(3)
Cr(1)-N(1) 2.146(2) N(1)-C(6) 1.476(3)
0(2)-C(2) 1.159(3) C(5¥C(6) 1.510(4)
0(3)-C(3) 1.163(3)
C()-Cr(1)-C(3)  89.94(13) O(S}Cr(1)-N(1)  77.73(8)
C(4)-Cr(1)-C(2)  86.45(13) C(5)0(5)-Cr(1) 117.8(2)
C@3)-Cr(1)-C(2)  86.47(12) C(AN(1)-C(6) 111.9(2)
C(4)-Cr(1)-C(1)  84.63(13) C(AN(1)-Cr(1) 115.8(2)
C(@3)-Cr(1-C(1)  86.27(12) C(6}N(1)-Cr(1) 106.7(2)
C(2-Cr(1)-C(1) 168.50(13) O(2}C(2)-Cr(1) 170.7(3)
C(4)-Cr(1)-0(5) 174.93(11) O(3}C(3)-Cr(1) 177.7(3)
C(3)-Cr(1)-0(5)  95.12(10) O(LyC(1)-Cr(1) 169.0(3)
C(2-Cr(1)-0(5)  93.46(11) O(4YC(4)-Cr(1) 177.9(3)
C(1)-Cr(1)-0(5)  96.06(11) O(6YC(5)-0O(5) 124.8(3)
C(4)-Cr(1)-N(1)  97.24(11) O(6}C(5)-C(6)  119.4(3)
C(3)-Cr(1)-N(1) 172.33(11) O(5¥C(5)-C(6) 115.7(3)
C2-Cr(1)-N(1)  96.66(11) N(1}C(6)-C(5) 111.3(2)
C)-Cr(1)-N(1)  91.67(11)

a Estimated standard deviations are given in parentheses.

structure in which adjoining molecules are hydrogen bound Figure 4. ORTEP diagram of the anion of compl@xshowing 50%
through the carboxylate oxygen and the amine nitrogen. The probability thermal motion ellipsoids with atomic numbering scheme.
hydrogen bonding is somewhat weaker here, however, as seen

by a N---O distance of 2.82. Not surprisingly, therefore, the
crystal structure oR shows it to be completely analogous to
that of 1, with Cr—N and CrO bond lengths of 2.146(2) and

