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Preliminary Note

The isomeric 1-propenyllithium reagents:
their NMR spectra and the stereochemistry of their formation by the

direct reaction and by the transmeta ation reaction

Several groups of workers have studied the formation of the isomeric propenyl-
lithium reagents, CH,CH=CHL], from 1-halopropenes and subsequent reactions of
these lithium reagents!—3. In all of these studies the reaction sequences:

Li - . ~ - -
————> Lircagent —7— ¢is-CH;CH-=CH-derivative

cis-CHCH=CHNX — =

and

Li . ~pp < .
\x: — Lireagent = trans-CH,CiI=CH-derivatve,

trans-CH,CH=CHX

were observed. This overall stereospecificity, together with the reasonable (but un-
proven) assumption that there is no change in geometric configuration of the propenyl
groap in reaction (2), was taken as proof that reaction (1), the generation of the
lithium reagent, also proceeds with retention of the cis- or érans-propenyvl configura-
tion of the starting halide. Nesmeyanov and Borisov?® applied their “‘method of odd
and even cycles” in an attempt to obtain further information concerning this question,
but this approach has been criticized*!. That the question of the stereochemistry of
formation of the propenyllithium compounds had not been resolved satisfactorily was
recognized by- Allinger and Hermann?, who sought direct confirmation of the struc-
tures of the lithium reagents by an examination of their infrared specira. Un-
fortunately, this work does not appear to give the unambiguocus answer claimed for it.
In assigning structures to the ¢is- and frans-propenyllithinm isomers, bands at 1035
and 1045 cm! respectively were assumed to be due to C-Li stretching vibrations.
A further band at 1030 cm~1! in the infrared spectruin of the presumed trans isomer
was believed indicative of the trans configuration; this band was absent in the spec-
trum of the other isomer. Later work has shown that absorpticn in the infrared
spectra of organolithium compounds in the region around 1050 cm™! is not due to
the C-Li bond, and the only bands which involve the motion of lithium atoms occur
between 350 and 570 cm! {see ref. 5). Absorption near 1050 cm—? appears to be due
to oxidation products of the lithium reagent®. Thus the assignments of Allinger and

* See footnote (9) in ref. 2.
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Hermann do not provide the required evidence concerning the stereochemistry of
nropenyliithium formation.

We have used nuclear magnetic resonance spectroscopy to investigate this long-
standing question and report results which confirm experimentally the assumptions
oi the previcus workers cited.
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Fig. 1. NMR spectrum of cis-propenyilithium. Chemical shifts are recorded in p.p.m. downfield
from tetramethylsilane. Positions of He and Hp indicated at center of gravity of AB system.

cis-Propenyllithium was prepared by the reaction of cis-i-bromopropene with
metallic lithium in ether!. The NMR spectrum (Fig. 1) of this reagent (2\ in diethyl
ether) showed the z proton as a doublet (J = 17.4 c.p.s.) with its midpoint at 6.30
p-p-m. downtield from tetramethylsilane. The 3 proton occurred as two slightly over-
lapping quartets (J = 6.0 c.p.s.) at 7.23 and 7.52 p.p.m. respectively, the methyl
group as a doublet (J = 6.0 c.p.s.) at 1.88 p.p.m. The reaction of this isomer with
trimethylichiorosilane gave cis-propenyitrimethylsilane, a known compound, whose
geometric configuration had been assigned on the basis of its NMR and infrared
spectra’.

trans-Prepenyllithium was obtained by the reaction of ‘rans-i-chloropropene
with lithium metal which contained ca. 1°; sodium. Its NMR spectrum (Fig. 2)
(3.21¢ in ether) was that of an extreme ABX, system. The x proton occurred as a
doublet {J = 22.2 c.p.s.) with its midpoint at 6.70 p.p.m. The g proton appeared as
two guartets (J = 4.2 ¢.p.s.) at 6.42 and 6.05 p.p.m., the methyl group as a doublet
{] = 4.2 c.p.s.) at 1.78 p.p.m. The sclution containing this reagent subsequently was
treated with trimethvichiorosilane to give frans-propenvitrimethylsilane, also a
known compound®.

The basis for these assignments of configuration is provided by the numerous
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studies®—1° which have shown that coupling between trans protons in olefinic systems
is greater than cis coupling. Thus the coupling constants observed, 17.4 and 22.2
¢.p-s., could with confidence be assigned to the cis- and Zrans-propenyllithium struc-
tures respectivelv. Of particular interest and significance is the similarity of these
values to the cis and trans coupling constants in the closely related vinyllithium:
19.3 and 23.9 c.p.s. respectively?i.

trans- Fropenyilithium
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Fig. 2. N)MR spectrum of {rens-propenyilithium. Chemical shifts are recorded in p.p.m. downfield
from tetramethylsilane. Positions of He and Hg indicated at center of gravity of AB system.

cis-Propenyllithium was prepared vie the transmetalation route by the reaction
of 0.48 mmole of cis-propenylirimethyitin® with 0.3 ml of 1.73.M methyvllithium (0.52
mmole) in ether. The NMR spectrum of the reagent prepared in this manner was
identical to that of cis-propenviithium obtained from cis-1-bromopropene. Moderate
background bands due to unconverted cis-propenyltrimethyltin were present. irans-
Propenvliithium was prepared in a similar manner by the reaction of 0.88 mmole of
{rans-propenvitrimethyltin® in 1.0 ml of ether with 0.6 ml of 1.503f n-butyliithium
{o.go mmole) in ether. The NMR spectrum of this reagent was identical to that of
trans-propenvilithium as described above, as was the NMR spectrum of an ether
solution prepared from solid ¢{rans-propenyllithium obtained by the reaction of 5.1
mmoles of tetra-irans-propenyltin® with 12.0 mmoles of n-butyilithium in pentane
followed by partial evaporation of the reaction mixture. Thus the preparation of cis-
and ¢rans-propenvllithium from propenyltin compounds by transmetalation invoives
retention of the geometric configuration of the propenyl groups in the organotin
precursor.

The results of this studv mayv be summarized by the following equations:
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CH. /,x
)C (4 + L o/
H H N CH,. ,Li
N /‘c =C!
/ H \H
CH,, /Sat /
WC=({ =~ RLi
H’ ‘H
CH3~. ;
T=Cf — i —
H & . CH, M
S /\C =
CH,, H 7 H L
;C:C’.i <+~ RLi __~
H’ Sn-

Complete details concerning this work, including a more detailed study of the
transmetalation reactions leading to propenyllithium reagents and selected reactions
of the iatter will be given at a later date.
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