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Abstract: Iron(ll) templates based on a [(#°>-CpR)Fe]™ core have been employed for the successful synthesis
of 1,4,7-triphosphacyclononane derivatives (9-aneP3R’;) from a range of appropriately functionalized
coordinated diphosphines and monophosphines. 1,2-Diphosphinoethane (1,2-dpe) or (2-phosphinoethyl)-
phenylphosphine (Phdpe) undergo a base-catalyzed Michael-type addition to trivinylphosphine, divinyl-
(benzyl)phosphine, or divinyl(phenyl)phosphine in [(15-CpR)Fe(diphosphine)(monophosphine)]* complexes
(2a—j) to give [(>-CpR)Fe(9aneP3R'3)]™ derivatives (4a—j) containing coordinated triphosphacyclononanes
bearing one (with Phdpe) or two (with 1,2-dpe) secondary phosphine donors. The rates of macrocyclization
show a dependence on the nature of the substituent(s) R on the cyclopentadienyl ligand with increased
rates being observed along the series R = Hs < (MesSi)Hs < 1,3-(MesSi),Hs ~ Mes. For coupling reactions
with trivinylphosphine, a pendant vinyl function remains in the macrocyclic product (4a—g) which is readily
hydrogenated to the corresponding ethyl derivatives (5a—g). Further functionalization of coordinated
secondary phosphines in the initially formed macrocycles (5a—g) is achieved by proton abstraction followed
by addition of the appropriate alkyl halide electrophile and gives rise to tritertiary-triphospha-cyclononanes
(7a—g, 71, 7m). All new complexes have been fully characterized by spectroscopic and analytical methods
in addition to the structural determination by single-crystal X-ray techniques of [{#7°-(Me3Si).CsH3)Fe(9-
aneP3H,C,Hs)|PFs, 4c, and [(17°-MesSiCsHa)Fe(9-anePsEts)|BF4, 7b. 1,4,7-Triethyl-1,4,7-triphosphacy-
clononane is released from its metal template (7a, 7b) by treatment with either H,O, or Br,/H,O to give the
trioxide 9-aneP3(O)sEt; (8). Attempts to recover the trivalent phosphorus species, 1,4,7-triethyl-1,4,7-
triphosphacyclononane, from the trioxide by reduction proved unsuccessful.

Introduction complexes of these macrocycles, and control of the stereochem-
istry is of value. There are examples where the absence of

The study of the coordination chemistry of small ring stereoselectivity may be overcome by the inversion of phos-
macrocycles has been, and continues to be, dominated by y may y P

homoleptic oxa-, aza-, and thia-carbocyclic systems and some, phorus centers upon coordination, such as in Kyba's 11sanepP

mostly oxa/aza, mixed donor species. Related phosphorusmacrocyde where theis, cis, CiS/Cis, cis, trans (or syn syrf
2SYn anti) mixture could be used directly for the preparation of
analogues have, by comparison, been poorly investigated, a

surprising anomaly given the importance of acyclic phosphines a number of complexes although elevated temperatures (boiling

as ligands in catalysis and in the stabilization of unusual classes xylenes) were required to invert the phosphorus and force the

of complexes. The scarcity of studies of phosphorus macrocyclesfalCIaIIy capping coordination mode of tisgn anti isomer and

is probably due largely to a lack of appropriate precursors for formation of the complex Metal template approaches pioneered

cyclization (e.g., P-tosyl analogues of the N-tosyl derivatives g¥ergg‘?\lﬁo?r22nixgilﬂt?o?ey raecr;r:;biﬁ;géoflgﬁst’h;nﬂﬂ?g
used extensively in the preparation of Bnd N, systems are Zef; ’ y v

unstable) and synthetic difficulties arising from the inherent air- part replaced the nontemplate syntheses. St.elzer largely initiated
sensitivity of most tervalent phosphorus species. There havethe use of metal templates for the synthesis of tetradentate P

systems, and his group has continued to examine the synthesis
been significant advancements in the synthesis and coordination

and complexation chemistry of these interesting ligahds.
chemistry of homoleptic £and B macrocycles. Most of the

. . . Norman was the first to employ a template for the preparation

early preparations of Horneand Kyb& were by direct solution of terdentate Pmacrocycles (12-aneRs and 15-anefRs) via
methods (nontemplate assisted), which were Consequentlymtramolecular hydro )}flOS hlnatlone r?éactlons of co3c>rd|nated
nonstereoselective, giving all possible isomers of the respective ydrophosp
macrocycles. The relative stereochemistry at the phosphorus (3) Horner, L.; Kunz, HChem. Ber1971 104, 717.

centers has implications for the coordination behavior in metal (4) (&) Brauer, D. J.; Dwenbach, F.; Lebbe, T.; Stelzer, Ohem. Ber1992
P 125 1785. (b) Brauer, D. J.; Lebbe, T.; Stelzer, Ahgew. Chem1988

100, 432.
(1) Horner, L.; Walach, P.; Kunz, H?hosphorus Sulf Relat. Elerh978 5, (5) Diel, B. N.; Brandt, P. F.; Haltiwanger, R. C.; Norman, A.DAm. Chem.
1. Soc.1982 104, 4700.
(2) Kyba, E. P.; John, A. M.; Brown, S. B.; Hudson, C. W.; McPhaul, M. J,; (6) (a) Edwards, P. G.; Fleming, J. S.; Liyanage, SnSrg. Chem1996 35,
Harding, A.; Larsen, K.; Niedzwiecki, S.; Davis, R. E.Am. Chem. Soc. 4563. (b) Edwards, P. G.; Fleming, J. S.; Liyanage, Sl.£hem. Soc.,
198Q 102 139. Dalton Trans.1996 1801.
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primary alkenyl phosphines, although the ligand was not releasedclononane derivatives using an Fe(ll) template system with
from the Mo(0) center upon which it was formed and its variously functionalized Cp ligands.

coordination chemistry remained unexploPdelinctionalization
and liberation of Norman’s 12-angi® macrocycle was achieved
by us and allowed the study of the coordination chemistry of ~ 9-aneRR3 Derivatives from Template Reactions of 1,2-
various 12-anefR; derivatives® More recently, Gladysz and  Diphosphinoethane and Trivinylphosphine.The starting point
co-workers have reported very large ringrRacrocycles which ~ for all the macrocycle syntheses described herein is from the
have also been formed upon a group 6 metal tricarbonyl template[(7>>Cp?)Fe(CHCN)(diphos)]X (Cf¥ = MesCp or Cp*,{ MesSi}-
although by a ring-closing metathesis reaction of coordinated CsHa, 1,3{MesSi}>CsHs; X = BF4~, PR™) precursor com-
alkenyl phosphinedOur interest in triphosphorus macrocycles Plexes,1a—g. These are readily obtained from the respective
of this nature stems from their ability to facially cap a [(7>-CP)Fe(CHCN)(COX]X complexes by the photolytically
coordination poiyhedron (thus forcing remaining reaction sites activated substitution of the Cal’bonyl donors in the presence of
into mutually cis orientations opposite thérans-abilizing 1,2-diphosphinoethane (1,2-dpe) or phenyl(2-phosphinoethyl)-
phosphine donors) while also forming robust metajand phosphine (Phdpe) and in a manner similar to that described
fragments. Our early studies of complexes of 12-aRgRgands by Astruc for related systeni4 The compounds are red solids

do indeed indicate that these principles can lead to unusualthat are readily recrystallized from tetrahydrofuran, although
structures and reactivity. In this context, we have shown that they are susceptible to dissociation of coordinated acetonitrile,
“simple” (12-aneRRs)MCl; complexes (M= Ti, V, Cr) are and reliable, reproducible analytical and mass sp(_actrc_)scopic data
active in alkene polymerization with selectivity being influenced Weré not obtained for the compounds. Coordination of the
by the nature of R and that (12-aneft;)Mn(l) carbonyl diphosphine inla—g was confirmed by thé'P{*H} NMR
complexes are active ROMP catalysts (for which Mn is not well- SPectra of the complexes which showed the usual downfield
known)® A disadvantage of the relatively large 12-ageP shifts compared to the uncoordlr_lated Il_gands. Tlren) and
ligands is that they appear to remain flexible enough to limit Y=\ Strétches were observed in the infrared spectra of the
stability of complexes of metals not so well suited to forming complexes as detailed |n.tk.1e I.Experlm.ental Section.

tertiary phosphine complexes (e.g., f-elements), as might be In qll cases, the acetonltrﬂejlphosphlne cpmplexes d(=.,‘C.O'm-
expected by comparison with related 9-membered and 12- pose in hydrochlorocarbon solvents in which they are initially
membered N macrocycles, where larger ring sizes lead to readily soluble.

increased ligand lability? Thus synthetic routes to smaller ring lThe Iat;ilg ac;to;i;ri(lje in ;Ahech,z-dliphzsphinosthang (t:_om-
sizes remain important goals, and our target is the class of P'oxX€S [6°CrY)Fe(1,2-dpe)(MeCN}), 1a—d, may be substi-

ligands based upon the elusive 9-membered triphosphacy-tu.te.BOI with trlvmylphosphlne (.th).' dlvinylalkylphgsphmes, or
divinylarylphosphines on heating in anisole, 1,2-dichloroethane,
clononane core structure.

or chlorobenzene (Scheme 1). The substitution is conveniently

In related work, Mathey and co-workers prepared 12-gneP followed by 3%P{1H} NMR spectroscopy and is accompanied
L "
macrocycles containing ftype (0%,4°) phosphorus centers by, 4 ¢olor change from the red of the acetonitrile complexes to

the nontemplate coupling of azaphosphinines with alkyfhes. 5 ’jighter orangeyellow of the trivinylphosphine complexes.
The silicon-based 1,4,7-triphospha-2,3,5,6,8,9-hexasiIanonanqsmaﬁOn of pure2a—d was compromised by the facile
was the first 9-membered macrocycle with thiggl® phos-  gpsequent intramolecular ring-closure (see below), and in all
phorus donoré? although the free macrocycle was notisolated; cases, attempts at recrystallization resulted in contamination by
the hydrolytically unstable PSi linkages are unlikely to survive  the Jinear triphosphine complexes of tyge Typically, the

the conditions required for attempted liberation and will yesyitant quaternary intermediate complexeg-ILpR)Fe(l,2-
substantially limit coordination chemistry and applications. In gpe)(tvp)f, 2a—d, were not isolated and were characterized
view of the potential of triphosphacyclononanes in coordination only by their 3!P{!H} NMR spectra, which consist of the
chemistry and applications, we have continued to investigate expected doublet (& RPH,) and triplet P(GH3)3 (3Jp_p ~ 50
alternative metal templates suitable for the closure of smaller Hz) of an AB pattern. For the template reactions using 1,2-
ring systems. We have recently reported preliminary results of diphosphinoethane and trivinylphosphine, the first coupling
this study, including the application of cyclopentadienyliron(ll)  reaction to give the half-cycle2(— 3) proceeds soon after
templates, to the synthesis of 9-, 10-, and 12-membeged P complexation of the tertiary phosphine for the silylated cyclo-
macrocycles? In this paper, we present full details of the pentadienyl derivatives §f-MesSiCp)Fe(1,2-dpe)(tvpj} 2b,
preparation and characterization of the first 1,4,7-triphosphacy- and [ #5-(MesSi).Cp} Fe(1,2-dpe)(tvp)i, 2¢, as evidenced by
the appearance of three distinct multiplets (AMX pattern) in

(7) Bauer, E. B.; Ruwwe, J.; MdrAlvarez, J. M.; Peters, T. B.; Bohling, 3. the 31P{1H} NMR spectra. The first coupling is somewhat
C.; Hampel, F. A,; Szafert, S.; Lis, T.; Gladysz, J.JAChem. Soc., Chem.

