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[Fe(#*-allyl)(CO),(NO)] complexes were prepared by the reaction of tetrabutylammonium tricarbonylnitrosylferrate
with tosylates, trifluoroacetates and phosphonates of allylic alcohols and with allylic halides. However, acetates and
carbonates of the allylic alcohols are ineffective for the preparation of the complexes. The reaction of [Fe{r’-(1-
substituted allyl) }(CO)2(NO)] with phosphorus ligands (L) gave a mixture of diastereomeric [Fe{ 173—(1—substituted al-
IyD HCO)(NO)(L)] complexes, which have planar chirality and central chirality of the iron atom. Variable-temperature
"HNMR spectroscopy revealed that no isomerization between these diastereomers occurred upon heating up to 80 °C.
Also, neither syn—anti isomerization of the allylic ligand nor isomerization of planar chirality of the complexes took place.
The unsubstituted allylic ligand rotates about the iron-allyl ligand axis at room temperature, while 77°-(1-substituted allylic)
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ligands do not.

n*-Allyl transition-metal complexes have been recognized
as being useful reagents for organic synthesis. They can pro-
vide versatile methods for electrophilic or nucleophilic allyl-
ation of organic compounds, depending on the properties of
the transition metals.” Among the 7°-allyl transition-metal
complexes, 73-allyl palladium complexes have been the most
extensively studied. 73-Allyl iron complexes mainly consist
of cationic (7°-allyl)tetracarbonyliron,? (7*-allyl)tricarbon-
ylhalogenoiron,” chelated (7°-allyl)tricarbonyliron,” and
(17°-allyl)dicarbonylnitrosyliron complexes.>~'" Compared
to the 77%-allyl palladium complexes, the 77°-allyl iron com-
plexes have not been well studied. We have recently reported
that 7°-allyldicarbonylnitrosyliron complexes exhibit am-
biphilic reactivities; that is, the allyl ligands of the complexes
can function as both electrophiles and nucleophiles. %%

In general, 77°-allyl transition-metal complexes often ex-
hibit some sort of isomerizations which involve an intercon-
version of exo and endo conformers via a rotation of the
n*-allyl ligands, syn—anti isomerization of the substituents
in the allyl ligands, and isomerization of optically active
stereoisomers having planar and central chirality.'>'*'? [Fe-
(173—a11y1)(CO)3X] (X =halide) complexes consist of a mix-
ture of exo and endo conformers which are interconverted to
each other by the rotation of the allyl ligands." Syn—anti
isomerization of the substituents of the allyl ligands and
isomerization of planar chiral stereoisomers occur via a
7-0—n mechanism.' The structural feature of [Fe(7’-al-
Iy)(CO),(NO)] complexes has not yet been elucidated by
THNMR spectroscopy, because the proton signals of the
7°-allyl ligands have not been well assigned. Accordingly,
little is known about the structure of the (77°-allyl)dicarbon-

ylnitrosyliron complexes. For the purpose of investigating
the structural features concerning these isomerizations, it is
necessary to assign the proton signals of the allyl ligands
thoroughly and exactly. In this paper we report on the prepa-
ration of (7°-allyl)dicarbonylnitrosyliron complexes by the
reaction of allylic substrates with tricarbonylnitrosylferrate,
and the ligand-substitution reaction of the produced com-
plexes with phosphorus ligands. Further, full assignments of
the allylic protons and carbons are presented, along with the
structural features of the 7°-allyl iron complexes, which were
investigated by NMR spectroscopy in view of the rotation
and syn—anti isomerization of the 7°-allyl ligands. Further
the stability of planar and central chirality of the #°-allyl
complexes is also discussed.

Experimental

General. The IR spectra were recorded on a JASCO IRA-16
spectrometer. The NMR spectra were measured at 270 MHz on a
JEOL JNM-GX 270 and at 500 MHz on a JEOL a500 with TMS
as the internal standard. Elemental analyses were carried out on a
Yanaco CHN analyzer.

Materials. Tetrabutylammonium tricarbonylnitrosylferrate
(TBAFe) was prepared by a previously reported method. ! 3-
Bromopropene, 1-bromo-2-butene, trimethyl phosphite, triphen-
yl phosphite, and triphenylphosphine were commercial products
and purified before use. 1-Bromo-2-octene,’> methyl 4-bromo-
2-butenoate,'> #-butyl 4-bromo-2-butenoate, 4-methyl-2,6,7-
trioxa- 1-phosphabicyclo[2.2.2]octane,'® tris(2,6-dimethylphenyl)
phosphite,'” and tri-2-naphthyl phosphite,'® were prepared by a
method from the literature. P(OCD;3)3,'” were prepared using
tetradueterated methanol. 7°-Allyl complexes 3a and 3b were
prepared by a previously reported method.'%



404 Bull. Chem. Soc. Jpn., 71, No. 2 (1998)

General Procedure for the Synthesis of [Fe(rf— allyl)-
(CO)(NO)] 1a—e, 4, and 5. A solution of allylic substrates
(3.0 mmol) and TBAFe (3.0 mmol) in CH,Cl, (30 mL) was stirred
at 5 °C for 3 h. After removing of the solvent, the residue was col-
umn chromatographed on silica gel using a mixture of hexane and
CH2Cl; as an eluent to give the products. The chemical shifts of
the protons and carbons other than the allylic ligands are described
below.

1a:>  Dark-red oil (78%). IR (neat) 2044, 1978 (CO), 1742
cm™! (NO).

1b:>%  Dark-red oil (83 %). IR (neat) 2027, 1965 (CO), 1733
cm ™! (NO); 'HNMR (270 MHz, CDCl3) 6 =1.99 (3H, d, J=6.0
Hz, CH3); *CNMR (67.5 MHz, CDCl;) & =19.82 (CHs).

