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A series of g-alkyl octahedral Fe(II) complexes, 9, of the form [Fe(diars)(CO),(L,)(CH,)]* (diars =
o-phenylenebis(dimethylarsine)) was stereospecifically prepared by thermal extrusion of carbon monoxide
from the corresponding acyl derivatives. Migratory carbon monoxide insertion of 9 in the presence of a
second phosphorus ligand, L, afforded the isosteric acyl complexes [Fe(diars)(CO)(L,) (Lp)(C(O)CHg)]*‘
(15). The strong trans-labilizing effect of s-acyl is proposed to account for the stereochemistry observed.
Equilibrium constants for § = 15 are a function of the total steric demand of L, and L. Diastereotopic
phosphine substituents (L, or Lg = L = PR’,R") were detected with use of 'H NMR spectroscopy, which
indicates that the chiral Fe atom is configurationally stable on the 80- and 300-MHz 'H NMR time scales.

Introduction

Photochemical-, thermal, or reagent-induced extrusion
of carbon monoxide from n!-acyl complexes according to
eq 1 represents a general synthetic entry for the prepa-
ration of g-alkyl complexes. Carbon monoxide extrusion

ot 0
M—C< ./ — M o8
R 'R R
! 2

is also of importance in that it represents the critical step
in the application of Wilkinson’s catalyst as a decarbo-
nylation agent for the stoichiometric synthesis of organic
aldehydes and acyl halides.? Use of n'-acyl complexes as
a-alkyl synthons is especially appropriate in cases where
direct preparation by oxidative addition or substitution
of the requisite alkyl derivative fails,> R is chiral,® or the
appropriate substrate complex is unavailable.”
Oxidative addition of alkyl halides to coordinatively
saturated, phosphine-substituted d® MD; complexes 3 (M
= Fe, Ry, Os) is a well-established route for the preparation
of octahedral alkyl complexes (cf. eq 2). Forn =1 the
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neutral alkyl 6 is obtained® directly. In the absence of a
labile ligand®*2 the frequently unobserved intermediate®
4 undergoes preferential CO insertion for n = 2 to form
the neutral n'-acyl 5,146 which can be converted to an alkyl
complex via subsequent CO extrusion. Further flexibility
in the synthetic applications of eq 2 is provided by the
ability to divert the coordinatively saturated acyl 5 (X =
halide) to produce either alkyl 4 or 6 depending on whether
X or CO is lost. Decarbonylation!”!® agents or halide
“sinks” have been used to effect selective™61920 CO ex-
trusions.

Although the transition-metal basicity of 3 parallels the
degree of phosphine substitution n, extension of the direct
synthesis of the alkyl series 4, 6 to n = 3 has seen only
limited success. Karsch?' and Muetterties?? report that
the isoleptic n = 5 (L = P(CHj)s, P(OCHy);) substrates 3
form the corresponding cationic alkyls 4. Only one exam-
ple of the oxidative additon 3 — 4 has been reported for
n =42 Direct synthesis of the carbonyl-substituted alkyls
4 and 6 (n = 3) via eq (2) has, to our knowledge, not been
accomplished presumably due to synthetic difficulties
associated with the preparation of the appropriate parent
d® complexes 3.2425
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Table I. Physical Properties of [Fe(diars)(CO),(L,}(CH,)]*BF

reacn FAB MS,
L,, compd formula anal. caled (found) mp, °C®  temp, °C®  time, h®  vgo, cm™c  m/e (%)?
P(OCH,),, 9 CieHyAs,BF FeOsP  C, 30.80; H, 4.52 132 110 12 20270 537 (100)
(C, 30.51; H, 4.46) 1974.3 481 (38.9)
466 (35.1)
PPh(OCHy),, 9b Cy1HgAs,BF FeO,P C, 37.65; H, 4.51 156 100 72 2028.2 583 (29.1)
(C, 37.64;, H, 4.35) 1975.8 527 (40.2)
512 (39.2)
PPhy(OCH,), 9¢  CyHyAs,BF FeO,P  C, 39.54; H, 4.74 148 100 24 2021.9 629 (70.4)
(C, 39.47; H, 4.88) 1970.4 573 (46.3)
558 (23.8)
(C, 43.22; H, 4.44) 1964.9 433 (65.8)
418 (35.0)
PPh(CHy),, % CuHwpAs,BF FeO,P  C,33.37; H, 490 170 100 24 20166 551 (8L.0)
(C, 33.39; H, 4.76) 1964.2 495 (62.8)
480 (42.9)
PPh,CHj, 9f CoeHyAs;BF FeO,P  C, 44.61; H, 4.61 190 100 20 2016.9 613 (23.4)
(C, 44.20; H, 4.51) 1964 557 (8.5)
542 (1.6)
ETPB, 9¢ CysHyAs,BF,FeO,P  C, 34.48; H, 4.57 110 100 24 2042.3 575 (84.2)
(C, 34.61; H, 4.56) 1990.4 519 (44.9)
504 (49.9)

®Sealed tube, N, atmosphere. ®Solid-state conditions. ¢In CH;Cl,, #1 cm™.® All compounds showed strong vp, bands at 1050-1060
em™. ¢M*, M* - 2CO, M* - (2C0 + CHy); 100% = m/e 357 (M* ~ L - 2CO) unless otherwise indicated.

The substituted alkyl derivatives 4 and 6 (n = 3) are
potentially accessible via alkylation?6?’ of the corre-
sponding neutral halide or from a sequence of coupled
phosphine-promoted CO insertion/extrusion reactions
represented by eq 3. The latter strategy has been suc-

—co_” ML (CO)-uL'RX
N 6
6 ~—=  ML,(CO)3-,L'(C(O)R)X
- -
sl
ML, (CO)il'RT +  (3)
-co
4
Ll
4 —— ML, (CO)y-,L'(C(O)R)] *
7

cessfully applied in a variety of cases.”?®% (Clearly, the
formation of an acyl intermediate is not required since
direct substitution of X~ or CO affords the identical
product. Mechanistic results are mixed in this regard, and
exclusive direct substitution,® intermediate acyl forma-
tion,”#3233 or mixed reaction pathways!'®2 appear to op-
erate. Exclusive substitution® also occurs in cases where
no cis-(alkyl, CO) pairs are present as in trans-[Fe(P-
(CHj;)3)4(CO)(CH)]*.

The fact that thermal decarbonylation of Mn(CO);-
(C'3(0)CHy) gives exclusively cis-Mn(CO),(C'30)(CH,)*

(26) Barnard, C. F. J.; Daniels, J. A.; Mawby, R. J. J. Chem. Soc.,
Dalton Trans. 1976, 961-968.
c (27C) Pankowski, M.; Samuel, E. J. Organomet. Chem. 1981, 221,

21-C24.

(28) Bellachioma, G.; Cardaci, G.; Reichenbach, G. J. Chem. Soc.,
Dalton Trans. 1983, 2593-2587.

(29) Jablonski, C. R.; Wang, Y.-P. J. Organomet. Chem. 1986, 301,
C49-C54.

(30) Jablonski, C. R.; Wang, Y.-P.; Taylor, N. J. Inorg. Chim. Acta
1985, 96, L17-19.

(31) Pankowski, M.; Chodkiweicz, W.; Simonnin, M.-P.; Pouet, M.-J.
J. Chem. Soc., Chem. Commun. 1981, 1071-1072.

(32) Barnard, C. F.; Daniels, J. A.; Mawby, R. J. J. Chem. Soc. Dalton
Trans. 1979, 1331-1338.

