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The condensation of allylic organometallic reagents with al-
dehydes (eq 1) is a reaction of current interest and considerable
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synthetic utility.2 Due to the high stereoselectivity of the process
and the synthetic potential of the homoallylic alcohols produced,
the reaction serves as a useful surrogate for the aldol condensation.?
Moreover, by judicious selection of organometallic reagent and
reaction conditions, both syn{unlike)- and anti(like)-selective*
reactions are available from the same aldehyde and allylic moiety.
This remarkable dependence of diastereoselectivity on the metal
has been classified into three groups® which relate the stereo-
chemical outcome to the geometry of the allylic double bond.
Among the various organometallic reagents that have been suc-
cessfully employed, the allylsilanes and allylstannanes comprise
a unique group which undergo syn(unlike)-selective reactions with
aldehydes (in the presence of Lewis acid catalysts) which are
independent of allyl geometry.> Furthermore, allylstannanes have
been shown to behave quite differently in the absence of Lewis
acid catalysts, wherein the allyl geometry is stereodetermining.’
Clearly a detailed picture of the transition state(s) that explains
the role of the metal atom, Lewis acid, and allyl unit is lacking.

We recently reported the results of a stereochemical study on
the intramolecular condensation of allylsilane 1b (Scheme I).3
This model was designed to evaluate the relative importance of
synclinal vs. antiperiplanar reactive geometries. A modest
preference was observed for the synclinal conformation that was
sensitive to the structure of the Lewis acid. We report herein an
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analogous study on the condensation of allylstannane 1a.

The preparation of the substrate 1a is shown in Scheme II.
Ester, 3, prepared in four steps from 2-cyclohexenone® (57%
yield), was converted to allylstannane 5% by LiAIH, reduction to
alcohol 4* (91% yield) followed by hydrostannylation? (85% yield).
After many unsuccessful attempts to oxidize 5,° we found that
1,1’-(azodicarbonyl)dipiperidine under basic conditions!® provided
an excellent yield of the unstable aldehyde 1a.?

As expected, 1a is extremely labile toward cyclization.!!
Freshly prepared samples are analyzed by 200-MHz NMR!? and
subjected to controlled reaction conditions. The results of cy-
clization experiments are collected in Table I. The stereochemical
assignment and methods are the same as those reported previ-
ously.>> Control experiments with the tri-n-butylstannyl ether
of anti-2 showed that the product ratios represent kinetically
controlled reactions.

All of the cyclizations in Table I are very syn selective and
relatively insensitive (87-96% syn) to the nature of the Lewis acid.
It is ironic that the reaction is least selective with BF;-OEt,, the
Lewis acid that has been universally employed in intermolecular
reactions. A striking selectivity was observed with trifluoroacetic
acid (99% syn) and thermolytic cyclization was also highly syn
selective (>97%).

In contrast to our experience with allylsilane 1b, reaction of
allylstannane 1a is more facile, much more syn selective, and much
less sensitive to reaction conditions. The high syn selectivity
observed necessarily implicates a preference for the synclinal over
the antiperiplanar transition-state geometry.'*  Thus, the
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“erythro(syn) selectivity” of allylstannane-aldehyde reactions
under Lewis acid catalysis does not necessarily arise from
“open-chain (antiperiplanar)” transition states as has been sug-
gested.®® Indeed it is important to recognize that there are two,
possibly independent, stereochemical issues here: (i) orientation
of the double bonds and (ii) disposition of the tributylstannyl group
(Sy’ stereochemistry). The observation of a synclinal orientation
of double bonds does not necessarily imply an interaction between
the metal atom and the carbonyl oxygen in the transition state.
In fact we suggest, on the basis of recent studies,'s that the tin
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reagent? time, min  temp, °C % syn-2° % anti-2¢
TiCl, 10 -85 82 18
BF;-OEt; 15 -70 87 13
AlCl, 10 -70 89 11
Et,AICI 5 -70 90 10
ZrCl, 10 =70 90 10
SnCl, 5 -70 93 7
FeCl, 20 =70 98 2
CF;COOH 10 -70 99 1
A (CgHg) 480 90 974 3

4The reactions were quenched at -70 °C (NaOH/CH;0H) and
analyzed by capillary GC. At least two runs with each reagent were
performed to assure reproducibility, i.e., >85% conversion to 2 (vs.
decane) and syn/anti ratios £2%. °1.05 equiv were used. °Ratios
were calculated on the basis of independently determined response
factors vs, decane. 4Only syn-2 was detected, in addition to 3% of a
rearrangement product, thus 97% is the minimum selectivity.

group is oriented anti to the approaching aldehyde giving rise to
the picture shown.