1c:'%  Dark-red oil (83%). IR (neat) 2028, 1966 (CO), 1742
cm ™! (NO); 'THNMR (270 MHz, CDCl3) § =0.93 (3H, t, J=6.9 Hz,
CHj3), 1.28—1.80 (6H, m, CH>), 2.06—2.20 (1H, m, diastereotopic
CH,C=), 2.27—2.73 (1H, m, diastereotopic CH,C=); *CNMR
(67.5 MHz, CDCl;) 6 =14.02 (CHs), 22.55 (CHa), 31.44 (CHp),
31.47 (CHy), 34.60 (CH,).

1d:  Dark-red oil (81%). IR (neat) 2043, 1981 (CO), 1749
cm™! (NO); 'THNMR (270 MHz, CDCls) 8 =3.81 (3H, s, CH;0):
BCNMR (67.5 MHz, CDCl3) 6 =52.15 (CHs). Found: C, 34.95;
H, 2.80, N, 5.88%. Calcd for C;H;NOsFe: C, 34.89; H, 2.93; N,
5.81%.

1e:%  Dark-red oil (83%). IR (neat) 2041, 1980 (CO), 1750
cm™! (NO); "THNMR (270 MHz, CDCls) & =7.18—7.46 (5H, m,
arom); *CNMR (67.5 MHz, CDCls) 6 = 127.35, 128.55, 128.97,
139.02 (arom).

(IR, 35)-4:  Dark-red solids. Mp=75—77 °C; (36%); IR
(neat) 2040, 1980 (CO), 1750 (NO), 1711 cm™! (C=0); 'HNMR
(270 MHz, CDCl;) 6 =0.79 (3H, d, J =6.9 Hz, CHs), 0.90 (3H,
d, J=6.9 Hz, CHy), 0.92 3H, d, J=6.5 Hz, CHs), 1.00—2.05
(9H, m, CH, CHy), 2.02 (3H, d, J=6.1 Hz, CHs), 4.80 (1H, dt,
J=4.4 and 10.9 Hz, OCH); >*CNMR (67 MHz, CDCl3) 6 =16.39
(CH3), 19.69 (CH3), 20.80 (CHs), 22.07 (CHs), 23.52 (CH,), 26.35
(CHa), 31.43 (CH,), 34.30 (CH), 40.72 (CH), 47.11 (CH), 77.53
(OCH), 172.55 (CO). Found: C, 53.77; H, 6.82, N, 3.60%. Calcd
for C17HysNOsFe: C, 53.84; H, 6.64; N, 3.69%.

(1S, 3R)-5:  Dark-red oil (36%). IR (neat) 2040, 1980 (CO),
1750 (NO), 1715 em™! (C=0); 'HNMR (270 MHz, CDCl3) 6 =
0.78 (3H, d, J=6.9 Hz, CH3), 0.91 (3H, d, J=6.9 Hz, CH3), 0.99
(3H, d, J=6.5 Hz, CH3), 1.00—2.05 (9H, m, CH, CH,), 2.01 (3H,
d, 7=6.0 Hz, CHs), 4.84 (1H, dt, J=4.4 and 10.9 Hz, OCH);
BCNMR (67 MHz, CDClL3) 8 = 16.29 (CHs), 19.73 (CHs), 20.66
(CH3), 22.00 (CHs), 23.66 (CHy), 26.45 (CH,), 31.39 (CHy), 34.33
(CH), 40.92 (CH), 47.36 (CH), 77.55 (OCH), 172.98 (CO). Found:
C, 53.59; H, 6.61, N, 3.53%. Calcd for C17HysNOsFe: C, 53.84;
H, 6.64; N, 3.69%.

Ligand Substitution Reaction of [Fe(7*-allyl)(CO):(NO)]
Complexes with Phosphorus Ligands. A solution of 1 (2.0
mmol) and phosphorus ligand (2.0 mmol) in benzene (20 mL) was
stirred at 50 °C for 20 h. After removing of the solvent, the residue
was subjected to column chromatography on silica gel to give 2.
The chemical shifts of the protons and carbons other than allyic
ligands are described below.

2a: Dark-red crystals. Mp 174—176 °C (lit,” mp 174 °C); IR
(KBr) 1920 (CO), 1692 cn ™! (NO); 'HNMR (270 MHz, CDCls)
6=7.32—7.77 (15H, m, arom); *C NMR{'H} (67.5 MHz, CDCl;)
6 =128.48 (d, Jo, =4.7 Hz, arom), 130.12 (arom), 133.26 (d, Jo, =
12.1 Hz, arom), 135.60 (d, Jep =43.1 Hz, arom).

2b: Dark-red oil (58%). IR (neat) 1918 (CO), 1686 cm™!
(NO); 'HNMR (270 MHz, C¢D¢) 6 =0.83 (9H, t, J=7.1 Hz, CHs),

Structure of ( 773 -Allyl)carbonylnitrosyliron

1.16—1.39 (12H, m,CHy), 1.54—1.63 (6H, m, PCH,); >*CNMR
(CeDg) 6 =13.53 (s, CH3), 24.20 (d, J=12.1 Hz, PCCCH,), 25.76
(s, PCCH>), 28.83 (d, Jop =25.5 Hz, PCHy). Found: C, 53.78; H,
9.21; N, 3.88%. Calcd for C1¢H3NO,PFe: C, 53.79; H, 9.03; N,
3.92%.

2c: Dark-red oil. IR (neat) 1942 (CO), 1702 cm™! (NO);
'HNMR (270 MHz, CD3COCD3) 6 =3.53 (9H, d, Jup =12.5 Hz,
CH3); "CNMR{'H} (67.5 MHz, CD;COCDj3) 8 =52.00 (OCH3).
Found: C, 30.30; H, 5.18; N, 5.25%. Calcd for C;HiuNOsPFe: C,
30.13; H, 5.06; N, 5.02%.

