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Iron(ll) Complexes Bearing Tridentate PNP Pincer-Type Ligands as
Catalysts for the Selective Formation of 3-Hydroxyacrylates from
Aromatic Aldehydes and Ethyldiazoacetate
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Several new iron(Il) complexes of the types [Fe(PNP)(COYONK),]?", [Fe(PNP)(COBr]*, and Fe-
(PNP)C} containing tridentate PNP pincer-type ligands have been prepared and characterized. Some of
them turned out to be efficient catalysts for the coupling of aromatic aldehydes with ethyldiazoacetate
(EDA) to give 3-hydroxyacrylates. These reactions are highly chemoselective, proceed under mild
conditions, exhibit good scope, and circumvent the need of slow addition of EDA at low temperature.

Introduction Scheme 1

Aromatic aldehydes are known to react with ethyldiazoacetate N oHO 0 Hy o

(EDA) in the presence of Lewis acids such ag,BFCh, AICI3, |/©/ Lewis acid N COOEt N |

GeCb, and SnC{ to give mainly 3-oxo-3-arylpropanoic acid R | — s | andior || COOEt

ethyl esters f-ketoesters) A) in high yields (Scheme )3 R/ Z S

Recently, Hossain and co-workers have found that the cyclo- N2 A R B

pentadienyl dicarbonyl Lewis acid [FeCp(CGOJHF)|BF, is an HJ\COOEt

active catalyst for the coupling of aromatic aldehydes with EDA

to afford 3-hydroxy-2-arylacrylic acid ethyl esters (3-hydroxy- are capable of mediating the direct coupling of aromatic
acrylates) B) as the main product (Scheme“$imilar results  aldehydes with EDA to give chemoselectively 3-hydroxyacry-
were obtained by the same authors with thérBted acid HBE lates in high isolated yields. The iron compounds tested as
Et;0 as catalyst.This methodology was applied to the synthesis catalysts bear PNP pincer ligands based on 2,6-diaminopyridine
of a naproxen precursor, a highly valued anti-inflammatory and 2,6-diamino-4-phenyl-1,3,5-triazine as shown in Chart 1.
drug“® Moreover, the coupling of salicylaldehydes with EDA, The ability to coordinate to metal centers very strongly makes
also reported by Hossain and co-workers, gives access to thepincer ligands excellent candidates for the design of well-defined
preparation of benzofurans, which can be used as building blockscatalysts since electronic, steric, and even stereochemical

in the synthesis of several biologically active compouhds. properties can be varied easily in modular fastion.
However, in these cases slow addition of EDA over a period
of 6—7 h at low temperature is required, and in addition Results and Discussion

substantial amounts @fketo esters are typically formed. Similar ]
results were also described recently by Kanemasa et al. by Synthesis of Fe(PNP) Complexedreatment of [Fe(PNP

utilizing ZnCl, in the presence of chlorotrimethylsilane as PM(CHCN)g]** (18) and [Fe(PNP-iPr)(CHCN)s]** (1b) with

catalyst! Herein we describe a new class of iron catafy/ttat CO affords the monocarbonyl complexess-[Fe(PNP-Ph)-
(CO)(CHCN)z]?" (2a) andcis-[Fe(PNP-iPr)(CO)(CHCN)z]2*
* Corresponding author. E-mail: kkirch@mail.zserv.utwien.ac.at. (2b) in 88 and 93% isolated yields, respectively (Scheme 2).
llnstitute of Applied Synthetic Chemistry. There was no evidence for the formation of dicarbonyl
Institute of Chemical Technologies and Analytics. complexes [Fe(PNP)(CECHsCN)]2*. On the other hand, with
(1) (a) Holmquist, C. R.; Roskamp, E.Jl.Org. Chem1989 54, 3258. .
(b) Holmquist, C. R.; Roskamp, E. Jetrahedron Lett1992 33, 1131. [Fe(PNP_B|PO|—)(C|'|3C:'\I)3]2'+ (10, Wher? the PNP . ligand
(2) (@) Padwa, A.; Hornbuckle, S. F.; Zhang, Z.; Zhi,d..Org. Chem. contains the stronger-accepting BIPOL units, no reaction took

199Q 55, 5297. (b) Sudrik, S. G.; Balaji, B. S.; Singh, A. P.; Mitra, R. B.; place.
Sonawane, H. RSynlett1996 369. At ;
(3) Nomura, K.. lida, T.; Hori, K.; Yoshii, EJ. Org. Chem1994 59, Characterization of complex@s and2b was accomplished
488, by elemental analysis artf, 3C{1H}, and3'P{*H} NMR and
(4) (@) Mahmood, S. J.; Hossain, M. M. Org. Chem1998 63, 3333. IR spectroscopy. In addition, the solid-state structurecief

(b) Mahmood, S. J.; Brennan, C.; Hossain, M. $4nthesi2002 1807. i i
(5) Dudley, M. E.; Morshed, Md. Monzur; Brennan, C. L.; Islam, M. [Fe(PNPHPr)(CO)(CHCN)](BF4), (2b) was determined by

