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intensities of two standard reflections remeasured every 2 h
throughout the experiment. The absorption correction, made by
an empirical method,!” led to transmission factors on F of
0.82-1.10. Of 12099 reflections measured, 2210 were related by
symmetry and they were averaged to give 1105 independent ones
and R(internal) of 0.023. Only unique reflections with I = 34(J),
of which there were 6505, were used in the structure analysis.

The structure was determined by the heavy atom method. The
positions of the three nickel atoms were obtained from a Patterson
function, and those of the remaining non-hydrogen atoms, as well
as of a large number of hydrogen atoms, from the appropriate
difference electron density maps. These maps also revealed that
in the cationic complex the chloride and carbonyl ligands are
disordered, each over two sites lying above opposite faces of the
Nij triangle (Figure 2). The disorder was accounted for by as-
signing occupancy parameters a to Cl(1), C(1), and O(1), and 1
- a to CI(1"), C(1’), and O(1’) atoms. The reéfinement of this
parameter led to a = 0.70 (2).

The structure was refined by a three-large-blocks approximation
to the normal matrix, minimizing the function Sw(|F | - [F )%,
where w = ¢"%(|F,])). The carbon and oxygen atoms of the dis-
ordered carbony! ligand were allowed isotropic displacement
parameters, and all other non-hydrogen atoms anisotropic dis-
placement parameters. In the final calculations the scattering

19 7(}6)2g;m<>jlovié-Muir, Lj.; Muir, K. W. J. Chem. Soc., Dalton Trans.
(17) Walker, N.; Stuart, D. Acta Crystallogr., Sect. A: Found. Crys-
tallogr. 1983, A39, 158.

of all 90 hydrogen atoms was accounted for by adding their fixed
contribution to the structure factors; they were asgigned a common
isotropic displacement parameter, fixed at U = 0,080 A2, and their
geometrically deduced positional parameters were constrained
to C-H = 1.0 A. The refinement converged at R = 0.035 and R,,
= 0.041. In the final difference electron density map the highest
peak was 0.64 ¢ A8, The residual electron density, mostly dis-
tributed in the vicinity of the solvent molecule, as well as its high
atomic displacement parameters (Table ITI), suggested that the
structure of this molecule may be disordered. The final atomic
coordinates are shown in Table III.

All calculations were carried out using the GX program
package.!® Neutral-atom scattering factors were taken from ref
19.
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The compound CpMo(CO),(n*-vinylallyl) (5) underwent a novel cyclization with TCNE and PhCHO

(BF;-catalyzed) in CH,Cl, to afford a six-membered

ring p

roduct. Treatment of 5 with PhCHO/BF3-Et,0

in benzene yielded a Mo-7*-trimethylenemethane salt, generated from the electrophilic addition of PA\CHO
to the vinyl group of 5. Characterization of this cation has been achieved by IR and 'H NMR spectra and
by its subsequent reaction with NaBH,CN and R,CulLi (R = Ph, PhC=C). Formation of this tri-
methylenemethane cation is also observed for a similar BF;-catalyzed reaction between methyl vinyl ketone
and acetone in benzene. The synthetic utility of this carbon—-carbon-forming reaction in organic synthesis

has been investigated and is described.

Introduction
The chemistry of electrophilic addition to the unsatu-
rated hydrocarbon ligand on a neutral metal complex is
an important topic in organometallic chemistry.!® This
reaction generally leads to the formation of metal-stabilized
carbocations. Transition-metal n'-allyl compounds may

(1) Collman, J. P.; Hegedus, L. S.; Norton, J. P.; Finke, R. G. Prin-
ciples and Applications of Organotransition Metal Chemistry; Univer-
sity Science Books: Mill Valley, CA, 1987; Chapter 8. -

(2) Flood, T. C. In Topics In Inorganic and Organometallic Stereo-
g};erlnli';try; Geoffroy, G. L., Ed.; Wiley: New York, 1981; Vol. 12, pp

(3) Roeenblum, M.; Watkins, J. C. J. Am. Chem. Soc. 1990, 112, 6316.

(4) Green, M.; Orpen, A. G.; Williams, 1. D. J. Chem. Soc., Chem.
Commun. 1982, 493.

o 96(f) Mayr, A.; Shaefer, K. C.; Huang, E. Y. J. Am. Chem. Soc. 1972, 94,

represent an instance in which the ligand reacts with H*,
Br*, and CH,* to give n*-alkene cations.®’ If tetra-
cyanoethylene and p-toluenesulfonyl isocyanate are used
as electrophiles, the reaction pathway follows a [3 + 2]}
cycloaddition pathway.®® Recently, Green et al. reported!®
that a vinyl group adjacent to a x-Mo—allyl moiety could
be protonated to give Mo—n*-s-trans-pentadiene cations.
Along this direction, we report here the chemistry of

N (6) Roseublum, M. J. Organomet. Chem. 1988, 330, 191 and references
therein.

(7) Wojeicki, A. Adv. Organomet. Chem. 1974, 12, 31.

(8) Bucheister, A.; Klemarczyk, P.; Rosenblum, M. Organometallics
1982, 1, 1679. :

(9) Bell, P. B.; Wojcicki, A. Inorg. Chem. 1981, 20, 1585.
19 8(910¢)9 B;;é;gunes, S. A,; Green, M.; Grimshire, M. J. Organometallics
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A New C-C Bond-Forming Reaction
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electrophilic addition of the CpMo(CO),(73-2-vinylallyl)
complex which gives the molybdenum-n*-trimethylene-
methane cation. To make this reaction more useful, the
carbon-carbon bond-forming process through generation
of this cation is the objective of our work. Part of this
paper has been previously communicated.!!

Results and Discussions

Molybdenum-Mediated Cyclizations. The reaction
between CpMo(CO);Na and E-methyl-2-chloromethyl-2-
butenoate!? in cold THF (-78 °C, 2 h) smoothly delivered
the 5!-E-2-carbomethoxyl-3-methylallyl compound (1) as
a pure oil in 656% yield after workup. In contrast with its
2-methyl ketone allyl analogue,!® complex 1 is stable and
no intramolecular cyclization occurs even at elevated
temperatures (60 °C, THF, 2 h). Decarbonylation of 1
(Scheme I) with excess anhydrous Me;NO (10 molar equiv)
afforded CpMo(CO),(anti-n-1-methyl-2-carbomethoexy-
allyl) (2) in 71% yield. The chemical shift of H® (5 4.66
ppm) lies more downfield than that of the syn-proton H?
(6 3.56 ppm), which indicates that the methyl group is
trans to the central carbomethoxyl group. Treatment of
2 with 2.0 molar equiv of DIBAL-H in THF (28 °C, 36 h)
produced CpMo(CO),(anti-ni-1-methyl-2-(hydroxy-
methyl)allyl) (8) as a yellow oil in 70% yield after workup.
Treatment of 3 with HBF Et,O in anhydrous ether at 0
°C immediately produced a yellow precipitate formulated
as the CpMo(CO)y(n*-methyltrimethylenemethane)BF,
cation (4) on the basis of elemental analyses and IR, and
'H and *C NMR data. The assignment of 'H NMR res-
onances to individual protons was solved by 2D-COSY and
NOESY spectra. Exceptional NMR parameters are the
long-range coupling magnitudes of Jy; (3.2 Hz) and J/,, (4.0
Hz), which are larger than those of the vicinal proton
coupling J;, (1.5 Hz) and J;, (0 Hz). Previously Green et
al. have also reported!* a sumlar coupling pattern on the
related (CsMeg) Mo(CO),(n*-R,C,H,)* salts. Deprotonation
of 4 is best achieved with by LiN(SiMe,), (1.5 molar equiv)
in ether, which afforded CpMo(CO),(7*-2-vinylallyl) (5) as
yellow crystals after workup. Protonation of § by CF,SO;H
(98%, 1.5 molar equiv) in ether at room temperatures
quantitatively regenerated the trimethylenemethane cation
4,

(11) Yang, G.-M.; Lee, G.-H.; Peng, S.-M.; Liy, R.-S. Organometallics
1991, 10, 2531.

(12) Drewes, 8. E.; Roos, G. H. P. Tetrahedron 1988, 44, 4853,

(13) Yang, G.-M,; Lee, G.-H.; Peng, S.-M.; Liu, R.-S. J. Chem. Soc.,
Chem. Commun. 1991, 478,

(14) Allen, S. R.; Barnes, S. G.; Green, M.; Moran, G.; Murrall, N. W,;
Welch, A. J. Chem. Soc., Dalton Trans. 1984, 1175.
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Scheme 11
M=CpMo(CO), 6.7 py
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For an electrophilic carbon—carbon bond-forming reac-
tion, we first examined the reaction between 5 and tetra-
cyanoethylene (TCNE) in CH,Cl, (23 °C, 1 h), which af-
forded the adduct 6 in 68% yield after purification from
a silica column. The elemental analysis is consistent with
the given formula. According to a low-temperature 'H
NMR spectrum (—60 °C, dg-toluene), two conformational
isomers, i.e. exo and endo® in 1:10 ratio were present in
the solution. The anti-proton H! resonance at § 1.85 ppm
was assigned to the exo isomer, but the H!-proton reso-
nance at § 2.28 ppm was assigned to the endo isomer. With
increasing temperatures, the proton resonances of two
isomers became broad and eventually coalesced at 16 °C.
For both isomers, the four methylene proton resonances
H34 and H%’ were observed within § 3.0-4.5 ppm, indi-
cating that the two CH®H’ and CH®H* carbons are linked
to the tetracyanoethylene fragment. Hence a six-mem-
bered ring is proposed for 6. Treatment of § with 1 molar
equiv of BFyOEt, and PhCHO in CH,Cl, (0 °C), followed
by treatment with aqueous Na,CO; solution, afforded the
pyran 7 as a 1:1 mixture of diastereomers (50%) which
were separable by fractional crystallization. In a proton
NOE experiment, irradiation of the H*-signal at § 3.93 ppm
of one isomer produced an Overhauser enhancement in the
intensity of the methylene proton H® (5 2.62 ppm) by 2.5%;
this information confirms a cyclized structure.