2d: Dark-red oil. IR (neat) 1942 (CO), 1702 ecm™'
(NO); “CNMR{'H} (67.5 MHz, CD;COCD;) & =52.10 (m,
OCD3). Found: C, 29.40; H(D), 8.11; N, 4.59%. Calcd for
C7HsDgNOsPFe: C, 29.19; H(D), 8.04; N, 4.86%.

2e: Dark-red solids. Mp=155—158 °C;IR (neat) 1934 (CO),
1695 cm™! (NO); 'HNMR (270 MHz, CD,CL) 6 =0.83 (3H, s,
CH3), 4.30 (6H, d, Jup =4.6 Hz, OCH,); *CNMR{'H} (67.5 MHz,
CD,Cl) 6 =15.43 (CH3), 32.83 (d, Jop=33.6 Hz, CCH3), 75.73 (d,
Jop=6.7 Hz, OCHy). Found: C, 35.52; H, 4.61; N, 4.73%. Calcd
for CoH14NOsPFe: C, 35.67; H, 4.66; N, 4.62%.

2f:  Dark-red solids. Mp=84 °C; IR (neat) 1958 (CO), 1718
cm~ ! (NO); 'THNMR (270 MHz, CDCl3) 6 =7.10—7.35 (15H, m,
arom); 1°C NMR{IH} (67.5 MHz, CDCl3) 6 =121.54 (d, J;, =4.0
Hz, arom), 124.95 (d, Jep =57.8 Hz, arom), 129.70 (d, Jo, =2.7 Hz,
arom), 151.43 (d, Jp =28.3 Hz, arom). Found: C, 56.80; H, 4.28;
N, 2.90%. Calcd for C2H20NOsPFe: C, 56.80; H, 4.33; N, 3.01%.

2g: Dark-red oil. IR (neat) 1960 (CO), 1718 cm™! (NO);
'HNMR (270 MHz, CDCl3) 8 =2.32 (18H, s, CH3), 7.00—6.82
(9H, m, arom). Found: C, 61.36; H, 5.93; N, 2.42%. Calcd for
Cy3H3,NOsPFe: C, 61.22; H, 5.87; N, 2.55%.

2h: Dark-red oil. IR (neat) 1958 (CO), 1717 cm™! (NO);
THNMR (270 MHz, CDCl) 6 =7.90—7.15 (21H, m, arom);
Bc NMR{IH} (67.5 MHz, CDCl3) 6 =149.4—116.8 (m, arom).
Found: C, 66.26; H, 4.36; N, 2.15%. Calcd for C34HsNOsPFe: C,
66.36; H, 4.26; N, 2.28%.

2i:%  Dark-red solids. Mp=138—144 °C; IR (KBr) 1962
(CO), 1678 cm™! (NO); For the major diastereomer; 'HNMR (270
MHz, C¢Dg) 6 =1.90 (3H, dd, J=6.1, Jup = 1.8 Hz, CH3), 8.00—
6.85 (15H, m, arom); *CNMR {'H} (67.5 MHz, CsDs) 6 =21.02
(CH3), 136.99—128.50 (m, arom). For the minor diastereomer;
THNMR (270 MHz, CsDs) 6 =1.80 (3H, d, J=6.1, CH3), 8.00—
6.85 (15H, m, arom).

2j: Dark-red oil. IR (neat) 1934 (CO), 1694 cm™! (NO);
For the major diastereomer; THNMR (270 MHz, C¢D¢) 6 =1.88
(3H, dd, J=6.3, Jyp =3<7 Hz, CHs), 3.32 (9H, d, Jup =12.1 Hz,
OCH;); *CNMR{'H} (67.5 MHz, CsDe) 6 =20.19 (CHs), 48.94
(d, Jop =8.1 Hz, OCH3). Signals of the minor diastereomer were
not assighed. Found: C, 32.71; H, 5.46; N, 4.89%. Calcd for
CgHisNOsPFe: C, 32.79; H, 5.50; N, 4.78%.

2k: Dark-red oil. IR (neat) 1934 (CO), 1694 cm™! (NO);
For the major diastereomer; 'HNMR (270 MHz, CsDs) 6 =1.88
(3H, dd, J=6.3, Jup =3.7 Hz, CHs); For the minor diastereomer;
'HNMR (270 MHz, C¢Dg) 6 =1.84 (3H, dd, J =64, Jup=2.8
Hz, CH;). Found: C, 31.90; H(D), 8.25; N, 4.88%. Calcd for
CsH7DoNOsPFe: C, 31.81; H, 8.34; N, 4.64%.

21: Dark-red oil. IR (neat) 1950 (CO), 1710 cm™! (NO);
For the major diastereomer; '"HNMR (270 MHz, CsDs) & =1.88
(3H, dd, J=6.1, Jup =4.5 Hz, CHs), 7.44—7.14 (15H, m, arom);
BCNMR{'H} (67.5 MHz, CsDs) & =20.41 (CHj), 121.55 (d,
Jep = 6.7 Hz, arom), 122.44 (d, Jo, =4.2 Hz, arom), 130.41 (d,
Jep=6.7 Hz, arom), 152.19 (d, Jop = 5.4 Hz, arom); For the minor
diastereomer; 'HNMR (270 MHz, Ce¢Dg) 6=191(3H,dd, /=64,
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Jup =3.4 Hz, CH3), 7.61—7.13 (15H, m, arom). Found: C, 57.74;
H, 4.51; N, 2.63%. Calcd for C,3H2»NOsPFe: C, 57.64; H, 4.63;
N, 2.92%.