(33) Jablonski, C. R.; Wang, Y.-P. Inorg. Chem. 1982, 21, 4037-4044.

provides compelling evidence that carbonyl extrusion can
proceed stereoselectively in d®-octahedral systems. Other
examples are also well established for substituted Mn(I),%
Fe(II),73037-% and Ru(II)"% derivatives. Preparative ap-
plications of the reported stereoselectivity are infrequent
since the stereochemical outcome in many cases is medi-
ated by competing trans effects of the ligand sphere.
Further complications result from the forcing conditions
often required for preparative carbon monoxide extrusions,
which result in thermodynamic rather than kinetic control
of product stereochemistry.

In this paper we report the extension of the series of
octahedral Fe(II) alkyl complexes?3 4 to n = 3 via the
stereospecific, sequential carbonyl insertion/extrusion
sequence of eq 3, in which the number of phosphine ligands
increases by one for each cycle. The reaction involves (vide
infra) the carbonyl insertion/extrusion sequence 4 —~ 7 —
4’ rather than the direct substitution 4 — 4.

Results and Discussion

Synthesis and Characterization of the [Fe-
(diars)(CO),(L,)(CH;)]* Complexes (9). The previously
described®4° cis,trans-[Fe(diars)(CO)4(L,)(C(O)CH3)]*
acyl complexes*! (8a—g) are thermally labile. In contrast
to the results found for the neutral ruthenium acyls 5 (M

(34) Noack, K.; Calderazzo, F. J. Organomet. Chem. 1967, 10, 101-104.

(35) Flood, T. C.; Jensen, J. E.; Statler, J. A. J. Am. Chem. Soc. 1981,
103, 4410-4414.
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159-170. Maples, P. K.; Kraihanzel, C. S. J. Am. Chem. Soc. 1968, 90,
6645-6654. Kraihanzel, C. S.; Maples, P. K. Inorg. Chem. 1968, 7,
1806-1815.

(37) Pankowski, M.; Bigorgne, M. J. Organomet. Chem. 1983, 251,
333-338.

(38) Jablonski, C. R.; Earle, E. J. Chem. Soc., Dalton Trans. 1986,
2137-2143.

(39) Gregory, B.; Jablonski, C. R.; Wang, Y.-P. J. Organomet. Chem.
1984, 269, 75-85.

(40) Newlands, M. J.; Mackay, M. F. Acta Crystallogr., Sect. C: Cryst.
Struct. Commun. 1986, 42, 677-679.

(41) Stereodescriptors for the derivatives Fe(diars)(CO),AB indicate
the relative position of the ligand pairs CO, CO and A, B, respectively
(A=L, B =R for 8a—g). Thus, the cis,cis isomer has the stereochemistry
11 or 13 while the cis,trans isomer is specified as 12.
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Figure 1. 80-MHz 'H NMR spectrum of 9e in CDCl;. The inset shows an expansion of the 1.2-1.9 ppm region.

= Ru, n = 3), which dissociate phosphine rapidly on the
NMR time scale,?? the most labile ligand in the cationic
iron complexes 7 (n = 3) under the conditions of this study
appears to be carbon monoxide. Thus, heating solid 8a-g
at 100-150 °C under dynamic vacuum for several hours
results in clean decarbonylation to form the corresponding
cationic methyl derivatives 9a—g (cf. eq 4a). This dif-

[Fe(diars)(CO)L,CHs] * (48)

solid
[Fe(dlars)(CO),L (C(0)CH;)] + 9a-g

Ba-g 90~g + fac—[Fe(diars)(CO);CHy] *

(4b)

a, P(OCHy);; b, PhP(OCH,)y; ¢, Ph,P(OCH,); d, P(CHg); e,
PhP(CHy),; f, PthCHa, g, ETPB

solutlon 10

ference is apparently not related to the presence of the
chelating ligand in the iron case, since [Fe(P(CHjg)s)s-
(CO),L(C(O)CH,)]* (L. = phosphine) is also reported to
show facile decarbonylation.?® The extent of reaction was
followed by monitoring the characteristic® acyl stretching
frequency at ca. 1650 cm™. Table I summarizes the re-
action times and temperatures used to prepare the com-
plexes. Formulation of 9 as the simple decarbonylation
product of 8 is supported by analytical and mass spec-
troscopic data (cf. Table I).

In most cases the conversion is quantitative and the
off-white to yellow decarbonylation products are readily
purified by slow diffusion of ether onto methylene chloride
solutions of the crude product. The alkyl complexes 9 are
air stable in the solid state but decompose slowly in so-
lution unless an inert atmosphere is maintained.

Decarbonylation may also be carried out in solution by
heating in toluene/methylene chloride mixtures at 70 °C.
Solution decarbonylation proceeds more slowly to give the
same alkyl product, 9, contaminated with a small amount
(5-20%) of fac-[Fe(diars)(CO);(CHg)]* (10) formed by
phosphine dissociation with concomitant CO extrusion.®
Formation of 10 during solution decarbonylation can be
blocked by adding the appropriate phosphine ligand L;
however, additional side reactions due to sequential CO
insertions are then encountered.

Decarbonylation of the cis,trans-[Fe(diars)(CO)y(L,)-
(C(O)CHy)] acyl complexes proceeds stereospecifically
under conditions favoring kinetic control. 'H NMR

Chart 1
R R Ly co
% Cc% L F3:0 L RL
L co L «
(L (L (L {L
co Lo co co
1 12 13 14

analysis of incompletely decarbonylated samples estab-
lished cis,cis-[Fe(diars) (CO),L(CHj;)]* (stereochemistry 11)
as the kinetic product of thermal decarbonylation.4?
Isomerization occurs during the latter stages of the reaction
or upon prolonged standing. Acyl 8d (L = P(CHjy);), which
was available only as a 1:2 mixture of the cis,trans (ster-
eochemistry 12, R = C(O)CHj, L, = P(CH,);) and cis,cis
(stereochemistry 11 or 13, R = C(O)CH,) isomers,* proved
considerably more resistant to decarbonylation; however,
'H NMR material balance measurements indicated that
CO extrusion remained stereospecific. Thus, solid-state
decarbonylation of isomeric 8d at 110 °C in vacuo afforded
quantitative conversion of the cis,trans-acyl isomer (ster-
eochemistry 12, R = C(O)CHj,, L, = P(CHjy),) to the cor-
responding alkyl while, under identical conditions, the
cis,cis-alkyl isomer remained completely unreactive.
Hence, the relative ease of CO extrusion is 12 > 11 or 13.
Of the oxidative decarbonylation agents (CHj),NO'"!8 and
CsH;10,%8 only the former proved suitable. In the case of
8a, decarbonylations proceeded smoothly at room tem-
perature in the presence of (CH3)sNO; however, a more
tedious workup coupled with the lack of any measurable
improvement in yield mitigated against its broader use.