S.; Ahmad, M. S.; Atuu, M.-R.: Branstetter, B.; Hossain, M. 8.0rg. single-crystal X-ray diffraction. These complexes exhibit a

Chem.2004 69, 7599.
(6) Dudley, M. E.; Morshed, M. M.; Hossain, M. Msynthesi2006 (9) (a) Albrecht, M.; van Koten, GAngew. Chem2001, 113 3866;

10, 1711. Angew. Chem. Int. EQ001, 40, 3750. (b) van der Boom, M. E.; Milstein,
(7) Kanemasa, S.; Kanai, T.; Araki, T.; Wada,TEetrahedron Lett1999 D. Chem. Re. 2003 103 1759. (c) Rybtchinski, B.; Milstein, DAngew.

40, 5055. Chem.1999 111, 918Angew. Chem. Int. EA.999 38, 870. (d) Singleton,
(8) Benito-Garagorri, D.; Becker, E.; Wiedermann, J.; Lackner, W.; J. T.Tetrahedror2003 59, 1837. (e) Vigalok, A.; Milstein, DAcc. Chem.

Pollak, M.; Mereiter, K.; Kisala, J.; Kirchner, KOrganometallics2006 Res.2001, 34, 798. (f) Milstein, D.Pure Appl. Chem2003 75, 2003. (g)

25, 1900. Jensen, C. MChem. Commuril999 2443.
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Chart 1

J\/j Phe_ /kp_ ><P_ O N
Hlil N rin Ph ~< 7< O o

PNP-Ph  PNP-iPr PNP-iBu PNP-BIPOL

‘\—\WNJI\/Nj\Nrr/’ HNJII\);J\NH
| | I |

PPh, PPh, PPh, PPh;
PNP-Ph'ex PNPT-Ph
Scheme 2
NCCH co =

H__ _PRS T2 H_|_pr T Figure 1. Structural view ofcis[Fe(PNPiPr)(CO)(CHCN),]-
o i co o R (BF4)2(CH3)2,CO (2b(CH5;),CO) showing 50% thermal ellipsoids
N TN e =N T NCCHs (BF4~, (CHs),CO, and C-bound H atoms omitted for clarity).

HN=Pr, o AP Selected bond lengths (A) and angles (deg)—€¢18) 1.7635-

2

(16), Fe-N(1) 1.9785(13), FeN(4) 1.9286(14), FeN(5) 1.9786-

NCCH. NCCH, (14), Fe-P(1) 2.2670(4), FeP(2) 2.2674(5), P(BN(2) 1.6902-
1a PNP-Ph 2a PNP-Ph (14), P(1)-C(6) 1.8458(16), P(HC(9) 1.8428(16), P(2N(3)
1b PNP-iPr 2b PNP-iPr 1.6936(14), P(2yC(12) 1.8411(17), P(2)C(15) 1.8404(16), O(H

singlet resonance in th&P{'H} NMR spectrum at 95.9 and C(18) 1.141(2); P(LyFe-P(2) 167.59(2).

114.5 ppm, respectively. In thEC{'H} NMR spectrum the Scheme 3

CO ligand exhibits a low-intensity triplet resonance at 212.4 N

(J=27.0 Hz) and 215.4 ppnd & 25.9 Hz). The methyl groups | co

of the two inequivalent CECN ligands in2agive rise to singlet HN” N7 ONH H +

resonances at 5.1 and 3.4 ppm. In the cashdhe resonance F',Ph2 F',Ph2 N—‘gpphz

of the two MeCN ligands exhibits signals at 3.8 ppm. InHe Fe(CO)Br, ———— > & _ _N—Fé—CO

NMR spectrum the methyl protons of the gEN ligands show CHzCla, 1t

signals at 2.58 and 1.58 ppr2d) and 2.53 and 2.40 ppn2lf). HN=PPh;,

All other resonances are unremarkable and are not discussed 3 Br

here. In the IR spectrum the CO stretching frequencie2éor

and 2b are observed at 2021 and 1995 dimnrespectively, Scheme 4

indicating a weakerr-interaction in the case dfa than in2b

(cf. 2143 cnt in free CO). | ol
An ORTEP diagram of2b is depicted in Figure 1 with HN™ “N” °NH H

selected bond distances and angles reported in the caption. ||=R2 F!’Rz N—|7PR:

Complex2b adopts a distorted octahedral geometry around the FeCl, ——— & N—Fe——¢

metal center with the CO ligand being frans position to an R

acetonitrile ligand. The PNP ligand is coordinated to the iron HN=PR;

center in a typical tridentate meridional mode, with-aFe—P 4a PNP-jPr

angle of 167.6(F) The bond lengths around Fe areF#1) 4b PNP-tBu

2.267(1) A, Fe-P(2) 2.267(1) A, Fe N,y 1.979(2) A, Fe-C(18)

