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the alkyl amide derivatives 1c and 2¢ with those of aryl
alkylamine derivatives 1a,b and 2a,b offer little evidence
to support such a hypothesis.

The sign of the Cotton effect for the cis-vinyl amide
derivatives is opposite to that of the dimedone deriva-
tives of the same optically active amines. This was
intimated in the work of Potapov’ with optically active
amine Schiff base derivatives of l-arylpropane-1,3-
dione. In that case, both cis and trans forms were
isolated and found to exhibit specific rotations of differ-
ing sign between 400 and 500 mu. In solution, muta-
rotation was observed resulting in an equilibrium of
cis and trans forms. Earlier studies by Dudek and
Volpp® have pointed out the importance of the terminal
methyl group in this system in stabilizing the cis-vinyl
amide form. With compounds 1 and 2 (a-d) no evi-
dence was obtained for the presence of the trans-vinyl
amide isomer in solution,
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An in Vitro Model for the Enzymatic
Coupling of Farnesol
Sir:

The enzymatic coupling of farnesol pyrophosphate to
yield the hydrocarbon squalene has received consider-
able study,! resulting in a detailed description of the

stereochemical relationships of the starting material and
product, as expressed by the conversion 1 to2 (R =

H D NADPH H H*
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geranyl-CH,~). Thus a hydrogen atom is lost from the
terminus of one unit, being replaced stereospecifically by
hydrogen from the dihydronicotinamide coenzyme, while
the other unit undergoes an inversion of configuration at
C-1 during the coupling process. Three mechanisms
have been considered for this process,’? but the pub-
lished experimental work does not yet allow an unequiv-
ocal decision to be made concerning the mechanism, one
group favoring a pathway involving a sulfur ylide? and
another investigator providing evidence for a cyclopro-
pane-containing intermediate.* More recently it has
been suggested that the formation of phytoene, the pre-
cursor of the carotenoids, proceeds by a coupling mech-
anism similar to that operative in the squalene case.?
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Weé and others”® have independently observed a very
facile rearrangement of sulfonium ylides, which may
be expressed by structures 3—-5. This reaction involves

LA — LA — UL
3 4 5

a concerted rearrangement of six electrons and is ap-
parently driven by the formal valence change of sulfur
from four to two. Such processes have been described
in many places in the earlier literature® and proceed in
a wide variety of molecular environments, even allowing
substitution of heteroatoms into the cyclic array of ylide
4. The recognition and facility of this process induced
us to test whether it would be a chemically feasible
method of coupling two farnesol-like molecules, and
we report here the successful conclusion of these experi-
ments.

On the assumption that the enzymatic coupling
process involved a thiol we deduced that the linking of
two farnesyl pyrophosphates to such a function might
occur in the unsymmetrical sense, exemplified by salt 6
(R = geranyl-CH,~). Therefore we prepared sulfide 7°

7 #
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and carried out alkylations of this species. Our usual
procedure® (triethyloxonium fluoroborate in dichloro-
methane), however, led exclusively to the rearranged salt
8 (R = C;Hj;),5 and so we investigated this reaction by
nmr. From —30° to room temperature sulfide 7 is
readily isomerized to its symmetrical isomer 9¢ by both
Lewis acids (boron trifluoride ether) and protonic acids
(trifluoroacetic acid), and this isomerization is faster
than the alkylation, hence the production of 8.