Structure and Stereochemistry of [Fe(diars)-
(CO)4(L,)(CH,)]* (9a-g). Both 'H and *C NMR spec-
troscopy confirmed the formation of an Fe~CHj group (cf.
Tables IT and III). A high-field doublet (6(CHj) = ca. 0.5
ppm, Jpy = ca. 7 Hz; 8(CH;) = ca. —10.0 ppm, 2Jcp = ca.
15-20 Hz) was unequivocally assigned to the Fe~CHj,
moiety. Four geometric isomers, illustrated by structures
11-14 (cf. chart I) for the case under consideration, are
possible for octahedral complexes of the general form [M-
(L"L)ABC,)}, where L L is a symmetrical bidentate ligand.
The cis,cis isomers 11 and 13 are chiral. All of the alkyl

(42) A full mechanistic study of these decarbonylation reactions is
underway and will be published elsewhere.
(43) Gladysz, J. A.; Tam, W. J. Am. Chem. Soc. 1978, 100, 25645~2547.
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Table II. 'H° and 3P? NMR Data for [Fe(diars)(CO),(L,)(CHy)}*BF,
8(CeH,) 8(PPh) 3(POR) 3(P(CHy)) 8(As(CHy))

7.7 (m) 3.88 (d, 11.2) 1.70
1.68
1.77 (d, 1.2)
1.74 (d, 0.7)

3.92 (d, 11.0) 1.66

3.99 (d, 11.5) 171
1.76 (d, 0.7)
1.80 (d, 1.0)

1.65
1.72
1.78
1.86 (d, 0.7)

1.73
1.78 (d, 0.4)
1.80
1.82 (d, 0.5)

1.98 (d, 9.5) 1.23
2.06 (d, 8.8) 1.47
179
1.82 (d, 0.5)

0.90
1.35
1.83
1.90

1.75

L,, compd
P(OCHa)s, 9a

5(FeCH,)
~0.56 (d, 6.5)

8(P)
161.5

PPh(OCHy),, 9b 7.7 (m) 7.7 (m) -0.64 (d, 6.8) 188.7

PPhy(OCHjy), 9¢ 7.7 (m) 7.6 (m) 3.57(d, 1.7 -0.64 (d, 6.8) 164.1

P(CHj), 9d° 7.8 (m) 1.70 (d, 9.7) -0.54 (d, 7.5) 20.0

PPh(CHy),, 9¢ 7.6 (m) -0.57 (d, 7.6) 271

PPh,CH;, 9f 7.7 (m) 7.7 (m) 2.05 (d, 8.8) ~0.60 (d, 7.3) 424

ETPB, 9 7.8 (m) 4.48 (d, 5.0, @)
1.28 (q, -, 0) 1.79¢

0.89 (t, -, %) 1.83 (d, 1.1)

¢In CDCl,, 80 MHz; chemical shifts are in ppm relative to internal TMS. Multiplicities and J values (in Hz) are given in parentheses. *In
CDCl,, 32.4 MHz; chemical shifts are in ppm relative to external 85% H;PO,. °In CD,Cl,. %Degenerate signal assigned to two AsCH,
groups.

-0.49 (d, 6.5) 155.4

Table III. *C Data® for [Fe(diars)(CO)(L,)(CH)1*"BF -

L,, compd 3(CO) 3(CeH,)* 3(POR) 3(PCH,) 8(AsCHy) 5(FeCHj)
P(OCHy),, 92° 212.6 (d, 35.3)  137.3,138.8 (d, 45)  55.1 (d, 8.8) 15.7 -12.6 (d, 22.1)
206.1 (d, 25.0)  130.79 (d, 8.8) 15.4

131.04 9.2
9.0
PPh(OCH,),, 9b 2167 (d,31.8)  137.1,138.1 (d, 4.9)  56.8 (d, 12.6) 15.6 -11.0 (d, 18.6)
206.3 (d, 21.8)  130.8 56.45 (d, 10.8) 15.3
1326 9.0
8.1
PPh(OCHy), 9¢ 2135 (d, 26.7)  136.8,139.0 (d,4.9)  57.0 (d, 13.0) 8.6 -1.7 (d, 16.3)
207.6 (d, 17.9)  130.8¢ 8.4
132.7¢ 15.1°
P(CHjy)s, 9d 214.0 (d, 25.8)  136.8, 139.0 (d, 5.2) 18.8 (d, 31.0) 8.6° -11.6
206.6 (d,18.9)  132.7, 132.4 15.5
130.6 15.2
PPh(CHy),, 9% 213.8 (d, 26.0)  136.7, 139.3 (d, 65) 19.3 7.0 -10.8 (d, 14.7)
206.9 (d, 16.3)  130.6 15.4 (d, 34.2) 8.7
130.0 14.6
15.5
PPh,CHj, 9f 214.3 (d, 27.5)  136.2, 139.2 16.0 (d, 46.4) 6.2 -9.1 (d, 13.8)
208.1(d,17.2)  131.1¢ 15.5¢
130.74 186
ETPB, 9% 210.4 (d, 36.1)  136.8, 138.1 (d, 4) 76.2 (d, 8.9, a) 8.4 -14.3 (d, 22.4)
203.8 (d, 24.1) 35.5 (d, 32.7, 8) 8.9
22.4 (-, -, 7) 15.3
6.6 (-, -, ) 14.9

¢In CDClg, 20.1 MHz; chemical shifts are in ppm relative to internal TMS. Multiplicities and J values (in Hz) are given in parentheses.

5In CD,Cl,, 75.5 MHz. °Degenerate signal assigned to two AsCHj; groups. ¢ Assignment ambiguous. ¢Ipso, ortho, and meta signals are given
on separate lines.

complexes 9 examined in this study showed two IR-active
veo bands (cf. Table I) consistent with stereochemistry 11,
12, or 13. In all cases but 9g, 'H NMR spectra showed four

On the basis of spectroscopic evidence alone it is difficult
to unequivocally establish which of the two possible cis,cis
geometries 11 and 13 is correct. The most valuable evi-
nonisochronous arsine methyl groups (cf. Table I and dence is derived from 13C NMR spectra. Two nonisoch-
Figure 1) consistent only with the cis,cis geometry 11 or ronous diars ¢-C¢H, ipso carbon resonances, one of which
13. shows a resolvable coupling to 3P, are observed. Although
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Figure 2. 20.1-MHz 8C{'H} NMR spectrum of 9e in CDCl;.

both cis,cis isomers lack a symmetry plane bisecting the
diars ligand and must therefore have nonequivalent Cip,,,
isomer 11 with a cis and trans P-Fe—As-C link appears
more consistent with the phosphorus coupling evidence.

In support of these arguments 2Jp¢ couplings (cf. Table
III and Figure 2) for the two nonisochronous carbonyl
groups are consistent with a mutual cis geometry as in 11
with respect to the P-donor ligand L,. The observed %/p¢
couplings are substantively different but are less than the
range of 39-50 Hz reported for trans %Jpc.# We assign®*7
the smaller phosphorus coupling to the carbony! group
trans to the methyl group (larger trans influence) and the
larger phosphorus coupling to the carbonyl trans to arsenic
(smaller trans influence). Alternatively it might be argued
that stereochemistry 13 shows a small phosphorus coupling
to one C;p,, because of the difference in trans influence of
methyl compared to that of carbon monoxide and that
different cis and trans %Jp values follow from geometric
considerations. The former argument appears correct since
the methyl complex 9b was shown to have stereochemistry
11 by crystallography.®

While the R’ groups in 9 (L. = PR/;R) are enantiotopic
for stereochemistry 12 or 14, they become diastereotopic
for the chiral complexes 11 and 13. Subject to the re-
striction that Fe retain its stereochemical integrity on the
NMR time scale, the R’ groups in 11 and 13 must be
nonisochronous. Examination of Tables II and III shows
that the P(OCH,;), and P(CHj), groups of 9b and 9e are
indeed nonequivalent (cf. also figures 1 and 2). Distinct
signals are resolved at temperatures up to 70 °C in CD,-
Cl,*® indicating that as found for other related cases,” the
chiral Fe center is configurationally stable.

Reactions of [Fe(diars)(CO),(L,)(CH;)]* (9a-g).
The methyl complexes 9 react readily with phosphines in
methylene chloride solution at ambient temperature ac-
cording to eq 5 to afford the bis(phosphine)-substituted

(44) Hermes, A. R.; Girolami, G. S. Organometallics 1988, 7, 394-401.