1.764(2), Fe-Nyans 1.929(2), and FeNgs 1.979(2) A. The iPr and PNF-iBu in THF at room temperature, the pentaco-

Fe—N bond of the nitriletransto the pyridine nitrogen of the  ordinated dichloro complexes [Fe(PNHPr)(Cl)y] (4a) and

PNP ligand is slightly shorter than the otisto the PNP moiety [Fe(PNP-tBu)(CL)] (4b), respectively, were obtained in 90 and

due to the strongransinfluence of the CO ligand. 84% isolated yields (Scheme 4). These yellow complexes are
A dicarbonyl complex, viz cis[Fe(PNP-Ph)(CO}BI]* (3), paramagnetic and display contact-shiftedNMR spectra with
could be obtained by reacting Fe(GB), with 1 equiv of PNP- relatively narrow line widths at room temperature. In acetone-

Ph in the presence of NaBPm CH,CI, (Scheme 3). If the ds, the 'TH NMR spectrum of4a displays all expected ligand
reaction was performed with PNfPPr and PNP-tBu under the resonances, which can be readily assigned on the basis of
same reaction conditions, no clean reaction took place, yielding integration. Diastereotopic isopropyl methyl groups appear at
a mixture of isomers giving rise to several signals in tHe- 7.00 (12H) and 13.13 ppm (12H) and the CH protons give rise
{H} NMR spectrum. Since all attempts to isolate any of these to a signal at 140.35 ppm (4H), whereas the pyridine hydrogen
compounds in pure form failed, this reaction was not further atoms are centered at 47.49 (2H) and1.26 (1H). The NH
investigated. Compleg exhibits a singlet resonance in tFie- protons exhibit a signal at 75.30 ppm (2H). A concurrét
{*H} NMR spectrum at 100.5 ppm. In th&C{'H} NMR NMR spectrum is obtained foth.
spectrum the two CO ligands exhibit triplet resonances at 209.8 A structural view of4db is depicted in Figure 2 with selected
and 206.5 ppm with coupling constants of 20.2 and 23.1 Hz, bond distances and angles given in the caption. The coordination
respectively, clearly indicating that the two CO ligands eise geometry of the iron center is distorted square pyramidal with
to one another. the iron atom lying 0.615(1) A out of the basal plane (defined
Upon treatment of anhydrous Fe@lith 1 equiv of PNP- by N(1)—-P(1)-P(2)-ClI(1), which show a rms aplanarity of
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Figure 2. Structural view of [Fe(PNRPr)(Cl)](C.Hs),0 (4a
(C2Hs)20) showing 30% thermal ellipsoids (§8s)O and C-bound
H atoms omitted for clarity). Selected bond lengths (A) and angles
(deg): Fe-N(1) 2.250(2), Fe-Cl(1) 2.3708(7), Fe Cl(2) 2.3040-
(6), Fe—P(1) 2.4631(7), FeP(2) 2.4844(7), P()N(2) 1.686(2),
P(1)-C(6) 1.877(3), P(1yC(9) 1.819(3), P(2yN(3) 1.691(2),
P(2)-C(12) 1.832(3), P(2yC(15) 1.845(3); P(tyFe—P(2) 146.56-
(3), N(1)-Fe—CI(1) 146.13(6), Cl(2y Fe—N(1) 106.24(5), CI(2»
Fe—P(1) 105.19(3), Cl(2yFe—P(2) 100.48(3), Cl(2yFe—CI(1)
107.60(3), N(1}Fe—P(1) 75.95(5), N(1)Fe—P(2) 76.55(5), CI-
(1)—Fe—P(1) 93.75(3), Cl(1yFe—P(2) 98.60(3).

0.056 A) in the direction of the apical atom CI(2). This feature
is similar to that reported for the five-coordinate complexes [Fe-
(2,6-bis(diisopropylphosphinomethyl)pyridine)(g/}° [Fe(2,6-
bis(dimethylaminomethyl)pyridine)(Cl),** [Fe(2,6-bis(2,6-
diisopropylphenylaminomethyl)pyridine)(G])*? and [Fe(2,6-
bis(1-(2,6-diisopropylphenylimino)ethyl)pyridine) (g2 The
bond distance of FeP(1) (2.4631(7) A) is slightly shorter than
that of Fe-P(2) (2.4844(7) A). The FeClI(1) (basal) bond,
2.371(1) A, is significantly longer than the distance to the apical
chlorine (Fe-Cl(2) 2.304(1) A).

Catalytic Studies. Some of the complexes of the type [Fe-
(PNP)(CHCN)3)2" reported previousfyas well as the new

Organometallics, Vol. 26, No. 1, 2209

Changing the counterion b from the weakly coordinating
BF,~ to the noncoordinating anion tetrakis(3,5-ditrifluorometh-
ylphenyl)borate (BArF) (Table 1, entry 7) led to similar yields
and reaction rates. Thus, the nature of counterion is apparently
not affecting the coupling reaction, as has been frequently
observed for Lewis-acid-catalyzed transformatiéhs.

