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Figure 3. Carbon-13 shift of coordinated trimethyl phosphite in
(CH30)3PCo(DH);R. Points from left to right are CH,Si(CH3)a. 3-
(‘5H||.C-C5H9, f-C3H7.C-C(,H||,f-C4H9. C2H5,CH3,(CH2)2C6H5,and
(CH»);CN.
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synthesize, crystallize, and structurally characterize complexes
of the type LCo(DH),(i-C3H+), in which L is a very bulky li-
gand. If such ligands distort the Co(DH); moiety, the Co-C
bond length in such compounds could be even longer than that
found here.
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A Stereocontrolled Approach to Acyclic Systems.
Stereorelay in Charge-Directed Alkylations

via Organopalladium Templates

Sir:

One of the most exciting challenges in synthetic methodol-
ogy is control of stereochemistry in conformationally nonrigid
systems, We report herein a new approach based upon the
utilization of a transition metal complex as a temporary tem-
plate to relay stereochemical information in a normally con-
formationally nonrigid system.! This concept has been ex-
amined within the context of the synthesis of an acyclic unit
1 that constitutes the side chain for a-tocopherol (2) or vitamin
K (3).22-4 During the course of this investigation, an approach

¢ H i H
HCOC \/\//\/\//\)\

for defining the relative stereochemistry of such remote centers
asin 1 emerged.’

In this approach, ring stereochemistry is relayed along a w

system by a palladium complex* as shown in eq 1. For such an

. S Nue COH

R R, L

~ a (n

approach to be successful, (1) ionization of the vinyl lactone
4 must occur from one conformation, (2) the intermediate
w-allylpalladium complex § must retain its stereochemistry,
and (3) the nucleophile must attack regioselectively at the
carbon of the allyl system distal to the carboxylate (i.e., site
“a’ in §).

To check the ability of the charge to direct the approach of
the nucleophile, the lactone 6a°% was reacted with methyl
sodiomalonate and 3 mol % tetrakis(triphenylphosphine)pal-
ladium in refluxing THF to give after initial workup a >90%
yield of product shown to be 7a% (6 5.52 (ddd, J = 15,7,7 Hz),
1 H, 543 (dd,J = 15,8 Hz, 1 H), 1.05(d, J = 7 Hz, 3 H),
decoupling at 2.34 collapses signal at 5.52 (brd, J = 15 Hz))
with >98% regiospecificity. The exclusive formation of the £

© 1979 American Chemical Society
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Table I, 67.9-MHz 13C NMR Spectral Dataa?
carbon atom
COy-
compd 1,1¢ 2 3 4 5 6 7 8 9 10 11 3a 7a 1la 12 CH;
52.29
7a  168.60 57.84 37.2 132.88*% 129.23* 27.43 33.89 178.6] 18.4 5218
52.34
Tb  168.80 57.85 37.28 13430 127.94 36.08 39.37 182.04 18.50 16.13 {52 27}
52.32
{iz:;g}STSS 37.35 134.23 128.08 36.18 39.43 182.11 18.56 16.20 {52 24}
1 173:62 41.68 32.81* 37.25% 24.85% 39.46 30.44* 37.18# 24.40% 37.34# 28.03 19.79% 19.67F 22.64% 22.74% 51.19
8 173.63 41.76 32.80* 37.21# 24.85% 3946 30.42% 37.14#% 24.40% 37.41% 26.03 19.77% 19.66% 22.63t 22.72t 5].21

2 All chemical shifts given in parts per million downfield from internal Me4Si. ¢ The absorptions which bear similar superscript symbols

may be interchanged. < Reference 1.

Scheme I. Synthesis of Methyl 3(R*),7(R*),11- and
3(R*),7(S*).11-Trimethyldodecanoate?

R
i RT cd
e b ®__, 5\/‘\/\/‘<002H _
R
R . , 2.
. H : R
E\/\/\/doTS ———>e E\/w
L' R=CH, R=H
8' R=H , R'=CH,
E = COCH

@ (a) 5% Pd/BaC0,, | atm of H,, CH,OH; (b) KOAc, Me,SO, 135
°C; (¢) BH,-THF, 0°C; (d) TsCl, C;H;N; (e) (C;H, ),CulLi, ether,
-20 °C; (f) obtained in 29-33% overall yield from 7b or 7c.

olefin, as well as the regiocontrol, is particularly noteworthy
for synthetic applications. We next turned our attention to
lactones 6b3-¢ and 6¢.5:¢ Treatment of 6b (>95% stereochem-

s

LR PR L A R R
H/.@Q.\ RaC0.C il
W — YU 7 gozﬁ
Ha CQ,CH,
\6 !
CiR=R=H @ R=R=H
b R=Chv,RH DIR=CH,R=H
C R=H,RCH OR=m R=Ch,

ically pure) under the above conditions proceeded, within ex-
perimental error, stereospecifically to give, upon workup, a
single alkylated product (7b%7 or 7¢®7) in 90% yield. Likewise,
alkylation of 6c¢ proceeded stereospecifically to a single al-
kylated product (7b or 7¢) different from that formed from 6b.
Analysis proved particularly difficult until we discovered that
67.9-MHz '3C NMR nicely differentiated the two isomers.
The data is summarized in Table L.