(45) Cardaci, G.; Reichenbach, G.; Bellachioma, G. Inorg. Chem. 1984,
23, 2936-2940.

(46) Wright, S. C.; Baird, M. C. J. Am. Chem. Soc. 1985, 107,
6899-6902.

(47) Cardaci, G.; Reichenbach, G.; Bellachioma, G.; Wassink, B.; Baird,
M. C. Organometallics 1988, 7, 2475~2479.

(48) 'H NMR spectra of 9b and 9e in CD,Cl, were examined at ele-
vated temperatures in sealed tubes.

500 0 ppm

acyl complexes 15. The phosphine-promoted migratory
CO insertion of 9 (L, = phosphine) was considerably more
sluggish than that for the parent methyl complex 10.2°

+L,
8a~g T [Fe(diars)(CO)L, L (C(0)CHy)] + (5)
-L
’ 15 a-g,0; 0—q,9

Formulation of the product isolated as the acyl 15 is
supported in each case by analytical, IR, and MS data (cf.
Table IV). All the acyl products showed a single é¢o
absorption at ca. 19601990 cm™ with a tendency toward
decreasing frequency with increasing o-donor properties
of the phosphine ligands L, and L;. The acyl stretching
frequency was relatively insensitive to the nature of L, and
Lg. Fast atom bombardment (FAB) mass spectra generally
showed a very weak molecular ion; however, prominent
fragments corresponding to the even-electron ions M* -L,
and M* -L;, were always present. Characteristic AB (L,
= fg) or AX (L, # Lg) patterns were observed in the
SIP{IH} NMR spectra of the bis(phosphine)-substituted
acyls 15 (cf. Table II).

Equation 5 is reversible, and in most cases a large excess
of Ly was required to drive the equilibrium in the direction
of the CO-inserted product 15. Although bis(phos-
phine)-substituted acyls could be detected by using 'H
NMR or IR spectra in the presence of excess L, for an
extensive range of L, and Ly, it did not prove possible to
isolate and fully characterize all the complexes shown in
Table IV. In some cases, particularly those with bulk L,
and/or Ly, isolation of the acyl product 15 was successful
only when crystallization was carried out in the presence
of excess Ls. The isolable acyls 15 are moderately stable
in the solid state and can be dried in vacuo at 40 °C for
short periods; however, they are generally unstable with
respect to dissociation of Lg in solution.

Although complex mixtures containing several mono-
and bis(phosphine) acyl and methyl isomers formed on
standing in solution for extended periods, shorter reaction
times resulted in stereospecific or highly stereoselective
acyl formation. 'H NMR analyses of the crude reaction
mixtures under conditions favoring kinetic control indi-
cated the formation of a single acyl isomer. Reversing the
order of introduction of the phosphine ligands L, and L,
led to the formation of isomeric acyl products. For ex-
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Table IV. Physical Properties and IR and MS Data for [Fe(diars)(CO)(L,)(Ls)(C(O)CHy) ]*BF ¢

L,, Lg compd

formula

anal. caled. (found)

mp, °C?

Y00 cm¢

Vaeyl, CI1¢

FAB MS,
m/e (%)°

P(OCH,),, ETPB; 15ag

PPh(OCHj),, ETPB; 15bg

PPh,(OCH,), ETPB; 15cg

P(CHy)s, ETPB; 15dg

PPh(CHp),, ETPB; 15eg

PPh,CH,, ETPB; 15fg

ETPB, ETPB; 15gg

P(OCHs)a, P(OcHa)s; 15aa

PPh(OCHy);, P(OCHy)g; 15ba

PPhy(OCHy), P(OCHy)s; 15¢ca

P(CHs)s, P(OCHs)a; 15da

PPh(CHj),, P(OCHy)g; 15ea

ETPB, P(OCHy);; 15ga

PPh,CH,, P(OCHy)g; 15fa

ETPB, PPh(OCHjy),; 15gb

P(OCH,);, PPh(OCH,)g; 15ab

PPh(OCHj);, PPh(OCHj),; 15bb

P(CHy);, PPh(OCH,),; 15db
ETPB, P(CH,); 15gd
P(OCHy), P(CHy)g; 15ad

Cg]HggASgBF4FGO@P2

CWH4IASQBF4F907P 2

CysH,3A8,BF FeOgP,

CagHysAs;BF FeO;P,

CmH“ASzBF‘Feospz

CszH“ABQBF4FGO5P2

CuHuASzBF;,FeOsP 2

C 19H37ASgBF‘FGOaP2

C“HgQABQBF‘,Feo']Pg

CeoH 1 As,BF FeOgP,

019H37A82BF4FGO5P2

CNHsgASzBF4F505P2

CnH”AszBF\FeOst

C, 33.62; H, 5.00
(C, 33.75; H, 5.04)

C, 39.98; H, 4.97
(C, 39.07; H, 5.27)

C, 43.77; H, 4.94
(C, 43.39; H, 5.47)

C, 35.81; H, 5.33
(C, 35.28; H, 5.56)

C, 40.53; H, 5.17
(C, 39.53; H, 5.27)

C, 36.44; H, 5.02
(C, 35.28; H, 4.81)

C, 30.512; H, 4.99
(C, 30.61; H, 5.14)

C, 36.30; H, 4.95
(C, 36.38; H, 4.94)

C, 41.46; H, 4.92
(C, 40.95; H, 4.96)

C, 32.60; H, 5.33

(C, 32.11; H, 5.18)

C, 33.62; H, 5.00
(C, 32.25; H, 4.55)

90

73

105

106

102

97

118

132

132

123

65

82

90

1982

1980

1972

1970

1968

1962

1995

1968

1978

1966

1962

1967

1989

1964

1990

1972

1970
1958
1976
1962

1609

1601

1602

1603

1605

1595

1612

1595

1603

1597

1596

1599

1607

1597

1606

1605

1592
15980
1600
1602

699 (4.0)

671 (20.0)
575 (16.8)
537 (79.7)

717 (20.8)
575 (8.8)
583 (65.4)

791 (0)
763 (0)
575 (18.1)
629 (27.3)

651 (0)

623 (21.2)
575 (10.4)
489 (38.1)

713 (0.4)

685 (22.0)
575 (14.7)
551 (26.1)

775 (0)
747 (0)
575 (16.6)
613 (25.9)

737 (0)

709 (12.7)
575 (567.9)
575 (57.9)

661 (2.1)

633 (21.2)
537 (60.1)
537 (60.1)

707 (0)
679 (14.6)
537 (6.9)
583 (78.1)

753 (0)
725 (0)
537 (7.0)
629 (41.1)

675 (0)
647 (6.3)
537 (17.8)
551 (60.0)

699 (0.5)

671 (19.4)
537 (12.4)
537 (12.4)
575 (44.5)

753 (0)
726 (0)
537 (7.0)
629 (41.1)

745 (0)
717 (8.1)
583 (12.5)
575 (37.6)

707 (0)

679 (6.3)
583 (4.4)
537 (100

eCf, structure 19. ?Sealed tube, N, atmosphere. ¢In CH,Cly, £1 cm™. All compounds showed strong vgr, bands at 1050-1060 cm™. ¢M*, M* - CO,
M* - Lg, M* - L,; 100% = m/e 357 (M* - L - 2CO) unless otherwise indicated.