Results and Discussion

Commun 2000 2261. slower for the Cp* derivative2d — 3d) and considerably slower
(8) Baker, R. J.; Edwards, P. G. Chem. Soc., Dalton Tran2002 2960. for the unsubstituted (parent) Cp derivatia(— 3a). Further
(9) Baker, R. J.; Edwards, P. G.; Gracia-Mora, J.; Ingold, F.; Malik, K. M. A. . . . i

J. Chem. Soc., Dalton Tran2002 3985. heating leads to the disappearance of the signals attributed to

(10) Critical Stability ConstantsSmith, R. M., Martell, A. E., Eds.; Plenum: n r | growth of th well he final pr
New Yors. 1960 Vol o and & and a gradual growth of those 8fas well as the final product

(11) Avarvari, N.; Maigrot, N.; Ricard, L.; Mathey, F.; Le Floch, @hem— 4. The second coupling to give the final macrocycle prod@ct (
Eur. J.1999 5, 2109. — i 1

(12) Driess, M.; Faulhaber, M.; Pritzkow, Angew. Chem., Int. Ed. Endl997, 4) is slower than the first, but t,he presence40fnay. be
36, 1892. observed before complete conversion2ab 3. The reactions

(13) (a) Edwards, P. G.; Newman, P. D.; Hibbs, D Aagew. Chem., Int. Ed. i i 1
200Q 39, 2722. (b) Edwards, P. G.; Newman, P. D.; Malik, K. M. A. are Convememly monitored WP{ H} NMR spectroscopy, as

Angew. Chem., Int. E@00Q 39, 2922. (c) Price, A. J.; Edwards, P. &.
Chem. Soc., Chem. Comm@@0Q 899. (14) Catheline, D.; Astruc, DOrganometallics1984 3, 1094.
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Scheme 1
R 2a:R1=Hs R2=H R3=CzHs
Ry 1 2b: Ry = (Me3SilHs, Ry =H R 3 = CoHy

1a:Ry=Hs Ry =H @ 2¢: Ry =(Me3Si}zHa, Rz =H R3=CzHa

1b: Ry = (Me3S)Hs, Ry = H |o |® x 21 ?’;" ;{}EH HRR3H10§{H‘ o

1c: Ry = (Me 3Si)oHs, Ra = H D AR a4 3= varls

b e RCHs)(Ry) PP L RS 28R = (Mo oSihHa Ry =P R3 = CoHs

1e R, = (Me 3SiHq, Ry = P <; 3 H 1““*/ 2g: Ry = {(+)-neomenthyl}H 4, R; = Ph, R 3 = CH
1f: Ry = (e 4Si),Hs, R, = P PxH ==t i b e

1q: R+ = {{+)- Ha4 Ra=Fh 1 5 Rz 3=

g: Ry = {{+)-neomenthyl}H 4, Rz Rz 2 Ry =Moo, Ry = H R 3 = CH P

KOBu

4a:Ry=Hgs Rz=H R3=CgHsy R4 R4 3a:Ry=Hs5 R2=H Ra=CzHs
4b: Ry = (MeSiHa, Ra = H, R3 = CoH @ @ 3b: Ry = (Me 38iHa, Rz = H R 3= CHs
4c: R, = (Me 38i)zH3, Rz =H R 3 = CoH3 " i :: :‘ ﬁgﬁé}zH;? HCRHg CoHs
4d: Ry =Mes, Ra=H R3=CsHs e = 1=Mes, Rz 3=CaHs
4e: Ry = (Me3SiHs, Ry =Ph R 3=CyH; \ Fe“'-x ~Rs KOtBu “poFe R 3e: Ry = (Me3Si)Hy, Ry =Ph, R3=CoHs
4f: Ry = (Mg 3Si)oHs, Rz = Ph, R 3 = CoHy < LI_/ \ = LI P, 3: Rq = (Mo3S2Ha Rp =P, R =CoHy
4g: Ry = {(+)-neomenthyl}H 4, Rz = Fh, R 3 = C;H3 ,‘-P....,_./ W) 3g: Ry = {{+)-neomenthyl}H 4, Ry =Fh, R 5 = CoH:
4h: Ry = (Me 3Si)zH3, Rz =H, R3 =Fh i H | 3h: Ry = (Me 3Si)zHg, R2=H.R3=F‘1
4i:Ry=Mes, Ra=H Ra=Ph Rz 3i:R1=Mes, Ra=HR3=
4j:Ry=Megs, Ry =H Ry =CHPh 3j:Ry=Mes R;=H R;3= U—|2Ph

illustrated in Figure 1. Proton-couplé# NMR spectroscopy

periphery of the Cp ligand will effectively compress the

allows the unequivocal assignment of each signal in the AMX P—Fe—P bond angles, resulting in a closer approach of the vinyl
spectra of3a—d to the appropriate primary, secondary, and functions of the tvp to the primary phosphines and lead to an

tertiary phosphorus centers (Table 1).
While electronic differences between the differentREg

enhancement of rate of the hydrophosphination as a result of
this “proximity” effect. It is noteworthy that, although the

templates may influence the rate of cyclization, these effects electronic differences between Cp and48p are slight, the
are likely to be small, and the observation of faster rates of relative rates of macrocycle formation for these two templates
macrocycle formation with the Cp units bearing bulky fragments are significantly different. The greatest yields (and indeed rates
may be explained, in part, by steric influences upon the of formation) of macrocycle were observed with the bulkieRCp
coordinated 1,2-dpe and tvp precursor phosphines. It is reason-derivatives, Cp itself giving the lowest yield of macrocyclic
able to presume that the presence of bulky groups at theproduct. For related tris-primary phosphine and 12-gReP

4a

2a

2a

N

Ppra
Figure 1. 3P{H} NMR spectra showing the conversion 2 into 4a at
80 °C in the presence of addeds;BSt The bottom trace was recorded after
1 h, the middle trace after 18 h, and the upper trace after 72 h.

3820 J. AM. CHEM. SOC. = VOL. 128, NO. 11, 2006

complexes of Fe(ll), we have demonstrated that increasing the
bulk of the trans (to P) ligands does indeed reduce the
nonbonded PP distances® This steric compression is also
evident in the crystal structures of the macrocyclic products as
discussed below.

As well as being sensitive to the nature of the substituents
on the Cp ring, the rate of each coupling reactign- 3 and
3— 4)is also accelerated in the presence of base. Without added
base, macrocycle formation was complete after 24 to 48 h at
80 °C with the Cp*, MgSiCp, and (MeSi),Cp templates for
the archetypal trivinylphosphine system. If the trivinylphosphine
was added in excess, a significant rate enhancement was
observed. Rate enhancement was also observed when stoichio-
metric amounts of triethylamine were added and reaction times
were consequently reduced to several hours. In contrast, for the
Cp derivative in the absence of added base, only the intermediate
complex 3a and starting materiaRa were observed in the
31P{1H} NMR spectrum after 5 days heating at 8D, and the
final ring closure to form the macrocycle was only achieved
after the addition of BN; even then, several days at 8C
were required for completion (Figure 1). This behavior implies
that formation of the linear fAntermediates, and subsequently
the product 9-anefmacrocycles, requires the generation of an
accessible lone pair on a coordinated primary (or secondary)
phosphine by proton abstraction. An observable color change
(upon addition of base) from yellow to red is consistent with
formation of a coordinated phosphide, in accord with the

(15) No attempt was made to isolate the linegc@mplexes of typ& as they
were only ever observed as mixtures with the respective starting materials
(2) and macrocyclic productsty.

(16) Edwards, P. G.; Malik, K. M. A.; Ooi, L.; Price, A. J. Chem. Soc., Dalton
Trans.2006 433.
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Table 1. P{H} NMR Data for the Complexes!®

complex Op (Jep) complex 9p (Jep)

la 0.5s 4a 129.0t (22), 96.0d (22)

1b 3.0s 4b 131.0t (21), 98.4d (21)

1c 1.5s 4c 126.0t (18), 98.7d (18)

1d 7.0s 4d 117.0t (5), 108.2d (5)

le 74.8d (33), 63.8d (36), 3.7d (36), 2.7d (33) de 134.2t (21), 129.3t (21), 96.0t (21)

1f 72.5d (36), 61.4d (33), 3.8d (33), 1.6d (36) af 129.7t (18), 125.7t (18, 100.1t (18)

19 75.4d (33), 74.7d (33), 63.8d (33), 3.9d (33), 49 134.6t (18), 133.9t (18), 129.9t (18),

3.1d (33), 2.3d (33) 128.6t (18), 100.1t (18), 99.2t (18)

4h 129.8t (18), 97.0d (18)

2a 51.9t (58), 3.5d (58) 4i 119.7t (4), 106.0d (4)

2b 50.8t (59), 4.3d (59) 4j 118.9t (4), 106.3d (4)

2c 48.5t (49), 7.0d (49)

2d 49.5t (47), 15.5d (47) 5b 140.2t (21), 97.5d (21)

2h 54.5t (58), 5.9d (58) 5c 136.5t (21), 97.1d (21)

2i 57.1t (47), 16.6d (47) 5e 139.4t (21), 134.1t (21), 96.4t (21)

2j 51.6t (47), 13.7d (47) 5f 136.2t (24), 129.4t (24), 99.6t (24)

3a 90.8dd (36,49), 85.8t (36), 7.2dd (36,49) 6a 140.3d (25), 131.1t (25)

3b 87.8m, 8.0dd (42,46) 6b 138.9d (25), 128.5t (25)

3c 87.4t (30), 81.6dd (30,38), 8.5dd (30,38)

3d 95.2t (22), 85.0dd (22,36), 18.8dd (22,36) 7a 140.1s

3h 91.4dd (34,48), 87.0dd (34,37), 8.8dd (37,48) b 139.0s
7d 124.9s
71 139.5t (25), 136.7t (25), 135.3t (25)
m 139.5t (27), 136.7d (27)

observations of Wild and co-workers on related systéhidhie The presence of a single AMX pattern in tF&{*H} NMR
resultant phosphido complex attains an 18-electron configurationspectra of3a—d confirms this, with only one enantiomer (or

at iron (inhibiting sz-basic behavior) and thus supporting a more likely enantiomeric pair) of the complexes being detected
o-bonded phosphido ligand which retains nucleophilic character. in solution. The selection is kinetic in origin (although the
The available lone pair may project toward or away from the adopted structures may be preferred thermodynamically), as
acceptor orbitals of the vinyl group, as shown schematically in shown in Figure 2. The final ring closure to form the macrocycle
Figure 2. The subsequent coupling chemistry to form the linear is similarly constrained by the selection shown in the figure, so
P; intermediate8a—d and the final macrocycleta—d is only that for all the isolated complexes ofjftCpR)Fe(9-aneB)] ™,
possible when the lone pair of the transient phosphide projectsthe substituents at the phosphorus atoms (H, Ph, vinyl, etc.)

away from the Cp ligand. This extends to the transformation of
the linear triphosphorus specied {o the macrocyclic product,
and of the four possible diastereoisomers3af-d that relate
as two enantiomeric pairs, only one of these pairs can form.

Cp G
i /P</§P"‘H Ry ~H
|L(02H3)3 f{Cabisk

Fe(R). P(R) {Fe®S), P(S)}

F

cp

Fe(R), P(S) {Fe(S), P(R)}

@ H

er~ /
/ -
x\ Ry /P\ﬁP\H
\-A8=8P(CZH3)2

) R;=Hor Ph
Re,

: F:E -, /H
-
Q\,i/§ i
P(CzH3)2

Figure 2. Diastereomeric possibilities and possible reaction pathways for
the formation of the linear intermediatga from 2a. The second ring
formation (macrocycle formation) to givéa is governed similarly.

project toward the Cp fragment.

Although compounds of the type#f{-Cp¥)Fe(9-anegH-
CzH3)]t, 4, were the predominant species observed in solution
on completion of the reactions, insoluble deposits of an unknown
nature were often formed, and these contribute to the modest
isolated yields of products after cyclization. Generally, these
precipitates were more prevalent in mixtures that required long
reaction times and are likely to be the result of unwanted
intermolecular couplings, and since the final macrocycle product
contains a pendant vinyl function, this could occur between
intermediate as well as product molecules. The macrocyclic
complexesda—d were isolated as oranggellow solids that
were readily recrystallized from alcohols and are air-stable
indefinitely in the solid state but air-sensitive in solution.
Ethanolic solutions darken as a result of partial decomposition,
whereas in hydrochlorocarbons, the IR functions are chlori-
nated; this latter reaction is accelerated upon addition of aqueous
base (NaOH).

The3P{1H} NMR spectra (Table 1) reveal a dependence of
bothdp and2Jp_p on the nature of the Cp donor. The coordinated
1,2-dpe in the monoacetonitrile complexéa—d resonates
between 0 and 8 ppmy130 ppm downfield of the signal for
the uncoordinated diphosphine, but is typical of formation of a
5-membered chelafé. The 3P NMR chemical shifts fola—c
are similar p 0.5—3.0 ppm), whereas for the M@p derivative,

(17) Bader, A.; Kang, Y. B.; Pabel, M.; Pathak, D. D.; Willis, A. C.; Wild, S.
B. Organometallics1985 4, 1434.