Mechanistic Studies. Compounds 6 and 7 represent
the cases of a novel 2r + 2x + 2allyl-x cyclization, and
their formation mechanism deserves further investigation.
We placed 5§ under CO (2 atm) and with PPhg (1.0 molar
equiv), which produced no corresponding »'-2-vinylallyl
complex. Therefore the new cyclization here cannot be
attributed to a Diels-Alder reaction between n!-allyl and
dienophiles. By the fact that the vinyl group of § can be
protonated, it is rational to propose a trimethylenemethane
zwitterion as an intermediate during cyclization. To verify
this proposal, 5 was treated with a mixture of PhCHO/
BF3Et,0 (1:1 molar equiv) in benzene at'23 °C (Scheme
II), which gradually deposited a yellow semisolid quite
stable to air. Its IR spectra in Nujol mull exhibited »(CO)
bands at 2058 (s) and 2008 (s) cm™, indicative of a cationic
salt (I). The ¥F NMR spectra showed a single resonance
at 6 149 ppm corresponding to a free BF,” ion.!® Addi-
tional evidence to support this hydrated BF,” salt is the

(15) (a) Faller, J. W.; Rosan, A. M. J. Am. Chem. Soc. 1977, 99, 4858.
(b) Faller, J. W.; Chen. C.C; Mattinn, M. J.; Jakubowski, A. J. Orga-
nomet. Chem. 1973 52, 361.

(18) Although in recent papers!és® zwitterions with the BF;0" anion
were believed to be primary products in this acid-catalyzed reaction.
From the contamination of 4, it is clear that H* has been generated
durmg the reaction. This may cause further hydrolysis of thm OBF, ion
to give I as the BF, salt. (a) Agoston, G. E.; Cabal, M. P.; Turcs, E.
Tetrahedron Lett. 1991, 32, 3001. (b) Jiang, S ’I‘uros E. Ibld 1991, 32,
4639,
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»(OH) band at 3580 cm™ in Nujol mull. The 'H NMR
spectra of I showed that two diastereomers are present;
part of their resonances are overlapped with those of 4 (ca.
10% by 'H NMR integral). The latter is inseparable from
I by fractional crystallization. !H NMR assignment of the
observed resonances of I was aided by 2D-NOSEY and
COSY spectra. Likewise, the coupling parameters J;;, J,
(3—4 Hz) are significantly larger than those of J;, and J,
(1-0 Hz). The n*trimethylenemethane structure of I can
be also deduced from its subsequent reaction with nu-
cleophlles such as NaBH,CN, (PhC=C),CuLi, and
Ph,CulLi in cold THF (0 °C, 2 h), which afforded the
7-allyl compounds 8-10 (52%—60%) as a mixture of 1:1
diastereomers, further separable by prepardtive TLC
plates. In all cases, no efforts were made to isolate and
characterize the small amount of allyl compounds which
resulted from nucleophilic addition to the cation 4. The
syn-CH*HS configurations of 8-10 were indicated by their
chemical shifts of H? (5 2.8-3.0 ppm) and H! (5 1.7-1.8
ppm), very close to those (H?, § 2.76; H!, & 1.80) of endo-
CpMo(CO),(7*-1-MeCyH,).1* Treatment of I with Na,CO,
in THF (0 °C, 2 h), followed by hydrolysis gave the pyran
71in 50% yleld This result provides direct experimental
evidence to support I as the cyclization intermediate.

We extended this new acid-catalyzed carbon-carbon
formation to other electrophiles such as methyl vinyl ke-
tone and acetone. Similarly, a cationic salt was generated
under the same conditions which reacted further with
(PhC==C),CuLi and Ph,CuLi in THF (=78 °C, 2 h) to give
the products 11 and 12, respectively, in 290% and 26%
yields. Likewise, § reacted with acetone in the presence
of BF3Et,0 to give a cationic salt which was reduced with
NaBHCN in THF to yield 13 (8%). For other electro-
philes such as alkyl halides, acyl halides, and anhydrides,
no BF;-catalyzed carbon—carbon formation occurred under
the same conditions, which nevertheless gave yellow pre-
cipitates identified as 4 by 'H NMR spectra. Notably,
treatment of the zwitterions shown in Scheme III with
Na,COjy or LiN(SiMey), in CH,Cl, failed to give the cor-
responding cyclized compounds.

Decomplexation of Mo—=-Allyl Complexes. Al-
though numerous transition-metal-n4-trimethylene-
methane complexes have been reported, they were pre-
pared exclusively from the reaction between an unsatu-
rated metal fragment with methylenecyclopropane or
CH,=C(CH,X)CH,Y (X = Y = halides, OAc, Y =
Me,Si),14:17.18 Among them, only (»® -trimethylene-
methane)PdL219 is synthetically useful for organic reac-
tions. It has long been recognized that metal-mediated

(17) Pettit, R.; Ward, J. S. J. Chem. Soc., Chem. Commun. 1970, 1419,

(18) Jones, M. D.; Kermxt, R.D. W,; Platt A. W. G. J. Chem, Soc.,
Dalton Trans. 1986, 1411 Ehrlick, K.; Emeraon,G F.J. Am. Chem. Soc
1972, 94, 2464.

(19) 'I‘ro-t, B. M. Angew. Chem., Int. Ed. Engl. 1986, 25, 3 and ref-
erences therein.
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Entry Complex R r? Nu Products (yleidsd)
1 8 Ph H NaBHaCN  xuH(17)  A/B=2.0
(58%)
2 s Ph H NaBHACN  xaH(17) A/B=0.54
(-25%) (61%)
3 9 Ph PhCeC NaBHiCN  x.H(18) AB=
5.2(56%)
4 10 Ph Ph NaBHICN  xuH(19) A/B=
4.6(58%)
5 14 PhCHp H NaBHACN  x.H(20) AB=15
(89%)
6 15 PhCH; Ph NaBH4ON  x.H(21) A/B=
3.9(80%)
7 18 PhCH, PhCsC  NaBHiCN  x.H(22)  ABa
4.2(58%)
8 8 Ph H PhSNa X=PhS (23) B (Eonly
(60%)
9 10 Ph Ph NaOH X=OH (24) B(E)only
(43%)
10 14 PhCHp H NaOH X=OH (25) B (Ejonly

(45%)
a Nu:npmkmwmnmemmmmmwunmmodna%umm
entry 2.

carbon—carbon formation is one of the most important
topics in modern synthetic chemistry. The fact that the
new trimethylenemethane cations in our system are easily
transformed to useful Mo—-allyl complexes® by nucleo-
phllxc attack should make this reaction of much use in
orga.mc synthesis once the metal fragment is removed. The

-allyl compounds 14-16 given in Scheme IV were pre-
pared in a similar fashion which involved the nucleophilic
attack of NaBH;CN, Ph,CuLi, and (PhC==C),CulLi on the
trimethylenemethane cation derived from 5 and
PhCH,CHO; the yields are 50%-65%. In a typical pro-
cedure for metal decomplexation, the #*-allyl compounds
were treated with an equimolar amount of NOBF, in
CH,CN to generate an electrophilic allyl cation,"% which
reacted in situ with nucleophiles to liberate an olefin after
Ce(IV) oxidation. The results are summarized in Scheme
IV. In entries 8-10, nucleophiles RS~ and OH- add only
at the C, carbon (CH2) to produce internal olefins (B),
consmtent with the nucleophxhc regiochemistry observed
for CpMo(CO)NO(n-syn-R-CsH)*.2 Compounds 2325
are assumed to have the E-configuration, which is deter-
mined by a proton NOE difference experiment. For ex-
ample, the H!-proton (4 5.76 ppm) of 25 has an Overhauser
enhancement on the CH,0OH proton resonances (5 4.84
ppm) as indicated by a 2.7% increase in intensities, but
there is no effect on the CH,Ph protons. Although H- may
add to both allylic cationi¢ carbons at room temperature,
C. addition is preferred for bulky R? (R? = Ph, PhC==C;
entries 3, 4, 6, 7), which gives more external olefins (A).
As a comparlson of the results in entries 1 and 2, the
hydride is envisaged to attack the C, carbon kmetxcally
preferentially at ~25 °C. Whereas at 23 °C C, addition
becomes the major pathway, which is presumably ther-

(20) Pearson, A. J. Synlett. 1990, 10 and references therein.
(21) Faller, J. W.; Rosan, A. M. Ann. N.Y. Acad. Sci. 1977, 295, 186.
01(2%% Adams, D. F,; Faller, J. W.; Rosan, A. M. J. Am. Chem. Soc. 1979,
1
(23) Faller, J. W.; Chao, K. H. Organometallics 1984, 3, 927.
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Scheme V
M=CpMo(CO), !
\ 3
Lo ‘
T ¢
1
M CH;
Entry € R (product no.) yie!ds(i”)
1 PhCHO PhCH(OH) 28 58%
2 PhCH,CHO PhCHCH(OH) 27 54%
3 Me,CHCHO MeCHCHIOH) 29 55%
4 1-C4HgCHO tCHCHIOH) 29 50%
5 Me;CHCH,CHO  MeaCHCH,CH 39 45%
(OH)
6 CH,CHCOC,Hg  (CHL),COCHs 31 22%
7 CHZCHCOCH:, CHZCH2COCH3 32 18%

M=CpMo(CO),; reagents and conditons (i) BF 3 E150(1.0 equiv.}, E(1.0 equiv.), benzene, 23°c.
2 h (ii) MegNO(5.0 equiv.), CHCN, 23%C, 24 h (ili) products were isolated and purified by
preparative SiO,-TLC-plate, and the yields were calculated based on the amount of 5 used.

modynamically favored. In principle, the isomerization
of external olefin (B) to internal olefin (A) can be achieved

b 0‘I R CphlaJH R' R’
b /N T b 2(\ - M
R
Ce(TV) CeIV)
| k

by low-valent metals through formation of metal hydride
intermediates.! In our proposal, we believe that the initial
n?-internal olefin intermediate undergoes C,~H bond ac-
txvatlon to give a Mo—n®-allyl hydride mtermedmte, which
may have a bent NO group to support 18 electrons.
Further, hydride migration to the C, carbon of this species
will give a sterically more favorable n?-external olefin.
For compounds 18, 19 and 21, 22, we were unable to
determine the geometries of mtemal olefins B as being in
the E or Z configuration because the NOE experiments
were hampered by the overwhelming amount of external
olefins A in the mixture. In synthetic utility, the functional
equivalence of 5 can be represented by the following two

forms:
- L - £
+ + +

CpMo(CO),

Decomplexation of Trimethylenemethane Cations.
Pettit et al.'” reported that transient biradical tri-
methylenemethane species were generated from Ce(IV)-
oxidative decomposition of (9*-(CH,);C)Fe(CO)s, which
reacted in situ with TCNE to give a [3 + 2] cycloaddition
adduct in small yield (4%). In order to find the possible
functional equivalence of the trimethylenemethane di-
radical in our system, we treated our new molybdenum-
trimethylenemethane cations with excess TCNE and an-
hydrous Me;NO (5.0 molar equiv), which however pro-
duced complicated mixtures of organic compounds. No-
tably, as shown in Scheme V, treatment of the cations with
anhydrous MesNO alone in CH;CN gave 1-substituted-3-
methyl-1,3-butadienes. When RCHO (R = Ph, PhCH,,
Me,CH, n-C3H,) compounds were used as electrophiles,
the yields were 45%-60%. For a,8-unsaturated ketones
(entries 6 and 7), the corresponding 1,3-dienes were ob-
tained in 20%-26% yields. Direct Ce(IV) oxidation of all

Organometallics, Vol. 11, No. 10, 1992 3447

Scheme VI
L J g
2\ CESOD LiN(SiMe A
1 Sedc ]
M M M
i 4 y
J
Scheme VII
OH ﬁOH OH
H Ph
b Ph ST’ H
’T _——>M&,N0 '1\ —_ . —-ﬂ
oMacor C"?‘m’* o [~
D

the cations above in CH;CN failed to give any significant
organic compound.

