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1,2-Bisalkylidenecycloalkane derivatives prepared fram-

diynes or eneynes are valuable intermediates in organic synthesis.

Catalytic methods which convert diynes to functionalized bis-
alkylidene derivatives invariably use bifunctional reagents,
X=Y, which can undergo oxidative addition to low-valent
transition metals (Scheme 1). Thus, metal-catalyzed cyclization
of 1,6-diynes can be accomplished under hydrosilylatfon,
hydrostannylatio¢ borosilylation?® and borostannylatidhcon-
ditions. However, an important stereochemical aspect of this

reaction, brought about as a necessary consequence of the organo-

metallic reaction mechanisms involved (Scheme 1), viz., the
formation of a £2)-1,3-diene, has received little attention in the

literature. This work addresses this issue in the context of a highly

versatile bis-functionalization/cyclization of 1,6-diynes assisted
by trialkylsilyltrialkyltin reagents, a class of compounds known
to undergo Pd(0)-catalyzed addition to acetylenes with high regio-
and stereoselectivity. Sterically demanding silicon and tin
substituents impose a nonplanar, therefore, helically chiral
structure for such a diene. To the best of our knowledge, helical
chirality associated with terminally substitut¢dz)-1,3-dienes
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Scheme 1.Formation of a ChiralZ,2)-1,3-Diene from a
Diyne
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Scheme 2.Enantiomers o at —40 °C
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H NMR (500 MHz, CDC}) of 2 is characterized by the following
peaks: 0.05 (s, Sids, 9 H), 0.85-0.88 (t superimposed on m,
H,C—CHs, SnCH,, 15 H, 2Js, 4 satellites), 1.241.29 (m, GH,,
6 H), 1.38-1.44 (m, GH,, 6 H), 2.66-3.20 (ring (>, s, broad,
4 H), 3.69 (s, O@®;, 6 H), 5.23 (s, MgSIiCH, 1 H), 5.65 (s,
BusSnCH, 1 H, 3Js,1 50 Hz). Irradiation of the olefinic signals at

has not been disclosed in the literature, even though the first 5.23 and 5. 65 causes enhancements of the broad peak centered
member of this class of compounds has been known for somearounds 2.93 (ring GH,) which support theZZ)-assignment of

time 2
The structure, stereochemistry, and the fluxional nature of
the compoun@ prepared from di-O-methyl dipropargylmalonate

the diene. The extraordinarily broad signals due to the ring
methylene hydrogens (at 2C: peak width~ 0.54 ppm) gave
the first indication of a possible fluxional molecule. Upon

(eq 1) were unambiguously established by elemental analysiswarming to 50°C, the peaks resolve into two broad singlets

E E
MeO2C, COMe 46 sisnBu, (1 equiv.)
Pda(dba)s (1.25 mol%) )
|| .l (2-Me-CgH,)3P (5 mol%) /N
(1 mmol) 0.2mL CgHg, A, 20 Me,Si nBu,
] [(CeFs)aP, tt, 22 h 71%] 2 (79%)
(E = COzMe)

(C, H) and NMR spectroscopy*H, '°C, and '1°Sn, COSY,
NOESY, DEPT and variable temperature experimehighe
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centered around 2.97 and 3.01. When a GDI, solution is

cooled to—40 °C, two sets of signals appear as AB quartets

aroundo 3.12 s = 3.10,vg = 3.14,Jas = 9 Hz) and a® 2.72

(VA = 2.69,vg = 2.75,Jag = 14 HZ) Between 20 and40 °C

the changes in the spectrum can be interpreted as arising from

two closely spaced AB systems, undergoingB\exchange, with

a coalescence temperature betwed® and—5 °C. At —40 °C,

the CQMe signals also resolve into two singletséa8.748 and

3.756. The evolution of the two AB quartets for the ringiC

group and the doubling of the carbon sigfialse possible only

if the molecule is chiral. Barring a highly unlikely conformational

equilibrium involving the cyclopentane, such chirality must have

its origin in the helical arrangement of groups in {#&)-diene

(Scheme 2). Failure of the diene to undergo Digdder reaction

with dienophiles including maleic anhydride (130) also sup-

ports the unusual nonplanar arrangement of the 1,4-substituents.