While the high degree of stereocontrol is established, the
data do not allow the assignment of stereochemistry. For this
purpose, we converted the alkylated products into 1 and 8 as
outlined in Scheme L. By virtually all criteria, 1 and 8 were
indistinguishable from each other. Fortunately 67.9-MHz 13C
NMR spectroscopy nicely distinguishes the two isomers (see
Table 1). Spectra of mixtures confirmed the ability to resolve
the closely spaced signals. Particularly useful is the region &
37.0-37.5 as shown in Figure 1 for differentiating the R* R*
from the R*,S* series.

Comparison of the spectra of authentic samples22-d of the
3(R),7(R) and 3(R),7(S) isomers of methyl 3,7,1 1-trimeth-
yldocanoate allowed 1, which arose from 7b, to be assigned the
R* R* configuration and 8, which arose from 7¢, to be assighed
the R*S* configuration. Thus, alkylation of 6b did produce
7b (3(S*),7(R*)) and 6¢ did produce 7¢ (3(S*),7(S*)).

A parallel series of experiments involved the isomers con-
taining the E olefin, 9a%-% and 9b.6-® Whereas the trans lac-

- e e e s m we we w
- e e e o e o = o

e - - - - - - e - - -

i
T

37.50 37.00
Figure 1. 67.9-MHz '3C NMR spectra of 1 and 8 for 6 37.0-37.5.

L
!

tone-cis olefin isomer 6b gave 7b belonging to the 3(S*),7(R*)
series, the trans lactone-trans olefin 9a should produce the
complementary 3(S*),7(S*) series provided that the prefer-
ences for ionization and alkylation are independent of olefin
geometry. Similarly, the cis lactone-trans olefin 9b should give
an alkylation product of complementary stereochemistry to
that from the cis lactone-cis olefin 7¢. Indeed, alkylation of
9a and 9b gave 10a% (= 7¢) and 10bS (= 7b) respectively with
>95% stereospecificity.

_CaH H
_ RR..... N s COCH,
1o CocH,
o) R=H,R=CH, @ R=H, ReCH,
BIR=CH,,R=H BIR=CH,,R=H

The stereospecificity of the reaction indicates a very high
preference for ionization via the conformer represented in
structure 4.° Presumably, this preference arises, in part, from
the bulkiness of palladium and its attendant ligands. Fur-
thermore, the allyl complex once formed retains the stereo-
chemistry imparted by the ring and olefin even though the
possibility for loss via rotation does exist. Regiochemical
control is attained by charge-charge repulsion since the leaving
group is retained in the substrate and bears the same charge
as the incoming nucleophile. This approach for control of
acyclic stereochemistry is very flexible. Variation of either the
ring geometry or the olefin geometry allows entry into opposite
stereochemical series. Variation of the position of the sub-
stituents on the ring can permit variation of the distance be-
tween the chiral centers in the acyclic system. Carbohydrates
can serve as precursors of 4 and thus provide access to enan-
tiomerically pure acyclic units. Future work along these latter
lines is under active investigation.
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Chemistry of Singlet Oxygen. 32. Unusual Products
from Low-Temperature Photooxygenation of Indenes
and trans-Stilbene!

Sir:

Indenes are interesting substrates for photooxidation, pro-
ducing a wide variety of products. Photooxidation in methanol
at —78 °C provides dioxetanes 1 (path a).2 In acetone at ~78
°C (Rose Bengal sensitizer), the observed products are
diepoxyendoperoxides 2.3 Product 2 is probably derived from
a [2 + 4] addition of singlet oxygen to give 3, followed by re-
arrangement to a diepoxydiene 4 which is capable of adding
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5
R = a: C5H5
b: CH3
c: p-C1C6H4

a second mole of oxygen (path b). In an effort to learn the
origin of this solvent effect, 2,3-diphenylindene was photoox-
idized at —78 °C in acetone with TPP (meso-tetraphenyl-
porphine) as the sensitizer; a novel product was formed (path
c).*3 The product was stable for extended periods in the solid
state, but rapidly decomposed in solution. Explosive decom-
position occurred at 110 °C. High resolution mass spectrum
was consistent with the molecular formuld C5H,604. The
product was assigned structure 5 based on the following
data.

Reaction with triphenylphosphine produced 1.9 equiv of
triphenylphosphine oxide, suggesting two peroxide func-
tionalities,? and the IR showed no -OH absorption. The 'H
NMR (200 MHz) had, in addition to aromatic signals, H,
proton resonances at 6 6.97 (unsymmetrical t)62 and 6.81
(unsymmetrical t), Hp protons at 6 5.49 (br d) and 5.28 (br d),
and H¢ protons as an AB system at 6 3.16 (d, J = 8.5 Hz) and

2.60 (d,J = 8.5 Hz). The '3C NMR (50 MHz) had C.and Cy4
resonances at 6 101.2 (s) and 88.9 (s), Cy, resondnces at 6 72.9
(d) and 71.1 (d), Ccat 6 56.8 (1), and C,’s at 6 133.7 (d) and
130.5 (d), consistent with the assigned structure.6® An X-ray
crystal structure determination confirmed the structural as-
signments and showed the stereochemistry of the two oxygen
bridges to be anti.”

The ratio of the photooxidation products had a strong and
unprecedented dependence on the photosensitizer and condi-
tions used. Some conditions produced all three products (1, 2,
and 5); however, by careful choice of conditions, any of the
three products could be formed preferentially. Table I lists the
results with 2,3-diphenylindene using various sensitizers.

The dyes used in runs 5-8 gave rdtios of products which
changed greatly with only slight changes in the reaction con-
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