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« branching turn out to be readily accessible by nucleophilic
substitution of an alky! triflate (CH,Cl,, 25 °C, 2-3 days) followed
by fluoroborate exchange (100 equiv NaBF,/H,0 and extraction
into CH,Cl,) or alkylation of an arsonium methylide (THF, -78-0
°C). Salts having « branches cannot be efficiently prepared by

PN (1) (CF3502)20/pyr PN

+
OH  (2)Phzas AsPhz0Tf~

‘NGBF4'H20
/\/\KSPhE,BFA. -
mp 138-141°C (87%)

*
o~ L phyAsCHaBF,"
PhsfstHsora,

KN{Me3Si)z

using either of the two methods above due to competitive rear-
rangement or elimination. For these systems, highly nucleophilic
lithiodiphenylarsine (from Ph;As and Li/THF) is reacted with
the appropriate primary iodide (THF, —78 “C) and the resulting
diphenylarsine is quaternized (z-BuCl, CH,Cl,, AICl;, or ELAICI;
25 °C) and fluoroborate exchanged (NaBF,/H,0).

Ij‘ —>_
PhzAs

(1) #=BuCl, AICI3
(80%)

PhaAsLi {2} NoBF,

THF

. ;
#-BuPhyAs — BFa

mp 135-138 °C (72%)

These sequences are of considerable generality and proceed in
good overall yield to produce the required arsonium tetrafluoro-
borates as stable, crystalline products. Experimental details are
available as supplementary material.

Due to the unique capacity of unstabilized arsonium ylides to
react with aldehydes to yield trans epoxides cleanly, it is expected
that the above described reaction will find considerable application
to the synthesis of acyclic molecules having adjacent chiral centers.
Furthermore, we believe that the synthetic chemistry of the ylides
will prove at least as rich as that associated with phosphorus ylides.
Further work in this area will be reported in due course.!®

Supplementary Material Available: Experimental details (6
pages). Ordering information is given on any current masthead

page.
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Allylic cations play a significant role in a number of biochem-
ically important cyclization and condensation reactions. Thus,
the biosynthesis of carotal (2) is thought to involve an anti-
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Markovnikov cyclization of the central double bond of cis,-
trans-farnesyl pyrophosphate? (1).
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The prenyl transferase catalyzed 1,4 coupling reaction between
isopentenyl pyrophosphate (3) and an allylic pyrophosphate (4)
is also known to include cationic intermediates.’

Ao,
+ 3 o /g))\/\OPP
R
5

/K/\OPP
4

Recent synthetic applications of biomimetic polyene cycliza-
tions* sustained the interest in the elucidation of mechanistic details
in these reactions.” The important question regarding the stepwise
or concerted nature of cation-induced cyclizations still remains
to be answered.*6

Poulter et al.” presented compelling evidence that reaction 3
+ 4 — 5 proceeds by an ionization—condensation—elimination
mechanism, but it is not at all certain that this mechanism also
applies to cases such as 1 — 2 where the allylic moiety and the
double bond are parts of the same molecule.? Here the remote
double bond could directly assist the departure of the leaving group
without intervention of the allylic = system. We addressed
ourselves to this problem by studying the formic acid catalyzed
cyclization of cyclohexenol derivatives 6a,b.

Deuterium labeling introduces a convenient perturbation of
symmetry, and the mechanistic implications of investigating the
course of this well-known reaction® by means of labeled substrates
are the following (Scheme I): (a) direct displacement of the
leaving group by the double bond ( participation) should afford

R
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only 8; (b) concerted ionization-condensation by a “zipper”
mechanism (Sn2”) would give only 7;!° (c) stepwise ionization—
condensation via a resonance-stabilized allylic cation (Sy1) should
result in a mixture of equal parts of 7 and 8.