2m:  Dark-red crystals. Mp=99—103 °C; IR (KBr) 1922
(CO), 1682 cm™" (NO); For the major diastereomer; "HNMR (270
MHz, CDCl3) 6 =091 (3H, t, J=6.9, CHs), 1.85—1.20 (6H,
m, CHy), 2.40—2.21 (2H, m, CH,), 7.78—7.13 (15H, m, arom);
BCNMR{'H} (67.5 MHz, CDCl;) & = 14.4 (CH3), 22.65 (CH>),
31.69 (CH,), 31.95 (CH»), 35.23 (CH3), 137.33—128.35 (m, arom);
For the minor diastereomer; 'HNMR (270 MHz, CDCl3) 8 =0.89
(3H,t,J=6.8 Hz, CH3), 1.85—1.20 (6H, m, CH>), 2.40—2.12 (2H,
m, CHy), 7.78—7.13 (15H, m, arom). Found: C, 66.45; H, 6.18;
N, 2.59%. Calcd for Co7H30NO,PFe: C, 66.54; H, 6.21; N, 2.87%.

2n:  Dark-red oil. IR (KBr) 1942 (CO), 1710 cm™' (NO);
For the major diastereomer; '"HNMR (270 MHz, CDCl;) 6 =0.86
(3H,t,J=6.6 Hz, CH3), 1.65—1.20 (6H, m, CH3), 2.10—1.85 (2H,
m, CHy), 7.37—7.06 (15H, m, arom); *CNMR{'H} (67.5 MHz,
CDCl3) 6 =22.47 (CH3), 21.36 (CH»), 31.42 (CH,), 31.49 (CH,),
34.58 (CHy), 120.73 (d, Jep = 6.8 Hz, arom), 121.58 (d, Jp=5.4
Hz, arom), 124.25 (arom), 129.66 (d, Jep =4.0 Hz, arom); For the
minor diastereomer; "HNMR (270 MHz, CDCL) 8 =0.86 (3H, t,
J=6.6 Hz, CH3), 1.65—1.20 (6H, m, CH,), 2.10—1.85 (2H, m,
CH,), 7.37—7.06 (15H, m, arom). Found: C, 60.45; H, 5.73; N,

BuN[Fe(CO)5(NO)] R\//I\\

(TBAFe)

R\/\/X

CH,Cl, 1t, 2 h

1a: R=H,

1b: R=CHj,

1c: R=n-CsH,4,
1d: R=CH,0CO
1e: R=Ph

2a: R=H, L=PPhgy

2b: R=H, L=PBus,

2¢: R=H, L=P(OCHz);

2d: R=H, L=P(OCD3)3

2e: R=H, L=P(OCH2)3CCH3

2f: R=H, L=P(OCgH5s)3

2g: R=H, L=P(0-2,6-(CH3),CgH3)3

2h: R=H, L=P{0O-C,¢H;)3
(C1oHy=2-naphthyl)

R(Hd)

oC

He

s Cb\
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2.55%. Caled for Co7H30NOsPFe: C, 60.58; H, 5.65; N, 2.62%.

20: Dark-red crystals. Mp=158—160 °C; IR (KBr) 1937
(CO), 1734 (CO»), 1690 cm™! (NO); For the major diastereomer;
'HNMR (270 MHz, CDCl;) 6 =3.65 (3H, s, CH3), 7.68—7.24
(15H, m, arom); CNMR{'H} (67.5 MHz, CDCl;) & =51.64
(CH3), 134.66—128.35 (m, arom), 175.78 (CO,); For the minor
diastereomer; 'HNMR (270 MHz, CDCl3) 6 =3.68 (3H, s, CHs),
7.68—7.24 (15H, m, arom). Found: C, 60.80; H, 4.55, N, 2.96%.
Calcd for C4H,oNO4PFe: C, 60.65; H, 4.67; N, 2.95%.

2p: Dark-red oil. IR (neat) 1964 (CO), 1730 (CO»), 1703 cm™!
(NO); For the major diastereomer; 'HNMR (270 MHz, CD,ClL,)
8 =3.68 (3H, s, CHs), 7.40—7.20 (15H, m, arom); *C NMR{*H}
(67.5 MHz, CD,Cl,) 6=53.05(CHs), 121.42 (d, Jp=5.4 Hz, arom),
125.45 (arom), 129.85 (arom), 150.85 (d, Jop=6.7 Hz, arom), 175.80
(CO,); For the minor diastereomer; 'HNMR (270 MHz, CD,Cl,)
6 =3.66 (3H, s, CH3), 7.40—7.20 (15H, m, arom). Found: C,
55.29; H, 4.33, N, 2.44%. Calcd for Co4sH2oNO,PFe: C, 55.09; H,
4.24; N, 2.68%.

Single Crystal X-Ray Structure Determination. Single
crystals of 2a and 2f were grown from a saturated dichlorometh-
ane—hexane solution. The Fe atom was found from a three-dimen-
sional Patterson map, and the nonhydrogen atoms were located by
subsequent difference Fourier syntheses. All of the hydrogen atoms

ENGZAN

Fe L '

/ I N co —_— / l;e N
NO oC L
NO
la-e 2a-p

2i: R=CHs, L=PPh,
2j: R=CH,, L=P(OCHy);

2k: R=CHj, L=P(OCDs),

21 R=CH3, L=P(OCGH5)3

2m: F{=05H11, L=PPh3

2n: R=C5H11, L=P(OCGH5)3

20: R=CH;0CO, L=PPhj

2p: R=CH;0CO, L=P(OCgHs)s

Scheme 1.
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were included at calculated positions. Lists of the observed and cal-
culated structure factors and the anisotropic temperature factors for
non-hydrogen atoms are deposited as Document No. 71003 at the
Office of the Editor of Bull. Chem. Soc. Jpn.