2.090(2) A, respectively, and a bite angle of 77.75(8The

bond lengths for compleX are more accurate than those
determined for compleXd and hence allow for comparison
among metal carbon distances. In this regard the average Cr
Cax bonds at 1.891(3) A are longer than the average Gy
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Table 8. Selected Bond Lengths (A) and Angles (deg) for Table 9. Selected Bond Lengths (A) and Angles (deg) for
[ELN][Cr(CO)4(OLCCHNMey)] (3)* [ELN][W(CO)4(OCCH(C(CH;)sNH2)] (4
Cr(1)-C(1) 1.890(2) O(1yC(1) 1.150(3) W(1)—-C(1) 1.91(3) O(6)-C(5) 1.21(3)
Cr(1)-C(2) 1.886(3) O(4yC(4) 1.160(3) W(1)—C(2) 2.05(3) N(1)-C(6) 1.51(4)
Cr(1)-C(3) 1.824(3) O(5)C(5) 1.260(3) W(1)—-C(3) 1.81(3) C(5)-C(6) 1.44(4)
Cr(1)-C(4) 1.820(3) O(6)C(5) 1.239(3) W(1)—C(4) 1.88(3) C(6yC(7) 1.63(4)
Cr(1)—0(5) 2.080(2) N(1y-C(6) 1.458(3) W(1)—0O(5) 2.18(2) C(7¥C(8) 1.57(4)
Cr(1)—-N(1) 2.193(2) N(1)-C(7) 1.476(3) W(1)—N(1) 2.32(2) C(7y-C(9) 1.52(4)
O(3)-C(3) 1.158(3) N(1}-C(8) 1.476(3) O(5)—C(5) 1.33(4) C(7yC(10) 1.48(4)
O@)-C@) 1.150(3) cerce) 1523(4) C(3-W(1)—C(4) 86(2) O(1)yC(1)-W(1) 169(3)
C(4)-Cr(1)-C(3)  91.20(12) C(5¥O(5)-Cr(1) 118.4(2) C(3)-W(1)-C(1) 89(2) O(2yC(2-W(1)  168(3)
C(4)-Cr(1)-C(2)  84.02(11) C(6yN(1)-C(7) 108.7(2) C(4)-W(1)—-C(1) 84(2) O(3C(3)-WI(1) 175(3)
C(3-Cr(1-C(2) 84.81(12) C(6yN(1)-C(8) 110.0(2) C(3-W(1)—-C(2) 84.2(12) O(4yC(4-W(1)  173(4)
C(4)-Cr(1)-C(1)  82.53(11) C(AN(1)-C(8) 107.5(2) C(4)-W(1)—C(2) 87.9(14)  O(6)yC(5)—-0(5) 121(3)
C(3)-Cr(1)-C(1)  86.78(10) C(6yN(1)—Cr(1) 104.34(14) C(1)-W(1)—C(2) 169.6(13)  O(6)C(5)—C(6) 123(3)
C(2)-Cr(1)-C(1) 163.97(11) C(AN(1)-Cr(1) 111.6(2) C(3)-W(1)—0O(5) 98.2(12)  O(5)C(5)—C(6) 116(3)
C(4)-Cr(1)-0(5) 176.02(9) C(8YN(1)-Cr(1) 114.6(2) C(4)-W(1)—0O(5) 175.8(13)  C(5yC(6)—N(1) 114(3)
C(3)-Cr(1)-0(5) 92.67(9) O(3yC(3)-Cr(1) 178.9(2) C(1)-W(1)—0O(5) 95.7(12)  C(5yC(6)-C(7) 118(2)
C(2)-Cr(1)-0O(5) 95.40(9) O(2rC(2-Cr(1) 168.7(2) C(2-W(1)—0O(5) 93.1(11)  N(1yC(6)—C(7) 106(2)
C(1)-Cr(1)-0O(5) 98.61(9) O(1yC(1)-Cr(1) 168.1(2) C(3)-W(1)—N(1) 170.8(12) C(10yC(7)-C(9) 110(2)
C(4)-Cr(1)-N(1)  99.52(10) O(4yC(4)-Cr(1) 178.0(2) C(4)-W(1)—N(1) 103.2(13)  C(10yC(7)-C(8)  108(3)
C(3)-Cr(1)-N(1) 169.22(10) O(6yC(5)-0O(5) 125.0(2) C(1)-W(1)—N(1) 91.9(11)  C(9-C(7)—C(8) 109(2)
C(2)-Cr(1)-N(1)  97.39(10) O(6)yC(5)—-C(6) 120.2(2) C(2-W(1)—N(1) 95.9(11) C(10yC(7)-C(6) 114(2)
C(1)-Cr(1)-N(1)  93.40(9) O(5rC(5)-C(6) 114.7(2) O(5)—W(1)—N(1) 72.7(9) C(9-C(7)-C(6) 110(3)
O(B)-Cr(1)-N(1) 76.64(7) N(1yC(6)-C(5) 111.1(2) C(5)-0(5-W(1) 119(2) C(8)-C(7)-C(6) 106(2)

C(6)—-N(1)—W(1) 106(2)
a Estimated standard deviations are given in parentheses.

a Estimated standard deviations are given in parentheses.

Figure 5. ORTEP diagram of the anion of compl&xshowing 50%
probability thermal motion ellipsoids with atomic numbering scheme.