(18) Pregosin, P. S.; Kunz, R. W!P and 3C NMR of Transition Metal
ComplexesSpringer-Verlag: Berlin, 1979.
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1d, the downfield shift is greateréf 7.0 ppm); this is
presumably a consequence of the electronic differences within
the series of Cp donors. The complexe8a—d show the
expected doublet (RPHand triplet [P(GH3)3] in their 31P{1H}

NMR spectra, and the absolute difference in chemical shift
between the two signalé\(d; — d2]) and2Jp_p decreases along
the series Cp> MesSiCp > (MesSi),Cp > Cp*. This trend
extends to the complexe8a—d and 4a—d. Furthermore,
although the coordinated trivinylphosphine resonateé &0

+ 2 ppm in2a—d, the vinyl bearing phosphine resonates at a
higher field ¢p 117.0 ppm) indd than inda—c (op 126—131
ppm). This is even more pronounced in the perethylated
tritertiary phosphine complexes;ftCpR)Fe(9-anekEty] ™, 7ab,d
(Table 1). A possible reason is that increased steric compressior
about the metal center i2d forces the Fe-P(vinyl) bond to
lengthen, resulting in the somewhat anomalépsalue; this
relative bond lengthening is observed in the crystal structure

(see below). Figure 3. Ortep representation of the structuredaf Ellipsoids are drawn
In common with the’P{1H} NMR data, the;>-Cp* deriva- at 30% probability. Selected bond lengths (A) and andips fe2-P4 =
tive 4d shows some significant differences in sl NMR 2.156(3), Fe2 P5= 2.168(3), Fe2 P6= 2.174(3), Fe2 C20= 2.119(10),

. , . Fe2-C21 = 2.094(10), Fe2C22 = 2.089(11), Fe2C23 = 2.113(10),
spectrum with respect tda—c. Most notable is the relative o5 <55— 2.090(10), P4 Fe2P5= 85.73(12), P4 Fe2P6= 84.98(12).
chemical shift of the PH protons, which resonatedat5.55 P5—Fe2-P6 = 86.25(12).

ppm in the spectrum otd as opposed to 6.24 0.05 ppm for
4a—c. Steric encumbrance at the secondary phosphines is notthe C24 carbon of the Cp ring and the vinyl function occupies
expected to be large, and it may be that these differencés in  the space between the two B groups. Unsurprisingly, the
(PH) are mainly electronic in origin as (presumably) are the Fe—C(Si) bond lengths are the longest of the-f&bonds, and
variations in thé’!P spectra (see above). Where resolvable, the the C—Si vectors are bent-10° out of the G plane. These
Cp ring protons of thda— 7a series appear as quartets in the distortions of the silyl groups out of thes(lane of the
IH NMR spectra with aJe—y coupling of ~1.5 Hz. The cyclopentadienyl ligand, coupled with the FB—C,, bond
methylene carbons in the macrocycle give three distinct mul- angles being expanded to an average of 1228 evidence
tiplets in thel3C NMR spectra of complexeta—d, suggesting for the steric compression discussed above. The vinyl group is
pairwise equivalence and hence a plane of symmetry throughlocated on the same side of thegPane as the (MgSi).Cp unit,
the P-vinyl phosphorus bisecting theHPCH.CH,PH— carbon- an orientation required by the pathway for ring formation
carbon bond and therefore rapid conformational inversion in detailed in Figure 2.
the 5-membered chelate rings. All the complexes of tdpe 9aneR Derivatives from Template Reactions of Phenyl-
containing secondary phosphine donors show a weak but(2-phosphinoethyl)phosphine and Trivinylphosphine. As
characteristicv(P—H) stretch in their infrared spectra at ap- described above, the cyclization chemistry is sensitive to the
proximately 2360+ 20 cnT?. nature of the peripheral substituents on th& Gpit with greater
The complex {7°-(MesSi),Cp} Fe(9-anekH,CoH3]BF4, 4c, rates being realized with increased bulk at these positions. In
crystallizes in thd>2,/c space group with two distinct molecules  the synthesis of nitrogen macrocycles by the Richmatkins
in the asymmetric unit. The structure of one of the complex method?! it is well-known that bulky substituents on the
cations of4cis shown in Figure 3. The iron(ll) center is pseudo- nitrogens of acyclic precursor amines helps facilitate ring closure
octahedral with the usual distortions due to the small “bite” of due to the steric influence of the substituents. In view of this,
the carbons in the Cp ring. The macrocycle is facially it was of interest to see what effect (if any) the introduction of
coordinated with FeP bond lengths averaging 2.17 A (there a substituent at one of the primary phosphines of 1,2-diphos-
is little difference between FePH and Fe-Piny) and P-Fe—P phinoethane (to generate a mixed primary/secondary bidentate
angles averaging 85.5These values compare with those of phosphine) had on the subsequent cyclization chemistry. To this
1,2-GHy4(PMePh) in [(R*,R*),(R")]-(£)-[(n°>-CsHs)Fe[1,2- end, phenyl(2-phosphinoethyl)phosphine, Phdpe, was employed
CsHa(PMePh)} (PHMePh)|PE 19 (Fe—P = 2.176, 2.183 A; with the most effective of the (Fe" templates, that is, the
P—Fe—P = 86.3) and the 11aneM macrocycle in [>-Cp)- silylated cyclopentadienyl iron(ll) fragments, and trivinylphos-
Fe(neseacis-2,10-diphenyl-6-aza-2,10-diphenylbicyclo[9.4.0]- phine. The precursor complexesy}{MesSiCp)Fe(Phdpe)-
pentadeca-11(1),12,14 triene)]l FB = 2.177, 2.193 A; (MeCN)]PF, 1e and [ 7°-(MesSi),Cp} Fe(Phdpe)(MeCN)]P§
P—Fe—P=86.9).29The bond lengths are shorter and the angles 1f, were readily prepared in the same manner as their 1,2-dpe
tighter, however, than those in the related®lCp)Fe(12- analoguesia—d), and they were isolated as a mixture of two
aneREt)]" complexes3¢ When the structure of the bis-  diastereomeric pairs of enantiomers: Re(PR)/Fe®©), PO,
(trimethylsilyl) Cp, 4c, complex is viewed down the vector and Fef), PR)/FeR), P(S (see Figure 2). Reaction of
connecting the centroid of the Cp ring to the iron, it is evident complexeslef with trivinylphosphine gives rise to the diphos-
that the phosphorus donor bearing the vinyl group lies below phine/monophosphine complexes¥CpR)Fe(Phdpe)(tvp)]P&
2e (R = Me;3Si), and [75-(MesSi),Cp} Fe(Phdpe)(tvp)]P& 2f,

(19) Crisp, G. T.; Salem, G.; Wild, S. BEDrganometallics1989 8, 2360.
(20) Liu, C.-Y.; Cheng, M.-C.; Peng, S.-M.; Liu, S. 7. Organomet. Chem.
1994 468 199. (21) Richman, J. E.; Atkins, TJ. Am. Chem. S0d.974 96, 2268.
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also as a pair of diastereomers. It is clear from Figure 2 that A B
the FeR), PR)/Fe®), P diastereomeric pair will not form Rs
the desired 9-angAPhGH3; compounds unless inversion occurs - S
at the P(Ph) center. The chemistry highlighted in Figure 2 relates S N = P
to the situation where the secondary phosphine reacts to form QH P PH D LH P PH )

. ) . . 2 ~  _— 2 VA L )
the first 5-membered chelate; that is, to produce the linear Rs

2h-j

4-phenyl-1,4,7-triphosphanonane intermediate, the terminal
primary phosphine (phosphide) of this intermediate is then
available to react with one of the remaining vinyl functions to
give the macrocyclic complex in a manner akin to that observed
for 3a—d. A second route involving the initial reaction of the

primary phosphine (phosphide) to give the 1-phenyl-1,4,7- /\
triphosphanonane intermediate is also possible. The intermediate

from this route has a stereogenic terminal secondary phosphine Rs Rs

which can only react to form the macrocyclic complexeg{( %
CpR)Fe(9-aneBHPhGH3)|PFs, 4ef, when the orientation is right C R

(cf. Figure 2 and the associated discussion for #ae-d H'\—/PH) " R s

R,S-3h- S,R-3h-j _3h-j - 3h-j
systems)31P{1H} NMR analysis of the reaction mixtures during ~ _ ' ! . 5.53n] RR3h
the conversiongef — 4ef suggests that both routes operate. l >l<

The cyclization reaction foRe and 2f is considerably slower
than that for the related systerib and2c, and the yields of

th? deS_IrEd complexege and 4f _are Iower._ AS_ the axial Figure 4. Possible reaction pathways and diastereomeric products in the
orientation of nonannular groups is not possible in the 9-aneP reactions involving the divinylaryl(alkyl)phosphines.

complexes, the resultant macrocylic complefe$ are formed . . .
as a mixture of only two enantiomers. These are characterized(See above). Itremained of interest to see what effect changing
the site of the phenyl substituent from the diphosphine to the

in their3P{1H} NMR spectra by three distinct triplets for each hosohi d h the sub ¢ ling ch
of the unique phosphorus centers; two tertiary and one secondary.rzt? no\e\/t?sfealgetr\:\é og ol ae\zlt'eozn az Zl:] t'i'eq;tzg tf)ogg Igl% ¢ feo T
phosphine is confirmed in thé'P NMR spectra. All the ISTry. yclization w icIp w

phosphorus atoms and the iron(ll) center are stereogenic, an h_e_reactions e_mplc_)ying phepyl(Z-phosphinoethyl)phosp_hi_ne and
the two trimethylsilyl groups of the (M&i)Cp unit in [5- r|V|nyIphosph|ne,_|t was orlglnglly doupted whet.her divinyl-
1,3-bis(trimethylsilyl)cyclopentadienyl](1-phenyl-4-vinyl-1,4,7- Esg(y(ylﬁ:rycl:)g:qoslsfIn‘?f]ew?j?slgn%t\i/gna?étlvsvgﬁ?I(ih)gel(? SIZ;?;;
triphosphacyclononane)iron(ll) hexafluorophosphat€, are yel plex. yclz:
diastereotopic; these are observed as distinct singléis@07 chemistry here and that for the Phdpe/tvp complement is that,

05 AR 001405 g e 11 e, ey rmeies i one e vy
13C{1H} NMR spectra of the complex. Similarly, all the P oSP phosp 9 y

. . . R functions are accessible (through the initial coupling of the
cyclopentadienyl protons are inequivalent and give rise to three . . .
distinct resonances in thHel and3C{H} NMR spectra of4f. secondary phosphine of Phdpe) enabling complete cyclization

) ) T akin to reactions using unsubstituted 1,2-dpe and tvp. This is
In an effort to introduce some diastereoselectivity into the ot the case for divinyl(alkyl/aryl)phosphines which necessarily

4h-j 4h-j

macrocycle formation, the chiral Cp ligane--neomenthyl- 4 through linear intermediates with only one vinyl function
cyclopentadiene, )-neoMenCp, was employed. Following on 3 terminal phosphorus. This will lead to stereochemical
related literature examplé$the complex {(+)-neoMenCjp- relationships between the terminal phosphines which may limit

Fe(MeCN)(Phdpe)]BE 1g, was obtained as an approximately complete cyclization (Figure 4). The formation of the first
equimolar mixture of four diastereomers; because of the 5. membered chelate to giBh—j generates two stereogenic
predefined chirality of the{)-neoMenCp, there is no enantio- phosphorus centers. When thgddonor has th& configuration,
meric relationship between any of the diastereomedgoThe macrocycle formation is only possible whemPhas theR
subsequent cyclization chemistry with Phdpe and tvp was less gpsolute configuration. Likewise, iftRis R, then R must be
efficient with this template with respect to the silylated gin order for macrocyclization to occur (Figure 4). Thed
cyclopentadienyl templates, with the consequence fat)t Pert combinationsS'S and R/IR preclude formation of the
neoMenCpFe(9-anefHPhGH3)|BF4, 4g, was obtained in low macrocycle. The combinatioméPsed/S(Per) andS(Psed/R(Pier)
yield. The complex4g is formed as an equimolar mixture of  4re enantiomers, as are tReR and S,S pair; the relationship
the two possible diastereoisomers which, unlike the case for petween the two sets is diastereomeric. Therefore, two sets of
the enantiomeric pair oflef, have distinct NMR spectra as peaks would be expected in tA#{H} NMR spectrum (one
detailed in the Experimental Section and Table 1; thus the chiral for the R ISR pair and one for th& SRR pair) if more than
auxiliary did not induce any enantioselectivity in the cyclization gne diastereomer &h—j were present. Heating a solution of
reaction under our conditions. [{ 175-(MesSi).Cp} Fe(1,2-dpe)PPh(GHs)2} JPFs, 2h, in chlo-
9aneR Derivatives from Template Reactions of 1,2- robenzene to 80C for several days gave no intermedi3te
Diphosphinoethane and Divinylalkyl(aryl)phosphines All the or macrocycle compleX j>-(MesSi),Cp} Fe(9-anepH,Ph)]PF,
reactions discussed thus far have employed trivinylphosphine, 4h, as determined by'P{*H} NMR spectroscopy. When the
and it has been shown that replacing a hydrogen in 1,2-dpe withreaction was repeated in the presence of 2 molar equiv of
a phenyl group reduces the efficiency of the macrocyclization triethylamine, the distinctive AMX pattern of the part coupled
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Scheme 2
R, R 7a:R; = Hs, Ry =R, = Et
@ Sa:Ry=Hs Ry=H @ 7b: Ry = (Me;Si)Hy R, = Ry = Et
5b: R, = (Me3Si)Hy, Ry = H ;: 21 = :‘T:SSA)ZH?RZ =E lR4 =Et
@ 5¢: Ry = (Me3Si);Hs, R =H =] ® = Meg, Rp=hy =
X Ha H\P,, 3 II"gH _Et 5d: R11 = Ma; R;=H KOBu 4\P ,,,,,, -Fe___Et T7e:Ry=(MesSiHy Ry =Ph R, =Et
a9 Tac N P 5e: Ry = (Me;Si)H,, R, = Ph TRer \f__~FR 7f: Ry = (Me;Si)oHs, Ry = Ph, Ry = Et
</ 5f: R, = (Me35i)-Hs, Rz = Ph \) Tq: F!1_= {(+)—ne_umenthyl_}H4. R-=Ph,Ry=Et
5g: R, = {(+)-neomenthyl}H,, R, = Ph IJ{ 7I: Ry =Hs, Ry =Ph, Ry = CsHyy
KOBu | EtBr hz > 7m: Ry = Hs, Ry = Ry = CsHyy
R4 Br, or H,04
= llg) R Et. O
P ¥~ p~"3 6a: Ry = Hg, R, = Et, Ry = CoHj Np7o Oy Et
C—J—/ 6b: Ry = (MesSi)Hy, Ry = Et, Ra = CoHa \ o Yp
6c: Ry = (MesSi)sHs, Ry = Et, Ry = CaHs <’,;§/\)_'
'J! 6k: Ry = Hs, R, = Et, R; = Ph
2 Et
8
Ha| Pd/C
v
Ta-c