Results and Discussion

Preparation of (773-allyl)dicarbonymitrosyliron Com-
plexes. [Fe(n3-allyl)(CO),(NO)] complexes are gener-
ally prepared by the reaction of allylic halides>® and allylic
carbonates® with tricarbonylnitrosylferrate. The efficiency
of the leaving groups of the allylic substrates was first ex-
amined for the preparation of [Fe(7*-allyl)(CO),(NO)] com-
plexes by treacting allylic substrates with tetrabutylammo-
nium tricarbonylnitrosylferrate (TBAFe) (Scheme 1). The
allylic substrates were allowed to react with TBAFe in di-
chloromethane at 5 °C for 3 h. Column chromatography
on silica gel of the reaction mixture gave the corresponding
17°-allyl iron complexes. The results are given in Table 1.
Although tosylates, trifluoroacetates and phosphonates of al-
lylic alcohols are efficient substrates for the preparation of
the [Fe(#?-allyl)(CO),(NO)] complexes, acetates and car-
bonates of the allyl alcohols are ineffective. The efficiency
is proportional to the leaving ability of the allylic substrates.
If pK, of the conjugate acids of the leaving groups is less than
3, the allylic substrates are useful for preparing the complex.

Structural Characteristics of [Fe(if’-allyl)(CO)(NO)-
(L)] Complexes. 1) Crystal Structure of
[Fe(17*- CH,CHCH,)(CO)(NO)(PPh3)] 2a and [Fe(-
CH,CHCH,)(CO)(NO){P(OPh)3}] 2f.  The molecular
structures of 2a and 2f are shown in Figs. 1 and 2. The
experimental details are listed in Table 2; selected bond dis-
tances and angles are given in Tables 3 and 4, respectively.
A conspicuous feature of the structure involves a trans con-
formation with respect to the H.—C;, and Fe-NO bonds (endo
form in Scheme 2), and a piano chair form of the complexes.
The coordination geometry of the allyl ligand is a typical 7°-
allyl geometry. This structure is similar to that of the [Fe(7*-
ally)(CO),(NO)] complex.'® In other words, replacement
of carbon monoxide by phosphorus ligands does not change
the conformation of the 73-allyl iron complexes in the solid

Table 1. Formation of [Fe( 773-a11y1)(CO)2(NO)] Complexes

Fig. 1.

(NO)(PPh3)] 2a.

Structure of ( 773 -Allyl)carbonylnitrosyliron

C14

Molecular structure of [Fe(z*-CH,CHCH,)(CO)-

R! X Complex 1 Yield/% pK, of HX
H Br 1a 92 -9
H 0S0,C¢H,CH; 1a 9 —6.5
H OCOCF; 1la 36 0
H OPO(OPh), 1a 60 23
H OPO(OE), 1a 43 23
H OCOCH; la 0 4.8
H 0CO,CH3 la 0 6.5
Ph Br 1e 89 -9
Ph OSO,C¢HiCH; 1e 92 —6.5
Ph OCOCF; 1le 52 0
Ph OPO(OPh), 1le 58 23
Ph OPO(OE), 1e 40 23
Ph OCOCH; 1e 0 4.8
Ph 0CO,CHj3 1e 0 6.4

Fig. 2. Molecular structure of [Fe(773—CH2CHCH2)(CO)—
(NO){P(OPh);}] 2f.
state.

2) NMR Spectroscopic Study on Structure of the Com-
plexes. a. [Fe(s3-CH,CHCH,)(CO)(NO)(L)] Complex:
The "H NMR spectrum of the [Fe( 173-allyl)(CO)2 (NO)] com-
plex 1a exhibits AyM,X signals of symmetrical 7°-allyl li-
gands, indicating that the proton H, is equivalent to H.,
and H, is also equivalent to Hg. On the other hand, com-
plexes 2a—h with phosphorus ligands show five practically
nonequivalent protons. The proton signals of 2a having
triphenylphosphine can not be assigned because they are
partially overlapped.>'” However, allylic proton signals of
2b—h are sufficiently separated to be assigned. For exam-
ple, the spectrum of 2d is shown in Fig. 3. The assignment
of the protons is based on their chemical shifts and spin—spin
coupling constants, as well as by proton decoupling and
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Table 2. Data Collection and Processing Parameters of
[Fe(#*-CH,CHCH,)(CO)(NO)(PPh3)] 2a and [Fe(7*-
CH,CHCH:)(CO)(NO)(P(OPh)3)] 2f

2a 2f
Formula C»NO;HoPFe CpaNOsH,oPFe
Formula weight 417.23 465.22
Crystal system Triclinic Monoclinic
Space group Pl (#2) P2i/n (#14)
alA 10.548(2) 9.994(3)
blA 10.804(2) 13.671(3)
c/A 9.357(1) 15.487(3)
aldeg 94.90(1) —_
Bldeg 100.50(1) 91.23(2)
yldeg 77.82(1) —
VIA3 1023.7(3) 2115.5(8)
VA 2 4
T/,C 23 23
AMAMoKa) 0.71069 0.71069
d (calcd)/gcm ™3 1.353 1.461
Crystal size/mm - 0.5%x0.2%x0.07 0.7x0.3x0.2
p/mm™! 8.17 8.17
Max 26 55.1 55.1
Rfins collected 4975 5365
Indepndt rflns 4720 5085
Obsrvd rflns (I > 5.000()) 2001 2594
R; Ry 0.036; 0.061 0.039; 0.071
No. variables 244 271

a) R=Z||Fo| = |Fc||Z|Fo|. Rw=[(Ew(|Fo| — |Fe))?/ZwF2)]/2.