Figure 6. ORTEP diagram of the anion of compldxshowing 50%
bonds determined to be 1.817(3) A; there is no significant probability thermal motion ellipsoids with atomic numbering scheme.
difference, however, between the-G¢ bonds for CO groups
alternatelytransto nitrogen or oxygen (1.828(3) and 1.805(3)  of the appropriate complex over several days and exhibit the
A, respecitively). slightly distorted octahedral geometry observedlfeB. Yel-

Complex3 crystallized as an orange block instead of a needle |ow-orange needles in the space grde® were obtained for
as in complexed and2. In these latter two complexes, the 4. Two independent anions and cations were observed in the
glycinate ring is capable of intermolecular hydrogen-bond unit cell of 4; similar bond distances and angles are seen in the
formation. This is not possible in crystals of the tetraethylam- two independent anions. Table 9 lists selected bond lengths
monium salt of the dimethylamino carboxylate chromium and angles, while Figure 6 shows a thermal ellipsoid drawing
tetracarbonyl. Pertinent bond lengths and angles are providedof the anion of4. The bite angle is found to be 7226, which
in Table 8. Similar to complexeband2, the dimethylglycine  is entirely consistent with the bite angles observed for the
derivative exists as a distorted octahedron. Figure 5 contains aw(CO)(glycinate) derivatives. Similar to complexekand
thermal ellipsoid diagram 08. The axial carbonyls have an 2, intermolecular hydrogen bonding is observed between the
average CrC—O bond angle of 168.4(2jand an average €i1C distal oxygen and the amine-NH group, albeit somewhat
bond length of 1.888(3) A. The carboxylate and amine groups weaker here, where the -NO distance is 2.859 A. The
exhibit a smaltranseffect, giving equatorial CrC bond lengths  phosphino comple% crystallized in large orange blocks in the
of 1.820 A transto nitrogen) and 1.824 Atfansto oxygen).  space grou2i/c. A molecule of THF cocrystallized with the
The Cr—N and Cr-O bond lengths of 2.193(2) and 2.080(2) A complex. The phosphinate ligand forms a bite angle of 75.0
are similar to those for complexdsand2. The bite angle, at  with the metal atom. Important bond lengths and angles are in
76.64(7Y, is also similar to the bite angles of the glycine and Table 10, while in Figure 7 there is a thermal ellipsoid diagram
sarcosine derivatives. of the anion of5.

Crystals of4 ([EtsN][W(CO)4(O,CCH(C(CH)3)NH,)]) and Reactivity Studies. Preliminary data with regard to CO
5 ([EtsN][W(CO)4(OCCHP(CsHs)2)]) were also grown from ligand lability in tungsten tetracarbonyl amino acid derivatives
the slow diffusion of hexane into a concentrated THF solution have revealed a greatly enhanced rate of CO dissociation in the
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Table 10. Selected Bond Lengths (A) and Angles (deg) for 20

[ELN][W(CO)4(O.,LCHP(CeHs)2)] (5) 0
W(1)—C(1) 2.010(6) C(BC(8) 1.376(7)
W(1)—C(2) 2.020(6) C(7¥C(12) 1.391(7) 0.2
W(1)—C(3) 1.970(6) C(8)C(9) 1.378(8)
W(1)—C(4) 1.959(6) C(9)-C(10) 1.361(9) -0.4
W(1)—0(6) 2.237(3) C(10yC(12) 1.353(9) =
W(1)—P(1) 2.5021(13) C(1BDC(12) 1.399(8) S -06
P(1)-C(5) 1.834(5) C(13yC(18) 1.383(8) = .
P(1)-C(7) 1.816(5) C(13)yC(14) 1.384(8) -0.8
P(1)-C(13) 1.811(5) C(14yC(15) 1.391(8)
O(5)—C(6) 1.234(6) C(15)yC(16) 1.381(10) -1
0O(6)—C(6) 1.279(6) C(16}C(17) 1.352(11)
C(5)—C(6) 1.518(6) C(17C(18) 1.390(8) a2 L
C(4)-W(1)—-C(3) 90.3(2) C(5¥P(1)-W(1) 100.3(2) time (min)

ggg_wgg_ggg gi’i% g((g;gggg_wgg i%g% Figure 8. The isotope effect for W(CQlglycinate) at 40°C: ky
— — . — . = 3 g1 = 4 o1 =
CAWL—C@) 865 O -CIWD 1755(5) (a) =1.43x 10351 ky (@) = 6.11 x 1074 7%, kulkp = 2.34.
C(3)-W(1)—C(2) 89.1(2) O(6)-C(6)—C(5) 117.6(4) Scheme 2