Since this reaction is known to be catalyzed also by simple
Lewis acids such as HBFEL,O* the acidic NH hydrogen atoms
of complexesl—4 may release H, being thus an additional or
even the sole source of the catalytically active species. In order
to rule out this possibility, complekd ([Fe(PNP-PH*)(CHs-
CN)s](BF4)2), which lacks acidic NH hydrogen atoms, was also
utilized as a catalyst showing even higher activity thaywhich
features acidic NH protons at the PNP ligand but bears also
phenyl substituents at the phosphorus atoms.

The effect of catalyst loading and reaction rate was then
determined using the same reaction conditions (Figure 3). The
reaction proceeds well with 10 mol % of catalydt, showing
after 24 h a conversion of 95 and 83% fpifluorobenzaldehyde
andp-anisaldehyde, respectively, with TONs in the range from
2.2 to 8.9. However, the conversion decreases to 60 and 50%
after the catalyst loading is decreased to 1 mol % (TONs: 23
to 60), which may be attributed to catalyst decomposition.

To investigate the scope and limitations of the iron PNP
system, compleX2b was used as catalyst. A survey of the
reactivity of EDA with various aromatic aldehydes under
catalytic conditions is provided in Table 2. Operationally, both
EDA and aldehyde were added together in a 1:1 ratio in-CH
NO, as the solvent and the solution was stirred for 16 h at room
temperature. Although the catalytic reactions were routinely
performed under an inert Ar atmosphere, admission of air did
not affect the yields. In all cases 3-hydroxyacrylates, as judged
from the!H NMR spectra of the crude reaction mixture, were
formed selectively. The formation gfketo esters is3%, while
the formation of epoxides was not observed in any of these
reactions. This is in contrast to the catalytic reactions of [FeCp-
(COX(THF)]BF, with aromatic aldehydes and EDA, where

complexes described here were tested as catalyst precursors fofixtures of 3-hydroxyacrylates afidketo esters were observed.

the coupling of aromatic aldehydes with EDA. A survey of
catalyst activity withp-anisaldehyde as model substrate proved

For instance, the reaction of benzaldehyde and EDA &5
with [FeCp(CO)(THF)]BF, as catalysts (10 mol %) affords a

that both electronic and steric properties of the ligands are mixiure of 3-hydroxy-2-phenylacrylic acid ethyl ester and 3-0xo-

important (Table 1). The most effective catalyst was found to
be cis[Fe(PNPiPr)(CO)(CHCN),]BF4 (2b), bearing both
strongly electron-donating and bulkir substituents in Cid
NO; as solvent. No reaction took place in EN, suggesting
that initial dissociation of CECN to form the highly reactive
16e complex [Fe(PNP-iPr)(CO)(CHCN)]* is important. The
use of2b leads to very high isolated yields of 3-hydroxyacrylate
(84%) with only a trace amount ¢f-keto ester being formed
(<3%). The trisacetonitrile complexés—e are all less efficient
catalysts. Likewise, also complexeis-[Fe(PNP-Ph)(CO)Br]-
BPh, (3) and [Fe(PNF-iPr)Chk] (4b) in both the absence and
presence of AgShfas halide scavenger turned out to be

3-phenylpropionic acid ethyl ester in 58 and 25% yiefighe
same reaction performed witBb yields almost exclusively
3-hydroxy-2-phenylacrylic acid ethyl ester in 91% yield (Table
2, entry 7). With the exception gkdimethylaminobenzaldehyde
(entry 5), the yields of 3-hydroxyacrylates are in the range 74
to 91%. The catalytic effect of the iron complexes was
confirmed by running the standard reaction, ipeanisaldehyde
and EDA, without catalyst. No product was formed and only
starting materials were isolated from the reaction mixture.

A tentative mechanistic proposal for the coupling of aromatic
aldehydes with EDA catalyzed lpis-[Fe(PNP#Pr)(CO)(CH-
CN)]2t is presented in Scheme 5, which is similar to the one

inefficient as catalysts presumably due to decomposition of the suggested by Hossain et‘Since CO exhibits a much stronger

complexes. For comparison, with [FeCp(G@HF)]BF, as
catalyst a mixture of 3-hydroxyacrylate (60%) gfitteto ester
(20%) was obtained (Table 1, entry 12).

(10) Zhang, J.; Gandelman, M.; Herrman, D.; Leitus, G.; Shimon, L. J.
W.; Ben-David, Y.; Milstein, D.Inorg. Chim. Acta2006 359, 1955.

(11) O'Reilly, R. K.; Gibson, V. C.; White, A. J. P.; Williams, D. J.
Polyhedron2004 23, 2921.

(12) Britovsek, G. J. P.; Gibson, V. C.; Mastroianni, S.; Oakes, D. C.
H.; Redshaw, C.; Solan, G. A.; White, A. J. P.; Williams, D.Ebr. J.
Inorg. Chem.2001, 431.