linear acyclic triphosphine intermedia®é was observed within pentadienyl complexes. However, the unsubstituted Cp deriva-
several hours. However, only one set of doublets of doublets tive, with a single vinyl function 4a), is poorly soluble in
was observed for each distinct phosphorus center, indicatingethanol (the solvent of choice for the hydrogenation), resulting
that only a single isomer (or, more likely, one enantiomeric pair) in slow rates and/or the need for large volumes of solvent. For
of 3h is formed. Further heating leads to complete conversion this complex, the second route, whereby the secondary phos-
of 2h to 3h with concomitant formation of{[>-(Me3Si),Cp} - phines in [(>-Cp)Fe(9-anefM.CoH3)]BF4, 44, are ethylated to
Fe(9-anefH,Ph)]PFs, 4h. After 3 days, the reaction is complete  give the 1,4-diethyl-7-vinyl derivativeawhich is subsequently
and 4h is isolated in 29% vyield. The fact that all the linear hydrogenated to the 1,4,7-triethyl speciés is preferred as
intermediate h) is converted to the macrocycle produtt [(7°-Cp)Fe(9-anefEL,C,H3)|BF 4, 63, is much more soluble in
confirms the assignment of the former as R&SR mixture. ethanol than igta. This route is not the first choice for all the
The rate of cyclization is much slower than the analogous complexes as the reactive vinyl group can interfere with the
reaction with trivinylphosphine2c to 4c), and consequently  alkylation, and in the synthesis 6&, the amount of added base
yields are lower as deleterious intermolecular side reactions must be carefully controlled in order to prevent dimerization
compete with the desired coupling. The observation of only one of 4a by an intermolecular Michael-type addition. The trim-
enantiomeric pair o8h may reflect a preferred orientation of  ethylsilyl groups in4db, 4c, 5b, and5c are unstable under the
the divinylphenylphosphine igh, that is,A in Figure 4, which basic conditions required for ethylation. Thus, attempts to isolate
is, fortunately, an orientation that favors macrocyclization. The [(17°-{ MesSi}.Cp)Fe(9-anefEt,C,H3)|BF,, 6¢, were unsuccess-
complexes4i and4j were prepared similarly, again in low to  ful as partial loss of one or both M8i functions from the Cp
modest yield. To assess the efficiency or otherwise of radical ring was observed with the formation of a mixture off%(
induced coupling, |f>-Cp*)Fe(1,2-dpe)(dvpp)]and [¢;>-Cp*)- Cp)Fe(9-anefEt,CoH3)|BF 4 (6a) and [(7°-MesSiCp)Fe(9-anep
Fe(1,2-dpe)(dvbpj], where dvpp is divinylphenylphosphine and  Et,C;H3)|BF,4 (6b). Furthermore, this loss is accompanied by
dvbp is divinylbenzylphosphine, were cyclized in the presence partial reduction of the vinyl group of the resultaBe/6b to
of AIBN (no base), but under these conditions, intermolecular give variable amounts of §-Cp)Fe(9-anefEts)]|BF,4, 73, and
coupling predominates and the desired compounds are isolated(7°-MesSiCp)Fe(9-anefEts)|BF4, 7b, and so an overall mixture
in very low yield (5%). of 6a, 6b, 7a, and7b was obtained. Fortunately, both like pairs
Further Functionalization of Secondary Phosphine Com- 6a/7a and 6b/7b could be isolated and the mixtures hydroge-
plexes of Type 4.For complexes of 12-angR3; macrocycles nated to give reasonable yields of puteand 7b.
coordinated to Cr(0) or Mo(0), it is possible to convert the PH  Although the extent of desilylation was less for the monosi-
groups to tertiary phosphines by either a stepwise process oflylcyclopentadienyl complex{f-Mes;SiCp)Fe(9-aneff,CoH3)]-
deprotonation and electrophilic alkylation or by radical-induced BF,, 4b, with respect to the disilyl derivativesft-{ MesSi} .Cp)-
hydrophosphination. In preliminary studies, we have shown that Fe(9-anefH,C;H3)]|BF4, 4c, complex mixtures were still observed
deprotonation and alkylation can lead to 1,4,7-triethyl-1,4,7- and 6b was isolated in only modest yield. These {8e

triphosphacyclononane (9-angfs) complexes of iron(11}:3 eliminations were also observed on ethylatingP{{/esSiCp)-
There are two possible routes for the formation of the 1,4,7- Fe(9-anegH,Et)|BF;,, 5b, and [¢7°>-{ MesSi} ,Cp)Fe(9-anefM,-
triethyl-1,4,7-triphosphacyclononane complexéa—d) from Et)]PFs, 5c¢. Although careful control of reaction temperature
the 1-vinyl derivatives4a—d) as indicated in Scheme 2. and amount of added base gave good yields of the perethylated

The first, which has been used successfully for the preparationcomplex [(°>-MesSiCp)Fe(9-anefEts)|BF,4, 7b, the analogous
of [{7°>-Cp*} Fe(9-aneBEt)] BF4, 7d,1%Pinvolves hydrogenation  (Me3Si),Cp complex,7c, was not obtained pure. Efforts to
of the vinyl group proceeded by alkylation of the secondary obtain7c by ethylation of5c using E§N and EtBr were only
phosphine functions with KBU/EtBr. This is the preferred  partly successful; although no desilylation was observed,
route for the pentamethyl- and trimethylsilyl-substituted cyclo- bromination of the secondary phosphines did occur as a
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conditions or bromine in dichloromethane and water in a
modification of the liberation conditions of StelZ&rthe free
macrocycle was isolated as the trioxid(Scheme 2). Use of
either liberation technique results in excellent recovery of
9-aneR(O)sEts, although the bromine method is the preferred
one. The resultant 9-angP)sEt; is a hygroscopic white solid
that is freely soluble in water, sparingly soluble in alcohols,
and insoluble in other common organic solvents. ¥ 1H}
NMR spectrum consists of a singlet @ = 65.2 ppm
confirming the allsyn arrangement of the=PO functions as
indicated in Scheme 1. The chemical shift is similar to those
for related R macrocycle oxide%? 'H and 3C NMR spectra
are consistent with the proposed structure. A strong absorption
at 1145 cnt in the infrared spectrum is assigned to tE=0)
stretch. It is of interest to note that the mass spectrum of the
trioxide only gave a peak for [9-ang(®):Et; + M*] where M

= Li, Na, suggesting a high affinity of the compound for hard

. metal ions. To date, all efforts to reduce the trioxide to the
Figure 5. Ortep representation of the structure7at Ellipsoids are drawn phosphine using LiAld and PhSiH have proved fruitless,

?13708021 )prgb:l;i)li;y- ;ellggzg;i Eor;dplgng;hi 5(3/}()5“};j inéﬂlﬁis Ezeﬁop(llzT) possibly due to the very poor solubility of the compound in
. , Fe =2. , Fe =2. , Fe =2. , . . A

Fel-C2— 2.114(16) FetC3— 2.088(15), FetCA— 2.090(16), Fet appropriate solvents. Wor.k is contmullng' on the development
C5=2.071(16); P+Fel-P2= 81.86(17), P+ Fel-P3= 86.47(18), P2 of methods for the reduction of the trioxide and/or release of
Fel-P3=87.25(18), Fe:P1-C19= 120.2(6), Fe+ P2-C15= 123.0(6), the macrocycle from the template without ligand oxidation.

Fel-P3-C17=123.1(7). In conclusion, a general method for the synthesis of 9-gneP

macrocycles using CpFe(ll) units as templates has been
established. The rate of formation of the macrocycles is
dependent on the nature and position of the substituents on the
Cp ring and the phosphorus donors. The triethyl macrocycle
has been released from the template by oxidation usit@, H

to give the trioxo derivative. We are currently examining the
stereoselective reduction of the 9-ap@»s;Et; compound to
obtain the free phosphine with a view to investigating the
chemistry of this and related systems with a range of metal ions.

competing reaction and it proved difficult to separate the desired
complex7c from the [(7°-{ MesSi} .Cp)Fe(9-anefEtLBr)|PFs
byproduct. The desilylation extended to the compler{les-
SiCp)Fe(9-anefMEtPH JPFs, 5 which, upon deprotonation and
subsequent alkylation with 1-bromopentane, eliminated the
trimethylsilyl fragment to give j{>-Cp)Fe(9-anefEtPhGH11)]-

PR, 71. In addition, when complex #0-{ MesSi}.Cp)Fe(9-
aneRH,E)]PF;, 5¢, was treated with an excess of potassium
tert-butoxide, and subsequently reacted witR molar equiv

of 1-bromopentane, only §f-Cp)Fe(9anefEt{ CsH11})]PFs, Experimental Section
7m, was isolated. The tritertiary complexéa—c,k and7ab,|

are all bright yellow, air-stable crystalline solids that retain their
stability to air and moisture when in solution. The symmetrical

The complexes were synthesized under nitrogen using standard inert
atmosphere (Schlenk) technigues. The tertiary macrocycle complex salts

9 REt, derivati bd luble in hvdrochl are indefinitely stable in air in the solid state and in solution; solutions
-aneBEt; derivatives {ab,d) are soluble in hydrochlorocar- of macrocycle complexes containing secondary phosphines were

bqns, and GI_I?Oh°|S and may be crystallized from these with or manipulated and stored under nitrogen. All solvents were freshly

without additional solvents. The structure off{MesSiCp)Fe- distilled from sodium (toluene and anisole) or calcium hydride

(9-aneREt)] " (7b) is shown in Figure 5. (acetonitrile and 1,2-dichloroethane) under nitrogen before use. The
The structure is as expected with a pseudo-octahedral iron3P NMR spectra were recorded on JEOL FX90Q, Bruker AM360, and

atom facially capped by the Cp ligand and thenfacrocycle. JEOL Eclipse 300 spectrometers operating at 36.2, 145.1, and 121.7

The Fe-C(SiMe;) bond is significantly longer [2.14(1) Al than ~ MHz, respectively, and referenced to 85%P@; (6 = 0 ppm).*H

the remainder [av. 2.09(2) A] as is the-FR2 bond: 2.196(5)  (400.13 or 300 MHz) an&C (100 or 75.6 MHz) NMR spectra were

A compared to 2.153(4) and 2.178(4) for the other two. The Obta'”fed on B(;Utketf ?PX43]0 Iaf:d lgeiO(l)- Ecllp))s:e fOO zpectrotmeters and

: are referenced to tetramethylsila ppm). Infrared spectra were
g);(??it tie(-;F;JE(())Q[()jhlsrﬁgmvsf?(;zglee:ﬁ;lhcs)if)gijtlgz\r/ﬁzigl?: 'i\l)osestrecorded as KBr disks on a Nicolet 510 FT-IR spectrophotometer. Mass

. . spectra were obtained on a VG Fisons Platform Il spectrometer at
contact with the bulky MgSi group on the Cp fragment. The Cardiff or through Warwick Analytical Service Ltd. Microanalyses were

P1-Fel-P2 angle is the smallest of the-Fe—P angles due,  performed within the School of Chemistry at Cardiff or by Warwick
presumably, to the steric influence of the trimethylsilyl group Analytical Service Ltd. 1,2-Bis(phosphino)eth@ighenyl(2-phosphi-
on the two phosphorus atoms. The average FFeCerny angle noethyl)phosphiné trivinylphosphine?’ [{ °-(Me;Si)Cg Fe(CO)],,2°

is again expanded to 122,aeflecting the steric compression  [{#5-(Me;Si).Cp} Fe(CO}],,?” and f (+)-neomenthyl)CpFe(CO}].?®

in the complex. The average of the-He bonds is longer here

at 2.175 A than in complesc. In addition, the G-Si bond is (22) Lebbe, T.; Machnitzki, P.; Stelzer, O.; Sheldrick, WTstrahedror200Q
' 56, 157.

bent 14 out of the G plane of the Cp ring, appreciably more  (23) Taylor, R. C.; Walters, D. Bnorg. Synth 1973 14, 10.
T - ) + 24) King, R. B.; Cloyd, J. CJ. Am. Chem. Sod 975 97, 46.
than in @7 {Mg38|}§Cp)Fe(9 aneﬂ‘lz(:zHg?—] , 4c, or for the Ezsg Kaesz H. D.: Stone, F. G. A, Org. Chem1959 24, 635.
methyl groups in [>- Cp*)Fe(9-anegEt;)]™, 7d. (26) Berryhill, S. R.; Clevenger, G. L.; Burdurlu, F. @rganometallics1985
Liberation of 9-anePsEts as the Trioxide. When7b (or 7a) 4, 1509.