CA-W()-C(2) 1723(2) C(8YC(1-C(12)  117.7(5)

C(4)-W(1)-0(6) 175.8(2)  C(8YC(7)-P(1) 119.9(4)  base & 8"
C(3-W(1)-0(6)  93.8(2) CHAC(7-P1)  122.3(4) W(CO);(0,CCH,NHR) [W(CO)4(0,CCH,N(R)-H-Base]”
C(1)-W(1)-0(6)  93.6(2) C(7-C(8)-C(9) 121.7(6) R - H or Me

C2-W(1)-0(6)  94.1(2) C(10yC(9)-C(8)  119.7(6) -Co H +CO
CA)-W(1)-P(1) 100.9(2) C(1BC(101-C(9)  120.6(6)

C(3)-W(1)-P(1) 168.7(2) C(16)C(11)-C(12) 120.1(6) [W(CO)3(0,CCHNR)F + Hbase'

CA-W(1)-P(1)  90.1(2) C(AC(12-C(11) 120.2(6)
C(2-W(1)-P(1) 90.9(2)  C(14yC(13)-P(1)  120.7(4) Scheme 3
O(6-W(1)-P(1)  74.97(9) C(13)YC(14)-C(15) 120.4(6) apid

C(13-P(1y-C(7) 103.7(2) C(16yC(15-C(14) 119.3(7) 2+ N +
C(13)-P(1)-C(5) 105.1(2) ~ C(17yC(16)-C(15) 120.4(7) CoNH)SX +OH - tibrium o (NHX -+ H,0
C(13)-P(1)-W(1) 124.2(2) C(13yC(18)-C(17)  119.4(7) [STRSN 8 substitutionally labile amide complex
C(7)-P(L-W(1) 116.5(2)
a Estimated standard deviations are given in parentheses. Co(NH3)(NHy)X " Co(NH3)4NH22+ +X 7 k,
Co(NHy),NH" +H,0 —» Co(NH;);0H ** fast

Table 11. Temperature Dependent Rate Constant Data for CO
Exchange in the W(CQ(glycinate) Anion

temp (K) k st
0t} 293 0.000 271
298 0.000 506
303 0.000 626
307 0.000 928
313 0.001 47
318 0.002 70

Scheme 2. In such a process which involves-HN bond
breakage with concomitant CO dissociation and metitogen
multiple bond formation, it is anticipated that there will be a
significant deuterium isotope effect. Relevant to this we have
Figure 7. ORTEP diagram of the anion of compléxshowing 50% synthesized the glycind; complex of tungsten tetracarbonyl
probability thermal motion ellipsoids with atomic numbering scheme. 5nq measured the rate of CO ligand exchange in this isotopomer
with that previously reported for the W(C&P,CCHNH,)~
anion (eq 3). Indeed, as is readily seen from the raw data in