However, by using the less hindered reagent, tri-
methyloxonium fluoroborate in nitromethane, '* alkyla-
tion was rapid at —20° and led to the required salt 10
(nmr (deuteriochloroform, —20°),'! § 1.73-1.86 (12 H,
4-CHs3), 2.69 (3 H, —-SCH;), 3.68-4.15 (2 H, multiplet,
S-CHsy-), 5.38 (1 H, triplet, olefinic, / = 8 cps), 5.83
(2 H, vinyl, multiplet), 6.15 (1 H, quartet, vinyl, J; =
10, J; = 15 cps)) recovered by precipitation with pre-
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cooled ether. This compound was reasonably stable
up to 5° but at +15° was gradually isomerized into
8 (R = CHj;), however at a rate much slower than the
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original sulfide isomerization. Treatment of salt 10
with #n-butyllithium at —30°7 gave the expected rear-
rangement product 1112 (bp 94° (12 mm); n245p 1.4918;
nmr (carbon tetrachloride), 8 1.61-1.77 (12 H, four
CHy), 1.91 (3 H, SCH;), 2.16 (2 H, muttiplet, -CH,-),
330 (1 H, multiplet, >CHS-, J1 = 10,J, = 8,J; = 6.5
cps), 5.08 (2 H, multiplet, olefinic)), reduced by sodium
in liquid ammonia?!® to the squalene-like hydrocarbon
12 (bp 169° (740 mm); »2¢D 1.4490; nmr (carbon tetra-
chloride), 6 1.58 (6 H, two CHj), 1.67 (6 H, two CHy),
1.98 (4 H, multiplet, -CH,-), 5.08 (2 H, multiplet, ole-
finic)), along with some 19 97 of the double bond isomer
13 (nmr (carbon tetrachloride), 8 0.94 (6 H, two CHg,
J = 6.5¢cps), 1.58 (3 H, one CHj3), 1.68 (3 H, one CHa),
2.63 (2 H, multiplet, -CH,-), 4.90-5.30 (3 H, multiplet,

vinylic)). The homogeneous hydrocarbon 12, purified
/\\/\(\r *x N )\/\/\(
)
11 12 13

by gas-liquid partition chromatography,* was identical
in all spectroscopic and gas-liquid partition chromato-
graphic properties with those of an authentic sample.!s

These results confirm the chemical validity of the
postulated mechanism?® and lead in general to a simple
procedure for coupling allyl units in the tail-to-tail man-
ner,!” since the unsymmetrical sulfides are readily avail-
able from the corresponding disulfides.®
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Tests of the Singlet Mechanism for cis—trans
Photoisomerization of the Stilbenes

Sir:
The mechanism proposed for the direct photoisom-

erization of the perhydro- and perdeuteriostilbenes in-
volves rotation about the central bond in the S*! state
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and decay from a common twisted singlet state.!
Intersystem crossing to the triplet states is considered
inefficient,? and the only process competing with twist-
ing about the central bond from trans S! states is
fluorescence. The requirement, that inhibition of rota-
tion about the central bond results in a corresponding
increase in the fluorescence quantum yield, is a conse-
quence of this mechanism. The following concerns
tests of this requirement.

An electronic model of trans-stilbene which is re-
stricted to a planar configuration is indeno[2,1-alindene
(1). 1 was prepared from ethyl phenylacetate using a
modification of the available synthesis.>=®* The ultra-
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violet absorption spectrum of 1 provides strong evi-
dence that this molecule is a good electronic model
for trans-stilbene. The fluorescence quantum yield,
®r, of 1 was determined using p-terphenyl and sodium
salicylate as standards.® Using Berlman’s value of
0.87 for the fluorescence quantum yield of p-terphenyl
at room temperature in the presence of air,? the &z of 1
at 295°K is found to be 0.94. Using Weber and Teale’s
value of 0.28 for ®r of sodium salicylate,® the &g of 1
at295°K is found to be 1.04.1° In agreement with these
observations, the fluorescence quantum yield of 1 is
temperature independent in the range 301-77°K.!!
These findings, which contrast the observations with
trans-stilbene,'?~1¢ are in agreement with the singlet
mechanism for stilbene photoisomerization.

Also in accord with the singlet mechanism are the
recent findings showing S! — T intersystem crossing
to be inefficient for 1,2,3-triphenylcyclopropene (2)15
and 1,2-diphenylcyclobutene (3).'® In the latter case,
$r was shown to approach 1.0 at room temperature, 16

The significance of the above observations lies in that
a requirement of the singlet mechanism is fully realized.
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