P(OCHj,), (15ga). Similarly, reaction of 9b with ETPB or
P(OCH,); gave exclusively 15bg and'15ba, respectively,

ample phosphine site-exchanged isomers of 15 resulted
from the treatment of 9a with ETPB (15ag) and 9g with
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Table V. 'H and *'P NMR Data for [Fe(diars)(CO)(L,)(L;)(C(O)CHy)]*BF°

L,, Ly compd 8(CeHy), 5(PPh)  8(POR) 3(PCH;) 8(AsCHy) &(acyl) 85(Py),? 5(P,) other ((H)
P(OCHy),, ETPB; 15ag 7.7 (m), - 3.92 (d, 10.9) 181 248 1509 (51.1), 161.6 (51.1) 1.21 (g, 7.9)
413 (d, 4.7) 175 0.85 (t, 7.9)
1.56
1.57
PPh(OCH,);, ETPB; 15bg* 7.8 (m), 7.8 (m) 4.08 (d, 4.7) 153 2.39  150.0 (41.0), 186.6 (41.0)
1.62
1.77
1.83
PPhy(OCHy), ETPB; 15¢g° 7.6 (m), 7.6 (m) 3.82 (d, 4.4) 1.82 212 148.8 (41.0), 159.1 (41.0)
1.69
1.56
P(CH,);, ETPB; 15dg° 7.8 (m), - 414(d, 47 169(d,9.1) 183 252 148.6 (37.5), 15.1 (37.5)
1.61
1.58
PPh(CH,),, ETPB; 15eg* 7.6 (m), 7.6 (m) 4.13 (d, 4.4) d,91) 158 216 149.2 (36.0), 24.3 (36.0)
1.86(d,82) 154
1.91
1.83
PPh,CH,, ETPB; 15fg* 76 (m), 7.6 (m) 3.91(d,-)  222(d, 85 149 202 148.4 (37.4), 3.49 (37.4)
1.58
1.86
ETPB, ETPB; 15gg 7.7 (m), - 4.99 (d, 5.0) 1.82 252 149.5 (53.2), 158.3 (53.2)° 1.52 (m)
4.40 (d, 4.4) 1.77 2.20 (m)
1.60 '
P(OCH,);, P(OCHy)g; 1522 7.6 (m), - 3.89 (d, 10.7) 146 245 1553 (54.9), 161.5 (54.9)¢
3.66 (d, 10.0) 1.49
1.70
1.73
PPh(OCHy),, P(OCH,)g; 15ba® 7.7 (m), 7.7 (m) 3.49 (d, 10.5) 150 229 154.3 (41.4), 186.6 (41.4)
3.84 (d, 11.0) 1.61
4.00 (d, 10.3) 1.70
1.88
PPhy(OCHj), P(OCH,)5; 15ca®® 7.6 (m), 7.6 (m) 3.26 (d, 10.3) 148 203 1518 (41.5), 158.8 (41.5)
3.37 (d, 12) 1.64
1.68
1.88
P(CH,);, P(OCH,);; 15da*? 7.7 (m), - 3.74 (d, 10.3) 1.69(d, 9.5 158 251 154.7 (36.3), 15.4 (36.6)
1.79
1.86

PPh(CHy),, P(OCHj,)3; 15ea®? 7.7 (m), 7.7 (m) 3.50 (d, 10.9)

PPh,CH,, P(OCH,);; 15fa**

ETPB, P(OCHj); 15ga? 7.7 (m), - 4.42 (d, 4.6)

3.68 (d, 10.3)

P(OCHj,)3, PPh(OCHjy)y; 15ab 7.7 (m), 7.7 (m)

191 (d, 9.4) 1.47 2.35
2.01(d, 7.3) 1.57

153.4 (36.6), 23.4 (36.6)

1.69
1.90
151.6 (33.0), 34.0 (33.0)

1.52 2.50 154.5 (44.3), 159.0 (44.3)
1.56
1.74

1.76

1.54 2.47
1.61
1.75
1.87

182.4 (42.7), 160.0 (42.7)

¢ Cf. structure 19; 'H NMR spectra recorded at 80 MHz in CD,Cl, or CDCl,, with chemical shifts in ppm with respect to internal TMS;
3P spectra recorded at 32.4 MHz in CD,Cl,, with chemical shifts in ppm with respect to external 85% H,PO,. Multiplicities and J values
(in Hz) are given in parentheses. > AB or AX pattern, 2Jpp obtained from computer-simulated spectra. °Spectrum recorded in the presence
of excess L. 9Spectrum recorded at 0 °C. °Assignments ambiguous.

while 9g and 9a reacted with PPh(OCHy), to afford 15gb
and 15ab. These results underscore the stereospecificity
of the kinetically controlled, phosphine-promoted CO in-
sertion observed in this work.

Stereochemistry of the [Fe(diars)(CO)(L,)(L;)(C-
(O)CH,;)]* Complexes (15). As described above, migra-
tory insertion of the methyl complexes 9 according to eq
5 resulted in the formation of the single isomeric acyl 15.
Since permuting the order of introduction of L, and Ly
results in geometric site exchange of L, and Ly in the acyl
product, the observed stereospecifically cannot be the

result of simple approach to thermodynamic equilibrium
and must therefore be kinetic in origin. Of the six possible
geometric isomers 16-21 (cf. Chart II), 16 and 17 are
eliminated as possible products since permutation of L,
and L; would give enantiomers and two diastereomers were
observed depending on the order of introduction of L, and
L, Further, 3'P{tH} NMR spectra show distinctive AB
patterns when L, = L as in compounds 15aa and 15gg
(cf. Table II).

Critical information regarding the stereochemistry of the
acyls 15 is derived from the product formed by treating
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Table VI. *C NMR Data for [Fe(diars)(CO)(L,)(Ls)(C(O)CH,)]*BF, ¢

s(POC)

L,, Lg; compd 8(C(O)CHjy) 8(CO) L, | 6(C(0)CH,)
P(OCHy);, P(OCH,),; 15aa 268.8 (dd, 44.7, 29.2) 215.1 (dd, 34.3, 22.4) 540 (d,11)  54.4 (d,11)  50.8 (dd, 24.0, L.7)
PPh(OCHy);, P(OCHy)5; 15ba  268.4 (dd, 46.4, 25.8)  214.3, (dd, 29.3, 22.3) 56.7(d, 13.0) 526 (d, 12)  48.8 (dd, 23.9, 3.6)

56.4 (d, 13.7)
P(CHj);, P(OCH,)y; 15da 53.9 (d, 10.3) 50.5 (d, 25.8)
PPh(CHy),, P(OCHy),; 15eat 272.1 (dd, 22.7, 51.3)  216.2 (t, 22.8)
P(OCH;);, PPh(OCHjy),; 15ab  269.4 (dd, 41.3, 30.9)  215.0 (dd, 33.6, 18.0)  54.3 (d, 8.6) 57.4 (d, 17.2) 509 (d, 18.9)

8 Cf. structure 19; 20.1-MHz 3C{*H} NMR spectra recorded in CDCly, with chemical shifts in ppm with respect to internal TMS and T =
0 °C. Multiplicities and J values (in Hz) are given in parentheses. ?Spectrum recorded in the presence of excess L.

