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A New and Efficient Total Synthesis
of (+)-Longifolene
Sir:

Despite the well-documented synthetic power of the bi-
molecular photoaddition-retroaldol reaction sequence (de
Mayo reaction), depicted in Scheme I,! the potential of in-
tramolecular variants starting from 1,3 diketones or their enol
derivatives A, bearing olefinic substituents R!, R2, or R3, has
been neglected so far.2 We now report the first example of one
of these intramolecular alternatives which constitutes the key
reaction leading to a ready synthesis of (£)-longifolene (11)
(Scheme II).3 The intricate carbon network of this sesquiter-
pene has served as a challenging test case for synthetic meth-
odology* and planning’ throughout the past 15 years.

To realize our objective, the acid chloride 267 (bp 66 °C (28
Torr)) was treated with 1-morpholino-1-cyclopentene under
the usual conditions? to give the 1,3 diketone 37 (bp 63 °C (0.05
Torr), 82%), which on O-acetylation (1.5 equiv of acetyl
chloride, pyridine, 0 °C, 4 h) furnished a crude enol acetate’
(IR (CCly) 1770, 1718 (m), and 1640 cm~!; NMR (CDCl3)
8 2.22 (s, 3 H); UV (hexane) 243 nm (log ¢ 4.05); 80%) to
which structure 4a has been assigned.® Irradiation of the crude
acetate 4a (mercury high-pressure lamp, cyclohexane, Pyrex
filter, 15-30 °C) afforded regioselectively in high yield (78%)
the adducts 5a7!! (1:3 mixture of stereoisomers). Hydrolytic
cleavage of the acetoxy group, however, required heating of
Sa with 4% KOH in dioxane/water, 1:1, at 100 °C for 20 min
to give directly the aldol 127:11 (72%), presumably via the
transient retroaldol intermediate 6. As a way of avoiding the
undesired secondary reaction 6 — 12,12 3 was first converted
to its benzyloxycarbonyl derivative 4b79 (2.7 equiv of ben-
zyloxy chloroformate/pyridine, 5 °C, 8 h, 88%) which under
the above-mentioned irradiation conditions furnished the ad-
ducts 5b7 (2:3 mixture of stereoisomers, 83%). Hydrogenolysis
of 5b (3 atmH,, Pd/C (10%), HOAc, 25 °C 18 h) resulted in
clean retroaldol cleavage giving the 1,5 diketone 67:!! (mp
63-64 °C, 83%).

Having achieved a simple and efficient entry to the skeleton
of longifolene (11), 6 was functionalized by initially converting
the less hindered 8-carbonyl to a geminal dimethyl group!? as
follows. Regioselective Wittig methylenation of 6 to 7711 (5.8
equiv of methyltriphenylphosphonium bromide, 5.0 equiv of
sodium tert-amylate, toluene,!4 25 °C, 1.5 h, 88%), followed
by a modified Simmons-Smith cyclopropanation of 7 to 871
(6 equiv of zinc/silver couple,!5 3 equiv of diiodomethane,
refluxing ether, 60 h, 78%) and selective cyclopropane hy-
drogenolysis!® (2 to 3 atmH,, PtO,, HOAc, 25 °C 18 h, 96%)
gave the ketone 971! which reveals superimposable 'H NMR
and IR spectra on those of (%)-9, obtained by another route.*
The previously described a-methylation of 94 furnished 10
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(94%), which was identified by comparison with a sample of
naturally derived longicamphenylone (10) using GC (coin-
jection), 'H NMR, 13C NMR, IR, and mass spectral evi-
dence.!” Finally, using known reaction conditions,* 10 was
converted into (%)-longifolene (11) (80%), the identity of
which followed from similar comparison with the natural
product.

In summary, this approach affords (£)-longifolene (11) in
a nonoptimized overall yield of 25% from the acid chloride 2.8
The key step 4b — 5b involves the formation of two C-C bonds,
one of which (C(8)-C(8a)) has not been regarded as a par-
ticular strategic one;’ furthermore, the asymmetric center of
4b induces correctly the other three chiral centers of longi-
folene. The enantioselective synthesis of (%)-longifolene, as
well as further exploration of intramolecular de Mayo reac-
tions, are presently under study in our laboratory.
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Metal Carbene Chemistry. Formation and Reactions
of (7%-CsHs)Fe(CO),(CH,)* (n = 1, 2) in the

Gas Phase by Ion Cyclotron Resonance Spectroscopy
Sir:

It is often possible to prepare and characterize species in the
gas phase whose exceptional reactivity leads only to a fleeting
existence in solution, where their presence is more often in-
ferred than demonstrated. Transition metal carbenes are an
important class of intermediates for which this is the case.!-3
We wish to report studies, using the techniques of ion cyclotron
resonance spectroscopy,? of the formation and reactions of
several of these interesting species in the gas phase.’

Jolly and Pettit? report the attempted preparation of (-
CsHs)Fe(CO),(CH,)*BF4~ by cleavage of the ether (n°-
CsH;)Fe(CO),(CH,0CH;) with HBF4. While the cationic
complex could not be isolated, its presence was postulated to
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Figure 1. (a) Partial mass spectrum of CpFe(CO)>CH,OCHj; observed
in the drift mode at 10=7 Torr with 70-eV electron energy. (b) Spectrum
of products observed after 30-ms reaction time in a mixture of
CpFe(C0)2CH,0CH; (10-7 Torr) and CHa (1076 Torr) ionized by a
10-ms 70-eV electron beam pulse. Several ionic species pertinent to the
discussion in the text are identified.

account for methylene transfer to produce norcarane from
cyclohexene and cis- and trans-1,2-dimethylcyclopropane from
cis- and trans-2-butene, respectively. This system struck us
as ideally suited for acidic ionization by proton transfer in the
gas phase to produce the isolated CpFe(CO),(CH3)? ion.

The electron impact mass spectrum of CpFe(CO),-
CH,0CH:5% (over the range of 12 to 70 e¢V) shows major
fragment ions CpFe(CO)CH,OCH;* and CpFeCH,OCH3™,
arising from sequential loss of CO; the parent ion is not ob-
served. The ions CpFe(CO)2(CH;3)*, CpFe(CO)(CH,)*, and
CpFe(CO),(CHOCHS,)* are present, but in very low abun-
dance.

The ions CpFe(CO),(CH;)* and CpFe(CO){CH2)* show
dramatic increase in abundance when the acids BH* = NH,*,
C,Hs*, CHs*, and Hs* 7 are used as protonation agents (re-
actions 1 and 2). The spectra shown in Figure 1 contrast the

CpFe(CO)CH,)™ + CH,OH + B (1)
CpFe(C0),CH,0CH, + BH*

CpFe(COXCHy)* + CO + CHOH + B (2)

abundant ionic species observed with 70-eV electron impact
(Figure 1a) and with the addition of CH4 (Figure 1b, reaction
time 30 ms®). Not unexpectedly, as the exothermicity of re-
action 1 increases over the series BH* = NH,*+, C,Hs*, CHs™,
H;*,4 there is a concomitant increase in the abundance of
CpFe(CO){CH;)* relative to CpFe(CO),(CH3)*. Double
resonance’ identifies the carbene CpFe(CO),(CHOCH;)*
being produced at longer times or higher pressures, mainly
from CpFe(CO),(CH;)*, reaction 3.10

CpFe(CO),(CH2)* + CpFe(CO),CH,0CH;
~» CpFe(CO),CHj; + CpFe(CO)2(CHOCH:)* (3)
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