Table ] NMR Data for Ferrelactones?

Chemical
shifts Coupling constants
Compound  Position (ppm) (Hz)
5 1 1.34 J,.= 6.8
2 4.39 Jys =40
3 4.58 J3,4 = undetermined
4 4.63 Jas=12.0
5 4.14 Js,6=6.0
6 1.88
6 1 1.43 J,,=6.5
2 4.60 Jy3=52
3 5.13 J5,0= 8.7
4 4.31 Jas=9.7
5 4.81 Jee=T74
6 1.80
7 1 1.32 J,,=6.5
2 4.25 Jys= 1.2
3 4.38 J3,4=7.5
4 4.77 Je=12.0
5 4.03 J56=6.0
6 1.84

4NMR spectra were obtained using a Varian HA-100 or HR 220
with TMS.as internal standard at 6 0.00 ppm and CDCL, as solvent.

compared to 1.2 Hz for trans 3/, 3 in 7 suggesting a cis ar-
rangement for these protons in 5. Similarly 3J,3 of 5.2 Hz
in 6 indicates a cis relationship. Considering the C4 and Cs
protons, values of 12.0 Hz in 7 and 5 fix these as trans while
a value of 9.75 Hz indicates a cis orientation in 6. Further
evidence for the relative stereochemistry at C4 and Cs in §,
6, and 7 was obtained by observing induced chemical shifts
using Eu(fod);. The induced downfield shifts for the Cs
proton in 5, 6, and 7 were 10.0, 9.9, and 3.8 ppm per mole
of Eu(fod); per mole of ferrelactone, respectively. The
downfield shifts for the Cs-methyl group in 7, 5, and 6 were
2.1, 2.1, and 5.8 ppm per mole of Eu(fod); per mole of fer-
relactone, respectively. Assuming a model in which the shift
reagent is coordinated with the lactone ring, the relative
large shift of the Cs methyl group and relatively small shift
of the Cs proton in 6 indicates a cis stereochemistry. Since 7
is known to be trans (X-ray), similarity in its shift behavior
with 5 indicates a trans stereochemistry for the latter.

With the structures of ferrelactones 5, 6, and 7 estab-
lished, the stereochemical results may be summarized as
follows: 1 — 5§ proceeds with retention of configuration
about the C4-Cs double bond, but a ckange in the relative
configuration between C; relative to Ci. This change
amounts to rotation about the C,-C; bond. Reaction2 — 6
proceeds with overall retention of the stereochemical rela-
tionships between reactant and product.

In the sequence of reaction steps leading to the ferrelac-
tone the generation of the allylic system is of key impor-
tance. A priori this could occur in two distinct ways, name-
ly, initial complexation of the double bond with photochem-
ically generated Fe(CO), followed by cleavage of the oxido
ring and lactone formation, or, alternatively, initial com-
plexation of the oxido oxygen with the electrophilic
Fe(CO)4 and ring cleavage followed by lactone formation.
Since neither route uniquely accounts for the observed ste-
reochemical course, the mechanistic aspects of this reaction
remain a continuing research objective.

Acknowledgments. This work was generously supported
by a grant from the National Science Foundation (GP-
42724X, to M.\R.C.) and by an allocation of time on the
IBM 370/158 computer at the Computer Center of the
University of Illinois at Chicago Circle.

References and Notes

(1) (a) R. Aumann, Angew. Chem., 83, 175 (1971); Angew. Chem., int. Ed.
Engl., 10, 189 (1971); (b) Angew. Chem., 83, 177 (1971); Angew. Chem.,

5603

int. Ed. Engl., 10, 190 (1971); (c) Angew. Chem., 883, 176 (1971); Angew.

Chem., Int. Ed. Engl., 10, 188 (1971); (d) Angew. Chem., 84, 583 (1972);

Angew. Chem., Int. Ed. Engl., 11, 522 (1972); (e) R. M. Morlarty, C.-L.

Yeh, and K. C. Ramey, J. Am. Chem. Soc., 93, 8709 (1971); (f) A. Elsen-

stadt, Tetrahedron Lett., 2005 (1972); (g) R. Aumann, J. Organomet.

Chem. 47, C29 (1973); (h) R. M. Moriarty, C.-L. Yeh, K.-N. Chen, and R.

Srinivasan, Tetrahedron Lett., 5328 (1972); (I) D. Ehnholt, A. Rosan, and

M. Rosenblum, J. Organomet. Chem., 56, 628 (19873); (j) R. M. Moriarty,

K.-N. Chen, M. R. Churchlll, and S. W. Y. Chang, J. Am. Chem. Soc., 98,

3661 (1974).