; X ... (27) Clark, J. T.; Killian, C. M.; Luthra, S.; Nile, T. Al. Organomet. Chem.
was treated with aqueous hydrogen peroxide under acidic 1993 462, 247.
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were prepared as described. All other chemicals were of reagent gradeg, 1.97 mmol) and 1,2-diphosphinoethane (0.2 mL, 2.1 mmol). After

and were used as supplied unless otherwise stated. Comfléxéd, removing the solvent, the residue was triturated with diethyl ether to

5d, and7d were synthesized by the reported meth&#s. give 1c as an orange solid. Yieles 0.81 g (70%).3'P{*H} NMR
(Acetonitrile)dicarbonyl( #5-trimethylsilylcyclopentadienyl)- (CDCls, 36.23 MHz): 6 = 1.5.'H NMR {(CD5).CO, 300 MH3: 6

iron(ll) tetrafluoroborate. This compound was prepared frofyf- = 5.50 (d br, 2H, P2, 1Jpy = 343 Hz), 5.32 (s, 1H, Cp), 5.05 (d br,

(MesSi)Cp Fe(CO)]» (1.00 g, 2.01 mmol) and ferrocenium tetrafluo-  2H, PHz, *Jpn = 341 Hz), 4.71 (s, 2H, Cp), 2.27 (s, 3HHECN), 2.20
roborate using the method of AstriftLarge golden-brown crystals  (br, 2H, GHy), 1.94 (br, 2H, Ei2), 0.28 (s, 18H, SiBls). Reproducible
were grown from acetone/diethyl ether -aB80 °C. Yield = 1.32 g elemental analysis was not possible for this complex due to excessive
(87%).H NMR (CDCls, 400 MHz): 6 = 5.63 (s, 2H, Cp), 5.42 (s,  decomposition by loss of acetonitrile prior to combustion. IR (KBr):
2H, Cp), 2.41 (s, 3H, B1CN), 0.34 (s, 9H, Si€l5). Elemental analysis ~ 2330m ¢ph), 2269m {cn).

calcd for GoH1gNSIOBFsFe: C, 38.22; H, 4.29; N, 3.72. Found: C, The BR~ salt was prepared as follows. A solution gf-(Mes-
37.9; H, 4.2; N, 3.5. IR (KBr): 2328wiy), 2066, 2021vSico). Si),CpFe(COJ)l (0.50 g, 1.12 mmol) and AgBH0.22 g, 1.12 mmol)
(Acetonitrile)dicarbonyl { 75-1,3-bis(trimethylsilyl)cyclopentadieny} - in acetonitrile (50 mL) was stirred in the absence of light for 24 h.

iron(I1) hexafluorophosphate. This compound was prepared as above After filtering, the solution was diluted 2-fold and the BFsalt prepared
using [ 175-(MesSi),Cp} Fe(CO)]» (1.00 g, 1.56 mmol) and ferrocenium  and isolated in an analogous manner to that of thg Balt above.
hexafluorophosphate and obtained as a yellow microcrystalline solid Yield = 0.39 g (72%). Spectroscopic data as above.
by crystallization from from acetone/diethyl ether mixtures. Yield (Acetonitrile)(n5-trimethylsilylcyclopentadienyl){ phenyl-
1.30 g (82%)*H NMR {(CDj3),CO, 300 MH2: 6 =5.53 (s, 1H, Cp), (2-phosphinoethyl)phosphingiron(ll) hexafluorophosphate, 1e.This
5.40 (s, 2H, Cp), 2.36 (s, 3H,HZCN), 0.29 (s, 18H, Si€3). Elemental compound was prepared as fidy but using phenyl(2-phosphinoethyl)-
analysis calcd for GH..NSiLOPRFe: C, 35.50; H, 4.78; N, 2.76 phosphine and{[;>-(Me;Si)Cp Fe(CO)(CH3CN)]PR. Removal of the
Found: C, 35.1; H, 4.7; N, 2.6 IR (KBr): 2316wdy), 2076, 2036vs solvent gave a red solid which was washed with diethyl ether to remove
(vco). residual phosphine. Yielg= 1.25 g (99%).3'P{*H} NMR (CDsCN,
(Acetonitrile)dicarbonyl { 5-(+)-neomenthylcyclopentadieny) - 121.7 MHz): 6 = 74.8 (d, 33 Hz), 63.8 (d, 36 Hz), 3.7 (d, 36 Hz), 2.7
iron(ll) hexafluorophosphate. This compound was prepared from  (d, 33 Hz)."H NMR (CDsCN, 300 MHz): 6 = 7.8=7.2 (m, 5H, Ph),
[{5-(+)-neomenthylCpFe(CO}], (1.00 g, 1.58 mmol) using a method ~ 6.5-3.6 (M, 7H, P4, PHz, Cp), 2.6-1.6 (m, 7H, Gz, CHCN), 0.24
similar to those above. The pure compound was obtained after two and 0.20 (2x s, 9H, SiCHs). Elemental analysis calcd for,&Hze
recrystallizations from acetone/diethyl ether mixtures @0 °C. Yield NSiPsFsFe: C, 39.34; H, 5.10; N, 2.55. Found: C, 40.4; H, 5.5; N,
=0.90 g (57%)*H NMR (CD;Cl,, 400 MHz): 6 = 5.45 (s, 1H, Cp), 2.1. Analytical data were variable, reflecting the instability of the
5.24 (s, 1H, Cp), 5.19 (s, 1H, Cp), 5.14 (s, 1H, Cp), 2.80 (s br, 1H), compound with respect to loss of GEN; the data listed here are the
2.29 (s, 3H, E1sCN), 1.8-0.8 (m, 9H), 0.86 (d, 3H, 5.0 Hz), 0.85 (d,  closest to required values obtained. IR (KBr): 2314my), 2262w

3H, 5.0 Hz), 0.72 (d, 3H, 6.2 Hz). Elemental analysis calcd foHg: (ven).

NO.PRFe: C, 45.52; H, 5.24; N, 2.79. Found: C, 45.1; H, 5.2; N, (Acetonitrile){n°-1,3-bis(trimethylsilyl)cyclopentadieny} { phenyl-

2.5. IR (KBr): 2336w {cn), 2061, 2024vsico). (2-phosphinoethyl)phosphingiron(ll) hexfluorophosphate, 1f. This
(Acetonitrile)(55-cyclopentadienyl)(1,2-diphosphinoethane)- ~ compound was prepared as farbut using phenyl(2-phosphinoethyl)-

iron(ll) hexafluorophosphate, 1a.A solution of [(;5-Cp)Fe(5-CsHg)]- phosphine. Removal of the solvent gave a red solid which was washed

PR (1.00 g, 2.91 mmol) and 1,2-diphosphinoethane (0.30 mL, 3.1 with diethyl ether to remove residual phosphine. Yield..09 g (89%).
mmol) in acetonitrile (50 mL) was irradiated for 12 h with a 100 W *'P{*H} NMR (CD:CN, 121.7 MHz): 6 = 72.5 (d, 36 Hz), 61.4 (d,
tungsten lamp. The solvent was subsequently removed and the resultan83 Hz), 3.8 (d, 33 Hz), 1.6 (d, 36 HZ)H NMR (CDsCN, 300 MHz):
residue crystallized from hot tetrahydrofuran/acetonitrile to give 6= 7.7-7.3(m, 5H, Ph), 6.74.3 (m, 6H, P4, PHz, Cp), 2.5-1.6 (m,

complexla as orangered crystals. Yield= 1.00 g (85%).3'P{*H} 7H, CHz, CH:CN), 0.33, 0.16, 0.14 and 0.13 (4 s, 18H, SiCiy).
NMR (CDCl;, 36.23 MHz): 6 = 0.5. 'H NMR {(CD5;).CO, 300 Reproducible elemental analytical data were not obtained for this
MHz}: 6 = 5.67 (d, 2H, P2, Jpy = 356 Hz), 4.92 (d, 2H, Rz, Wpy complex due to excessive decomposition by loss of acetonitrile prior
= 340 Hz), 4.58 (s, 5H, Cp), 2.29 (s, 3HHECN), 2.05 (br, 4H, Eiy). to combustion. IR (KBr): 2336mwey), 2269w cn).
Elemental analysis calcd for8:NPsFeFe: C, 26.95; H, 4.03; N, 3.49. (Acetonitrile) { 5-(+)-neomenthylcyclopentadienyl{ phenyl(2-
Found: C, 26.6; H, 3.8; N, 3.1. IR (KBr): 2352, 2317mp), 2265m phosphinoethyl)phosphinéiron(ll) tetrafluoroborate, 1g. A solution
(ven). of [{#5-(+)-neomenthylCpFe(CO}CHsCN)]PFs (1.00 g, 2.0 mmol)
(Acetonitrile) (75-trimethylsilylcyclopentadienyl)(1,2-diphos- and phenyl(2-phosphinoethyl)phosphine (0.35 mL, 2.06 mmol) in
phinoethane)iron(ll) tetrafluoroborate, 1b. A solution of {5 acetonitrile (100 mL) was irradiated for 12 h with a Hanovia 125 W

(MesSi)Cpt Fe(COYCHLCN)]BF, (1.00 g, 2.65 mmol) and 1,2- UV lamp. The solvent was subsequently removed in vacuo to give a
diphosphinoethane (0.25 mL, 2.7 mmol) in acetonitrile (100 mL) was red solid which was washed once with diethyl ether, dried in vacuo,
irradiated for 12 h with a Hanovia 125W UV lamp. The solvent was and used for the subsequent reactions without further purification. Yield
subsequently removed and the resultant residue crystallized from hot= 0-90 g (82%)>'P{*H} NMR (CDCk, 121.7 MHz): 6 = 75.4 (d, 33
tetrahydrofuran to givédb as a red crystalline solid. Yieles 0.90 g Hz), 74.7 (d, 33 Hz), 63.8 (d, 33 Hz), 63.6 (d, 33 Hz), 3.9 (d, 33 Hz),
(82%).31P{*H} NMR (CDCls, 36.23 MHz): 6 = 3.0.2H NMR (CDCls, 3.1 (d, 33 Hz), 2.3 (d, 33 Hz), 2.2 (d, 33 Hz). Reproducible elemental
300 MHZ: 6 = 5.81 (d br, 2H, Pz, “Jpy = 356 Hz), 4.67 (d, 2H, analytical data were not obtained for this complex due to excessive
PH,, Wpn = 340 Hz), 4.50 (s br, 2H, Cp), 4.12 (s br, 2H, Cp), 2.23 (s decomposition by loss of acetonitrile prior to combustion. IR (KBr):

br, 3H, CHsCN), 2.2-1.8 (m br, 4H, G5, 0.26 (s, 9H, SiEls). 2327m fpr), 2274w fen).

Elemental analysis calcd for,&,4NSiP.BF,Fe: C, 34.72; H, 5.84; (n°-Cyclopentadienyl)(1-vinyl-1,4,7-triphosphacyclononane)-

N, 3.37. Found: C, 34.3;H,5.5; N, 2.9. IR (KBr): 2334m), 2269m iron(ll) hexafluorophosphate, 4a. A solution of [(7>-Cp)Fe(1,2-

(ven). dpe)(CHCN)]PFs;, 1a(1.00 g, 2.49 mmol), and trivinylphosphine (0.28
(Acetonitrile) { 75-1,3-bis(trimethylsilyl)cyclopentadienyl (1,2- mL, 2.5 mmol) in 1,2-dichloroethane (50 mL) was heated at@@or

diphosphinoethane)iron(ll) hexafluorophosphate, 1c This was 2 h. After cooling, the volatiles were removed in vacuo to gdeeas

prepared as fatb using [ 75-(MesSi).Cp} Fe(CO}CH:CN)]PF; (1.00 ayellow solid. The yellow residue was dissolved in chlorobenzene (100
mL) containing excess triethylamine (0.5 mL) and the resulting solution

(28) Malische, W.; Gunzelmann, N.; Thirase, K.; Neumayer,JMDrganomet. heated gt 80C fo!' 60 h.*P{*H} NMR spe(?troscopy showed the
Chem.1998 571, 215. successive formation dda and 4a, and the mixture was worked up
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upon complete conversion 8@ to 4a. The mixture was filtered hot,
cooled, and concentrated to small volume. After standing2@ °C
overnight, the bright orange crystals 4d were isolated by filtration.
Yield = 0.42 g (36%)3*P{*H} NMR (CD.Cly, 36.23 MHz): 6 = 129.0
(t, J =22 Hz), 96.0 (dJ = 22 Hz).'H NMR (CD.Cl,, 400 MHz):
= 6.51 (m, 1H, PEI:CH,), 6.00 (dd, 1H, PCH:8,), 6.19 (d br, 2H,
362 Hz, M), 5.73 (t, 1H, PCH:El,), 4.38 (s, 5H, Cp), 2.21.5 (m,
12H, CH,). 3C{*H} NMR (CD.Cl,, DEPT, 100 MHz): 6 = 135.3 (d,
34 Hz, FCH:CH;), 128.6 (d, 3 Hz, PCHCH,), 78.6 (s, Cp), 29.0 (dt,
30 and 7 Hz, CH), 24.7 (t, 22 Hz, Ch), 23.9 (m, CH). IR (KBr):
2334m ¢pr). MS (APCI)mz 327 (100) [¢°-Cp)Fe(9-anefP,CoHa)] .
Elemental analysis calcd for;@,.FsPsFe: C, 33.07; H, 4.71. Found:
C, 33.2; H, 4.6.