glycino and sarcosino derivatives relative to téN-dimeth-
ylglycino complex. It was suggested that this rate increase was
due to the formation of a transient, substitutionally labile amido W(CO),(O,CCH,NH,) ™ + Boo—
complex resulting from deprotonation of the amine functionality N2 2
(see Scheme 2). Generation of the amido intermediate, the W(CO),(*CO)(Q,CCH,NH,)” + *2CO (3)
rate-determining step in the substitution reaction, is assisted by
the stabilization resulting from-donation by the amido ligand Figure 8, the nondeuterated glycino complex undergoes CO
to the COOfdinatiVE'y unsaturated metal center. Indeed, it is well exchange with a first-order rate constant 2.34 times greater than
established that amido ligands are gaoedonating ligands, and  the corresponding value determined for its deuterated analog,
hence good CO-labilizing groups. This process is proposed t01.43x 103s1156.11x 104 s 1 at 40°C. Consistent with
be analogous to that well documented for the base-assistecthis observation, the NHinkage was observed to undergo facile
substitution reaction of the cobalt ammine Complex outlined in exchange with BO in acetonitrile on a similar time scale. The
Scheme 3. activation parameters determined from the temperature depend-
Although the lack of CO lability in thé\,N-dimethylglycino ent rate constant data listed in Table 11 for the reaction in eq
derivative provides indirect evidence for this proposal, we have 3 (AH* = 15.44 1.0 kcal/mol andASf = —23.24 3.2 eu) are
endeavored herein to obtain direct evidence in support of also consistent with a concomitant bond-making/bond-breaking
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process?! It is important to note here that we have previously hibited relative to that in the Cr(C@p,CCHs~ anion than is
ruled out the CO substitution pathway which involves chelate the corresponding process involving the glycino derivatives. For
ring-opening with concomitant formation of a pentacarbonyl example, in the phosphino derivative the rate constant 4€25

species which subsequently undergoes CO dissociatibhis for intermolecular CO exchange was determined to be 3.94
was accomplished by am situ high-pressure’3C NMR 104sL
experiment employing*CO where the pentacarbonyl derivative |t was possible to spectroscopically observe a solvated

(W(CO)0,CCHNH, ™ or W(COENH,CH,CO,”) was not  intermediate during the CO substitution process involving
detected. Indeed the rate of CO exchange in W(O) complex1 in CHCN or THF. For example, when argon is
(O:CCHNH,)™ is faster than that anticipated for CO loss in - pyphled through an acetonitrile solution fthe four bands
either tungsten pentacarbonyl isomer. listed in Table 2 are gradually replaced by two new bands which
In order to further add credibility to the proposed mechanism appear at 1896.9 (s) and 1749.3 (vs)éim an intensity pattern
(Scheme 2), we have examined the effect of substituents at theof a tricarbonyl species of loc&ls, symmetry. Theé3C NMR
methylene carbon atom of the glycine ligand. That is, the rate of the tricarbonyl derivative in CECN at ambient temperature
constants for intermolecular CO ligand exchange in the com- reveals a peak at 234.4 ppm. Upon cooling of this solution to
plexes [EiN][W(CO)4(O.CCH(C(CHz)3)NH2)] and [EGN]- —40 °C, this peak resolves into three peaks at 236.5, 233.8,
[W(CO)4(OLCH(CsHs)NH)] were determined in acetonitrile  and 233.7 ppm. This is analogous to what has been found in
to be 2.16x 10 3s tand 1.38x 10-3s7, respectively. Upon  the tungsterglycinate complex, although the carbonyls in that
comparing these data with the similar CO exchange rate constankystem were found to be static at ambient temperature. It is
found for the glycino complex (1.4% 1072 s™), it is clear assumed that this tricarbonyl anion contains a solvent molecule
that substitution at the methylene carbon atom by either electron-(in this instance CBECN) in the metal’s coordination sphere.
donating or -withdrawing substituents has only a small effect \whijle there is precedent for coordinatively unsaturated group
on the rate of the CO exchange process. On the other handg metal carbonyl derivatives in the literature, both the tungsten
substituents on the nitrogen atom have a much greater influenceand chromium glycinate complexes are unique in that they lack
on this process. This is not surprising since the inductive effects strongly z-donating ligands such as aryloxides. Reaction 4 is

of these substituents on the loss of the-Ml proton, and  readily reversible upon the addition of an atmosphere of CO,
subsequent interaction of the amido group with the metal center, 35 shown by/(CO) infrared spectroscopy.