R. Aumann, K. Frohlich and H. Ring, Angew. Chem., 88, 275 (1974),

Angew. Chem., Int. Ed. Engl., 13, 275 (1974), and references cited there-

in,

Epoxidation* of trans,trans-2,4-hexadlense (CHyCOaH, CHxClz, 0°) yielded

1 In 89% yield: bp 21-22 (0.05 mm); NMR é Hy 1.29, H, 2.86, H3 3.00,

Hq 5.91, and Hg 1.70; J(HZ) J1|2 5.2, Jz‘a 2.2, J3.4 8.1, J3.5 0.4, Jas 15.6,

Jas 1.6, and Js g 6.6. cis,cls-2,4-Hexadiene yielded 2: bp 20-21 (0.08

mm); NMR & Hy 1.25, Hp 3.19, Hj 3.62, H4 5.22, Hs 5.85, and Hg 1.78; J

(HZ) J1.2 5.5, Jz.a 4.4, J3.4 8.1, J3‘5 1.0, J4‘5 11.1, J4,s 1.7, and J5‘5 7.1.

cis,trans-2,4-Hexadlene yielded 3 and 4, and they were not separable by

fractlonal distillation.

(4) J. K. Crandall and L. H. Chang, J. Org. Chem., 32, 532 (1967).

(5) The thermal reaction will be reported in the full paper. It was found that 1
with Fes(CO)g in ether (36°, 2 hr) yielded 7 and 5§ in 1:6 ratio in 83%
yield. Under the same conditions 2 yielded 7 and 6 in 5:1 ratio in 51%
yield.

(6) Irradiations were carried out in an all quartz system. Compound 5 had mp
130-131°. Anal. Calcd for CyoH10OsFe: C, 45.11; H, 3.79. Found: C,
45.22; H, 3.90. Acyl carbonyl 1672 cm™'; C=0, 1990, 2004, and 2034
cm™'. Compound 8 had mp 103-104. Anal. Calcd for CyoH100sFe: C,
45.11; H, 3.79. Found: C, 44,99; H, 3.86. Acyl carbonyl, 1674; C=0,
1999, 2008, and 2040 cm™~'. Compound 7 had mp 108-109°. Anal. for
C1oH100sFe: C, 45.11; H, 3.79. Found: C, 45.00; H, 3.89. Acyl carbonyl,
1670 cm™'; C=0, 1995, 2005, and 2035 cm™ . The starting 2,3-oxido-
hex-4-enes were stable under the photolytic conditions in the absence of
Fe(CO)s.

(7) We consider the coordinatively unsaturated electrophile Fe(CC), to result
trom photolysis of Fe(CO)s; see E. Koerner von Gurstorf and F.-W. Gre-
vels, Fortschr, Chem. Forsch., 13, 379 (1969).

(8) Visiting Scientist, NIH, 1974-1975.

(2

(3

Kan-Nan Chen, Robert M. Moriarty,*8 Barry G, DeBoer
Melvyn Rowen Churchill

Department of Chemistry

University of Illinois at Chicago Circle

Chicago, Illinois 60680

Herman J. C, Yeh

Laboratory of Chemistry

National Institute of Arthritis, Metabolism,
and Digestive Diseases

Bethesda, Maryland 20014

Received May 5, 1975

A Novel Dehydrogenative Cis Double Silylation of
Internal Acetylenes with Hydrosilanes. Catalysis
by Diethyl(bipyridylnickel(II)

Sir:

There have been two types of addition reactions of silicon
hydrides to carbon-carbon multiple bonds in the presence
of transition metal catalysts. One is the well-known hydrosi-
lylation! and the other the recently discovered, nickel or
palladium catalyzed, double silylation of dienes and acety-
lenes with disilicon hydrides involving the cleavage of the
Si-Si bond while leaving intact the Si-H bond.? We report
here the third type of addition reaction, viz., dehydrogena-
tive, stereoselective cis double silylation of internal acety-
lenes with monosilicon hydrides catalyzed by diethyl(bipy-
ridyl)nickel(1I), as represented by eq 1.

RC=CR + HSiX; —

R R R R
N~ a7
C=C + H, + _e=c_

X,Si SiX; X;Si H

(1)
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Table I. Reaction of HSiX, with Acetylenes in the Presence of
[Ni(bpy)Et,] as a Catalyst in Ether at Room Temperature4

Productsc (yield %)4

Timed
HSiX, Acetylene (hr) Ie II (E:Z)