In functional equivalence, complex 4 is virtually identical
to the 3-methyl-1,3-butadien-1-yl anion (CH,==
CMeCH=CH"). We performed a deuterium-labeling ex-
periment according to Scheme VI. A ca. 50% deuterium
content on the vinylic CH, end of 5 was attained by re-
peated protonation (D*)/deprotonation twice. 2H NMR
spectra of diene 26, derived from the deuterated § and
PhCHO revealed that both CH; and =CHC(OH)Ph were
deuterated at a ca. 1:1 ratio, indicative of a hydrogen-
migration process. We propose a mechanism shown in
Scheme VII. After loss of CO by MegNO-promoted de-
carbonylation, the newly generated 16e C undergoes a
B-hydrogen abstraction to give a 18e-n°-isopentadienyl
cation D, which after reductive elimination is expected to
liberate the diene 26. No evidence for formation of the
trimethylenemethane diradical was observed in our system,
which according to early reports® is expected to give the
derivatives of methylenecyclopropanes and 1,4-di-
methylenecyclohexane,

Experimental Section

All operations were carried out under argon in a Schlenk ap-
paratus or in a glovebox. The solvents benzene, diethyl ether,
tetrahydrofuran, and hexane were dried with sodium benzo-
phenone and distilled before use. Dichloromethane and chloro-
form were dried over calcium hydride and distilled. Anhydrous
trimethylamine oxide was prepared by subliming its dihydrate
(Aldrich) at 110 °C. Mo(CO)s, NOBF,, CF;SOH (98%),
HBF Et,0, H(NSiMe;),, BuLi (1.6 M, hexane), methyl vinyl
ketone, ethyl vinyl ketone, tetracyanoethylene, phenylacetylene,
phenyl bromide, and aldehydes RCHO (R = Ph, PhCH,, Me,CH,
n-CgH,;, Me;CHCHj,, Me,C) (Aldrich) were used without further
purification. CpMo(CO);Na? and E-methyl-2-(chloromethyl)-
butenoate!? were prepared according to procedures in the liter-
ature.

All 'H (400 MHz, 300 MHz) %H (61.4 MHz), and *C NMR (100
MHz, 75.5 MHz) spectra were obtained on either a Brucker
AM-400 or Varian Gemini-300 spectrometer; the chemical shifts
of 'H, 3C, and F NMR spectra were referenced to tetra-
methylsilane and CCljF. Microanalyses were performed at Na-
tional Chengkung University, Tainan, ROC. Infrared spectra were
recorded on a Perkin-Elmer 781 spectrophotometer.

(a) Synthesis of CpMo(CO),(n'-anti-1-methyl-2-carbo-
methoxyallyl) (1). A tetrahydrofuran solution (50 mL) of
CpMo(CO)sNa (5.36 g, 20.0 mmol) was stirred with E-methyl-
2-(chloromethyl)-2-butenoate (2.97 g, 20.0 mmol) at 23 °C for 6
h. The solvent was removed under reduced pressure, leaving a

(24) Dowd, P. Acc. Chem. Res. 1972, 5, 242 and references therein.
(25) Eisch, J. J., King, R. B, Eds. Organometallic Synthesis; Aca-
demic Press: New York, 1965; Vol. 1, p 114.
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red residue, which was then chromatographed on a silica column
with a hexane/ether (4:1) mixture as eluting solvent. After elution
of a purple band of [CpMo(CO);},, 1 was obtained as a yellow
band as a hexane/ether (1:1) eluting solvent was used. Removal
of the solvent under reduced pressure afforded an air-stable oil
(4.65 g, 13.0 mmol). IR (Nujol): »(CO) 2013 (s), 1918 (s), and
1706 (s) cm™. H NMR (CDCl,, 400 MHz): §1.62(d, J = 7.2
Hz, CH,), 2.37 (s, CHy), 3.67 (OCHy), 5.34 (s, 5 H, C;Hj), 6.48 (q,
J = 7.2 Hz, =CHCH,). ®C NMR (CDCl;, 75.5 MHz): § -8.6
(Mo—CH,), 14.4 (==CCHy), 51.2 (0-CHy), 93.0 (C;H5), 130.8, 140.5
(C=C), 169.3 (CO-OCH,), 228.4, 240.6 (2 Mo—CO). Mass (12 eV):
m/e 356 (M+). Anal, Calcd for CMHHMOO5: C, 46-94; H, 3.94.
Found: C, 46.80; H, 4.05.

(b) Synthesis of CpMo(CO),(»*-anti-1’-methyl-2'-carbo-
methoxyallyl) (2). A dichloromethane solution (25 mL) of 1 (7.16
g 20.0 mmol) was stirred with anhydrous trimethylamine oxide
(6.0 g, 80.0 mmol) at 0 °C for 18 h. After the solution was
evaporated to dryness, the residues were twice extracted with ether
(20 mL). The extract was then evaporated to dryness, and the
residues were chromatographed through a silica gel column with
a hexane/ether (4:1) mixture as the eluting solvent. After the
unwanted purple band of [CpMo(CO);], was eluted off, compound
2 was obtained as a yellow band as a hexane/ether eluting solvent
was used. Removal of the solvent under reduced pressure, followed
by crystallization from a saturated hexane/ether solution at 0 °C
afforded a yellow crystalline solid (4.68 g, 14.2 mmol). IR (Nujol):
WCO) 1954 (s), 1877 (s), and 1706 (s) cm~L, 'H NMR (400 MHz,
273 K, CeDsCD;): 61.27(d,J =6.6 Hz, 3H,CH,), 149 (d, J =
1.0 Hz, HY), 3.51 (s, 3 H, OMe), 3.56 (d, J = 1.0 Hz, 1 H, H?), 4.66
(q,J = 6.6 Hz, 1 H, H?), 4.80 (s, 5 H, C;H;). 3C NMR (100 MHz,
253 K, CeDsCD;): 3182 (CHy), 39.4 (CH!'H?), 53.5 (OCH,), 62.4
(CMe), 71.4 (CCO), 96.0 (CsH;), 172.3 (CO-OCHj), 230.4, 238.2
(2 Mo~CO). Mass (12 eV): m/e 332 (M*). Anal. Calcd for
ClgH“MOO4 C 47.29; H, 4.27. Found: C 47.15; H 4.38.

(c) Synthesis of CpMo(CO);(nd-anti- l’-methyl 2’-
hydroxyallyl) (3). Compound 2 (6.60 g, 20.0 mmol) in CH,Cl,
(20 mL) was treated with DIBAL-H (40 mmol, 1.2 M in 33.3 mL)
in hexane at 78 °C, and the resulting mixture was stirred for
8 h. The solution was warmed to room temperatures and added
to a saturated aqueous Na,COj solution. The ether layer was
decanted, and the aqueous solution was twice extracted with ether
(20 mL). The combined extracts were concentrated and eluted
on a silica column with a hexane/ether (1:1) mixed solvent. Two
yellow bands were developed. The first band consisted of un-
reacted 3a. Evaporation of the second band to dryness produced
a yellow oil (4.28 g, 14.0 mmol). IR (Nujol): »(CO) 1948 (s), 1868
(s) cm™, H NMR (CDCl;, 300 MHz): § 1.23 (d, J = 5.0 Hz, 3
H, CHy), 1.80 (s, 1 H, HY), 1.84 (s, 1 H, H?), 1.90 (s, OH), 2.65 (d,
J =29 Hz,1H, CHH'(OH)), 3.19 (d, J = 2.9 Hz, 1 H, CHH(OH)),
3.42 (g, J = 5.0 Hz, H%), 5.17 (s, 5 H, CzHp). 15C NMR (CDCl,,
75.5 MHz): § 25.9 (CHy), 31.1 (CH‘H’) 34.1 (CH*Me), 70.8
(CHH'(OH)), 97.0 (CsHj), 114.5 (CCH”Me), 242.3, 240.6 (2 Mo~
CO). Mass (12 eV): m/e 302 (M*). Anal. Caled for Co;H; MoOg:
C, 47.70; H, 4.67. Found: C, 47.58; H, 4.82,

(d) Synthesis of [CpMo(CO),(n*-(methylmethylene)di-
methylenemethane)]BF, (4). Complex 3 (6.12 g, 20.0 mmol)
in ether (30 mL) was treated with HBF (Et,0 (3.23 g, 20.0 mmol)
at —78 °C, resulting in formation of a yellow precipitate (5.15 g,
14.0 mmol), which was collected by filtration. Recrystallization
from a saturated CH,Cl,/ether solution produced yellow crys-
talline solid 4 (4.11 g, 11.2 mmol). IR (Nujol): »(CO) 2064 (s),
2015 (s) em™, 'H NMR (300 MHz, CD;CN): §1.23(d, J = 6.7
Hz, 3 H, CHy), 2.84 (d, J = 4.3 Hz, 1 H, H*), 2.88 (s, 1 H, H?),
321 (dd,J =3.2,1.5 Hz, 1 H, H‘),3.59(dd J =43, 15Hz,

H, H?), 4.27 (dq, J = 6.7, 3.2 Hz, 1 H, H"), 5.68 (s,5H C:H;).
13 NMR (75.5 MHz, CDSCN): & 17.5,(CH3), 49.5 (CH,), 56.3
(C’'Hyp), 60.9 (CCHy), 90.1 (CgHp), 111.4 (CCH,), 215.3, 215.5 (2
MO—CO)- Anal. Calcd for CqusozBF4MO: C, 38.75; H, 3.53.
Found: C, 38.81; H, 3.70.