Chart I

Ac L a
L D
e R T L

co L, c

18 17 18

L Le

” % L e r;I'Aq
(LL (L C (L7 c

Ac ¢o co

19 20 21

Ac=-C(0)CH,

9a with 10-15 psig of carbon monoxide. The reaction does
not proceed to completion and is reversed on release of CO
pressure. 'H NMR analysis of the equilibrium product
mixture at 22.5 °C under a CO atmosphere indicated the
formation of a 4.8/1 mixture of two acyl products. Com-
parison of the spectrum with that of an authentic sample®
showed that 8a (stereochemistry 18, L, = P(OCH,);, L,
= CO) was not formed. The 'H NMR spectrum of the
major component showed four As-CHj signals; hence,
isomer 21 (L, = P(OCH,),, Ly = CO), which has a sym-
metry plane, is effectively eliminated, leaving 19 and 20
(L, = P(OCHy)3, Lg = CO). Evidence supporting structure
19 (L, = P(OCHy);, L = CO) was obtained from the *C
NMR spectrum, which like that for 9a, showed a resolvable
phosphorus coupling for only one of the two ipso o-
phenylene ring carbons. 2Jpc values were consistent with
a cis-P-Fe—~C link (cf. Experimental Section). The stere-
ochemistry of the major acyl product obtained can be
accounted for by assuming that the promoting ligand L,
enters trans with respect to the acyl.

Labelling experiments with 3CO showed no detectible
CO site exchange for the carbonylation of 9a — 8a (ster-
eochemistry 19, L, = P(OCHy),, L; = 13CO). Figure 3
shows the results obtained when a solution of 9a was
treated with 1 atm of 3CO. Incorporation of the label
occurs only at the 203.0 ppm carbonyl site of 19, which
shows the smaller phosphorus coupling (%/pc = 17.5 Hz vs
32.4 Hz for dop = 210.0 ppm) due to the strong trans in-
fluence of g-acyl. The larger phosphorus coupling (32.4
Hz) compares favorably with that found for the minor
isomer (stereochemistry 21, L, = P(OCHj,);, L; = CO),
identified by its single 1*C resonance (3qp = 207.2 ppm, %Jp¢
= 39.3 Hz) corresponding to the presence of mutually trans
carbonyl groups. The larger phosphorus coupling can be
uncci%stood in terms of the relatively weak trans influence
of CO.

In the absence of crystallographic evidence it is difficult
to unambiguously assign the stereochemistry of the acyl
complexes 15 as 19 or 20; however, FAB MS data strongly
support the former. Table VII summarizes the appropriate
results. For the three isomeric pairs 15 which have L, and

U1 TR T W

)
(a}
| T USSR
214 212 210 208 206 204 202 200 PPM
Figure 3. 75.5-MHz *C NMR spectrum of 9a + CO in CDCly:

(a) carbonyl region of 9a; (b) carbonyl region of 9a + CO; (c)
carbonyl region of 9a + 13CO.

Table VII. Comparison of FAB MS Data for
[Fe(diars)(CO)(L,)(Ls)(C(O)CHy)]*BF [ °

rel abund
fragment 15ab 15ba 15bg 15gb 15ag 15ga

M*-Lge 1140 781 654 376 807 415
M* - L, 5.2 6.9 88 125 124 168

¢Relative abundance calculated by assuming Fe(diars)CHj"*
(m/e = 337) = 100%.

Lg exchanged, fragmentation proceeds predominantly by
cleavage of Ly, the ligand introduced in the insertion step
(eq 5), rather than by cleavage of L,. Since the acyl group
is known to be strongly trans labilizing2%94%-53 in octahe-
dral mononuclear d® complexes, we propose that Lg occu-
pies the coordination site trans to ¢-C(O)CHj; Microscopic
reversibility then dictates that L; must enter trans to
0-C(0O)CHj, and the stereochemistry is therefore fixed as
19.

Thermodynamic Measurements. At equilibrium the
insertion (eq 5) is incomplete and, except for 15gg and
15ag, an excess of Ly is required to drive the reaction
toward completion. Equilibrium constants were measured

(49) Appleton, T. G.; Clark, H. C.; Manzer, L. E. Coord. Chem. Rev.
1978, 10, 335-422 and references cited therein.

(50) Saunders, D. R.; Stephenson, M.; Mawby, R. J. J. Chem. Soc.,
Dalton Trans. 1984, 539-543,

(51) Chawdhury, S. A.; Dauter, Z.; Mawby, R. J.; Reynolds, C. D,;
Saunders, D. R.; Stephenson, M. Acta Crystallogr., Sect. C: Cryst.
Struct. Commun. 1983, 39, 985-987.

(52) Glyde, R. W.; Mawby, R. J. Inorg. Chim. Acta 1971, 5, 317-321.

(53) Kubota, M.; Blake, D. M. J. Am. Chem. Soc. 1971, 93, 1368-1373.
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Table VIII. Equilibrium Constants for Eq 5
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L, Lg compd Kqq (0°C),2 L mol™ 6(L,),b deg 8(Ly),? deg pK, (L) pK,(Ly)
PPh,(OCHj), ETPB; 15¢cg 3.4 x 1049 132 101 2.69 1.74
P(CH,);, ETPB; 15dg 6.3 x 1044 118 101 8.65 1.74
PPh(CH;),, ETPB; 15eg 1.00 x 1054 122 101 6.50 1.74
PPh,CH,, ETPB; 15fg 8.8 x 10 136 101 4.57 1.74
P(OCH,),, P(OCH,); 15aa 6.4 X 103 107 107 2.60 2,60
PPh(OCHjy)y, P(OCH,),; 15ba 3.3 X 102 115 107 2.64 2.60
PPh,(OCHj), P(OCH,)g; 15¢a 6.8 X 10 132 107 2.69 2.60
P(CH,);, P(OCH,);; 15da 2.9 X 102 118 107 8.65 2.60
ETPB, PPh(OCH,),; 15gb 4.9 x 1044 101 115 1.74 2.64
P(CH;);, PPh(OCH,),; 15db 34 X 10 118 115 8.65 2.64

¢ Measured by *'P NMR spectroscopy in CDCl,. Reported values taken as the average of two samples with varying [LgLy]. ®Cone angles

taken from Tolman.®® °pK, values taken from Giering et al.* ¢Extrapolated from K., data measured at 305, 313, 323, and 333 K.

OnoMe
+ PPROMe -+
K | e
+ P(OMe)y o—=—= | As—F¢—CO0
/ As

Me
i /PPn,oue
As—F¢—CO
k/;
je'e)

P(OMe)y

100 He

[Me, PnOMe]

Figure 4. 32.4-MHz 3P NMR spectrum of 9¢ + P(OCH,); =
15¢a in CDCI,.

[piomers)

by using 3P NMR spectroscopy, which clearly distin-
guished between the methyl complexes 9 and the corre-
sponding acyl complexes 15 (cf. Figure 4). The results,
shown in Table VIII, demonstrate that the measured K,
values depend on the nature of the phosphine ligands L,
and Ls. Analysis of the data by the method of Prock and
Giering® reveals that the ligand sphere influences the
magnitude of K, predominantly through steric rather than
electronic effects.

Our analysis is based on the assumption that ¢ electronic
effects of L, and L will be additive for the acyl series 15.
Figure 5 shows a plot of log K, vs 2 pK,(L.Lg). The
electronic profile for eq 5 was determined with use of 15dg
and 15eg since ETPB is a ligand of exceptionally small
steric demand and both P(CHj); and PPh(CHjy), are class
IT o-donor ligands of similar cone angles.’® Acyls 15¢g,
15ga, and 15gb correlate well, indicating that steric effects
are minimal for systems that contain the very small bicyclic

(54) Rahman, M. M,; Liu, H. Y.; Prock, A.; Giering, W. P. Organo-
metallics 1987, 6, 650-658. Golovin, M. N.; Rahman, M. M.; Belmonte,
J. E.; Giering, W. P. Organometallics 1985, 4, 1981-1991.