Table 3. Selected Bond Distances (A) of [Fe-
(17°- CH,CHCH,)(CO)(NO)(PPh3)] 2a and [Fe(7’-
CH,CHCH,)(CO)(NO){P(OPh); }] 2f

2a 2f
Fe-C1 1.743 (8) 177 (D)
Fe-N1 1.660 (8) 1.670 (7)
Fe-P 2.223 (2) 2.161 (2)
Fe-C2 2.12 (1) 2.131 (8)
Fe-C3 2.08 (1) 2.093 (8)
Fe-C4 2.158 (8) 2.155(8)
C1-02 1.140 (8) 113 (D)
N1-01 1.171 (8) 1.167 (8)
C2-C3 141 (1) 1.40 (1)
C3-C4 1.35(1) 1.38 (1)

two dimensional techniques. The "HNMR chemical shifts
of allylic protons and carbons are listed in Tables 5 and 6,
respectively. The nonequivalence of the protons (H, = H,,
H, =Hy) is consistent with the different chemical shifts of
C, and C, in their '>C NMR spectra. The H, and H,, protons
(also Hy and Hy) are diastereotopic due to the chiral center
of the iron atom.

There is a spin—spin coupling between the phosphorus
atom and some of the allylic protons. The Hy proton is
always coupled to the phosphorus atom, and no coupling is
observed between the phosphorus atom and both of the H,
and H; protons. Both of the terminal carbons of the allyl
ligand are also coupled to the phosphorus atom, but there is
no coupling between the central carbon and the phosphorus
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Table 4. Selected Bond Angles (°) of [Fe( 773—CH2CHCH2)-
(CO)(NO)(PPh3)] 2a and [Fe( 773- CH,CHCH,)(CO)-

(NO){P(OPh);}] 2f
2a 2f
N1-Fe-P 104.6 (3) 105.5 (2)
Cl1-Fe-P 90.8 (2) 91.8 (2)
C1-Fe-C2 90.1 (4) 88.0 (4)
C1-Fe—C3 99.9 (4) 100.9 (4)
Cl1-Fe-C4 132.6 (4) 135.3 (4)
P-Fe-C2 149.8 (3) 149.5 (3)
P-Fe—C3 111.0 (4) 111.9 3)
P-Fe—C4 90.4 (4) 91.5(2)
N1-Fe—C1 113.8 (3) 114.1 (4)
N1-Fe-C2 102.6 (4) 102.3 (3)
N1-Fe-C3 130.0 (4) 127.1 (3)
N1-Fe-C4 111.7 (4) 107.9 (3)
C2-C3-C4 118 (1) 119.0 (9)
ON ON\
\ \
oc / oc /

L L

exo endo

Scheme 2.
Hd
He,Ha

acetone

L

LIS N L R e e [rrrr T

4 3 2 1

ppm
Fig. 3. 'HNMR spectrum of [Fe(77*- CH,CHCH,)(CO)-
(NO){P(OCD3)3}] 2d in acetone-ds.

atom.

It is well known that the 73-allyl transition-metal com-
plexes usually exhibit dynamic behavior which involves a
rotation of the 77°-allyl ligand about the metal-allyl ligand
axis,'”® syn—anti isomerization of the substituted 73-allyl
ligand,'? and conversion of the planar chirality as well as the
metal central chirality. Although the 7°-allyl ligand freely ro-
tates, two conformers can sometimes exist as relatively stable