HSiCl, EtC=CEt 4 62.€ Th
HSiCl, n-BuC==CBu-n 2 77¢ 13 (39:61)
HSiCl, n-BuC=CBu-n/ 4 74 17 (57:43)
HSICl, n-BuC=CSiMe, 20 k —
HSiCl,Me EtC=CEt 70 56! 11A
HSiCl,Me n-BuC==CBu-n 14 72 24 (73:27)
HSiCl,Me n-BuC=CBu-nm 64 69 22 (79:21)
HSiCLMe PhC=CMe 49 27 52n
HSiCL,Me PhC=CPh 24 30 60 (81:19)

aUnless otherwise noted, HSiX;:acetylene:catalyst ~10:1:0.1;
bpy = bipyridyl. # The approximate duration of the blue-black or
green color of the reaction mixture (see text). ¢I refers to the dou-
ble silylation product and II the hydrosilylation product; cf. Scheme
1. d Determined by quantitative GLPC after methylation, based on
the acetylenes. € Z-Isomer, unless otherwise noted. fE:Z = 11:89,
gEt(Me,Si)C=C(SiMe,H)Et, 3.5%. FAppeared as an inseparable
broad peak on GLPC. 7n-Bu(Me Si)C=C(SiMe,H)Bu-n, 4%.
JHSICl,:BuC==CBu:catalyst =~ 2.8:1:0.1. X Several uncharacterized
products, along with 82% unchanged acetylene. /Et(Me ,Si)C=
C(SiMe,H)Et, 8.5%. mHSiCl,Me:BuC==CBu: catalyst ~ 5.3:1:0.1.
nConsisting of four possible (£, Z, «, 8) isomers. ©Only £ isomer
was formed, cf. ref 7.

Thus, to a deep green solution of diethyl(bipyridyl)nick-
el(11)? (0.54 mmol) in ether (20 ml) was added trichlorosi-
lane* (54 mmol) in one portion at room temperature under
nitrogen. The mixture immediately deposited brown precip-
itate. After 20 min of stirring 5-decyne (5.4 mmol) was
added. Immediately, a blue-black mixture resulted and a
rapid evolution of hydrogen set in. After about 2 hr the
color changed back to brown and the evolution of hydrogen
ceased, clearly indicating the completion of the reaction.
GLPC analysis after treatment with methylmagnesium bro-
mide® showed the formation of (Z)-5,6-bis(trimethylsilyl)-
5-decene (1)%7 in 77% yield based on the 5-decyne, in addi-
tion to the normal hydrosilylation products, 5-trimethylsi-
lyl-5-decene (2), in 13% yield (E:Z = 39:61).2 The hydro-

n-Bu\ /Bu-n n-Bu\

Cc=C C=C

~ ™~

Me;Si SiMe; Me,Si H

1 2

gen evolved was almost equivalent (>90%) to the double si-
lylation product. The unequivocal assignment of the Z con-
figuration for the double silylation product 1 was made as
follows. Firstly, upon heating at 250-300° for 4 hr in a
sealed tube,® the liguid product 1, bp 112-113° (7 mm),
was converted quantitatively to the other crystalline isomer
1, mp 46-47°5 which had the shorter retention time on
GLPC than the former, but had superimposable NMR and
ir spectra.'® Secondly, the stereochemical course of desily-
lation of both the isomers by the action of an excess of sodi-
um ethoxide in DMSO (130°, 15 min)®!! was as follows: 1’
gave (Z)-2 (6%) and (E)-5-decene (90%) along with un-
changed 1’ (4%), while from 1 were obtained (£)-2 (53%)
and 5-decene (47%, E:Z = 40:60). The quantitative total
yields of the desilylation products and the former three ste-
reospecific transformations give positive proof of the Z con-
figuration for the direct reaction product 1, and in turn the
cis double silylation.

Results summarized in Table I reveal several notable
trends. The “unactivated” dialkylacetylenes'? show a great
preference for the double silylation as shown by the order
n-BuC=CBu-n > EtC=CEt > PhC=CMe >
PhC=CPh, while the hydrosilylation increases in the re-

Scheme 12
NiR,

2 HSi

-Cc=C-

2 Bipyridyl ligand on nickel and substituents on silicon and on
acetylene are omitted for clarity.

verse order.!? The low reactivity of Me3SiC=CBu-n may
be due to steric reasons.!® HSiCl; is much more reactive
and shows a slightly greater preference for the double sily-
lation than HSiCl;Me.!¢ The silane-to-acetylene ratios
have little effect on the extent of the double silylation but a
great effect on the reaction rates.

Scheme 1 illustrates the catalytic cycle for the novel
dehydrogenative double silylation, together with the hy-
drosilylation.’® A (hydrido)(silyl)nickel complex (III) is re-
garded as a key intermediate for the catalysis. Successive
attacks on it by a “‘reactive” hydrosilane (step a), an “unac-
tivated” acetylene (step b), and again by another molecule
of hydrosilane (step ¢) lead to the double silylation product
(I), while the reverse order of attacks by an “activated”
acetylene (step d) and a “less reactive” hydrosilane (step e)
gives rise to the normal hydrosilylation product (II) pre-
dominantly. The bipyridyl ligand may be indispensable to
the stabilization of the silyl-nickel intermediates. Our re-
cent isolation studies of the disilylnickel (IV)!7 and the disi-
lylolefin-nickel complex’ analogous to V justify the pro-
posed catalytic cycle. The competitive nature of the present
catalytic reactions implies the comparable affinities of acet-
ylene and hydrosilane for the nickel complexes.