(e) Synthesis of CpMo(CO),(n*-2-vinylallyl) (5). A hexane
solution (20 mL) of LiN(SiMe,); (60.0 mmol) was added to 4 (7.36
g, 20.0 mmol) in 20 mL of THF at 23 °C and stirred for 1 h, which
led to complete dissolution of 4. The solution was evaporated
to dryness, and the residues were extracted twice with ether (20
mL). Further elution through a silica column with a hexane/ether
(4:1) mixture produced a yellow band, which was collected, con-
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centrated, and recrystallized from a saturated hexane solution
to produce a yellow crystalline solid (4.26 g, 15,0 mmol). IR
(Nujol): »(CO) 1950 (s), 1857 (s) cm™. 'H NMR (CDCl,, 300
MHz): 62.16 (s, 2 H, anti-H), 3.29 (s, 2 H, syn-H), 5.03 (d, J =
16.5 Hz, =CHH"), 5.55 (d, J = 10.3 Hz, =CHH"), 5.60 (s, 5 H,
C;Hy), 6.13 (dd, 1 H, J = 186.5, 10.3 Hz, CH=CH,). *C NMR
(75.5 MHz, CDCI,): 6 33.8 (CHy), 90.1 (CsHy), 100.8 (CCH=C),
109.7 (=CHy), 138.5 (C=CH,), 239.6 (2 M0o—CO). Mass (12 eV):
m/e 286 (M*). Anal. Caled for C;;H,;MoO,: C, 50.72; H, 4.26.
Found: C, 50.65; H, 4.37.

() Reaction of 5 with Tetracyanoethylene. Complex 5 (0.30
g, 1.05 mmol) was stirred with tetracyanoethylene (0.130 g, 1.05
mmol) in benzene (10 mL) for 1 h. During this period, a yellow
precipitate gradually deposited and was collected by filtration.
Recrystallization from a saturated THF /hexane solution afforded
yellow crystalline solid 6 (2.96 g, 0.71 mmol). IR (Nujol): »(CO)
1953 (s), 1877 (8) cm™. H NMR (CDCl;, 213 K, 400 MHz): endo
isomer, § 2.28 (s, 1 H, HY), 2.77 (s, 1 H,H?), 3.12(d, 1 H, J = 15.6
Hz, H9),3.22 (d, 1 H, J = 5.1 Hz, H%, 3.54 (d, 1 H, J = 17.8 Hz,
1H, H%,3.77 (dd, J = 15.6,5.1 Hz, 1 H,H"),392 d, 1 H,J =
17.8 Hz, H), 5.50 (s, 56 H, C;Hy); exo isomer (selected peaks), §
1.35(s, 1 H, Hl),287(s,1H H?), 2.98 (d, 1 H, J = 15.6 Hz, HF),
408 (d,1H,J=17.8 Hz, HY, 4.30 (d, 1 H, J = 17.8 Hz, H%), 5.35
(s,5H, CsHs), the rest of the resonances were masked by those
of the major isomer within § 3.20-3.92 ppm. Mass (12eV): m/e
414 (M*). Anal. Calcd for C;gH;sMoN,O,: C, 52.44; H, 2.93.
Found: C, 52.33; H, 3.04.

(g) Cyclization Reaction of § with PhCHO. A mixture of
PhCHO (110 mg, 1.05 mmol) and BFgEt,0 (0.149 g, 1.05 mmol)
in CH,Cl, (8 mL) was added to a CH,Cl, solution (25 mL) of &
(0.30 g, 1.05 mmol) at 23 °C, and the resulting solution was stirred
for 2 h before addition of an aqueous Na,COj, solution (0.5 M,
5mL). After the mixture was stirred for 30 min, the aqueous layer
was decanted away and concentrated (15 mL) in vacuo. The
residues were chromatographed through a silica column with a
hezane/ether (1:1) mixture. A yellow band was developed, col-
lected, and evaporated to dryness to give the yellow solid 7 (0.21
g, 0.53 mmol) as two diastereomers in equal amounts. The mixture
was dissolved in ether/hexane (4/3, 2.0 mL) mixed solvent and
cooled at 0 °C for 24 h, which gave pure the form of diastereomer
a (90 mg). Further cooling of the remaining mother solution at
0 °C for 12 h gave the second crop of solid as a mixture of two
diastereomers (20 mg). Removal of solvent from the last mother
solution afforded the pure form of diastereomer b. IR (Nujob):
»(CO) 1945 (s), 1866 (s) cm™t. 'H NMR (CDCl;, 300 MHz):
diastereomer a, 3 1.69 (s, 1 H, H'), 2.40-2.60 (m, 3 H, H% + H¢
+ H"), 2.68 (s, 1 H, H?), 3.23 (d, J = 11.6 Hz, 1 H, H%), 4.05 (d,
J=11.6Hz 1 H, H%, 469 (d,J = 9.3 Hz, 1 H, H®), 5.14 (5, 5 H,
C:H;), 7.18-7.32 (m, 5 H, PhH); diastereomer b, 5 1.50 (s, 1 H,
HY, 2.26 (dd, J = 12.4, 6.2 Hz, 1 H, H"), 2.62 (d, J = 12.4 Hz,
1H, HY), 2.69 (s, 1 H, H?), 2.78 (br d, J = 6.2 Hz, 1 H, H), 3.21
(d,J = 11.6 Hz, 1 H, H%), 3.93 (d, J = 11.6 Hz, 1 H, HY), 4.69 (d,
J =93 Hz, 1 H, H%, 5,06 (s, 5 H, C;H;), 7.18-7.32 (m, 5 H, Ph-H).
Mass (12 eV): m/e 392 (M*). Anal. Calcd for C;gH;sMoOg: C,
58.16; H, 4.59. Found: C, 57.96; H, 4.72.

(h) Characterization of Trimethylenemethane Cation (I).
To a benzene solution (20 mL) of & (0.30 g, 1.05 mmol) was added
PhCHO (0.111 g, 1.05 mmol) and BF. Et,O (0.149g, 1.06 mmol),
which immediately deposited a yellow viscous solid. After 30 min
of stirring, the benzene was decanted away and the residues were
dissolved in CH,CN (2 mL). Ether (25 mL) was added to produce
a viscous precipitate, which was collected by filtration and dried
in vacuo (8 h). Examination of the solid by 'H NMR speétroscopy
revealed a contamination of 4 by 10%. IR (Nujol): »(OH) 3580
cm™; 1{(CO) 2064 (s), 2011 (8) ecm™t. 'H NMR (CD4CN, 300 MHz):
diastereomer a, § 2.25 (m, 1 H, H®), 2.45 (m, 1 H, H"), 2.60 (d,
1H,J = 4.0Hz H%,2.87(, 1 H, H%,325(dd, 1 H,J = 35,15
Hz,H),345 (dd 1H,dJ =40, 1.5 Hz, H?), 4.19 (m, 1 H, H“),
4.67 (dd,1 H,J = 7.2, 5.6 Hz, H‘),568(s,5H CsHs),720-737
(m, 5 H, PhH); diastereomer b, § 2.18 (m, 1 H, H®), 2.35 (m, 1
H,H"),2.62(d,1H,J = 3.5 Hz, HY, 2.96 (s, 1 H, H3), 3.17 (dd,
1H,J = 3.8, 1.5 Hz, HY), 3.52 (dd, J = 3.5, 1.5 Hz, H?), 4.08 (m,
1 H, H%), 4.60 (dd, 1 H, J = 8.6, 3.5 Hz, H?), 5.71 (s, 5 H, C;Hp),
7.20-7.37 (m, 5 H, PhH). F NMR (CDCl,, 376.3 MHz): 3 149.
Elementaf.‘l analyses were unsatisfactory because of the contam-
ination of 4.
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(i) Synthesis of CpMo(CO)s[n*-syn-1-(2’-hydroxyl-2-
phenylethyl)-2-methylallyl] (8). The trimethylenemethane
cation (I) generated in section h {5 (0.30 g, 1.06 mmol), PhACHO
(0.11 g, 1.05 mmol), and BFEt,0 (0.148 g, 1.05 mmol)] was stirred
with NaBH,CN (0.314 g, 5.00 mmol) in CH;CN (10 mL) at 23
°C. After 1 h of stirring, the solution was evaporated to dryness
and the residues were extracted with ether twice (2 X 10 mL).
Chromatography on a silica column with a ether/hexane eluting
solvent gave two yellow bands (R, = 0.95, 0.52). The second band
(R; = 0.52) was collected and evaporated to dryness to give a yellow
viscous solid of 8 (0.24 g, 0.62 mmol). Further separation of the
two diastereomers was conducted by elution through a preparative
TLC plate on SiQ, (ether/hexane = 1/2). IR (Nujol): »/CO) 1940
(8), 1860 (s) cm™'. 'H NMR (CDCl,, 400 MHz): diastereomer a,
8 1.65 (s, 3 H, Me), 1.70 (s, 1 H, HY), 2.44 (m, 1 H, H?), 2.59 (m,
1 H, H%), 2.69 (s, 1 H, H?, 2.87 (dd, J = 8.3, 4.8 Hz, 1 H, H?),
4.84 (dd, 1 H, J = 9.2, 3.6 Hz, CH(OH)), 5.12 (s, 5 H, C;Hj),
7.28-7.40 (m, 5 H, CgHy); diastereomer b, 5 1.60 (s, 3 H, Me), 1.65
(s, 1 H, HY), 2.59-2.62 (m, 2 H, H* + H?), 2.65 (s, 1 H, H?), 2.72
(dd, J = 7.6, 5.2 Hz, 1 H, H%), 4.79 (dd, 1 H, J = 9.0, 4.2 Hz,
CH(OH)), 5.15 (s, 5 H, CgHj), 7.30-7.38 (m, 5 H, CgHy). *C NMR
(75.5 MHz, CDCl,): diastereomer a, & 18.8 (Me), 36.3, 40.1 (CH'H?
+ CH¢HY), 57.5 (CH®), 76.4 (CH(OH)), 90.7 (CsH;), 105.1
(CCHH?), 125.7-145.0 (Ph~C), 229.9, 235.8 (Mo—2 CO); diaste-
reomer b, 5 18.8 (Me), 36.7, 40.3 (CH'H? + CH*H?), 55.3 (CH?),
76.1 (CH(OH)), 90.9 (CsHy), 104.9 (CCH!H?), 126.3~144.2 (Ph-C),
240.7, 241.6 (Mo~2 CO). Mass (12 eV): m/e 394 (M*). Anal
Caled for Cy;gHMoO;: C, 58.17; H, 5.14. Found: C, 57.86; H,
5.26