(y5-Trimethylsilylcyclopentadienyl)(1-vinyl-1,4,7-triphosphacy-
clononane)iron(ll) tetrafluoroborate, 4b. A solution of [(7>-Mes-
SiCp)Fe(1,2-dpe)(C¥CN)|BF4, 1b (1.00 g, 2.41 mmol), and trivi-
nylphosphine (0.28 mL, 2.50 mmol) in 1,2-dichloroethane (50 mL) was
heated at 80C for 24 h. After cooling, the mixture was filtered, the
volatiles were removed in vacuo, and the orangellow residue was
extracted into ethanol (150 mL) and filtered. The ethanol was removed
in vacuo and the residue chromatographed on neutral alumina (L0
cm) using 0.3% MeOH in dichloromethane as eluent. The fractions
containing4b were dried (MgS@ and the solvents removed in vacuo
giving 4b as a yellow solid. Yield= 0.50 g (43%).3*P{*H} NMR
(CDCls, 121.7 MHz): 6 = 131.0 (t,J = 21 Hz), 98.4 (dJ = 21 Hz)
1H NMR (CDClz, 300 MHz): 6 = 6.58 (m, 1H, P&:CH,), 6.22 (d
br, 2H, 354 Hz, P), 6.04 (dd, 1H, PCH:8,), 5.80 (t, PCH:El)),
4.56 (br, 2H, Cp), 4.46 (br, 2H, Cp), 2:3.6 (m, 12H, ¢i,), 0.12 (s,
9H, SiCH3) *C{H} NMR (CDCl;, DEPT, 75.6 MHz): 6 = 134.5
(dd, 34 and 2.3 Hz, ®H:CH,), 127.4 (d, 3.5 Hz, PCKH,), 88.3 (s,
CH), 78.0 (s, CH), 27.7 (dt, 29 and 6 Hz, @H23.7 (t, 23 Hz, CH),
23.2 (dd, 29 and 14 Hz, G 0.2 (s, SCH3) IR (KBr): 2340m @/py).
MS (APCI) m/iz 399 (100) [¢>-MesSiCp)Fe(9aneP-H,CoHz)]™.
Elemental analysis calcd for1§H3BSiF,PsFe: C, 39.53; H, 6.23.
Found: C, 39.4; H, 6.2.

{n5-1,3-Bis(trimethylsilyl)cyclopentadienyl} (1-vinyl-1,4,7-tri-
phosphacyclononane)iron(ll) tetrafluoroborate, 4c.A solution of
[{7°-(MesSi).Cp} Fe(1,2-dpe)(CECN)]BF,4, 1c (1.00 g, 2.05 mmol),
and trivinylphosphine (0.23 mL, 2.05 mmol) in 1,2-dichloroethane (50
mL) was heated at 80C for 48 h. After cooling, the mixture was
filtered, and the volatiles were removed in vacuo to give an orange
brown solid. The solid was exhaustively extracted into toluen& (4
100 mL) before concentrating the extracts in vacuo to crystadiizas
a bright yellow solid. Yield= 0.71 g (62%)3P{H} NMR (CDCl,
145.8 MHz): 6 = 126.0 (t,J = 18 Hz), 98.7 (dJ = 18 Hz).'H NMR
(CDCls, 400 MHz): 6 = 6.54 (m, 1H, PE€I:CH,), 6.28 (d br, 2H, 354
Hz, PH), 6.11 (dd, 1H, PCH:H,), 5.80 (t, PCH:Ei,), 4.58 (d, 2H,
Cp), 4.38 (d, 1H, Cp), 2:31.7 (m, 12H, &1,), 0.16 (s, 18H, SiEl)
BC{'H} NMR (CDCl;, DEPT, 100 MHz):6 = 134.7 (d, 32 Hz, BH:
CH,), 127.4 (d, 5 Hz, PCHKCH,), 96.1 (s, CH), 86.0 (s, CH), 80.5 (s,
C), 28.5 (dt, 30 and 7 Hz, G} 23.4 (t, 23 Hz, CH), 22.3 (dd, 27 and
14 Hz, CH), 0.2 (s, SCH5) IR (KBr): 2383m (). MS (APCl)mVz:
471 (100) {75 (MesSi),Cp} Fe(9-anefH.C;Hs] ™. Elemental analysis
calcd for GoHsgBSiFsPsFe: C, 40.87; H, 6.87. Found: C, 40.8; H,
6.8.

{n5-Trimethylsilylcyclopentadienyl} (1-phenyl-4-vinyl-1,4,7-tri-
phosphacyclononane)iron(ll) hexafluorophosphate, 4eA solution
of [(75-MesSiCp)Fe(Phdpe)(C¥N)]PFs, 1e(1.00 g, 1.82 mmol), and
trivinylphosphine (0.21 mL, 1.90 mmol) in chlorobenzene (40 mL)
containing triethylamine (0.2 mL) was heated at°@for 36 h. After
cooling, the mixture was filtered, the volatiles were removed in vacuo
and the orange-yellow residue was extracted into ethanel 78 mL)

solid. Yield= 0.41 g (36%)3P{'H} NMR (CDClz, 121.7 MHz): 6 =
134.2 (t, 21 Hz), 129.3 (t, 21 Hz), 96.0 (t, 21 H#HL NMR (CDCls, 300
MHz): 6 = 7.48 (m, 5H, Ph), 6.67 (m, 1H, BCCH,), 6.35 (d br, 2H,
357 Hz, M), 6.07 (dd, 1H, PCH:@)), 5.87 (t, PCH:®l), 4.36 (br,
1H, Cp), 4.23 (br, 1H, Cp), 4.12 (br, 1H, Cp), 4.08 (br, 1H, Cp);2.4
1.6 (m, 12H, @), 0.11 (s, 9H, Si€ls). 3C{1H} NMR (CDCl;, DEPT,
75.6 MHz): 6 = 137.0 (d, 39 Hzjpso-Ph), 135.2 (d, 36 Hz, €H:
CH,), 130.7 (s, Ph), 129.6 (d, 8 Hz, Ph), 129.5 (d, 11 Hz, RTHH),
128.0 (s, Ph), 89.7 (s, CH), 89.0 (s, CH), 79.5 (s, CH), 79.0 (CH),
29.0 (obs, 3x CHy), 27.7 (dd, 28 and 11 Hz, GH 23.7 (dd, 31 and
17 Hz, CH), 0.3 (s, SCHa). IR (KBr): 2363m (pr). MS (APCl)m/z
475 (100) [(>-MesSiCp)Fe(9-anefMPhGHs)] . Elemental analysis
calcd for G-HssSiFsPsFe: C, 42.58; H, 5.48. Found: C, 42.3; H, 5.9.
{n®-1,3-Bis(trimethylsilyl)cyclopentadienyl} (1-phenyl-4-vinyl-
1,4,7-triphosphacyclononane)iron(ll) hexafluorophosphate, 4fA
solution of [ #°-(MesSi).Cp} Fe(Phdpe)(CECN)]PFs, 1f (1.02 g, 1.64
mmol), and trivinylphosphine (0.19 mL, 1.69 mmol) in chlorobenzene
(30 mL) containing BN (0.2 mL) was heated at 108 for 24 h.
After cooling, the mixture was filtered, and the volatiles were removed
in vacuo to give an orangebrown solid. The solid was extracted into
ethanol (2x 100 mL), filtered, and the volatiles were removed in vacuo.
The yellow solid was purified by passage through a short column (1
7 cm) of neutral alumina using 0.5% methanol in dichloromethane as
eluent. Yield= 0.401 g (35%)3'P{*H} NMR (CDCl;, 121.7 MHz):
0 =129.7 (t,J = 18 Hz), 125.7 (t, 18 Hz), 100.1 (t, 18 HAH NMR
(CDCls, 400 MHz): & = 7.47 (m, 5H, Ph), 6.69 (m, 1H, RCCH,),
6.41 (d br, 2H, 352 Hz, R), 6.03 (dd, 1H, PCH:H,), 5.82 (t, 1H,
PCH:(H,), 4.54 (br, 1H, Cp), 4.24 (br, 1H, Cp), 4.09 (br, 1H, Cp),
2.4-1.7 (m, 12H, ®;), 0.07 (s, 9H, Si€i3), 0.05 (s, 9H, SiEi).
13C{1H} NMR (CDCl;, DEPT, 75.6 MHz):6 = 137.4 (d, 36 Hzipso
Ph), 135.5 (d, 31 Hz, ®H:CH,), 130.7 (s, Ph), 130.3 (d, 8 Hz, Ph),
129.3 (d, 7 Hz, PCHCEH,), 128.0 (s, Ph), 98.6 (£H), 90.4 (s, CH),
86.0 (s, CH), 81.0 (s, C), 80.0 (s, C), 31.0 (m, £H29.9 (m, CH)),
28.4 (m, CH), 26.9 (m, CH), 24.0 (m, CH), 22.2 (m, CH), 0.7 (s,
SiCHs), 0.5 (s, SCH3). IR (KBr): 2347m @pr). MS (APCl) vz 547
(100) [ #5-(MesSi),Cp} Fe(9-aneFHPhGH3)]*. Elemental analysis
calcd for GsHaoSipFePsFe: C, 43.35; H, 6.12. Found: C, 43.4; H, 6.5.
{n®(+)-Neomenthylcyclopentadieny} (1-phenyl-4-vinyl-1,4,7-
triphosphacyclononane)iron(ll) hexafluorophosphate, 4gA solution
of [{#n%-(+)-neomenthylCp)Fe(Phdpe)(GEN)]PF;, 1g (0.32 g, 0.51
mmol), and trivinylphosphine (0.15 mL of a 50% solution in toluene,
0.67 mmol) in chlorobenzene (40 mL) containing triethylamine (0.1
mL) was heated at 120C for 72 h. After cooling, the mixture was
filtered, the volatiles were removed in vacuo, and the oraiygdlow
residue was extracted into ethanol{275 mL) and filtered. The ethanol
was removed in vacuo and the residue chromatographed on neutral
alumina (20x 1 cm) using gradient elution from 0.5% to 5% MeOH
in dichloromethane. The fractions containidg were dried (MgSGQ)
and the solvents removed in vacuo giviigas a yellow solid. Yield
= 0.06 g (17%)3P{H} NMR (CDCls;, 121.7 MHz): 6 = 134.6 (t,
18 Hz), 133.9 (t, 18 Hz), 129.9 (t, 18 Hz), 128.6 (t, 18 Hz), 100.1 (t,
18 Hz), 99.2 (t, 18 Hz)*H NMR (CDCls;, 400 MHz): 6 = 7.46 (m,
5H, Ph), 6.65 (m, 1H, PB:CH,), 6.23 (d br, 1H, 357 Hz, R), 6.04
(dd, 0.5H, PCH:@,), 5.95 (dd, 0.5H, PCH:B,), 5.80 (t, 0.5H, PCH:
CHy), 5.79 (t, 0.5H, PCH:€), 4.36 (br, 0.5H, Cp), 4.16 (br, 0.5H,
Cp), 4.14 (br, 0.5H, Cp), 4.01 (br, 0.5H, Cp), 3.98 (br, 0.5H, Cp), 3.92
(br, 0.5H, Cp), 3.88 (br, 0.5H, Cp), 3.83 (br, 0.5H, Cp),-2065 (m,
31H, CH, CH,, CH3). 3C{1H} NMR (CDCls, DEPT, 75.6 MHz):6 =
137.4 (d, 31 Hzjpso-Ph), 136.9 (d, 31 Hzpso-Ph), 135.5 (d, 33 Hz,
PCH:CH,), 134.9 (d, 31 Hz, BH:CH,), 130.6 (s, Ph), 129.6 (obs, Ph
and PCHCH,), 127.7 (s br, Ph), 98.9, (s, CH), 98.6 (s, CH), 86.7 (s,

and filtered. The ethanol was removed in vacuo and the residue chroma-CH), 85.9 (s, CH), 82.5 (s, CH), 81.4 (s, CH), 81.0.5 (s, CH), 80.9 (s,

tographed on neutral alumina (201 cm) using 0.15% MeOH in di-
chloromethane as eluent. The fractions containdegwere dried
(MgS0Qy) and the solvents removed in vacuo gividg as a yellow