The required alcohols 6a and 6b were prepared in a straight-
forward manner and subjected to formolysis as described in the
supplementary material. The resulting product mixtures were
reduced with LiAlH, in ether and the alcohol was isolated by
filtration through a silica gel column. The product composition
was determined by taking NMR spectra of the purified mixture
and comparing them with spectra of products obtained from
unlabeled cyclohexenols. They show well-resolved signals for
C;-H, C,-CHj; and C;-CH; centered at & (relative to Me,Si) 5.35,
1.59, and 1.04 respectively. The cyclization was practically
quantitative, and the product alcohols from either 6a or 6b showed
a 50% reduction in peak intensities for the respective hydrogens
in 7a and 8a and the respective methy! groups in 7b and 8b.11

On the basis of these results one can confidently conclude that
in intramolecular cationic w-cyclization reactions of A%-cyclo-
hexenol derivatives, the allylic cation is the first formed inter-
mediate (mechanism C). It is sufficiently stable to permit rotation
of the side chain and a subsequent indiscriminate attack of the
double bond on either one of the equivalent carbon atoms of the
allylic system. It is interesting to note that in this respect the less
substituted cation derived from 6a behaves identically with the
tertiary allyl cation derived from 6b.!?

Reports on kinetic and isotope effect studies of w-cyclization
reactions on a series of similar substrates will appear elsewhere.!?

Supplementary Material Available: Preparation of 6a and 6b
and their deuterated derivatives (7 pages). Ordering information
is given on any current masthead page.

(10) For an excellent discussion of this “nonstop” mechanism, see:
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We wish to report the observation, using ion cyclotron resonance
(ICR) spectroscopy, of catalytic oxidation cycles involving tran-
sition-metal cations and their oxides in the gas phase. For example,
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Figure 1. Shown is the ICR signal obtained for Fe* while scanning the
double-resonance oscillator to eject ions of a given mass from the cell.
Trace B is obtained with only N,O present (Py,0 = 4.0 X 106 torr),
Trace A results when CO is added to the system (Py,g + co = 4.7 X 10
torr). The increase in Fe* signal after adding CO is due to regeneration
of Fe* by reaction 2. This is evidenced by the double resonance at m/e
72 (FeO™*) which indicates that FeO™" is reacting to Fe*.

NgoxFe’ XCOz
N2 Fe0*” ™~CO
oxidation of CO to CO, by N,O is catalyzed by iron cations
(Scheme I). This occurs in a two-step process. Fe* accepts an
oxygen atom from N,O to give FeO* (reaction 1),!* and FeO*

Fe* + N2O — FeO* + N2, k=
0.7 X 1071% cm® molecule™ st (1)

Scheme 1

transfers the oxygen atom to CO to produce CO,, regenerating
Fe* (reaction 2). The net result is transfer of an oxygen atom

FeO* + CO — Fe* + CO,, k = 9 X 10719 ¢m® molecule™ s7!
2)

from N,O to CO (reaction 3). This overall process is exothermic
N,0 + CO — CO, + N,, AH® = -107 kcal mol? (3)

by 107 kcal mol™ but does not occur directly at room temperature
to any measurable extent.!®

The experimental arrangement used for this study has been
previously described.? A pulsed YAG laser is used to produce
atomic metal cations inside the ICR cell. Reactions of these ions
with neutral gases are investigated by conventional ICR tech-
niques.’ When Fe* is generated in the presence of N,0, first-
order decay of the Fe* signal is observed with a corresponding
increase of the FeO™ signal. The observed half-time indicates a
rate constant of k = 0.7 X 107'% cm? molecule™ s™! for reaction
1. Thus at 4 X 107 torr of N,O, 80% of the Fe* is converted
to FeO* after 180 ms. Addition of CO to this system increases
the Fe* signal and decreases the FeO™ signal with respect to their
previous values with only N,O present. At 180 ms, for example,
the Fe* signal is 50% larger than with only N,O present when
0.7 X 1078 torr of CO is added. Double-resonance spectra (Figure
1) show that the relative increase in Fe* is due to a reaction by
FeO* that occurs only in the presence of CO. The slight dou-

(1) (a) Reaction 1 was reported by Allison, J., Ph.D. Thesis, University
of Delaware, 1978, p 123. (b) The standard enthalpy change for this reaction
was calculated from heats of formation given in: Benson, S. W.
“Thermochemical Kinetics”, 2nd ed.; Wiley: New York, 1976.
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4144-4149.

(3) For a general description of ICR, see: Lehman, T. A.; Bursey, M. M.
“Ion Cyclotron Resonance Spectrometry”; Wiley: New York, 1976.
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