(j) Synthesis of CpMo(CO),[n*-syn-1-(2"-hydroxyl-2’-
phenylethyl)-2-(3’-phenyl-2’-propynyl)allyl] (9). This com-
pound was prepared similarly from the reaction between I (ca.
1.05 mmol, see section h) and (PhC=C),CuLi [PhC=CH (0.32
g, 3.15 mmol) /BuLi (1.60 N, 1.96 mL) and Cul (0.30 g, 1.58 mmol)]
in THF (10 mL, -40 °C); the yield is 55% (0.28 g, 0.58 mmol).
The resulting two diastereomers (1:1) were further separated on
a preparative silica TLC plate (ether/hexane = 1:2). IR (Nujol):
»(CO) 1943 (s), 1864 (s) cm™. 'H NMR (CDCl,, 400 MHz):
diastereomer a, 6 1.77 (s, 1 H, HY), 2.45 (m, 1 H, H%), 2.65 (m, 1
H, H%), 2.77(dd, 1 H, J = 9.1, 5.4 Hz, H%), 290 (d, 1 H, J = 18.0
Hz, CHH'CPh), 2.99 (s, 1 H, H?, 3.26 (d, J = 18.0 Hz, 1 H,
CHH'CPh), 5.02 (dd, 1 H, J = 7.7, 4.2 Hz, CH(OH)), 5.25 (8, 5
H, C;Hy), 7.26-7.43 (complex, m, 10 H, 2 Ph~-H); diastereomer
b, § 1.74 (s, 1 H, H?), 2.80 (complex m, 3 H, H? + H* + H5), 2.86
(d,1H,J =176 Hz, CHH'CPh), 295 (s, 1 H, H?,3.23 (d; J =
17.6 Hz, 1 H, CHH'Ph), 4.91 (dd, 1 H, J = 9.2, 3.4 Hz, CHOH),
5.16 (s, 5 H, CzHy), 7.26-7.43 (complex m, 10 H, 2 Ph-H). 1*C
NMR (75.5 MHz, CDCl,): diastereomer a, 4 31.1, 35.1 (CH*H®
+ CH!H?), 39.9 (CHH'Ph), 56.8 (CH?), 76.3 (CH(OH)), 81.9, 87.7
(C==C), 90.8 (C;H,), 102.9 (CCH'H?), 124.0-127.0 (2 Ph-C), 209.7
(C==0), 240.5, 241.5 (Mo-2 CO); diastereomer b, 5 31.1, 34.6
(CH*H?® + CHH?), 39.9 (CHH'Ph), 54.7 (CH?), 75.7 (CH(OH)),
81.9, 87.7 (C==C), 90.7 (C;H,), 103.0 (CCH'H?), 124.0-127.0 (2
Ph-C), 209.7 (C=0), 240.5, 241.56 (Mo~2 CO). Mass (12eV): 494
(M*). Anal. Calcd for CoH,MoOg4: C, 65.86; H, 4.90. Found:
C, 66.59; H, 5.02.

(k) Synthesis of CpMo(CO);[n*-syn-1-(2"-hydroxy-2'-
phenylethyl)-2-(phenylmethyl)allyl] (10). This compound
was prepared similarly from the reaction between I (ca. 1.05 mmol;
see section h) and Ph,CuLi [PhBr (0.49 g, 3.16 mmol)/BuLi (1.60
N, 1.96 mL) and Cul (0.30 g, 1.58 mmol)] in THF (10 mL, - 78
°C), which gave 10 in 556% yield (0.28 g, 0.58 mmol). The two
diastereomers were further separated by a preparative silica TLC
plate (ether/hexane = 1/2). IR (Nujol): »(CO) 1941 (s), 1862
(8) cm™.. 'H NMR (CDClg, 400 MHz): diastereomer a, 6 1.84 (s,
1 H, HY), 2.49 (m, 1 H, H®), 2.57 (m, 1 H, HY), 2.84 (s, 1 H, H?),
2.98 (d, J = 15.0 Hz, 1 H, CHH'Ph), 3.00 (dd, J = 5.2, 3.6 Hz,
1 H, H®), 3.41 (d, J = 15.0 Hz, 1 H, CHHPh), 4.77 (dd, J = 8.3,
5.2 Hz, 1 H, CH(OH), 5.19 (s, 6 H, C;Hj), 7.23-7.37 (complex m,
10 H, 2 Ph-H); diastereomer b, 4 1.83 (s, 1 H, H'), 2.68 (dd, J
= 5.2, 3.7 Hz, 1 H, H?), 2.70-2.73 (complex m, 2 H, H* + H?), 2.82
(8,1 H, H?,292(d,J =149 Hz, 1 H, CHH'Ph), 3.36 (d, J = 14.9
Hz, 1 H, CHHPh), 4.48 (dd, J = 8.1, 6.2 Hz, 1 H, CH(OH)), 5:20
(s, 5 H, CiH;), 7.23-7.37 (complex m, 10 H, 2 Ph-H). 3*C NMR
(75.5 MHz, CDC),): diasstereomer a, § 31.1, 36.6 (CH!H? + CH‘H),
40.8 (CHH’Ph), 58.3 (CH?), 76.7 (CH(OH)), 90.8 (CsHj), 106.4
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(CCH'H?), 124.3-145.0 (2 Ph-C), 240.6, 242.6 (Mo—2 CO); dia-
stereomer b, § 35.9, 39.5, 39.9 (CH!H? + CH*‘H® + CH"H?), 556.6
(CHB®), 75.7 (CHY), 90.7 (C¢H;), 106.3 (CCHIH?), 124-147 (2 Ph-C),
240.3, 241.7 (Mo-2 CO). Mass (12 eV): 470 (M*). Anal. Caled
for CyH, MoOg: C, 64.11; H, 5.16. Found: C, 63.89; H, 5.26.

(1) Synthesis of CpMo(CO)s[n*-syn-1-(4’-pentanonyl)-2-
(3’-phenyl-2’-propargyl)allyl] (11). To a benzene solution (10
mL) of 5 (0.30 g, 1.05 mmol) was added methyl vinyl ketone (0.070
g, 1.05 mmol) and then BF3Et,0 (0.149 g, 1.05 mmol), which
gradually deposited a greenish viscous solid. After 30 min of
stirring, the benzene was decanted and the residues were evap-
orated to dryness under vacuo (0.1 Torr). Addition of (PhC=
C),CuLi [PhC=CH (0.32 g, 3.15 mmol)/BuLi (1.60 N, 1.96 mL)
and Cul (0.30 g, 1.58 mmol) in 10 mL of THF] to this salt in THF
(20 mL) at ~78 °C resuited in the rapid development of a bright
yellow color. After 1 h of stirring, the solution was warmed to
room temperature and evaporated to dryness. Chromatography
of the residues through a silica column with the hexane/ether
(3:1) eluting solvents gave two yellow bands (R; = 0.89 and 0.58).
Collection of the second band from the column (R; = 0.58), fol-
lowed by of removal solvent afforded 11 as a yellow oil (0.13 g,
0.31 mmol). IR (Nujol): »(CO) 1942 (s), 1862 (s), 1709 (s) cm™.
'H NMR (CDCl,, 400 MHz): 5 1.67 (s, 1 H, H'), 1.85 (m, 2 H,
HE + H"), 2.09 (m, 1 H, HY, 2.13 (s, 3 H, CH,), 2.25~2.50 (m, 3
H, H5 + H8 + H?), 2.69 (t,J = 6.5 Hz, 1 H, H%),2.80 (d, 1 H, J
=17.7 Hz, H!), 2.93 (s, 1 H, H?), 3.23 (4, 1 H, J = 17.7 Hz, HY),
521 (s, 5 H, C;Hy), 7.24-7.39 (m, 5 H, C;Hy). °C NMR (75.5 MHz,
CDCly): 5 23.9 (Me), 25.7, 29.6, 30.0 (CH*H" + CH*H" + CH®H?),
34.5 (CH:H?), 43.4 (CHYHY), 59.9 (CH?), 81.1, 87.9 (C=C), 90.5
(CsHy), 102.4 (CCH!H?), 127.9~131.7 (Ph-C), 209.2 (C=0), 240.7,
242.0 (Mo—-2 CO). Mass (12eV): m/e 458 (M*). Anal. Caled
for Co HyMoOg: C, 63.16; H, 5.30. Found: C, 62.98; H, 5.40.

(m) Synthesis of CpMo(CO),[n*-syn-1-(4-pentanonyl)-
2-(phenylmethyl)allyl] (12). This compound was prepared
similarly from the reaction between Ph,CulLi and the cation
generated in section L; the yield was 26%. IR (Nujol): »(CO) 1940
(s), 1861 (g), 1705 (s) cm™'. 'H NMR (CDCl,, 400 MHz): 5 1.68
(m, 2 H, H¢ + H", 1.70 (s, 1 H, HY), 2.06 (s, 3 H, CH_), 2.09 (m,
2 H, H* + HY), 2.36 (m, 2 H, H® + HP), 2.62 (dd, 1 H, J = 8.2,
4.8 Hz, H%), 2.72 (5, 1 H, H?), 2.82 (d, 1 H, J = 14.8 Hz, H}), 3.30
(d, 1 H, J = 14.8 Hz, H!9), 5.18 (s, 5 H, C;H;), 7.25-7.43 (m, 5
H, Ph-H). 13C NMR (75.5 MHz, CDCly): 5 25.8, 29.6 (CH®H’
+ CH*H®), 29.9 (Me), 35.7, 39.5 (CHSH?® + CH'H?), 43.4 (CH!HY),
60.8 (CHS), 90.7 (C;H,), 105.9 (CCH!H?), 115.4-141.6 (Ph-C), 209.7
(C=0), 241.3, 242.7 (Mo-2 CO). Mass (12 eV): m/e 434 (M*).
Anal. Caled for Co;HpMoOg: C, 61.11; H, 5.59. Found: C, 60.70;
H, 5.68.