(13) Small, B. L.; Brookhart, M.; Bennett, A. M. Al. Am. Chem. Soc.
1998 120, 4049.

trans effect (andtrans influence) than pyridine, the GEN
ligand trans to CO is more labile than the orteans to the
pyridine moiety of the PNP ligand. This fact may also account
for the higher reactivity ob as compared t@b. Accordingly,
substitution of this ligand by an aldehyde molecule (which is
present in large excess under catalytic conditions) may afford
[Fe(PNP-iPr)(CO)(CHCN)((0)-aldehydefi" (A). Nucleo-
philic attack of EDA to the coordinated aldehyde via g2S

(14) Kindig, E. P.; Saudan, C. M.; Bernardinelli, @agew. Chem., Int.
Ed. 1999 38, 1219.
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Table 1. Catalyst Screening

CHO o H OH
/©/ /©)K/cooa
MeO 10 mol% cat N COOEt
[: 20°C, 16h  MeO MeO'
2 A B
HJ\COOEt
entry catalyst yield (%A yield (%) B

1 [Fe(PNP-Ph)(CHCN)s](BF4)2 (18) <3 21
[Fe(PNP-iPr)(CHsCN)s](BF4)2 (1b) <3 66

3 [Fe(PNP-BIPOL)(CHCN)3](BF4)2 (10) <3 53
4 [Fe(PNP-PH™®)(CH3;CN)s](BF4)2 (1d) <3 49
5 [Fe(PNP—Ph)(CHCN)s](BF4)2 (1€ <3 44
6 cis-[Fe(PNP-iPr)(CO)(CHCN),](BFa4)2 (2b) <3 84
7 cis-[Fe(PNP-iPr)(CO)(CHCN),](BArF), (2b')P <3 80
8 cis-[Fe(PNP-Ph)(COX}(Br)]|BPhs (3) 0 0
9 cis-[Fe(PNP-Ph)(COX}(Br)]BPh, (3) + AgSbFs (1 equiv) <3 13
10 [Fe(PNP-iPr)(Cl)2] (4) + AgSbFs (1 equiv) <3 26
11 [Fe(PNP-iPr)(Cl)2] (4) + AgSbFs (2 equiv) <3 37
12 [FECp(COXTHF)IBF4¢ 20 60

aReaction conditions: 1 equiv of aldehyde, 1 equiv of EDA, rt,s8B, as the solvent, reaction time 16 h; yields represent isolated yields (average of
at least three experiment$BArF = tetrakis(3,5-ditrifluoromethylphenyl)boratél.2 equiv of aldehyde, 1 equiv of EDA, T, CH,Cl; as the solvent,

overall reaction time 16 h; isolated yields (ref 4a).

100
10 mol% catalyst
R= .
g ] R = OMe
9
3 - 1 mol% catalyst
= JR=F .
07 R = OMe
204
0 T

2 4 6 8 10 12 14 16 18 20 22 24 26

t(h)
Figure 3. Plot of yield versus time for the formation of 3-hy-
droxyacrylates fronp-fluorobezaldehyde angtanisaldehyde with
EDA utilizing 10 and 1 mol %, respectively, ais-[Fe(PNP#Pr)-
(CO)(CHCN),](BF4)2 (2b) as catalyst.

type mechanism yields, via transition st@gintermediateC.

In the course of this stepNs liberated. Preferential migration
of the aryl substituent over hydride migration leads eventually
to intermediateD, featuring anc}(O)-coordinated aldehyde ester
ligand. After liberation of the ester aldehyde by incoming

less likely but cannot be completely ruled out at this stage.
Likewise, the intermediacy of carbenes may have been taken
into account. In this context it has to be mentioned #atloes

not react with EDA in the absence of aldehydes.

In summary, a general and efficient protocol for the coupling
of aromatic aldehydes with EDA has been developed. The
catalyst is part of a new generation of air-stable, well-defined
iron PNP pincer-type systems. Investigations into the use of
these compounds as catalysts in the coupling of EDA with
ketones, lactones, and lactams are ongoing. A detailed mecha-
nistic investigation based on DFT/B3LYP calculations is
currently also being pursued and will be reported in due course.

Experimental Section

General Procedures All manipulations were performed under
an inert atmosphere of argon by using Schlenk techniques. The
solvents were purified according to standard procedtfrésN'-
Bis(diphenylphosphino)-2,6-diaminopyridine (PNPh),N,N'-bis-
(diisopropylphosphino)-2,6-diaminopyridine (PNRPr), N,N'-bis-
(di-tert-butylphosphino)-2,6-diaminopyridine (PNBu), [Fe(PNP-
Ph)(CHCN)](BF4), (1a), [Fe(PNP-Pr)(CH:CN):(BF4)> (1b),
[Fe(PNP-BIPOL)(CH;CN)3](BF4)2 (1c), [Fe(PNP-PH™®)(CHs-
CN)3](BF4)2 (1d), and [Fe(PNP—Ph)(CHCN)3](BF4), (1€) were
prepared according to the literattr&he deuterated solvents were

aldehyde substrates, this molecule rapidly tautomerizes to yield purchased from Aldrich and dried avé A molecular sievestH,
the thermodynamically more stable respective 3-hydoxyacry- *C{*H}, and*P{*H} NMR spectra were recorded on a Bruker

lates.