The novel double silylation is also of synthetic value. This
offers the first stereoselective route to disilylolefins from
“unactivated” dialkylacetylenes and readily available hy-
drosilanes, while double silylations of “‘activated” acety-
lenes have recently been reported.?19:20

Investigations are continuing into the extention of this
novel reaction to other unsaturated compounds and synthet-
ic utility of the disilylolefins thus obtained.
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Solid Phase Organometallic Synthesis.
Bis(di- n-butylchlorotin)tetracarbonylosmium

Sir:

Herein we describe the solid phase synthesis and subse-
quent isolation of the title compound, 1, from di-n-butyltin
dichloride and dihydridotetracarbonylosmium with diethyl-
amine as the coupling agent (see Scheme I). Polymer at-
tachment circumvented formation of bis(u-dibutyltin-tetra-
carbonylosmium), the cyclic product from the known reac-
tion of these components in solution.!

Since Merrifield’s discovery of the solid phase method for
peptide synthesis,? several useful applications have been
found for polymer-bound reagents® and catalysts.* Repeti-
tive, sequential-type syntheses using insoluble polymer sup-
ports have been described for peptides,? oligonucleotides,’
and oligosaccharides.t

Multiple step syntheses with unprotected multifunctional
reactants are much less common.?® Polymer “immobilized”
ester enolates have been monoacylated” and several reac-
tions of terephthalaldehyde have been described®® including
its stepwise conversion to 4,4’-stilbenedicarbaldehyde.8 For
these applications, relatively low levels of substitution limit-
ed reaction of one polymer-bound moiety with another.”#
In contrast, apparent chelate properties of phosphine-sub-
stituted copolymers have been attributed to polymer chain
mobility.® While present information is inadequate to rec-
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oncile these seemingly contradictory observations, it is clear
that intrapolymer reactions pose a significant threat to the
success of any solid phase synthesis scheme that utilizes un-
protected, multifunctional components.

The choice of a macroreticular styrene-20% divinylben-
zene copolymer for this work wa8 based upon observations
by Grubbs and coworkers!? that the higher degree of cross-
linking in this porous polymer permits much less internal
mobility than in the 2% cross-linked gels commonly used for
peptide synthesis!! and catalyst support.® Other important
considerations were the requirements that the distance be-
tween substituents on the resin must be chosen to minimize
intrapolymer reactions and the pores must be large enough
to permit growth and removal of the product molecules.!2
The phenyl-tin bond served as the cleavable connecting
link. To ensure its exclusive formation, aromatic mercura-
tion'? was selected for the initial functionalization.!4 Unpo-
lymerized vinyl groups on the polymer were deactivated
toward mercuration!® by treatment with n-butyllithium
(TMEDA complex)!” followed by methanolysis. The dried
resin was stirred in a dilute solution of Hg(O,CCF3),!8 at
0° for 18 hr and the resino-phenylmercuric trifluoroace-
tate!® 2 was converted to the corresponding chloride 3 with
excess tetramethylammonium chloride in methanol. Micro-
scopic examination of a bisected bead from a portion of 3,
that had been reduced with lithium naphthalenide?! in THF
and quenched in methanol, revealed fairly even distribution
of elemental mercury.?*

Treatment of 3%° under argon with 0.75 M n-BuLi in tol-
uene (1.5 mequiv/g) for | hr followed by exhaustive wash-
ing with toluene and ether gave resino-phenyllithium, 4.
This was quenched with excess (n-Bu)>SnCl; (2.0 mmol/g)
in ether.?¢ The first metal-to-metal bond was formed when
5 (8.0 g having 0.022 mequiv of Cl/g) was stirred with a so-
lution of H,Os(CO)4 (0.65 mmol) and diethylamine (1 ml)
in 1:1.5 THF-CH,Cl; for 2.5 hr under argon. The infrared
spectrum of the washed and dried resin 6 (1% in KBr)?7 ex-
hibited vco at 2113 m, 2048 m, and 2026 vs cm™~!, similar
to the spectrum of cis-Ph3SnOs(CO)4H;! a weak absorp-
tion at 1937 cm~! is tentatively assigned to »(Os-H).
Treatment of 6 with (#-Bu)>SnCl5 (3.28 mmol) in CH,Cl;
(10 ml) containing Et;INH (1 ml) as above gave the resino-
trimetalide 72® with an infrared spectrum (vco 2048 vw and
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