CH), 69.4 (s, C), 48.4 (s), 43.1 (d, 14 Hz), 35.4 (s), 34.7 (s), 34.6 (s),
28.5 (obs), 23.5 (s), 23.1 (s), 22.0 (d, 11 Hz), 20.5 (s). IR (KBr): 2363m
(ver). MS (APCIl)m/z. 541 (40) [ 75-(+)-neomenthylCpFe(9-anep
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HPhGHa)]*. Elemental analysis calcd for§H44FsPsFe: C, 50.74; H,
6.47. Found: C, 50.5; H, 6.8.
{n°-1,3-Bis(trimethylsilyl)cyclopentadieny} (1-phenyl-1,4,7-triph-
osphacyclononane)iron(ll) hexafluorophosphate, 4hA solution of
[{7°-(MesSi),Cp} Fe(dpe)(CHCN)]PR;, 1c (1.00 g, 1.97 mmol), divi-
nylphenylphosphine (0.32 mL, 1.97 mmol) and triethylamine (1 mL)
in 1,2-dichloroethane (50 mL) was heated at € for 60 h. After
cooling, the mixture was filtered, and the volatiles were removed in
vacuo to give a dark brown solid. The solid was extracted into ethanol
(100 mL), filtered, and the solvent removed in vacuo. The residue was
chromatographed on neutral alumina (43 cm), the yellow complex
being eluted with dichloromethane. The solution was dried (MgSO
and the solvent removed in vacuo to giie. Yield = 0.40 g (29%).
31p{1H} NMR (CDCls, 121.7 MHz): 6 = 129.8 (t,J = 18 Hz), 97.0
(d, J = 18 Hz).H NMR (CDCl;, 300 MHz): 6 = 7.5-7.4 (m, Ph),
6.36 (d br, 2H, 360 Hz, R), 4.43 (s br, 2H, CH), 4.12 (s br, 1H, CH),
2.35-1.70 (m, 12H, CH), 0.07 (s, 18H, SiCH). 13C{*H} NMR (CDCl,
DEPT, 75.6 MHz): 0 = 136.8 (d, 36 Hz, C), 130.7 (s, CH), 130.0 (d,
9 Hz, CH), 129.3 (d, 9 Hz, CH), 95.1 (s, CH), 87.4 (s, CH), 82.3 (s,
C), 30.1 (dt, 29 and 4.5 Hz, GH 24.1 (t, 23 Hz, Ch), 23.2 (dd, 29
and 14 Hz, CH), 0.42 (s, SCHa). IR (KBr): 2383m (py). MS (APCI)

m/z. 521 (100) { % (MesSi),Cp} Fe(9-anefH,Ph]". Elemental analysis
calcd for GsHseShFePsFe: C, 41.50; H, 5.92. Found: C, 41.0; H, 5.6.
(7°-1,2,3,4,5-Pentamethylcyclopentadienyl)(1-phenyl-1,4,7-triph-

osphacyclononane)iron(ll) hexafluorophosphate, 4iA solution of
[(n>-Cp*)Fe(1,2-dpe)(CECN)]PR;, 1d (1.00 g, 2.12 mmol), divinylphe-
nylphosphine (0.36 mL, 2.20 mmol) and triethylamine (1 mL) in 1,2-
dichloroethane (50 mL) was heated at 8D for 60 h. After cooling,
the mixture was filtered, and the volatiles were removed in vacuo to
give a dark brown solid. The solid was extracted into ethanol (100
mL), filtered, and the solvent was removed in vaclbe residue was
chromatographed on neutral alumina (48 cm), the yellow complex
being eluted with dichloromethane. The solution was dried (MgSO
and the solvent removed in vacuo to gidie Yield = 0.20 g (16%).
31p{1H} NMR (CDCls, 121.7 MHz): 6 = 119.7 (t, 4 Hz), 106.0 (d, 4
Hz). *H NMR (CDCl;, 300 MHz): 6 = 7.42 (m, 3H, Ph), 7.04 (m br,
2H, Ph), 5.50 (d br, 2H, 344 HzH), 2.1-1.1 (m, 12H, CH), 1.38 (s,
15H, CH3). IR (KBr): 2322m (pr). MS (APCl)m/iz 447 (100) [5-
MesCp)Fe(9-anefM,Ph)I". Elemental analysis calcd for,g&134FsPs-
Fe: C, 44.61; H, 5.80. Found: C, 44.4; H, 5.8.
(9°-1,2,3,4,5-Pentamethylcyclopentadienyl)(1-benzyl-1,4,7-triph-
osphacyclononane)iron(ll) hexafluorophosphate, 4jA solution of
[(7°-Cp*)Fe(1,2-dpe)(CKCN)]PFs, 1d (1.00 g, 2.12 mmol), divinyl-
benzylphosphine (0.39 mL, 2.20 mmol), and triethylamine (1 mL) in
1,2-dichloroethane (50 mL) was heated af8or 60 h. After cooling,
the mixture was worked up as fdi. Yield = 0.28 g (22%)3*P{*H}
NMR (CDCls, 121.7 MHz): 6 = 118.9 (t, 4 Hz), 106.3 (d, 4 Hz}H
NMR (CDCls, 300 MHz): 6 = 7.22 (t, 7.8 Hz, 2H, Ph), 7.17 (t obs,
1H, Ph), 7.04 (d, 8.0 Hz, 2H, Ph), 5.57 (d br, 2H, 344 HH)P3.29
(d, 10.9 Hz, 2H, El), 2.1-1.0 (m, 12H, CH), 1.77 (s, 15H, El3). IR
(KBr): 2315m (pn). MS (APCI) m/z 461 (100) [§>-MesCp)Fe(9-
aneRH,Bz)]". Elemental analysis calcd for,§HssFsPsFe: C, 45.56;
H, 6.00. Found: C, 45.7; H, 6.1.
(m®>-Trimethylsilylcyclopentadienyl)(1-ethyl-1,4,7-triphosphacy-
clononane)iron(ll) tetrafluoroborate, 5b. A solution of [(7°>-Mes-
SiCp)Fe(9-anefM.C,H3)|BF4, 4b (1.00 g, 2.41 mmol), in ethanol (100
mL) containing 0.01 g of 10% palladium on carbon and several drops

(s, CH), 26.7 (dt, 27 and 6 Hz, GH 24.3 (t, 23 Hz, CH), 23.9 (dd,
26 and 10 Hz, Ch, 9.2 (d, 5 Hz, CH), 0.2 (s, SCHa). IR (KBr):
2357m gpr). MS (APCIl)mVz. 399 (100) [(°>-MesSiCp)Fe(9-anefP,-
Et)]*. Elemental analysis calcd forl3,BSiFPsFe: C, 39.37; H, 6.62.
Found: C, 39.5; H, 6.6.

{n®-1,3-Bis(trimethylsilyl)cyclopentadieny}} (1-ethyl-1,4,7-triph-
osphacyclononane)iron(ll) hexafluorophosphate, 5cThis was pre-
pared in an analogous fashion to the monosilylcyclopentadienyl
derivative 5b using [ #°-(MesSi),Cp)Fe(9-anefM,C,H3)|PFs, 4c, as
precursor. Yield= 0.91 g (91%).3P{*H} NMR (CD.Cl,, 121.7
MHz): ¢ = 136.5 (t, 21 Hz), 97.1 (d, 21 Hz)H NMR (CD,Cl,, 400
MHz): 6 = 6.24 (d br, 2H, 357 Hz, R), 4.56 (s br, 2H, Cp), 4.49 (s
br, 1H, Cp), 2.09 (m, 2H, B,CHs), 2.2-1.5 (m, 12H, ¢&,), 1.26 (dt,
3H, 15 and 8 Hz, ChCH3), 0.17 (s, 18H, Si€ls). °C{1H} NMR (CD,-

Cl,, DEPT, 100 MHz): 6 = 95.1 (s, CH), 86.3 (s, CH), 81.8 (s, C),
27.5 (dt, 28 and 6 Hz, CHl, 25.7 (d, 22 Hz, CH), 24.2 (t, 23 Hz,
CHy), 23.7 (dd, 27 and 13 Hz, Gl 9.6 (d, 6 Hz, CH), 0.5 (s, SCH3).
IR (KBr): 2344m {pi). MS (APCl)mVz: 471 (100) { °-(MesSi),Cp} -
Fe(9-anefH,Et]". Elemental analysis calcd fori§H40Si-FePsFe: C,
36.89; H, 6.53. Found: C, 37.3; H, 6.6.

(°>-Trimethylsilylcyclopentadienyl)(1-ethyl-4-phenyl-1,4,7-triph-
osphacyclononane)iron(ll) Hexafluorophosphate, 5eA solution of
[(75-MesSiCp)Fe(9-anefMPhGHa3)]PFs, 4e (0.40 g, 0.65 mmol), in a
mixture of ethanol (150 mL) and methanol (50 mL) containing 0.02 g
of 10% palladium on carbon was hydrogenated at room temperature
and atmospheric pressure for 10 days. After filtering off the catalyst,
the volatiles were removed in vacuo, and the orangslow residue
was recrystallized from ethanol (10 mL) at@. Yield = 0.25 g (63%).
31p{1H} NMR (CDCl, 121.7 MHz): 6 = 139.4 (t, 21 Hz), 134.1 (t,

21 Hz), 96.4 (t, 21 Hz)*H NMR (CDCl;, 400 MHz): 6 = 7.41 (m,
5H, Ph), 6.23 (d br, 1H, 352 Hz,H), 4.33 (s br, 1H, Cp), 4.26 (s br,
1H, Cp), 4.00 (s br, 1H, Cp), 3.69 (s br, 1H, Cp), 2.13 (m, 2H,C
CHs), 2.1-1.2 (m br, 12H, @,), 1.14 (m, CHCHg), 0.08 (s, 9H,
SiCH3). 13C{*H} NMR (CDCls, DEPT, 75.6 MHz): 6 = 137.3 (d, 36
Hz, ipso-Ph), 130.5 (s, Ph), 129.8 (d, 8 Hz, Ph), 129.4 (d, 8 Hz, Ph),
89.3 (s, CH), 87.1 (s, CH), 79.7 (s, CH), 78.5 (s, CH), 30.3 (dd, 28
and 14 Hz, CH)), 29.3 (dd, 28 and 14 Hz), 27.6 (m2CHy), 25.2 (d,

22 Hz, CH), 24.2 (dd, 31 and 14 Hz, G} 23.6 (dd, 31 and 17 Hz,
CHy), 9.7 (d, 5 Hz, CH), 0.5 (s, SCH3). IR (KBr): 2357m (pH). MS
(APCI)mVz. 477 (100) [(°>-MesSiCp)Fe(9-anefMPhEY)]". Elemental
analysis calcd for GHzeSiFsPsFe: C, 42.45; H, 5.84. Found: C, 42.1;
H, 6.0.

{n®-1,3-Bis(trimethylsilyl)cyclopentadienyl} (1-ethyl-4-phenyl-
1,4,7-triphosphacyclononane)iron(ll) hexafluorophosphate, 5fA
solution of [ 7°-(MesSi),Cp} Fe(9-aneBHPhGH3)]PFs, 4f (0.60 g, 0.87
mmol), in ethanol (150 mL) containing 0.20 g of 10% palladium on
carbon was hydrogenated at room temperature and atmospheric pressure
for 5 days. After filtering off the catalyst, the volatiles were removed
in vacuo, and the orange-yellow residue was recrystallized from ethanol
at 4°C. Yield = 0.45 g (75%)3%P{*H} NMR (CDCl, 121.7 MHz):
0=136.2 (t, 24 Hz), 129.4 (t, 24 Hz), 99.6 (t, 21 H#L NMR (CDCl;,

300 MHz): 6 = 7.46 (m, 5H, Ph), 6.43 (d br, 1H, 356 HzHR, 4.61
(s br, 1H, Cp), 4.26 (s br, 1H, Cp), 4.13 (s br, 1H, Cp),~2146 (m,
14H, tHy), 1.29 (m, CHCHs), 0.07 (s, 9H, Si€l3), 0.05 (s, 9H, Si€ls).
13C{1H} NMR (CDCl, DEPT, 75.6 MHz):6 = 137.7 (d, 33 Hzipso-
Ph), 130.7 (s, Ph), 130.2 (d, 8 Hz, Ph), 129.3 (d, 8 Hz, Ph), 97.6 (s,
CH), 89.5 (s, CH), 85.8 (s, CH), 81.0 (s, C), 79.8 (s, C), 31.3 (dd, 28

of water was hydrogenated at room temperature and atmosphericand 14 Hz, CH), 27.8 (dd, 28 and 14 Hz), 26.9 (dd, 28 and 14 Hz,

pressure for 2 days. After filtering off the catalyst, the volatiles were
removed in vacuo and the oranggellow residue was crystallized from
ethanol (10 mL) at 4C. Yield = 0.85 g (85%)3P{*H} NMR ({ CDs}»-

CO, 121.7 MHz): 6 = 140.2 (t, 21 Hz), 97.5 (d, 21 HzjH NMR
({CD3}CO, 300 MHz): 6 = 6.31 (d br, 2H, 356 Hz, R), 4.78 (s br,
2H, Cp), 4.74 (s br, 2H, Cp), 2.28 (m, 2HHZIH3), 2.2-1.6 (m br,
12H, CHy), 1.28 (dt, 15 and 8 Hz, CiHs), 0.18 (s, 9H, SiEl3). *°C-
{H} NMR ({CD3},CO, DEPT, 75.6 MHz):6 = 88.1 (s, CH), 78.5
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CH,), 26.5 (dd obs, Cb), 25.9 (d, 22 Hz, Ch), 23.6 (dd, 31 and 14

Hz, CH,), 23.1 (dd, 31 and 14 Hz, Gl 9.7 (d, 5 Hz, CH), 0.7 (s,

SiCHj3), 0.6 (s, SiG3). IR (KBr): 2348m (pn). MS (APCl)nmV/z 549

(100) K 75-(MesSi),Cp} Fe(9-anefHPhEL)]". Elemental analysis calcd

for CasHasSiFePsFe: C, 43.23; H, 6.40. Found: C, 43.5; H, 6.7.
Preparation of [(5-Cp)Fe(9-aneREt,,C,H3)|BF4 (6a), [(°-

MesSiCp)Fe(9-aneREt,,CoH3)|BF4 (6b), and [(7°-Cp)Fe(9-aneREt,,-

Ph)]PFs (6k). These complexes were prepared by the same procedure.
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To a solution of [(>-Cp)Fe(9-anefM,C,H3)|BF 4, 4a, [(7°>-MesSiCp)-
Fe(9-anekH,C,H3)|BF,, 4b, or [(17°-Cp)Fe(9-anefMH,C,H3)|PFs, 4h
(300 mg), in THF (25 mL, 100 mL foda) at —78 °C was added
potassiuntert-butoxide (2.2 molar equiv), and the mixture was stirred
for 5 min at this temperature before warming+@0° for 15 min. The
mixture was cooled te-78 °C and excess ethyl bromide (0.5 mL) added
thereto. The mixture was stirred &8 °C for 30 min then at ambient
temperature overnight. After filtering, the solvent was removed in vacuo,
and the orangeyellow solids were partitioned between g, (20

°C for 30 min then at room temperature overnight. After filtering, the
solvent was removed in vacuo, and the orangellow solids were
partitioned between Cil, (20 mL) and water (20 mL). The organic
phase was isolated, dried over MgS@nd the solvent removed to
yield a yellow solid that was purified by passage through a column
(10 x 1.5 cm) of neutral alumina using dichloromethane as eluent.
Yield = 0.54 g (62%)3*P{*H} NMR (CDCl;, 121.7 MHz): 6 = 139.5

(t, 27 Hz), 136.7 (d, 27 Hz)}}H NMR (CDCI, 300 MHz): 6 = 4.34

(d, 1.3 Hz, 5H), 2.2-1.2 (m, 33H), 0.92 (t, 7.0 Hz, 6H}3C{*H} NMR

mL) and water (20 mL). The organic phase was separated, dried over(CDCl;, 75.6 MHz): 6 = 76.4 (s, Cp), 33.5 (s br, G} 31.9 (m, CH),

MgSQ;, and the solvent removed in vacuo to yield yellow solids that
were recrystallized from ethanol.