(n) Synthesis of CpMo(CO),[n*-syn-1-(2’-hydroxyiso-
butyl)-2-methylallyl] (18). To a benzene solution (10 mL) of
B (0.30 g, 1.06 mmol) was added acetone (0.010 g, 10.5 mmol) and
then BF;-Et,0 (0.149 g, 1.056 mmol), which gradually deposited
a dark greenish viscous solid. The benzene layer was decanted,
and the residues were dissolved in THF and dried again in vacuo
for 2 h. Addition of NaBH,CN (0.30 g, 6.256 mmol) to this salt
in 20 mL of THF at 23 °C gradually led to appearance of a bright
yellow color. After 6 h of stirring, the solution was evaporated
to dryness in vacuo and the residues were chromatographed
through a silica column with hexane/ether (2:1) eluting solvents.
Two yellow bands (R, = 0.86 and 0.51) were developed, and the
second band (R; = 0.51) was collected and evaporated to dryness
to give 13 (27 mg, 0.080 mmol) as a yellow oil. IR (Nujol): »(CO)
1940 (s), 1859 (s) cm™1, 'H NMR (C,Ds, 400 MHz): 5 1.03 (s, 3
H, Me), 1.04 (s, 3 H, Me), 1.40 (s, 1 H, HY), 1.72 (s, 3 H, Me), 2.31
(dd, 1 H, J = 14.7, 9.2 Hz, H5), 2.39 (dd, 1 H, J = 14.7, 4.0 Hz,
HY), 2.61 (s, 1 H, H?), 2.72 (dd, 1 H, J = 9.2, 4.0 Hz, H?), 4,66 (s,
5 H, C;H;). Mass (12 eV): mi/e 346 (M*). Anal. Caled for
C,sHyMoOg C, 52.33; H, 5.86. Found: C, 52.02; H, 5.93.

(o) Synthesis of CpMo(CO),[n*-syn-1-(2-hydroxyl-3'-
phenylpropyl)-2-methylallyl] (14). This complex was prepared
similarly according to the procedure in section i except that
phenylacetaldehyde was used in the reaction. Two diastereomers
in a 1:1 ratio were obtained in 51% yield, which were further
separated by a preparative silica TLC plate (SiO;, 60F 35, 20 X
20 cm, hexane/ether = 1/1). IR (Nujol): »(CO) 1945 (s), 1865
(8) em™. 'H NMR (CDCl,, 400 MHz): diastereomer a, 5 1.63 (s,
1 H, HY), 1.66 (s, 3 H, Me), 2.35 (m, 2 H, H* + H%), 2.68 (m, 2 H,
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H? + H8), 2.72 (s, 1 H, H?, 2.97 (dd, 1 H, J = 13.5, 4.4 Hz, H3),
3.89 (m, 1 H, HS), 5.15 (s, 5 H, C;H;), 7.12-7.35 (m, 5 H, PhH);
diastereomer b, é 1.66 (s, 3 H, Me), 1.71 (s, 1 H, H!), 2.38 (m, 1
H, H%, 2.48 (3, 1 H, HY), 2.70 (m, 2 H, H" + H%), 2.72 (s, 1 H, H?),
2.97 (dd, 1 H, J = 13.8, 3.8 Hz, H®), 3.89 (m, 1 H, H®), 5.21 (s,
5 H, C,Hy), 7.22-7.34 (m, 5 H, Ph-H). 1C NMR (75.5 MHz,
CDCly): diastereomer a, § 19.0 (Me), 36.3, 37.6 (CH'H? + CH‘HY),
44.4 (CHHS), 57.9 (CH?®), 74.7 (CH®), 90.8 (C;H,), 105.0 (CCH'H?),
126.9-138.5 (Ph-C), 242.0, 243.4 (Mo—2 COQ); diastereomer b, &
19.0 (Me), 35.0, 40.7 (CH!H? + CH*H?), 43.9 (CH'H®), 57.9 (CH?),
72.0 (CH®), 90.8 (C;H;), 105.0 (CCH'H?), 126.9-138.5 (Ph-C),
242.0, 243.4 (Mo-2 CO). Mass (12 eV): m/e 408 (M*). Anal
Calced for CyoHpMoOy: C, 59.12; H, 5.48. Found: C, 58.90; H,

5.54.
Me 4 7
W Ph
1 3

6 OH

(p) Synthesis of CpMo(CO),[n*-syn-1-(2’-hydroxyl-8’-
phenylpropynyl)-2-(phenylmethyl)allyl] (15). Synthesis of
this complex was conducted similarly to the procedure in section
i except that PhCH,CHO and Ph,CuLi were used in the reaction.
Two diastereomers in equal proportions were obtained in 49%
yield, which were further separated by preparative TLC plate
(8i0y, 60F 554, 20 X 20 cm, hexane/ether = 1/1). IR (Nujol): »(CO)
1945 (s), 1865 (g) cm™. 'H NMR (CDCl,, 400 MHz): diastereomer
a,61.88 (8,1 H, HY), 238 (m,2H, H*+ H5),2.68 (dd, 1 H,J =
13.5, 4.1 Hz, H8), 2.79 (s, 1 H, H*), 2.85 (d, 1 H, J = 14.8 Hz,
CHH’Ph), 2.88 (dd, 1 H, J = 13.5, 4.1 Hz, H"), 291 (dd, 1 H, J
= 8.1, 6.2 Hz, H%), 3.32 (d, 1 H, J = 14.8 Hz, CHH’Ph), 3.51 (m,
1 H, H°), 5.24 (s, 5 H, C;H;), 7.03-7.29 (complex m, 10 H, 2PhH);
diastereomer b, 5 1.80 (s, 1 H, HY), 2.38 (m, 2 H, H* + H9), 2.55
(dd, 1 H, J = 13.6, 8.7 Hz, H®), 2.78 (s, 1 H, H?), 2.86 (dd, 1 H,
J =13.6,6.2 Hz, H"), 2.91 (d, 1 H, J = 14.8 Hz, CHHPh), 2.96
(dd, 1 H, J = 104, 4.7 Hz, H%), 3.34 (d, J = 14.8 Hz, 1 H, CHHPh),
3.89 (m, 1 H, H%), 5.24 (s, 5 H, CsHj;), 7.04-7.33 (complex m, 10
H, 2 Ph-H). 5C NMR (75.5 MHz, CDCly): diastereomer a, § 36.0,
37.6 (CHH'Ph + CH*HY), 40.0, 44.9 (CH'H® + CH'H?), 58.3 (CH®),
74.8 (CH®), 90.9 (C;H;), 129.5-141.4 (2 Ph-C), 241.5, 242.6 (Mo-2
CO0); diastereomer b, & 36.1, 36.8, 38.3 (CCH’Ph + CH*H’ +
CHH®), 44.3 (CH'H?), 56.2 (CH?), 74.3 (CH®), 91.1 (C;H;), 106.3
(CCH!H?), 129.5-141.4 (2 Ph-C), 241.5, 242.6 (Mo—-2 CO). Mass
(12 eV): m/e 484 (M*). Anal. Calcd for CogHysMoQy: C, 64.73;
H, 5.43. Found: C, 64.34; H, 5.52.

(q) Synthesis of CpMo(CO)s[n*-syn-1-(2"-hydroxyl-3’-
phenylpropyl)-2-(3’-phenyl-2’-propargyl)allyl] (16). This
compound was prepared similarly to the procedure in section h
except that PhCH,CHO and (PhC==C),CuLi were used. Two
diastereomers (1:1) were obtained in §2%, which were further
separated by preparative TLC plate (SiO,, 60F 55, 20 X 20 cm,
ether/hexane = 1/1). 'H NMR (400 MHz, CDCl,): diastereomer
a, 6 1.83 (g, 1 H, H11), 2.45 (m, 2 H, H* + HY), 2.75-2.80 (complex
m, 2 H, H” + H9), 2.84 (5, 1 H, H?), 3.00 (m, 2 H, H® + CHH'),
3.38 (d, J = 17.3 Hz, CHH, 4.15 (m, 1 H, H®), 5.23 (s, 5 H, C;Hj),
7.18-7.38 (m, 10 H, 2 Ph-H); diastereomer b, 5 1.83 (s, 1 H, HY),
2.55 (m, 2 H, H* + H5), 2.65-2.69 (m, 2 H, H" + H?%), 2.83 (s, 1
H,H%,2.96(d,1 H,J = 17.4 Hz, CHH'), 3.01 (dd, 1 H, J = 9.2,
6.1 Hz, H%), 3.29 (d, J = 17.3 Hz, CHH", 4.07 (m, 1 H, H®), 5.17
(s, 5 H, CgHj), 7.18-7.30 (m, 10 H, 2 Ph-H). *C NMR (75.5 MHz,
CDCly): diastereomer a, 5 29.9 (CH*H?), 35.1, 38.1, 44.6 (CH'H?
+ CHH'’ + CHH?), 57.0 (CH?), 74.0 (CH®), 82.9, 88.6 (C=C), 90.9
(CsHp), 103.0 (CCH!H?), 124-147 (2 Ph~C), 240.5, 241.5 (Mo~2
CO); diastereomer b, § 29.8 (CH*H?), 35.1, 37.9, (CH'H? + CHH),
44.0 (CHH®), 55.4 (CH3), 74.3 (CH®), 81.6, 87.9 (C==C), 90.5
(CsH;), 102.8 (CCH!H?), 124-147 (2 Ph~C), 239.7, 240.5 (Mo~2
CO). Mass (12 eV): m/e 508 (M*). Anal. Caled for CosHpeMoOg:
C, 66.40; H, 5.16. Found: C, 66.02; H, 5.27.