In principle, an alternative pathway could proceed via
formation of the epoxide ethyl-3-arylglycidate from complex

C and subsequent rearrangement to the corresponding enol este

since it is kown that transition metal complexes are able to
convert epoxides to ketones and aldehy@®eEhis mechanism
was dismissed however since formation of 3-hydroxy-2-phe-
nylacrylic acid ethyl ester from ethyl-3-phenylglycidate in the
presence2b under the same reaction conditions was not
observed.

A mechanism where in the initial step both aldehyde and EDA

AVANCE-250 spectrometer and were referenced to Qibtel H-

PO, (85%), respectivelytH and'3C{1H} NMR signal assignments
were confirmed by*H-COSY, 135-DEPT, and HMQ®—13C)
Fxperiments.

" cis-[Fe(PNP—Ph)(CO)(CH3CN),](BF ), (2a). Carbon monoxide
was bubbled into a solution dfa (0.5 g, 0.6 mmol) in acetone (30
mL) for 15 min, whereupon the color of the solution turned from
orange to yellow, and the mixture was stirred overnight at room
temperature under CO atmosphere. After removal of the solvent
under reduced pressure, the remaining yellow solid was washed
twice with E(O (20 mL) and dried under vacuum. Yield: 0.4 g
(88%). Anal. Calcd for gH3:B,FsFeNsOP,: C, 49.98; H, 3.82;

are coordinated, as proposed by Kanemasa et al., seems to bR, 8.57. Found: C, 49.93; H, 3.71; N, 8.461 NMR (, acetone-

(15) (a) Maruoka, K.; Nagahara, S.; Ooi, T.; YamamotoTEtrahedron
Lett. 1989 30, 5607. (b) Miyashita, A.; Shimada, T.; Sugawara, A.; Nohira,
H. Chem. Lett1986 1323.

dg, 20 °C): 9.21 (s, 2H, M), 7.99-7.84 (m, 7H, Ph and p,

(16) Perrin, D. D.; Armarego, W. L. FPurification of Laboratory
Chemicals 3rd ed.; Pergamon: New York, 1988.
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Table 2. Yields of 3-Hydroxyacrylates from the Reactions of
Aromatic Aldehydes with EDA Catalyzed by
cis-[Fe(PNP—iPr)(CO)(CH 3CN),](BF ), (2)&°

entry aldehyde 3-hydroxyacrylate %
H_ OH
1 oHo Qlcooa 84
MeO
Me0/©/
H_ OH
2 co J@I Poes 88
F
A
H_ OH
3 cHo /@Icooa 86
cl
AT
H_ OH
l COOEt
4 C/CHO BrQI 86
Br
H_ OH
5 o O/\l(cooat 58
Me,N
MezN/©/
H_ OH
/@Icooa
6 CHO o 83
Ph
H_ OH
oo ©lcooa
7 ©/ H 91
H OH
©\/\|[coosr
8 CHO " 78
cC
H OH
|
COOEt
9 Q/CHO Ql 89
Me
Me
H_ OH
|
10 oo COOEt 84
Me
AT
H_ OH
I COOEt
1" CHO oo 74
Me0/©/ OMe
OMe
H_ OH
MeO |
\E\Ar\ :COOEl
12 80

o
=
@

=
@
E éo
[¢]
I
o

OMe

aReaction conditions: 1 equiv of aldehyde, 1 equiv of EDA, 10 mol %
catalyst, CHNO, as the solvent, rt, reaction time 16 h. Yields represent
isolated yields (average of at least three experimefitée yield of3-keto
ester is<3%.
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7.56-7.40 (m, 14H, Ph), 6.70 (d = 7.4 Hz, 2H, py:5), 2.58 (s,
3H, CH3CN), 1.58 (s, 3H, EisCN). 13C{1H} NMR (0, acetoneds,
20°C): 212.4 (t,J = 27.0 Hz,CO), 162.6 (t,J = 8.3 Hz, py9),
143.6 (py), 140.2 (PH), 133.4 (CHCN), 133.1 (CHCN), 132.1-
131.7 (m, Ph), 130:#130.4 (m, Ph), 103.2 (§ = 4.1 Hz, py"),
5.1 (CH3CN), 3.4 (CH3CN). 31P{1H} NMR (9, acetoneds, 20°C):
95.9. IR (KBr, cn1l): 2021 (c—0).