408  Bull. Chem. Soc. Jpn., 71, No. 2 (1998) Structure of ( 773—Allyl )carbonylnitrosyliron

Table 5. '"HNMR Data of the Allylic Parts of the Iron Complexes

Complex Solvent Diastereomer H, Hp Hc Hy He
1a  CDCL — 323 397 124 397 323
3 (d,J=12Hz)  (d,J=6.5Hz) (tt, J=12, 6.5 Hz) (d, J=6.5 Hz) (d, J=12 Hz)
2.85 3.76 4.06—4.30 4.06—4.30
b CDCl — @,J=12Hz)  (d,7=6.9 Hz) (m) — (m)
279 3.75 421 3.97—4.08
le  CDClL - @, J=12Hz)  (d,J=6.4Hz) (dt, J=12, 5.2 Hz) - (m)
3.20 4.03 5.13 3.79
ld  CDCls - @ JZ13Hz) (4, J=69Hz)  (ddd,J=13,10, 6.9 Hz) - (d,J=10 Hz)
3.00 3.93 5.08 4.82
le  CDCh - (d,J=12 Hz) (d,7=6.7 Hz) (dt, J=12, 6.7 Hz) - (d, 7=12 Hz)
2.84 2.86—2.99 3.70—3.88 3.55-3.65 2.96
2a CD2C12 — (d, J=12 HZ) (IH) (m) . (m) (d, J=12 HZ)
% D _ 2.55 2.96—3.07 4.00—4.20 342347 2.55
D6 (4, J=12 Hz) (m ) (m) (m) (d, J=12 Hz)
261 35 428 3.66 271
2¢2d  CD;COCD; — 4 /=12Hz)  (&d.] 868 8, 2) a, (tt,J=12,64Hz)  (dd,J=6.4,287Hz)  (d,J=13 Hz)
Hp =
272 372—3.82 4.06—4.20 372—3.82 2.80
2e CD,Cly — d,J=12 Hz) (III) (m) (m) (d,J=12Hz)
2.30 3.0 3.8 3.46—3.51 2.65
2 CDCh - @ /=123H2)  (ddd /= 67,30,  (1,7=1267H) (m) (dd, =12,
Jp=11'Hz) (Jup=2.7 Hz)
246 34 2.98 355 270
2g CDCl3 — (d,J=13Hz) (dt,J= 6,0, 28Hz)  (tt,J=1.2,6.0 Hz) (dddJ=6.0,2.8, (dd, J=12,
Tiap = 2.8 Hz A o= 12 Hz) Jup =4 HZ)
227 341—3.52 3.23 3.41—3.52 2.61
2h CDCl3 — (d, /=12 Hz) (m) (tt, J=12, 6.5 Hz) (m) @dd,J=12
Jiip = 2.4 Hz)
Major el 20w ) (da; 5% 4, (tt,J b4 ) - 3'94(_)4'07
. ,J= A tt, J=12, 6. VA m
2i  CeDs { i Jup=12Hz
1mnor
1.05 3.05—3.20 4.70—4.92 N 3.05—3.20
(d, J=12Hz) (m) (m) (m)
Maor 2.46 3.15 3,64 . 3.77—3.90
. j (d,J=12 Hz) (dd, 7 =6.4, (tt, J=12, 6.4 Hz) (m)
2j  GeDs i Jup =11 Hz)
1mor
Not assigned
Maior 246 3.15 3.70 . 3.87—3.96
j (d,J=12 Hp) (44 =64, (dt, J=11, 6.4 Hz) (m)
2k C¢Dg i Jup = 11 Hz)
mor
a RE ) @ 336, 4.60(—)4.72 _ 3.07
s J = Z ,J =0.4, m _
Jup=4.8 Hz) (dq,J=11, 6.3 Hz)
Major 8y i2Pes 328 _ 3.87—4.02
A CDe { . (d, J=12 Hz) (dd. J= 64, (dt, J=T1, 6.4 Hz) )
1mor
1.33 3.48—3.53 4.63—4.75 o 2.943.03
d,7=12Hz) (m) (m) (m)
Major 420w i o64 dt, T =1 6.4 H B 393404
2m  CDCl { N, @J=12Hn e ) (de /=12, 64 Hz) (m)
mor
1.20—1.85 3.06 5.08—5.15 . 3.13-3.30
(m) (t, /=7 Hz) (m) (m)
Maior 2.06 3.15 3.02 . 372383
j (d,J=11 Hz) (dd =64, (dt, J=11, 6.4 Hz) (m)
2n C6D6 Mi Hp =12 HZ)
1mnor
1.20—1.65 2.95-3.05 4.53—4.56 N 2.77—2.29
(m) (m) (m) (m)
Major W20 y 2.966 N 4.62—477 _ JRELY,
20  CDCl { i @ J=13Hz) J(Hp ot 1) (m) (d,J=12Hz)
mor
1.80 3.26 5.77—5.89 N 327
(d,J=13Hz)  (d,J=6.3 Hz) (m) d, J=10 Hz)
Maior 245 3.38—3.50 4.00—4.15 — 3.38—3.50
2p CD,Cl J (d, /=12 Hz) (m) (m) (m)
yASYA
Minor 1.53 3.00 5.20--5.35 _ 3.38—3.50
(d, J=12 Hz) (dd, 7=6.4, (m) )
Hp = 10 Hz)
4 CDCl; (1R, 35) 4.09—4.15 - 5.12 . 3.55
(m) (t,J=11 Hz) (d,J=11Hz)
5 CDCls (18, 3R) 4.01—4.13 N 5.08 N 352
(m) (t,J=11 Hz) (d, J=11 Hz)
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Table 6. '*C NMR Data of Carbonyl and Allylic Parts of the Iron Complexes®

Complex Solvent Cco C. GCp Ce
1a CDCls 218.47 56.17 94.37 56.17
1b CDCl3 219.34 51.01 95.49 78.00
1c CDCl; 219.40 5140 94.27 84.16
219.24
1d CDCl3 216.02 55.67 96.53 60.03
le CDCls 217.30 51.29 89.92 79.83
218.12
2a CD,Cl, 222.87 50.25 93.53 57.45
(d, Jop=22.3 Hz)
2b CDCl; 222.60 47.76 93.42 5245
' (d, Jop=21.5 Hz)
2¢ CD3COCD;3 220.95 50.63 92.98 53.09
(d, Jop =30.9 Hz)
2d CDs;COCD;s 220.31 50.66 94.25 53.86
(d, Jop =32.6 Hz)
2e CD,Cl, 220.83 51.94 92.29 54.25
(d, Jp=34.9 Hz) (d, Jp=5.3Hz) (d, Jop=4.0 Hz)
2f CDCl3 220.16 51.23 92.88 53.24
(d, Jop=28.2 Hz) (d, Jp =6.7 Hz)
2h CDCl; 220.03 51.50 92.98 53.40
(d, Jop=32.3Hz) (d, Jo,=8.1Hz) (d, Jp=5.4Hz)
2i CsDs 224.90 54.40 95.95 68.56
(d, Jop=20.1 Hz) (d, Jop=5.4 Hz) (d, Jp=4.1Hz)
2j CsDs 222.53 51.69 95.47 69.50
(d, Jop =20.9 Hz) (d, Jop=2.7Hz) (d, Jop=8.0 Hz)
21 CsDsg 222.43 49.08 , 95.67 71.58
(d, Jop=28.3 Hz) (d, Jop=8.0 Hz) (d, Jep=8.1 Hz)
2m CDCl; 223.65 54.27 94.23 75.03
(d, Jop=20.1Hz) d,Jp=5.4Hz) (d, Jop=5.3 Hz)
2n CDCl3 221.5 48.51 93.73 77.83
(d, Jp=20.1 Hz) (d, J=8.1Hz) (d, Jop=9.4 Hz)
20 CDCl; 219.80 52.17 95.89 58.73
) (d, Jop=24.2 Hz)
2p CD.(Cl, 217.22 51.59 95.63 54.95
(d, Jop=32.3 Hz) (d, Jp=4.0Hz) (d, Jp=5.4 Hz)
(1R, 35)-4 CDCl3 216.98 56.59 97.57 74.99
217.16
(1S, 3R)-4 CDCl;3 216.85 56.38 97.34 74.71
217.22

a) Major diastereomer.

exo and endo isomers, which can be interconverted and iso-
lated in the case of [Mo(7*-allyl)(CO)(NO),1* and [Re(7*-
allyl)(CO)(H)(77°-CsMes).*” Scheme 2 represents the two
conformers concerning the (7°-allyl)tricarbonylnitrosyliron
complexes.