(r) Demetalation of Mo—«-Allyl Complexes 8~10 and 14-16.
(i) In a typical reaction, to a CH3CN solution (5 mL) of 8 (0.15
g, 0.38 mmol) was slowly added NOBF (46.4 mg, 0.40 mmol) at
0 °C, and the mixture was stirred for 30 min. The solution volume
was reduced (0.5 mL) in vacuo, and then ether (10 mL) was added
to give a viscous solid. The ether layer was decanted, and the
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residues were dried in vacuo for 2 h before redissolution in CH;CN
(6 mL). To this solution was added NaBH,CN (70 mg, 1.14 mmol)
at 23 °C and the mixture was kept stirred for 1 h. (NH,),Ce(NOy),
(0.30 g, 0.55 mmol) was slowly added to the solution. After being
stirred for 20 min, the solution was dried in vacuo, and the residues
were extracted with CH,Cl, (5 mL). Elution through a preparative
TLC plate (8iOy, 60F 55, 20 X 20 cm, hexane/ether = 2:1) produced
an organic band (R = 0.51) which afforded 17 (40.8 mg, 0.23 mmol,
61%) as a mixture of two structural isomers (A/B = 2.0). The
following olefins 18-22 were prepared similarly. (ii) Compound
17 was made in 61% yield. IR (neat): »(OH) 3510 (br 8), »(C=C)
1645 (w) cm™. 'H NMR (400 MHz, CDCl;): A, 1.72 (s, 3 H,
CH,), 2.01-2.04 (complex m, 4 H, H® + H* + H? + H°), 4.66 (dd,
1H,J = 7.50, 5.60 Hz, H"), 4.70, 4.72 (s, s, 2 H, H! + H?), 7.32-7.46
(m, 5 H, Ph~H); B, 4 1.59 (s, 6 H, 2-Me), 2.49 (m, 2 H, H? + H3),
5.12(dd, 1 H, J = 9.1, 6.5 Hz, HY, 5.17 (t, 1 H, J = 6.6 Hz, HY),
7.27-7.40 (m, 5 H, Ph~-H). 3C NMR (75.5 MHz, CDCly): A, §
22.3 (Me), 33.8, 36.7 (CH°H® + CH®H*), 74.2 (CH"), 119.9, 145.9
(C=C), 126-138 (Ph-C). Mass (12 eV): m/e 176 (M*). Anal.
Calcd for CoH,60: C, 81.81; H, 9.16. Found: C, 81.68; H, 9.27.
(iii) Compound 18 was prepared in 56% yield. IR (neat): »(OH),
3580 (vs), »(C=C) 2210 (w), »(C==C) 1640 (w) cm™.. 'H NMR
(400 MHz, CDCl;): A, é 1.96 (m, 2 H, H® + H¢), 2.18-2.20 (m,
2 H, H% + HY), 3.13 (s, 2 H, CH,C==), 4.70 (t, L H, J = 6.4 Hz,
H), 4.90, 5.15 (3, s, 2 H, H! + H?), 7.23~7.37 (m, 10 H, 2 Ph-H);
8, 6 1.97 (s, 3 H, Me), 2.56-2.61 (m, 2 H, H2 + H%), 3.09 (s, 1 H,
CHH'C=), 3.10 (s, 1 H, CHH'C=), 468 (t, 1 H, J = 6.4 Hz, H%),
5.15 (t, 1 H, J = 7.0 Hz, H!), 7.23-7.37 (m, 10 H, 2 Ph-H). 13C
NMR (75.5 MHz, CDCl,): A, 6 26.6 (CHSH®), 31.6, 36.6 (CH3H*
+ CHH'C=), 74.0 (CH'), 84.1, 86.1 (C=C), 111.3, 144.1 (C=C),
127.9-131.7 (2 Ph~C). Mass (12 eV): m/e 276 (M*). Anal. Caled
for CoHy0: C, 86.91; H, 7.30. Found: C, 86.82; H, 7.43. (iv)
Compound 19 was prepared in 58% yield. IR (neat): »(OH) 3620
(va), (C=C) 1640 (w) cm™', 'H NMR (400 MHz, CDCl,): A, &
1.86-1.92 (complex m, 4 H, H? + H* + H° + H®), 3.34 (s, 2 H,
CH,Ph), 4.62 (t,1 H,J = 7.0 Hz, H"), 4.77,4.85 (s, 5, 2 H, H! +
H?), 7.26-7.50 (complex m, 10 H, 2 Ph-H); B, 5 1.50 (s, 3 H, Me),
2.64 (m, 2 H, H? + H9%), 8.36 (s, 1 H, PhCH,-), 473 (dd, 1 H, J
= 8.2, 5.3 Hz, HY, 5.45 (t, 1 H, J = 6.6 Hz, H'), 7.28-7.50 (m, 10
H, 2 Ph-H). 3C NMR (75.5 MHz, CDCl,): A, 5 31.4 (CH®H®),
36.7, 42.9 (CH®H* + CH,Ph), 74.2 (CH"), 115.1, 148.6 (C=C),
126-138 (2 Ph—C). Mass (12 éV): m/e 252 (M*). Anal. Calcd
for C,gHx0: C, 85.66; H, 7.99. Found: C, 85.59; H, 8.05. (v)
Compound 20 was prepared in 69% yield. IR (neat): »(OH) 3592
(vs), »(C=C) 1640 (w) cm™. 'H NMR (400 MHz, CDCl,): A,
1.63 (s, 3 H, CH,), 1.87 (m, 2 H, H® + H9), 2.20 (m, 2 H, H® +
H9Y, 2.79 (m, 2 H, CHHPh), 3.81 (m, 1 H, H"), 4.69, 4.70 (s, s,
2 H, H! + H?), 7.19-7.29 (m, 5 H, Ph-H); B, 5 1.71 (s, 3 H, CH,),
1.72 (s, 8 H, CH,), 2.15 (m, 2 H, CHHPh), 2.65 (m, 2 H, H2 +
H?), 3.80 (m, 1 H, H%), 5.19 (t, 1 H, J = 7.0 Hz, HY), 7.19~7.30 (m,
5 H, Ph-H). ¥C NMR (75.5 MHz, CDCl,): A, 6 25.6 (CHy), 35.2,
33.7 (CH5H® + CH®H*), 43.9 (CHH'Ph), 72.5 (CH"), 119.9, 145.9
(C=C), 126-138 (Ph-C); B, § 17.7 (CH,), 22.1 (CHj), 38.5, 43.0
(CH?H® + CH®HS), 72.5 (CH%), 110.3, 138.8 (C=C), 126-138
(Ph~C). Mass (12 eV): m/e 190 (M*). Anal. Caled for C;3H,;50:
C, 82.05; H, 9.54. Found: C, 81.89; H, 9.65. (vi) Compound 21
was prepared in 60% yield. IR (neat): »(OH) 3620 (vs), »(C=C)
1640 (w) cm™!, 'H NMR (400 MHz, CDCl,): A, § 1.53 (m, 2 H,
H° + Hf), 1.96 (ddd, J = 11.2, 8.2, 6.8 Hz, H°), 2.12 (ddd, J = 11.2,
7.2, 4.2 Hz, HY, 2.47 (m, 1 H, CHH'Ph), 2.62 (m, 1 H, CHHPh),
3.20 (s, 2 H, PhCH,), 3.48 (m, 1 H, H"), 4.78 and 4.83 (s, 5, 2 H,
H! + H?), 7.28-7.37 (complex m, 10 H, 2 Ph-H); B, 6 1.60 (s, 3
H, Me), 2.18-2.25 (m, 2 H, H? + H?), 2.45-2.53 (m, 2 H, CHH Ph),
3.24 (s, 2 H, CH,Ph), 3.67 (m, 1 H, H%), 5.33 (t, 1 H, J = 6.8 Hz,
H1), 7.23-7.37 (complex m, 10 H, 2 Ph-H). *C NMR (75.5 MHz,
CDCly): A, & 31.3, 34.3 (CH®H* + CH’HS®), 42.9 (CHH’), 43.8
(CH,Ph), 72.2 (CH"), 111.6, 134.0 (C=C), 126-129 (2 Ph-C); B,
5 15.0 (Me), 37.8 (CH?H?), 42.9 (CHH'), 43.2 (CH,Ph), 72.6 (CHY),
122.1, 138.8 (C=C), 126~129 (2 Ph-C). Mass (12 eV) m/e 266
(M*). Anal. Caled for C;gH,,0: C, 85.66; H, 8.33. Found: C,
85.56; H, 8.44. (vii) Compound 22 was prepared in 58% yield.
IR (neat): ¥(OH) 3610 (vs), (C=C) 1648 (w) cm™.. 'H NMR (400
MHz, CDCl,;): A, 8 2.26 (m, 2 H, H® + HF), 2.68 (m, 2 H, H® +
H4), 2.85 (m, 2 H, CHH'Ph), 3.14 (s, 2 H, CH,C=s), 3.85 (m, 1
H, H7), 4.90, 5.15 (8, s, 2 H, H! + H?), 7.19-7.33 (complex m, 10
H, 2 Ph-H); B, § 1.91 (s, 3 H, CH,), 2.18-2.21 (m, 2 H, H? + HY),
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2.42(dd,1 H,J =11.8,8.2 Hz, CHH'Ph), 253 (dd, 1 H,J = 11.8,
6.2 Hz, CHH'Ph), 3.14 (m, 2 H, CH,C==), 3.85 (m, 1 H, H%), 5.36
(t, 1 H, J = 6.8 Hz, H'), 7.20-7.40 (complex m, 10 H, 2 Ph-H).
13C NMR (75.5 MHz, CDC)): A, § 81.3, 34.2, 34.5 (CH®H* +
CH’HE + CHH'Ph), 43.8 (CH,C==), 72.0 (CH"), 82.7, 86.6 (C=C),
111.3, 144.2 (C=C), 124-131 (2 Ph~C). Mass (12eV): m/e 290
(M*). Anal. Caled for C;Hy0: C, 86.85; H, 7.64. Found: C,
86.74; H, 1.75. (viii) Complex 23 was prepared similarly according
to the procedures above except that PhSNa (3.0 molar equiv) was
used; the yield was 67%. Similarly, compounds 24 and 25 were
prepared from their nitrosonium salts and NaOH (6 M, 1 mL).
Compound 23 was prepared in 67% yield. IR (neat): »(OH) 3630
(vs), »(C=C) 1650 (w) cm™. H NMR (400 MHz, CDCl,): 4 1.71
(s, 3 H, Me), 2.38 (m, 2 H, H2 + H9), 3.48 (s, 1 H, CHH 8), 3.49
(s, 1 H, CHH'S), 4.50 (dd, 1 H,J = 7.8, 5.2 Hz, HY, 5.10 (t, 1 H,
J = 1.7 Hz, HY), 7.26-7.34 (complex m, 10 H, 2 Ph-H). 3C NMR
(75.5 MHz, CDCl;): & 26.6 (CHy), 38.5 (CH?H?®), 48.5 (CHH'S),
73.9 (CH%), 124.5, 144.0 (C=C), 126.0-129.1 (2 Ph~C). Mass (12
eV): m/e 284 (M*). Anal. Caled for C,sHx,0S: C, 75.72; H, 7.42.
Found: C, 75.63; H, 7.53. (ix) Compound 24 was prepared in 43%
yield. 'H NMR (400 MHz, CDCl,): é 2.65 (m, 2 H, H? + H?),
3.45 (m, 2 H, CH,Ph), 4.75 (s, 2 H, CH,0H), 4.85 (t, 1 H,J = 5.9
Hz, H%), 5.87 (t, 1 H, J = 7.4 Hz, HY), 7.24-7.38 (complex m, 10
H, 2 PhH). ¥*C NMR (75.5 MHz, CDCl,): § 37.9 (CH2H3), 42.3
(CH,Ph), 73.4 (CHSH®), 74.0 (CHY), 124.5, 144.0 (C=C),
125.8-138.7 (2 Ph~C). Mass (12 eV): m/e 268 (M*). Anal. Caled
for C;sHy0,: C, 80.55; H, 7.52. Found: C, 80.44; H, 7.63. (x)
Compound 25 was prepared in 45% yield. 'H NMR (400 MHz,
CDCl,): & 1.86 (s, 3 H, Me), 2.33 (m, 2 H, H? + H?), 2.70 (dd, 1
H, J = 13.6, 8.2 Hz, PhACHH’), 2.82 (dd, 1 H, J = 13.6, 4.7 Hz,
PhCHHY, 3.92 (m, 1 H, H%), 4.84 (s, 2 H, CH,-0), 5.76 (t, 1 H,
J = 1.3 Hz, HY), 7.18-7.32 (complex m, 5 H, Ph-H). ¥C NMR
(75.5 MHz, CDCly): 5 18.2 (Me?), 29.8, 30.8 (CH*H? + PhCHH)),
65.8 (CHY), 75.7 (CH,-0), 133.7-142.1 (C=C, Ph~C). Mass (12
eV): m/e 206 (M*). Anal. Caled for Cy3H,;30,: C, 75.68; H, 8.80.
Found: C, 75.57; H, 8.91.