(55) Tolman, C. A. Chem. Rev. 1977, 77, 313-348.
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Figure 5. Electronic profile for eq 5.
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Figure 6. Steric profile for eq 5.

ETPB ligand. The slope of the line drawn in Figure 5
suggests that the electronic effects of the ligand sphere only
weakly perturb K.

Provided that the electronic profile is well established,
deviations from the line drawn through 15dg and 15eg are
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related to steric factors. A plot of log K, — log K, vs the
steric demand of the ligand sphere for the series [Fe-
(diars)(CO)(L,)(Lg(C(O)CH,)]* (Ls = ETPB, P(OCHy);,
PPh(OCH3)2) approximated by the ligand cone angle 6
is shown in Figure 6. Two distinct patterns emerge from
the analysis: (i) acyl complexes 15 not containing the
bieyclic phosphite ETPB show a steady, sharp decrease
of K, with i 1ncreasmg steric demand of the ligand sphere;
(ii) the remaining bls(phosphlne) substituted acyl com-
plexes show a sharp break in the plot consistent with the
presence of an apparent steric threshold™ (6, = ca. 132°).%
Steric hindrance of eq 5 follows from a consideration of
the increased steric congestion of 15 vs that of 9. The
apparent steric threshold found when L, or L; is ETPB
shows that the steric demands of the rlguf bicyclic
phosphite are considerably less than that of the more
flexible P(OCHj;)3 and PPh(OCHj), ligands. A sharp de-
cline in K, with increasing steric demand occurs when the
volume element available to the remaining phosphine, L,
or Lg, is exceeded.

Summary

Carbon monoxide extrusion from the acyls 8 (stereo-
chemistry 12, R = C(O)CHj,) proceeds stereospecifically
under conditions favoring kinetic control to give the methyl
complexes 9 with stereochemistry 11 (R = CHgy). The
chiral Fe center in 11 is stable on the NMR time scale.
Stereochemistry 19 is established for the reaction products
afforded under preparative conditions from the carbonyl
insertion reaction of 9 (eq 5). The isostructural acyl series
15 obtained is consistent with the high trans-directing
ability of g-acyl previously established323949-53 for related
acyl complexes prepared by carbonyl insertion. FAB MS
fragmentation patterns corroborate the anticipated high
trans-labilizing effect of g-acyl in these complexes and
establish that L, is trans to o-acyl. Preparative applica-
tions of the stereodirected CO insertion are limited to some
degree by steric interactions that effectively determine the
position of the CO insertion equilibrium.

Experimental Section

Reagents and Methods. All manipulations were performed
under an atmosphere of dry, oxygen-free nitrogen with use of
standard Schlenk techniques.’” Nitrogen gas was purified by
passing through a series of columns containing BTS catalyst
(BASF), granular PO, and finally activated 3A molecular sieves.
The phosphorus compounds P(OCHjg);, PPh(OCHj;),, PPh,-
(OCHjy), P(CHy);, PPh(CHj,),, PPh,CH;, and ETPB (4-ethyl-
2,6,7-trioxa-1-phosphabicyclo[2.2.2]octane) were purchased from
Strem Chemicals and used as received. Diars® (o-phenylene-
bis(dimethylarsine)), and [Fe(diars){CO),(L,)(C(O)CH;)]* (8a—g)
were prepared® by using the established literature procedures.

Infrared spectra were measured in KBr solution cells (0.1 mm)
with a Perkin-Elmer Model 283 instrument. NMR spectra were
obtained on a Bruker WP-80 or a General Electric GN-300 in-
strument. Chemical analysis were performed by Canadian Mi-
croanalytical Service, Vancouver, BC, Canada.

Equilibrium Constant Measurements K, values for eq
5 were measured by using #P{{H} NMR spectroscopy Standard
solutions of the methyl complex 9 (ca. 18 mM mL?) were prepared
under a nitrogen atmosphere in a 5- or 10-mL volumetric flask
fitted with a septum cap. Two 2-mL aliquots were withdrawn

(56) Since electronic effects for eq 5 appear to be small (cf. Figure 5),

glcilts of K, vs 30 for the series Ly = P(OCHj;), show the same qualitative
ehavior.

(57) Shriver, D. F.; Drezdzon, M. A. The Manipulation of Air Sen-
sitive Compounds, 2nd ed.; Wiley-Interscience: New York, 1986.

(58) Millar, I. T.; Heaney, H.; Heinekey, D. M.; Fernelius, C. Inorg.
Synth. 1960, 6, 113, 116. Feltham, R. D,; Silverthorn, W. Inorg. Synth.
1967, 10, 159.
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via syringe and transferred to 10-mm NMR tubes fitted with
septum caps. Different amounts, generally 0.2-2 equiv of
phosphine L,, were then added via syringe and the samples
equilibrated at 273 or 293 K for 3 days. Finally [Cr(acac)g], ca.

15 mg, was added as a relaxation agent and the sample transferred
to a temperature-equilibrated NMR probe. Equilibrium con-

centrations of 9, L, and 15 were determined from normalized peak
heights and/or integration. The equlllbnum constant was cal-

culated from the expression K = c(a + ¢)/Crab, where a, b, and
¢ are peak heights or integrals of 9, L, and 15, respectively, and
Cp, is the formal concentration of 9 used. Agreement between
runs with varying [L] was generally on the order of £10%.

Preparation of the [Fe(diars)(CO),(L,)(CH;)]" Complexes
(9a-g). The phosphine-substituted acyl complexes 8a-g were
thermally decarbonylated by direct heating of the solid under a
dynamic vacuum. Typically, ca. 500 mg of the acyl 8 was placed
in a Schlenk flask, which was evacuated and heated in a oil bath
at 0.1 mmHg. The temperatures and times used are tabulated
in Table I Initially the acyl melts to give a froth as CO is liberated.
Continued heating results in the formation of a solid, which was
cooled, dissolved in methylene chloride, and filtered through a
small column (0.5 X 3 cm) of Florisil. The resulting yellow solution
was concentrated to ca. 1 mL under a stream of nitrogen and
precipitated by the addition of 5 mL of ether. In some cases the
crude product is oily, but repeated trituration with fresh portions
of ether gradually gave the product as an off-white to yellow solid.
Yields were generally >80%. In some cases well-formed crystals
can be grown by slow diffusion of ether into a methylene chloride
solution of the crude solid obtained as described above.

Oxidative Decarbonylation. A 227-mg sample of 8a was
stirred at room temperature with 1 equiv of (CHy)sNO-2H,0 in
methylene chloride for 24 h. The resulting cloudy suspension was
filtered through Celite, concentrated to ca. 1 mL, and precipitated
by adding ether to give 74 mg of an off-white powder identified
as 9a by 'H NMR spectroscopy. Similar treatment of 8a with
iodosobenzene resulted in decomposition. No 9a was detected
by 'H NMR spectroscopy.

Preparation of the [Fe(diars)(CO)(L,)(L)(C(O)CH,)]*
Complexes (15). The isolable derivatives were prepared by
addition of a 4-30-fold excess of the ligand L (Lg = P(OCHy),,
ETPB) to a methylene chloride solution of ca. 200 mg of 9a-g
in 10 mL of methylene chloride at 0 °C. After 2 h the solution
was allowed to reach ambient temperature. Stirring was continued
overnight. Removal of volatiles at 0.1 mmHg left a sticky residue,
which was redissolved in methylene chloride and the solution
filtered. The clear, yellow solution was concentrated under a
nitrogen stream and the crude product precipitated by the ad-
dition of ether. It is critical to precipitate the product rapidly,
especially for bulky L, which dissociate phosphine readily. The
crude product can be further purified by washing with ether at
0 °C and can be dried at 40 °C/0.1 mmHg. Attempts to re-
crystallize the acyl product from methylene chloride/ether were
unsuccessful and in general led to deterioration of the sample.