To examine the dynamic behavior of complexes 2, vari-
able-temperature 'HNMR was undertaken. The spectra of
2d and 2f, for example, are shown as typical examples in
Fig. 4. Five allylic proton signals of both complexes ap-
peared as sharp signals at high temperature (>0 °C) as well
as within a low-temperature range (< —60 °C); however,
broadening of the signals occurred in the range from 0 to
—40 °C, accompanying a migration of the signals. It seems
likely that rotation and syrn—anti isomerization of the allyl
ligand induce this phenomenon. Connelly et al.?? and Faller
et al."” have utilized a spin saturation transfer technique to
examine the dynamic behavior of #73-allyliron complexes.
Spin saturation transfer experiments of 2d were carried out

in order to obtain information about syn—anti isomerization.
At 25 °C, irradiation at the anti proton H, did not lead to
a reduction of the intensity of the syn protons Hy and Hy,
indicating no syn—anti proton exchange. Consequently, the
phenomenon of these complexes may be attributed to a ro-
tation of the allyl ligand, and not to syn—anti isomerization.
Although the allyl ligands freely rotate beyond 0 °C, the ro-
tation is fixed below —60 °C to form an endo conformer,
which is the most stable conformational isomer. This is in
agreement with the results of an X-ray analysis (Figs. 2 and
3). However, it is not yet clear whether another process is
responsible for the dynamic behavior.

b. [Fe(s*-RCHCHCH,)(CO)(NO)(L)] Complex:
Syn—anti isomerization generally occurs in the case of substi-
tuted allyl metal complexes. First, syn—anti isomerization of
substituted (77>-allyl)dicarbonylnitrosyliron complexes was
examined. The temperature dependence of the 'HNMR
spectra of both the syrn complex 3a and the anti complex
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Fig. 4. Variable temperature "H NMR spectra of 2d and 2f.

3b'% were measured (Scheme 3). No syn—anti isomeriza-
tion was observed in the range of —60—80 °C, although both
the complexes gradually decomposed at 80 °C in a benzene
solution.

The dicarbonyl complexes 1b—d having substituted allyl
ligands reacted with phosphorus ligands at 50 °C to give
diastereomeric complexes which have metal a center chilar-
ity and planar chilarity due to the orientation of the 7°-allyl
ligands coordinated to the iron atom. No ligand substitu-
tion proceeded upon the treatment of 1e with phosphorus
ligands, and the decomposition of le occurred. The ratio
of the thus-produced diastereomers was determined based
on their lTHNMR spectra. The proton assignment of the
diastereomers was confirmed by HH COSY spectroscopy.
Figure 5 shows an example of the HH COSY spectrum of
complex 21, illustrating the assignment of each proton (H,—.
and Hy— ) or each diastereomer. The diastereomer ratio
varied from 7:1 to 2: 1, depending on the phosphorus li-

Scheme 3.

gands and the substituents in the allyl ligands, as shown in
Table 7. Separation of the diastereomers by column chro-
matography and fractional recrystallization failed, although
diastereomers can be separated by fractional crystallization
and preparative liquid chromatography in the case of the
complexes having a chiral Fe atom and an optically active
phosphine ligand.'” The dynamic behavior of the diastereo-
meric 77°-allyl complexes involves two kinds of isomeriza-
tion of planar chirality and metal-center chirality. Scheme 4
represents the dynamic behavior. The variable-temperature

R Planar chirality R
e conversion //—\/
.Fe __Fge
oc" ' “pg, oc” \PR3
NO NO

Central chirality

( Central chirality
conversion

conversion

A Planar chirality P
conversion
_Fe Fe
NO NO

Scheme 4.
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Fig. 5. HHCOSY spectrum of [Fe(7°- CH;CHCHCH,)-
(CO)(NO){P(OPh); }] 21.

Table 7. Diastereomer Ratio of the Complexes 2i—p

Complex R L Ratio of diastereomers/%
2i CH3 PPh; 88: 12
2k CH3 P(OCD3)3 75:25
21 CH3 P(OPh); 83:17
2m C5H11 PPh3 86: 14
2n CsHy; P(OPh); 88:12
20 CH;0CO PPh; 67: 33
2p CH;0CO P(OPh); 60 : 40

"HNMR spectra of substituted 7°-allyl complexes 2i—2p
exhibited no significant change over the range from 80 to
—80 °C, indicating that the diastereomer ratio remains con-
stant over this temperature range. Further, the diastereomer
ratio is independent on solvents such as benzene, dichloro-
methane, acetonitrile, acetone and methanol. These results
suggest that epimerization of planar chirality and metal cen-
tral chirality does not occur. Brunner et al.'V reported that
configurational stability at the Fe center of the (#°-allyl)car-
bonylnitrosylphosphineiron is noticed; that is, conversion of
the configuration at the Fe center does not occur up to 120
°C.

In order to obtain further insight into the isomerization

of syn—anti and of the planar chirality, the temperature-de-
pendence '"HNMR of the diastereomeric planar chiral com-
plexes, 4 and 5, was taken over the range of —60—60 °C
(Scheme 5). The diastereomeric complexes, 4 and 5, are dis-
tinctly discriminated by their "THNMR spectra.'® No spec-
tral change in their temperature-dependence "HNMR was
observed, indicating no isomerization of the syn—anti and
planar chirality. From the above results, it is inferred that (77>~
allyl)dicarbonylnitrosyliron and their phosphine complexes
possess high structural stability with respect to syn—anti iso-
merization and epimerization of the planar and central chi-
rality.

The high structural stability is advantageous for apply-
ing the (1°-allyl)dicarbonylnitrosyliron and their phosphine
complexes to asymmetric organic synthesis.””

We are grateful to Kawasaki Steel 21st Century Founda-
tion for a partial financial support.
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