cis-[Fe(PNP—iPr)(CO)(CH 3CN),l(BF4), (2b). This complex has
been prepared analogously 2a with 1b (1.5 g, 2.2 mmol) and
CO as the starting materials. Yield: 1.4 g (93%). Anal. Calcd for
CaH3dBsFsFeNsOP,: C, 38.80; H, 5.77; N, 10.28. Found: C, 38.90;
H, 5.71; N, 10.21'H NMR (9, acetoneds, 20 °C): 7.39 (s, 1H,
py"), 6.90 (s, 2H, M), 6.34 (s, 2H, p§d), 3.17 (s, 4H, EI(CHg)y),
2.53 (s, 3H, GisCN), 2.40 (s, 3H, E3CN), 1.56-1.50 (m, 24H,
CH(CH3),). 13C{*H} NMR (0, acetoneds, 20 °C): 215.4 (t,J =
25.9 Hz,CO), 162.1 (t,J = 6.6 Hz, py9), 141.8 (t,J = 38.8 Hz,
py*), 139.8 (CHCN), 100.59 (t,J = 3.5 Hz, py?d), 27.87 (t,J =
13.0 Hz,CH(CHa)y), 17.7 (d,J = 29.7 Hz, CHCH3)2), 17.0 (d,J
= 29.1 Hz, CHCHj3),), 3.8 (d,J = 10.1 Hz,CH3CN). 31P{1H}
NMR (0, acetoneds, 20 °C): 114.7. IR (KBr, cn1l): 1995 (rc—

o)

cis[Fe(PNP4Pr)(CO)(CH3;CN),J(BArF) , (2b'). To a stirred
suspension o2b (100 mg, 0.14 mmol) in CECl, (10 mL) was
added sodium tetrakis(3,5-ditrifluoromethylphenyl)borate(260 mg,
0.29 mmol), and the mixture was stirred for 2 h. During that time
the solution turned yellow and a white solid (NaB®as formed.
Solid materials were removed by filtration. The solvent was then
removed under reduced pressure, affording a yellow solid, which
was dried under vacuum. Yield: 275 mg (88%). Anal. Calcd for
CaeHeaBoF4sFeNsOPy: C, 46.24; H, 2.84; N, 3.14. Found: C, 46.19;
H, 2.90; N, 3.25!H NMR (9, CD,Cl,, 20 °C): 7.72 (bs, 16 H,
BArF), 7.57 (bs, 8H, BArF), 7.33 (1 = 8.4 Hz, 1H, py), 6.30 (d,
J=8.4 Hz, 2H, py"9), 5.68 (s, 2H, M), 3.08 (bs, 2H, EI(CHs),),
2.90 (bs, 2H, EG(CHs)y), 2.46 (s, 3H, EI5CN), 2.30 (s, 3H, Eis-
CN), 1.55-1.24 (m, 24H, CH(El3),. 13C{'H} NMR (9, CD.Cl,,
20°C): 219.9 CO), 161.7 (qJ = 49.7 Hz, BArF), 161.1 (p35),
143.1 (py), 134.7 (BArF), 133.6 (ChCN), 128.8 (gq,J = 32.2
Hz, BArF), 124.5 (qJ = 270.7 Hz, BArF), 117.5 (BArF), 102.1
(py®9), 29.6 (t,J = 10.4 Hz,CH(CHg),), 28.9 (t,J = 12.3 Hz,
CH(CHg),), 17.6 (t,J = 5.7 Hz, CHCHj3),), 4.65 CH3CN), 4.47
(CH3CN). 31P{1H} NMR (0, CD,Clp, 20°C): 114.5.

cis[Fe(PNP—Ph)(CO),(Br)|BPh, (3). To a solution of Fe-
(CO)Br; (250 mg, 0.76 mmol) and NaBRR61 mg, 0.76 mmol)
in CH,Cl, was added PNPPh (364 mg, 0.76 mmol), resulting in
significant gas evolution. The solution was stirred until no further
gas evolution was observed. Insoluble materials (NaBr) were then
removed by filtration. After removal of the solvent under reduced
pressure, the remaining orange solid was washed twice with Et
(20 mL) and dried under vacuum. Yield: 417 mg (82%). Anal.
Calcd for GsHssBBrFeNsO.P,: C, 66.83; H, 4.59; N, 4.25.
Found: C, 66.94; H, 4.66; N, 4.3%4 NMR (6, CD.Cly, 20 °C):
7.90 (s, 2H, NH), 7.79-7.77 (m, 3H, Ph), 7.667.64 (m, 4H, Ph),
7.48-7.45 (m, 20H, Ph and gy, 7.02-7.00 (m, 10H, Ph), 6.85
6.82 (m, 4H, Ph), 6.596.56 (d,J = 7.9 Hz, py"). 13C{'H} NMR
(6, CD,Cly, 20°C): 209.8 (tJ = 20.2 Hz,CO), 206.5 (tJ = 23.1
Hz, CO), 164.0 (q,J = 49.32 Hz, BP}), 159.3 (t,J = 8.67 Hz,
py?9), 142.4 (py), 136.0 (BPh), 132.2 (PPAY), 132.0 (PPH, 130.0
(PPH), 129.9 (PPR9), 125.8 (BPh), 122.0 (BPh), 102.7 (py9).
31P{*H} NMR (6, CD,Cl,, 20°C): 100.5.