Product isolation is frustrated when both L, and L, are bulky.
Although most combinations of ligands gave the bis(phos-
phine)-substituted, spectroscopically detectible, acyl product 15
according to eq 5, it did not prove possible to isolate analytical
solids in all cases. The data presented for complexes 15fa, 15gb,
15ab, 15bb, 15db, 15gd, and 15ad were obtained either from
samples prepared in situ by adding a large excess of Ly to 9
according to eq 5 or by precipitation from solutions containing
excess L.

Carbonylation of 9a. A 5-mm NMR tube fitted with a screw
cap/septum was charged with 29.4 mg of 9a and 0.5 mL of CD,Cl,.
The solution was briefly purged with carbon monoxide and the
tube pressurized to 10-15 psig. 'H NMR analysis indicated partial
conversion to two isomers of 8a. 'H NMR (22 °C, 300 MHz,
CD,ClLy): major isomer (stereochemistry 21, L, = P(OCHj)s, Ly
= CO), 7.8 ppm (m, CzH,), 4.02 ppm (d, J = 11 Hz, P(OCHj,),
2.47 ppm (s, C(O)CH,), 1.88, 1.83, 1.79, 1.60 ppm (s, AsCHj); minor
isomer (stereochemistry 21, L, = P(OCH,)3, Ly = CO), 7.8 ppm
(m, C¢H,), 3.99 ppm (d, J = 11 Hz, P(OCHjy), 2.71 ppm (s, C
(O)CH;), 1.86, 1.76 ppm (s, AsCHj). 8C NMR (22 °C, CD,Cly):
major isomer, 257.7 ppm (d, J = 29.0 Hz, C(0)CHj), 210.4 ppm
(d, J = 32.4 Hz, C0O), 203.4 ppm (d, J = 17.5 Hz, CO), 55.4 ppm
(d, J = 8.7 Hz, P(OCHjy), 50.2 ppm (s, C(O)CHjy), 15.4, 14.8, 13.2,



328 Organometallics 1990, 9, 328-334

13.0 ppm (s, AsCHjy); minor isomer, 258.2 ppm (d, J = 41.4 Hz,
C(O)CHy), 207.2 ppm (d, J = 89.3 Hz, CO), 55.7 ppm (d, J = 9.5
Hz, P(OCHj,), 51.6 ppm (s, C(O)CHj), 13.4, 12.6 ppm (s, AsCHS).
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Qualitative molecular orbital arguments, supported by calculations at the extended Hiickel level, are
used in the analysis of the structure and bonding of d® M(alkyne);L, and M(alkyne);L. complexes. In the
former stoichiometry, the observed staggering is ascribed to an interaction between the alkyne v, orbitals
and vacant orbitals on the metal. However, other structures with the alkynes coplanar are relatively low
in energy by comparison, for a filled dr—p= conflict is avoided by the presence of a low-energy =-back-bond
between orbitals that are formally vacant on the separated fragments. The tris(alkyne) stoichiometry has
been discussed by others before; here a comparison is made between the observed Cg, structure and a structure
with one of the alkynes rotated by 90°. The former is more stable because a filled 7, orbital on the alkyne
interacts with a combination on the other alkynes to create a rigorously nonbonding set. Such a masking
is not available in the rotated structure. Both stoichiometries have marked asymmetries between the two
ends of the alkyne ligand, as observed experimentally through bond distances or spectroscopic parameters.
These can be explained in terms of corresponding asymmetries in the bonding to the two carbons.

Introduction

Alkynes are the only organic ligands in transition-metal
chemistry that can, in principle, donate a variable number
of electrons to a metal center without a change in the
number of bound atoms. There are alkyne complexes
known for almost all of the transition metals, and a firm
consensus about their bonding to a metal, particularly a
formally “electron deficient” metal, has been established.!
Such bonding schemes are very important in the chemistry
of mono(alkyne) complexes, and the literature contains
examples of the reversible interconversion of four- and
two-electron bonding modes on the coordination of an
additional ligand?® or the addition of two electrons to a
metal center.® Poly(alkyne) complexes, for which possible
conflicts and cooperation among the alkynes in r-donation
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and acceptance add an additional dimension of interest,
form an important subgroup in the alkyne literature, with
examples spanning almost the whole transition series.
Among the studied poly(alkyne) stoichiometries are d!°
M(alkyne), (M = Pt%), d* M(alkyne),(0)X (M = Re?),
M(alkyne)s(n5-cyclopentadienyl) X (M = Mo, W¢), M(alk-
yne)y(nS-cyclopentadienyl)L. (M = V, Nb, Ta"), d* M(alk-
yne)L,X, (M = Mo, W8), and d° M(alkyne),L,, (M = W?),

(4) (a) Rochon, F. D.; Theophanides, T. Can. J. Chem. 1972, 50, 1325.
(b) Dubey, R. J. Acta Crystallogr. 1975, B31, 1860. (c) Boag, N. M,;
Green, M.; Grove, D. M.; Howard, J. A. K,; Spencer, J. L.; Stone, F. G.
A. J. Chem. Soc., Dalton Trans. 1980, 2170. (d) Underwood, D. J.,
Nowak, M.; Hoffmann, R. J. Am. Chem. Soc. 1984, 106, 2837.

(5) (a) Spaltenstein, E.; Erikson, T. K. G.; Crichtlow, S. C.; Mayer, J.
M. J. Am. Chem. Soc. 1989, 111, 617. (b) Erikson, T. K. G.; Bryan, J.
C.; Mayer, J. M. Organometallics 1988, 7, 1930. (c) Mayer, J. M,; Thorn,
D. L,; Tulip, T. H. J. Am. Chem. Soc. 1985, 107, 7454.

(6) (a) Conole, G. C.; Green, M.; McPartlin, M.; Reeve, C.; Woolhouse,
C. M. J. Chem. Soc., Chem. Commun. 1988, 1310. (b) Faller, J. W.;
Murray, H. H. J. Organomet. Chem. 1979, 172, 171.

(7) (a) Alt, H. G.; Engelhardt, H. E. Z. Naturforsch. 1987, 42B, 711.
(b) Lewis, L. N,; Caulton, K. G. J. Organomet. Chem. 1983, 252, 57. (c)
Kirillova, N. 1; Kolobova, N. E.; Gusev, A. L; Antonova, A. B.; Struchkov,
Yu. T'; Anisimov, K. N,; Khitova, O. M. J. Struct. Chem. (Engl. Transl.)
1974, 15, 554.

(8) (a) Baker, P. K.; Armstrong, E. M.; Drew, M. G. B. Inorg. Chem.
1988, 27, 2287. (b) Armstrong, E. M.; Baker, P. K,; Drew, M. G. B.
Organometallics 1988, 7, 319. (c) Armstrong, E. M.; Baker, P. K.; Drew,
M. G. B. J. Organomet. Chem. 1987, 336, 377. (d) Herrick, R. S.; Tem-
pleton, J. L. Organometallics 1982, 1, 842.

(9) (a) Buang, N. A,; Hughes, D. L.; Kashef, N,; Pichards, R. L.;
Pombeiro, A. J. L. J. Organomet. Chem. 1987, 323, C47. (b) Birdwhistell,
K. R,; Tonker, T. L.; Templeton, J. L. J. Am. Chem. Soc. 1987, 109, 1401.

© 1990 American Chemical Society