6a: Yield = 0.29 g (87%).3'P{*H} NMR {(CD;).CO, 121.7
MHz}: ¢ = 140.3 (d, 25 Hz), 131.1 (t, 25 Hz) ppAH NMR {(CDy).-
CO, 400 MH%: ¢ = 6.63 (m, 1H), 5.84 (dd, 1H), 5.67 (t, 1H), 4.20
(g, 5H), 2.07 (m, 4H), 1.56 (m, 12H), 1.02 (m, 6H). MS (AP@jz:
383 (100) [(7>-Cp)Fe(9-anefELCHs)] *. Elemental analysis calcd for
CiHsBFsPsFe: C, 43.44; H, 6.45. Found: C, 43.4; H, 6.5.

6b: Yield = 0.18 g (53%)3'P{*H} NMR (CDCls, 121.7 MHz): ¢
=139.9 (d, 24 Hz), 128.5 (t, 24 HZH NMR (CDCl;, 300 MHz): 6
=6.59 (m, 1H), 6.04 (dd, 1H), 5.80 (t, 1H), 4.42 (s br, 2H), 4.37 (s br,
2H), 2.12 (m, 4H), 1.76 (m, 12H), 1.27 (m, 6H), 0.15 (s, 9H). MS
(APCI)mVz 455 (100) [¢>-MesSiCp)Fe(9-anefEt,C,H3)] ™. Elemental
analysis calcd for gH3sSiPsBFFe: C, 44.30; H, 7.08. Found: C, 44.4;
H, 7.1.

6k: Yield = 0.11 g (96%)3P{*H} NMR (CDCl, 121.7 MHz): 6
=139.6 (d, 25 Hz), 135.4 (t, 25 HAH NMR (CDCls, 300 MHz): &
= 7.46 (m, 5H), 4.12 (s, 5H), 2.21 (m, 4H), 1.77 (m, 12H), 1.27 (m,
6H). 2*C{*H} NMR (CDCl, DEPT, 75.6 MHz):6 = 137.9 (d, 38 Hz,
C), 130.4 (d, 2 Hz, CH), 129.4 (d, 8 Hz, CH), 129.3 (d, 8 Hz, CH),
77.3 (s, CH), 28.9 (dt, 28 and 6 Hz, @26.9 (m 2x CHy), 24.7 (m,
CHy), 9.2 (s, CH). MS (APCI) m/zz 433 (100) [{>-Cp)Fe(9-anef
Et,Ph)]". Elemental analysis calcd forEls.PsFsFe: C, 43.62; H, 5.59.
Found: C, 43.2; H, 5.3.

(p>-Cyclopentadienyl)(1-phenyl-4-pentyl-7-ethyl-1,4,7-triphos-
phacyclononane)iron(ll) hexafluorophosphate, 71.To a solution of
[(7>-MesSiCp)Fe(9-anefPhEt)]PF, 5e(0.20 g, 0.32 mmol), in THF
(20 mL) at—78 °C was added potassiutart-butoxide (0.20 g, 1.77
mmol), and the mixture was stirred for 5 min at this temperature before
warming to—20° for 15 min. The mixture was cooled t678 °C and

27.5 (m, CH), 24.8 (d obs, Ch), 24.7 (s, CH), 22.3 (s, CH), 14.0 (s,
CHg), 9.1 (s, CH). MS (APCIl) m/z. 469 (100) [¢>-Cp)F¢ 9-aneR-
Et(GsH11)2}]". Elemental analysis calcd forya4F: 8P3 BroFe: C,
48.56; H, 7.81. Found: C, 49.0; H, 8.0.

Preparation of [(55-Cp)Fe(9-aneREt3)|BF4 (7a) and [(¢7>-MesSiCp)-
Fe(9-aneREt3)]BF, (7b). These complexes were prepared by the same
procedure. Hydrogen was bubbled through a solutiomgf@p)Fe(9-
aneRELC,H3)]|BF., 6a, or [(°-MesSiCp)Fe(9-anefEt,C,Hs3)|BF,4, 6b
(300 mg), in ethanol (75 mL) containing 10% palladium on carbon
(20 mg) for 24 h. After filtering, the solvent was removed in vacuo
and the residue crystallized from ethanol.

7a: Yield = 0.29 g (97%).3'P{*H} NMR {(CD;),CO, 121.7
MHz}: 6 = 140.1 (s)H NMR {(CD;).CO, 300 MH2: 6 = 4.55 (q,
5H), 2.30 (m, 6H), 1.86 (m, 12H), 1.26 (m, 9HFC{*H} NMR {-
(CD3),CO, 75.6 MH2: 6 =77.4 (s, Cp), 27.6 (dd, 11 and 5 Hz, @H
27.4 (dd, 13 and 5 Hz, C#i 24.9 (dd, 16 and 10 Hz, G} 9.2 (s,
CH;s). MS (APCl)m/z: 385 (100) [¢>-Cp)Fe(9-anefEts)]*. Elemental
analysis calcd for GH3.BF,PsFe: C, 43.25; H, 6.85. Found: C, 43.1;
H, 6.8.

7b: Yield = 0.29 g (96%).3P{*H} NMR {(CDs),CO, 121.7
MHz}: 6 = 139.0 (s)H NMR {(CDs).CO, 300 MH2: ¢ = 4.65 (q,
4H), 2.28 (m, 6H), 1.86 (m, 12H), 1.28 (m, 9H), 0.21 (s, 9KE{*H}
NMR {(CDs;),CO, 75.6 MH2: 6 = 89.8 (s, CH), 75.4 (s, C), 26.5
(m, CH), 24.8 (dd, 16 and 8 Hz, Gh| 8.6 (d, 5 Hz, CH), 0.26 (s,
SiCHs). MS (APCI) vz 457 (100) [(>-MesSiCp)Fe(9-anefEts)] ™.
Elemental analysis calcd for gHsSiPsBFiFe: C, 44.13; H, 7.42.
Found: C, 44.1; H, 7.5.

P,P,P'-Trioxo-1,4,7-triethyl-1,4,7-triphosphacyclononane8. To
a stirred solution of jf>-Me;SiCp)Fe(9-anefEt)|BF,, 7b (0.08 g, 0.15
mmol), in dichloromethane (10 mL) in air was added bromine (0.5

excess 1-bromopentane (0.1 mL) added thereto. The mixture was stirred™L) Whereupon the solution got hot. The dark brown solution was

at —78 °C for 30 min then at ambient temperature overnight. After
filtering, the solvent was removed in vacuo, and the oratygtlow
solids were partitioned between @&, (20 mL) and water (20 mL).
The organic phase was isolated, dried over MgSd the solvent
removed to yield a yellow solid that was purified by passage through
a column (10x 1.5 cm) of basic alumina using dichloromethane as
eluent followed by evaporation of solvent in vacuo. Yietd0.12 g
(53%). 3P{H} NMR (CDCls, 121.7 MHz): 6 = 139.5 (t, 25 Hz),
136.7 (t, 25 Hz), 135.3 (t, 25 Hz}H NMR (CDCI, 300 MHz): 6 =
7.45 (m, 5H), 4.10 (d, 1.3 Hz, 5H), 2:2.2 (m, 25H), 0.92 (t, 6.6 Hz,
3H). 3C{*H} NMR (CDCls, 75.6 MHz): 6 = 137.9 (d, 36 Hzjpso-
Ph), 130.4 (s, Ph), 129.4 (d, 6 Hz, Ph), 129.3 (d, 6 Hz, Ph), 68.1 (s,
Cp), 34.9 (s, ChH), 33.5 (d, 11 Hz, CH), 31.7 (d, 22 Hz, Ch), 28.8
(dd, 28 and 14 Hz, Cg), 27.1 (m obs), 25.7 (s, GiH 24.8 (d, 6 Hz,
CHy), 24.6 (d, 14 Hz, Ch), 22.3 (s, CH), 19.0 (s, CH), 14.0 (s, CH),
9.1 (d, 5 Hz, CH). MS (APCI) m/zz 475 (100) [>-Cp)Fe(9-anef
EtPhGH11)]*. Elemental analysis calcd for gHssFsPsFe: C, 46.46;
H, 6.19. Found: C, 46.7; H, 6.2.
(5-cyclopentadienyl)(1,4-dipentyl-7-ethyl-1,4,7-triphosphacy-
clononane)iron(Il)] bromide/hexafluorophosphate, 7m.To a solution
of the hexafluorophosphate salt®ih (0.70 g, 1.28 mmol) in THF (40
mL) at —78 °C was added potassiutart-butoxide (0.4 g, 3.54 mmol),
and the mixture was stirred for 5 min at this temperature before warming
to 0 °C for 15 min. The mixture was cooled to78 °C and excess
1-bromopentane (1 mL) added thereto. The mixture was stirred @t

layered with water (10 mL) and the mixture stirred for 2 days. The
dichloromethane was removed on a rotary evaporator and the dark
aqueous suspension filtered through Celite. After taking the solution
to a pH of approximately 11 with aq. NaOH, the suspension was filtered
to remove iron oxides and the filtrate stirred with Dowex:6® resin
in the H" form for 2 h. The resin was removed by filtration and the
agueous solution taken to dryness. The residue was dried by azeotroping
with EtOH (2 x 10 mL) before being triturated with dry acetone to
give a hygroscopic off-white solid. Yielé= 0.04 g (85%).3P{'H}
NMR (D20, 121.7 MHz): dp 65.2.'H NMR (D20, 300 MHz): oy
2.24 (m, 12H), 1.97 (m, 6H), 1.19 (m, 9H). MS (EB8Jz 335 (40)
[9-aneR(O)Et; + Na]*. Elemental analysis calcd for;&1,7P;0s: C,
46.15; H, 8.73. Found: C, 45.8; H, 8.8. IR (KBr): 1145 ¢nfveo).
X-ray Crystallography. All crystallographic measurements were
made on an Enraf Nonius CAD4 diffractometer. The structures were
solved via direct method$and refined onF,? by full matrix least
square® using all unique data corrected for Lorentz and polarization
factors3? With the exception of C30 and C391l), all non-hydrogen
atoms were anisotropic. The hydrogen atoms were inserted in idealized
positions withUis, set at 1.2 or 1.5 times thdeq of the parent atom.

(29) Sheldrick, G. MSHELX97 [Includes SHELXS97, SHELXL97, CIFTAB]
Programs for Crystal Structure Analysis (Release ®)f Tammanstrasse
4, D-3400; Institt fir Anorganische Chemie der UnivergitaGottingen,
Germany, 1998.

(30) Harms, K.; Wocadlo, SXCAD4-CAD4 Data ReductionUniversity of
Marburg: Marburg, Germany, 1995.
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The weighting scheme used was= 1/[0%(F,)? + (0.0999P7], where

P = [max(Fo)? + 2(Fo)3/3; this gave satisfactory agreement analyses.

Empirical absorption corrections were carried out by the XAgHd
DIFABS®*? methods.

Crystal data for complexc, CsgH76B2FsFe:PsSis, M = 1116.49,
monoclinic, space group2i/c, a = 20.252(4),b = 8.595(2),c =
31.418(6) A,p = 101.56(3}, V = 5357.9(19) R, Z=4,D = 1.384
g cm 3, u(Mo Ka) = 0.865 mnt?, F(000) = 2336, T = 293(2) K,
yellow blocks, crystal size 0.1% 0.15 x 0.15 mm; 8058 independent
measured reflection&? refinementR, = 0.1047wR, = 0.2262, 5905
independent observed absorption corrected reflectiéiabt 20(|Fo|),
20ma; = 48°], 570 parameters.

Crystal data for compleXb, CyHaoFsFeRSi, M = 602.34, mono-

(31) XABS2 Parkin, S.; Moezzi, B.; Hope HI. Appl. Crystallogr.1995 28,

(32) DIFABS Walker, N.; Stuart, DActa Crystallogr., Sect A983 39, 158—
166.
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clinic, space groufr2;, a = 8.226(3),b = 21.665(5),c = 15.256(5)

A, B =99.48(8y, V = 2681.7(13) R Z = 4, D = 1.492 g cm?,
w(Mo Ka) = 0.896 mnt?, F(000)= 1256, T = 293(2) K, yellow plates,
crystal size 0.2x 0.2 x 0.15 mm; 4964 independent measured
reflections F? refinementR; = 0.0868wR. = 0.2156, 2820 independent
observed absorption corrected reflectiofs|[> 20(|Fol), 20maz= 50°],
582 parameters, 133 restraints.
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