Another derivative2c, with larger Si-substituents exhibits similar

behavior including diastereotopic NB&, groups, except, as

expected, the coalescence temperatures for the diastereotopic

hydrogen and carbon signals are approximately 1%°C higher?
Cyclizations of a number of other 1,6-diynes were carried

out and the results are shown in Table 1. Methyl 2-(2-propynyl)-

4-pentynoate3 gave 66% isolated yield of a produat)(which

(5) The3C spectrurfiis characterized by the signalséa0.43 (q, SCHa),
10.71 (t, S&€H,, YJsnc = 336 Hz), 13.64 (q, SnCH¥H,CH,CH3), 27.32
(t, SnCHCHo,, Zan,cz 59 HZ), 28.95 (t, SnCKCH,CH,, 3\]5”'0: 20 HZ),
44.07 (t,CHy, 1 C), 44.10 (t,CH, 1 C), 52.72 (g, @Hs3, 2 C), 55.05 (s,
C(CO:Me),, 1 C), 125.57 (d, I€Sn, 1 C), 126.21 (d, 8Si, 1 C), 155.34 (s,
1 C), 155.89 (s, 1 C), 172.11 (€0). The 1°C spectrum also shows the
doubling of theCO,CH; and CQCH; carbons at—40 °C. The ring CH,
carbons are also better resolved-&t0 °C.
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Scheme 3.Helical Chirality in4 at Low Temperature
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(4a/4'b and 4b/4'a are enantiomeric pairs, -70 °C)

Table 1. Silylstannylation-Cyclization of 1,6-Diyne%
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aSee Supporting Information for experimental procedutéssing

(2-ME-QH4)3P.

was readily separated on a chiral HPLC column (Chiracel OD,
25 cmx 4.6 mm, 100% hexane, flow rate of 0.1 mL/mR.=
37.50, 42.22 min.). As expectedlis a highly fluxional molecule.
The ring methylenes which appear as two broad doublets (§DCI
atd 2.555 and 2.591 (eackhJ = 8 Hz) at 27°C resolves into
two ABX patterns at 65°C (in CsD¢).* The low-temperature
spectrum is very complex, yet four sets of ABX patterns are
clearly discernible in the spectrum below40 °C. The tem-
perature-dependent changes in € spectrum of this com-
pound are indeed remarkalfleand all of the changes are
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Figure 1. X-ray structures oflOa and 10b (cations, H’'s omitted for
clarity).

completely in agreement with the suggested equilibrium between
two sets of diastereomers at low temperature (Scheme 3). The
corresponding B@Me),Si— derivative 4c provided the most
unequivocal evidence for the equilibration with doubling of the
largest number of signals in going from 20 to —40 °C. These
include, Si(®Hs),, ring CHy’'s, CO,CH3 in the proton spectrum,
ring CH,'s, ring CH, carbonyl C, SrCH, SiCH in the 3C
spectrum, and the Sn signal in tH€Sn spectrun.

The reaction conditions are compatible with amino and amido
groups, allowing access to functionalized heterocyc&s10,
entries 4, 5). In VT NMR and nOe experimeft8,behaves like
2, in which the equilibration process is slow below40 °C,
resulting in one of the ring B, groups to appear as a true ABq
at low temperature. NMR spectra @D, prepared from dipro-
pargylamine9, are indicative of a single compound (fast N-
inversion and helical equilibration remove any potential diastereo-
isomerism) at room temperature. The low-temperature spectra
recorded in CROD are much less resolved compared to the
carbocyclic compounds, nonetheless, a mixture of diastereomers
is indicated at temperatures belev60 °C. Quaternization 010
with methyl triflate removes the nitrogen inversion, and a set of
diastereomeric triflate salts, characterizedihtgr alia, a pair of
SiCH and Sn@i signals, are produced at room temperature.

Finally, a crystalline oxalate salt of the pyrrolidine derivative
10was found to contain, in its unit cell, two of the four possible
diastereomers, in which the diene helicity can be clearly seen.
Chem3D renditions of these structures with selected intra-
molecular distances and angles are shown in FiguteThe
epimerization reaction, observed in the NMR spectra, is apparently
frozen in the solid state, permitting isolation of the individual
diastereomers.
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(6) Because of disorders in the crystal, complete solution of the structure
was not possible, even though reliable data on the ammonium ion could be
extracted.