The origins of the strong preference for the synclinal geometry
are as yet unclear. Inspection of Dreiding molecular models of
the complexes of 1a in which the Lewis acid is E complexed'® is
informative. In the analogous silanes we observed a significant
steric contribution from the Lewis acid which favored the anti-
periperiplanar orientation with increasing bulk.’ The insensitivity
to Lewis acid size in the case at hand indicates the lack of a steric
component, which, in view of the facility of reaction, suggests an
earlier transition state. The extremely selective cyclization induced
by a proton (the sterically least demanding initiator) supports the
contention that steric effects are not important contributors to
the preference for synclinal geometry.
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These results provide the first unambiguous picture of the
double-bond orientation in reactions of allylstannanes and have
important implications in the interpretation of intermolecular
reaction pathways.

Work is in progress on a system that unambiguously defines
the orientation of the metal atom in 1a and 1b. These results as
well as investigations with other allyl metalloids will be the subject
of future reports.

Acknowledgment. Financial support was provided by the
National Science Foundation (CHE-8208565) to whom we are
grateful. This work was supported in part by the University of
Itlinois Regional Instrumentation Facility (NSF-CHE 79-16100)
and Mass Spectrometry Laboratory (NIH GM 27029).

Registry No. 1a, 92937-61-6; 1b, 88354-72-7; syn-2, 87422-06-¢;
anti-2, 87422-07-9; 3, 88354-75-0; 4, 92937-62-7; §, 92937-63-8; AIBN,
78-67-1; TiCl,, 7550-45-0; BF;:OEt,, 109-63-7; AlCl,;, 7446-70-0;
Et,AlCl, 96-10-6; ZrCl,, 10026-11-6; SnCl,, 7646-78-8; FeCl,, 7705-
08-0; CF;CO,H, 76-05-1; Bu;SnH, 688-73-3; LiAlH,, 16853-85-3;
MgBrO-t-Bu, 19065-60-2; 1,1’-(azodicarbonyl)bispiperidine, 10465-81-3.

Formation of the Long-Lived H,0- Ion in the Gas
Phase

Leo J. de Koning and Nico M. M. Nibbering*

Laboratory of Organic Chemistry
University of Amsterdam, Nieuwe Achtergracht 129
1018 WS Amsterdam, The Netherlands

Received June 4, 1984

Recently the observation of long-lived H;O~! and NH,~? ions
in our Fourier transform ion cyclotron resonance (FTICR)
spectrometer>* has been reported. The H,O ions were generated
by reaction of OH" with formaldehyde through a successive proton
and hydride transfer in the corresponding collision complex as
summarized in eq 1. The NH, ions could be formed by reaction

OH- + CH,0 = [OH~CH,0]* = [H,0-HCO"]* -~
H-H,0 + CO (1)

of NH,~ with formaldehyde as well. In this case, however, the
successive proton and hydride transfer do not occur in the same
collision complex. This is due to the fact that the gas-phase acidity
of formaldehyde lies in between that of water and ammonia,’ so
that NH,™ can abstract a proton from formaldehyde in an exo-
thermic reaction channel resulting in the formation of the product
ion HCO™. This then transfers a hydride to ammonia in a sub-
sequent ion/molecule reaction. Equation 2 suminarizes the

NH,  + CH,0 — NH, + HCO" (22)
HCO™ + NH; — H>NH,; + CO (2b)

formation of NH,~. Thus, the final step in the formation of both
H;0" and NH, is the transfer of a hydride to water and ammonia,
respectively. This is consistent with the results of stable-isotopic
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