(s) Demetalation of Trimethylene Cations Derived from
Aldehydes and «,8-Unsaturated Ketones. (i) In a typical
reaction, to a stirred CH,Cl, (3 mL) solution of cation I (section
h, ca. 0.35 mmol) was added anhydrous Me;NO (50 mg, 0.70 mmol)
at room temperature, and the mixture was stirred for 8 h. TLC
monitoring (SiO,, ether/hexane = 1:2) showed the formation of
a new compound (UV, R, = 0.56). The solution was washed with
water (2 mL), and the CH,Cl, layer was evaporated to dryness.
The residues were chromatographed through a preparative TLC
plate (Si0,, 60F4,) using ether/hexane (1:2) as the eluting solvent,
which provides 26 (35.32 mg, 58%, 0.20 mmol). The following
dienes 27-32 were prepared similarly. IR (neat): »(OH) 3580 (br
vs), »(C==C) 1610 (w) cm™’. *H NMR (400 MHz, CDCl,): § 1.65
(s, 3 H, Me), 4.89,4.93 (8,5, 2 H,H! + H?,497(d, 1 H,J = 6.5
Hz, CHOH), 5.70 (dd, 1 H, J = 15.5, 6.5 Hz, HY, 6.35 (d, 1 H,
J = 15.5 Hz, H3), 7.24-7.38 (m, 5 H, Ph-H). 3C NMR (75.5 MHz,
CDCly): & 18.2 (Me), 75.0 (CH(OH)), 117.4, 131.7, 133.7, 144.2
(C=C), 126.4-128.7 (Ph—C). Mass (12 eV): m/e 174 (M*). Anal.
Caled for C,,H,,05: C, 82.60; H, 8.10. Found: C, 82.49; H, 8.21.
(ii) Compound 27 was prepared in 54% yield. IR (neat): »(OH)
3570 (vs), ¥(C=C) 1605 (w) cm~. 'H NMR (400 MHz, CDCl,):
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4 1.83 (s, 3 H, Me), 2.68 (dd, 1 H, J = 13.6, 8.0 Hz, PhCHH’), 2.90
(dd, 1 H, J = 13.6, 4.8 Hz, PA\CHH", 4.40 (ddd, 1 H, J = 8.0, 6.5,
4.8 Hz, H®), 4.96, 4.97 (s,5,2 H, H! + H?), 5,71 (dd, 1 H, J = 15.8,
6.5 Hz, HY), 6.31 (d, 1 H, J = 15.8 Hz, H?), 7.24-7.38 (m, 5 H,
Ph-H). !3C NMR (75.5 MHz, CDCly): & 23.4 (Me), 44.0
(PhCHH’), 73.3 (CHP), 117.0, 131.5, 132.1, 136.8 (C=C),
126.7-129.5 (Ph~C). Mass (12eV): m/e 188 (M*). Anal. Caled
for C3H,40: C, 82.93; H, 8.57. Found: C, 82.81; H, 8.68. (iii)
Compound 28 was prepared in 55% yield. IR (neat): »(OH) 3610
(br vs), »(C=C) 1608 (w) cm™’, 'H NMR (400 MHz, CDCl,): &
0.93 (d, 3 H, J = 6.0 Hz, Me), 0.95 (d, 3 H, J = 6.0 Hz, Me), 1.76
(m, 1 H, Me,CH), 1.83 (s, 3 H, Me), 3.89 (dd, 1 H, J = 7.2, 6.8
Hz, CH(OH)), 4.95 (s, 2 H, H! + H?, 5.63 (dd, 1 H, J = 15.7, 7.2
Hz, HY, 6.27 (d, 1 H, J = 15.7 Hz, H%). °C NMR (75.5 MHz,
CDCly): 684, 117.6,18.2 (3 Me—-C), 33.4 (Me,CH), 78.0 (CH(OH)),
116.7, 131.0, 134.4, 136.9 (C=C). Mass (12 eV): m/e 140 (M*).
Anal. Caled for CoH,¢0: C, 77.08; H, 11.51. Found: C, 76.94;
H, 11.62. (vi) Compound 29 was prepared in 50% yield. IR (neat):
»(OH) 3608 (br vs), »(C=C) 1610 (w) cm™’. 'H NMR (400 MHz,
CDCly): 60.88 (s, 9 H, 3 Me), 1.83 (s,3 H, Me), 380 d, 1 H, J
= 7.0 Hz, CH(OH)), 496 (s, 2H, H! + H?),5.70 (dd, 1 H, J =
15.6, 7.0 Hz, HY, 6.28 (d, 1 H, J = 15.6 Hz, H). 13C NMR (75.6
MHz, CDCly): 4183, 25.4 (2 Me-C), 29.4 (CMe), 80.5 (CH(OH)),
116.7, 124.8, 129.5, 134.9 (C=C). Mass (12 eV): m/e 154 (M*).
Anal. Caled for C,(H,;30: C, 71.43; H, 11.68. Found: C, 71.66;
H, 11.55. (v) Compound 30 was prepared in 45% yield. IR (neat):
»(OH) 3610 (br vs), (C=C) 1608 (w) cm™’. 'H NMR (400 MHz,
CDCly): 60.89 (d, 3 H, Me), 0.90 (d, 3 H, Me), 1.31 (m, 1 H, CHH"),
1.58 (m, 1 H, CHH’), 1.83 (s, 3 H, Me), 4.22 (ddd, 1 H, J = 8.6,
7.2, 4.8 Hz, CH(OH)), 4.96 (s, 2 H, H! + H?), 562 (dd, 1 H,J =
15.6, 7.2 Hz, H%), 6.28 (d, 1 H, J = 15.6 Hz, H®). 13C NMR (75.5
MHz, CDCly): 6 18.3, 22.2, 22.8 (3 Me), 24.4 (Me,CH), 46.4
(CHH), 71.2 (CH(OH)), 116.8, 133.0, 133.3, 144.6 (C=C). Mass
(12 eV): m/e 154 (M*). Anal. Caled for C;,H;40: C, 71.43; H,
11.68. Found: C, 71.62; H, 10.94. (vi) Compound 31 was prepared
in 22% yield. IR (neat): »(CO) 1710 (), »(C=C) 1608 (w) cm™L,
!H NMR (400 MHz, CDCly): 4 1.08 (t, 3 H, J = 7.5 Hz, Me), 1.78
(s, 3 H, Me), 2.37 (q, 2 H, J = 7.1 Hz, CH*CH,), 241 (q, 2 H, J
= 7.5 Hz, COCH,), 2.50 (t, 2 H, J = 7.1 Hz, CH,CO), 4.96 (s, 2
H, H! + H?), 5.62 (dt, 1 H, J = 15.6, 7.1 Hz, H%), 6.28 (d, 1 H,
J = 15.6 Hz, H%). Mass (12 eV): m/e 152 (M*). Anal. Caled
for C,oH,50: C, 78.89; H, 10.60. Found: C, 78.75; H, 10.71. (vii)
Compound 32 was prepared in 18% yield. IR (neat): »(CO) 1710
(8), »(C=C) 1610 (w) cm™’. H NMR (400 MHz, CDCl,): 6 1.78
(s, 3 H, Me), 2.13 (s, 3 H, COCH,), 2.34 (q, 2 H, J = 7.1 Hz,
CH*CH,), 2.50 (t, 2 H, J = 7.1 Hz, CH,CO), 4.96 (s, 2 H, H! +
H?, 5.62 (dt, L H, J = 15.6, 7.1 Hz, H),6.28 (d, 1 H, J = 15.6
Hz, H%), 13C NMR (75.5 MHz, CDCly): é 18.2 (Me), 26.5 (COCHy),
42.9, 43.1 (CH,CH,CO), 115.1, 124.9, 128.7, 133.9 (C=C), 180.2
(C==0). Mass (12 eV): m/e 138 (M*). Anal. Caled for CH,,0:
C, 78.20; H, 10.22. Found: C, 78.09; H, 10.34.
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