are expected to be small. On the other hand, these small rate
changes may be the result of steric influences, where the relief ) ; o
of steric strain in the more hinderert-butyl derivative TO F\ T o
accounts for the more facile CO dissociation. Indeed, the greater N, H ‘
\
¢

steric encumbance of thert-leucinate ligandss the glycinate
ligand is manifested in a longer intermolecular-¥D bond I
distance resulting from hydrogen-bond formation in thg- S = solvent
leucinate tungsten complex (2.859 £§2.746 A in the glycinate
derivative. Furthermore, upon replacing the Ngtoup with

PPh the rate constant measured for CO exchange at@5 Summary

dj?matlpally changed from 5.06 107% s™* to 5.37 x 107° Herein we have provided additional examples of stable
s~ This latter observation was anticipated on the basis of the grganometallic complexes containing amino carboxylate groups
fact that dissociative CO loss in the W(GOCCHs™ anion,  derived from both natural and unnatural amino aéfda® As

which occurs with & = 6.4 x 107 s™* at 25°C, is greatly has been generally observed for metal complexes in higher

retarded upon replacing a CO ligand with a phosphine ligdnd.  yidation states, the amino carboxylate group is bound to the
The rates of CO exchange in anionic chromium pentacarbonyl zero-valent group 6 metal centefi® one oxygen atom of the

derivatives are intrinsically quite fast. For example, dissociative carboxylate group and ther-amino functionalityt’ This

CO ligand substitution in Cr(C@P.,CCHs~ occurs with arate  coordination mode ofi-amino carboxylates to a wide variety

constant of 1.81x 102 st at 25°C. Hence, it would be  of transition metals is most common due to the formation of a

expected that CO substitution in amino acid derivatives of thermodynamically highly favored five-membered ring.

chromium carbonyl would be very facile. Indeed, this is the |, aqtigations of the enhanced CO lability exhibited by some

case for all three chromium glycino complexes (derived from qo 100t amino carboxylates of tungsten carbonyl clearly point to
glycme, siarcosme, an_d d|_methylg|ycme) Whe_re CO exchange 5 mechanism which involves NH hydrogen abstraction to
with free 33CO in solution is observed at ambient temperature concomitantly afford a CO-labilizing amido functionality.

i 3 3
with rate constant values of 64 107, 5.0 x 107 and 4.4x However, the innate lability of the CO ligands in carboxylate

3g1 i i i
107 S r_espectlvc_ely, at 23C. Although the k'net'c effect Of__ derivatives of chromium carbonyl masks the secondary effect
an amido intermediate is overshadowed by the innate CO lability resulting from formation of the amido intermediates in these

exhibited in these chromium analogues, the trends noted are ctances. This proposed mechanism is consistent with the

nevertheless. S'T“"ar to thpse observed in the C.O”,eSpond'nglabilizing properties observed in structurally characterized amido
tungsten derivatives. That is, the Cr(GO)CCHs™ anion’s rate derivatives of tungsten carbonyl, i.e., W(G@CsHaNH),~ and
constant for dissociative CO loss is somewhat greater than that\N(CO)g(NHCeH4NH)2_ Suppo,rt fo; this conclusion is based
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tungsten complexes which exhibit this enhanced lability are
compatible with such a reaction pathway. Attempts are cur-
rently underway to isolater-stabilized unsaturated tungsten
carbonyl complexes containing amido carboxylate ligands
derived from pyrimidine derivatives. Indeed, recently we have
synthesized and crystallographically characterized metal car- _
bony! derivatives of orotic acid, [BN]o[M(CO)4(orotate)] (M (18) nareaeaﬁréf'sgﬁ E?;ﬁgfslg”rg'Al?-AJK-]rﬁrfgggfega%t‘;?i\l%gtgéfs National
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CO ligands as anticipatéd1® Unpublished observations.
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