[Fe(PNP4Pr)(Cl),] (4a). FeCk (180 mg, 1.46 mmol) was added
to a solution of PNPiPr (500 mg, 1.46 mmol) in THF, and the
reaction mixture was stirred overnight at room temperature. The
yellow solution was then filtered, and the solvent was evaporated
under reduced pressure. The remaining yellow solid was washed
twice with E6O (10 mL) and dried under vacuum. Yield: 615 mg
(90%). Anal. Calcd for @Hs:Cl.FeNsPy: C, 43.61; H, 7.10; N,
8.98. Found: C, 43.70; H, 7.16; N, 8.8 H NMR (9, acetoneds,



222 Organometallics, Vol. 26, No. 1, 2007

Benito-Garagorri et al.

Scheme 5
H H ¥ H
/k W /I/R R
= 3
Fel—0" “r+ M ——|Fe—07 = Fe—0" )
H” COOEt e=COOEt| 2 ®)—COOEt
A B H cC H
N2
H co
= R i T2x
> [Fe—07 & N
COOE (Fel= & _N—Fé——NCCH,
H -\ /
D HN—PPr‘Z‘
O

20 °C, all peaks appear as broad singlets): 140.38((H3).),
75.30 (NH), 47.49 (py9), 13.13 (CH(CGH3),), 7.00 (CH(CH3)o),
—21.26 (pYy). The identity of the NH protons was determined by
adding 0.2 mL of RO to the NMR tube, whereupon the signal at
75.30 ppm disappeared.

[Fe(PNP1BuU)(Cl);] (4b). This complex has been prepared
analogously tata with FeCh (100 mg, 0.78 mmol) and PNRBu
(314 mg, 0.78 mmol) as the starting materials. Yield: 343 mg
(84%). Anal. Calcd for @H4,Cl,FeNsP,: C, 48.11; H, 7.88; N,
8.01. Found: C, 48.21; H, 7.79; N, 8.1'H NMR (9, acetoneds,
20°C, all peaks appear as broad singlets): 64.68)(181.57 (py9),
17.46 (MH3), —20.18 (py).

General Procedure for the Iron(ll)-Catalyzed Synthesis of
3-Hydroxyacrylates. Aldehyde (1 equiv) and ethyldiazoacetate (1
equiv) were added to a solution of the catalyst (10 mol %) in-CH
NO; (5 mL), and the mixture was stirred at room temperature for
16 h. The mixture was then filtered through a plug of silica to
remove the catalyst, and the product was purified by flash
chromatography (silica, Ci€ly).

X-ray Structure Determination. X-ray data forcis-[Fe(PNP-
iPr)(CO)(CHCN);](BF4)2:(CH3)2,CO (2:(CH3)>,CO) and [Fe(PNP-
iPr)(Cly]:(CHs),0 (4a-(CHs),0) were collected on a Bruker Smart
APEX CCD area detector diffractometer @at= 100 K using
graphite-monochromated ModKradiation § = 0.71073 A) and

F2 was carried out with the program SHELXL97.All non-
hydrogen atoms were refined anisotropically. Hydrogen atoms were
inserted in idealized positions and were refined riding with the atoms
to which they were bonded.

Crystal data:2b*(CHs),CO: GsHssBoFsFeNsOLP,, M, = 739.07,
monoclinic, space group2;/c (no. 14),T = 100 K,a = 10.8683-
(9) A, b=10.4976(8) Ac = 29.963(2) A,p = 99.796(2), V =
3368.7(4) B, Z = 4, u = 0.619 mnl. Of 44 797 reflections
collected, 9753 were independent; final R indic&:= 0.047 (all
data),wR; = 0.098 (all data). Crystal data 4&-(C;Hs),0: CoiHas-
ClLFeNsOP,, M, = 542.27, orthorhombic, space groBg2:2; (no.
19), T=100 K,a = 9.6583(5) Ab = 14.5653(7) Ac = 20.2207-
(10) A, v =2844.6(2) R, Z = 4, u = 0. 0.847 mm?. Of 32 002
reflections collected, 8261 were independent; final R indides:
= 0.043 (all data)wR, = 0.113 (all data). Further details (atomic
coordinates, displacement parameters, etc.) and geometric data are
given in the Supporting Information in CIF format.
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space withfmax = 30°. After data integration with the program
SAINT corrections for absorptiori/2 effects, and crystal decay
were applied with SADABST The structures were solved by direct
methods using the program SHELXSY%Structure refinement on

(17) Bruker programs:SMART version 5.629;SAINT, version 6.45;
SADABSversion 2.10SHELXTL, version 6.14; Bruker AXS Inc.: Madison,
W1, 2003.

(18) Sheldrick, G. MSHELX97 Program System for Crystal Structure
Determination; University of Gitingen: Gidtingen, Germany, 1997.



