Figure 1.

aplysistatin'% molecule, The four chiral centers are C; (S), Cs
(S), Ci2 (R),and Cy4 (S).
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Since sea hares generally depend upon marine algae for
nutrition it may be useful to consider such an exogenous pri-
mary source of aplysistatin. In this respect the isomeric sub-
stance laurefucin (2) has been isolated from the Japanese
marine algae Laurencia nipponica Yamada'' and the related
chondriol (3) has been obtained from the marine algae
Chondria oppositiclada Dawson.'? Presently the antineo-
plastic effects of aplysistatin are being assessed in the National
Cancer Institute’s laboratories and we are investigating other
new substances from sea hares.
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Selenium Stabilized Anions. Synthetic Transformations
Based on Propargyl Selenoxides
Sir:

Heterosubstituted propargyl and allenyl organolithium
reagents have potential as synthetic precursors to highly
functionalized 3-carbon fragments,! We report here the
preparation of the dianion 1,% and reactions of the propargyl
selenides derived from it (Scheme I).

Phenyl propargyl selenide is rapidly deprotonated by 2 equiv
of lithium diisopropylamide in tetrahydrofuran or glyme at
—78 °C to give a pale yellow solution of the dilithium reagent
1. Alkyl halides react with 1 exclusively at the « position
(>99.5% a-methylation), primary bromides and iodides at —78
°C, isopropyl iodide at —40 °C (Table I), The resulting acet-
ylenic lithium reagent 2 can then be protonated, alkylated, or
treated with a variety of other electrophiles (E) to give 1,3-
disubstituted propargyl selenides, 3a, usually in excellent
yield.

A number of useful transformations of 3a can be envisaged.
Oxidation gives the selenoxide 3b, which rearranges to a-
phenylselenoenone (5a)* at —40 to —30 °C, presumably via
4,5 The table shows that a variety of complex enones can be
quickly assembled using this technique, including otherwise
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Table I. Oxidation Products of Mono- and Disubstituted Phenyl Propargyl Selenides (Scheme I)

RX E Product@ Oxidantd Yielde
X
Ph A~ A H,0 AW{ 0,, CH,Cl, 68 (X = SePh)
Fh I H,0,, CH,OH 42 (X =H)
PhSe
CH, Ph/\/\)Y RCO,H, CH,Cl, 59
(6]
(6] X OH
0,, CH,Cl, 61 (X = SePl)
PhCH,Br CHz)kH ph/\/H(k H.0,, CH,OH 49 (X = H)
(6]
(0] PhSe OH
CH.CH,Br RCO,H, CH,CI 53
3 2 CH&J\CHE )\)\'A 3 FAR T
0]
PhSe
(CH,),CHI H,0 */H/H RCO,H, CH,Cl, 60
O
PhSe
e CH,M )\( RCO,H, CH,Cl, 61
(6]
PhSe
CH,I (CH,),SiCl \)\(SM% RCO.H, CH,Cl, 42
(6]

@ All selenides and enones were characterized spectrally and by their elemental composition. Mixtures of cis/trans isomers were usually
formed (ref 4). ® RCO,H: m-chloroperbenzoic acid. € Yields are for materials purified by TLC, based on phenyl propargyl selenide. ¢Methyl-
ation in THF —-HMPA (2 equiv) at 25 °C. € The monoanion of phenyl propargyl selenide (LiNH+4-Bu, THF, =78 °C) was alkylated.
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Figure 1, Proton NMR spectrum of pheny! propargyl selenoxide (100
MHz, CDCls, —41 °C). The propargyl protons form an ABX pattern: 6
3.63,3.47 (Jag = 13.8 Hz), 2.46 (Jax = Jex = 2.5 H2).

poorly accessible compounds. Of a large number of different
reaction conditions and potential selenenate trapping reagents
tried,® only oxidation with excess hydrogen peroxide in
methanol gave moderate yields of the selenium-free enone
5h.

The mechanism of the 3b to 5a rearrangement was studied
in the parent system. Low temperature ozonolysis of phenyl
propargyl selenide gives the selenoxide, as shown by the di-
astereotopic methylene protons in the NMR spectrum (Figure
1). Above —35 °C a clean first-order isomerization to 6 occurs

0
i _HD) 0
Se # e Se

ph” ~7 cha, pp” H(D)

1 OH
6

(ky =(10.7£0.5) X 10735~ at —31 °C). No intermediates
or by-products can be detected by NMR. The isomerization
is at least partially intermolecular, since a mixture of m-tri-

fluoromethylphenyl propargyl selenoxide” and deuterated
phenyl propargyl selenoxide gave 30% of the crossover product
(undeuterated 6). We feel these data are best explained by
reaction of the intermediate allenol selenenate ester (4, R =
E = H) with some selenenylating species® to give 5a.

These observations suggest that other electrophiles may be
capable of trapping the allenol ester. In fact, when selenoxide
7 in dichloromethane is allowed to warm slowly from —50 to
0 °C in the presence of pyridine and excess n-BusN*1;~, a
cis/trans mixture of an a-iodoenone is formed, together with
lesser amounts of a-phenylselenoenone (8).

ﬁ CH
/ 3
e &
Ph
Ph
7
I PhSe
Bu,NI; +
CH,Cl, Py Ph Z Ph 7
0O 0O

34-60% 8

A number of further transformations of the a-phenylsele-
noenone 8 have been tried. Addition of dimethyl cuprate is
successful but some deselenation occurs (deselenation can be
completed by addition of benzenethiol), Oxidation of 8 to the
selenoxide followed by warming in the presence of triethyl-
amine gives a y-hydroxyenone. Presumably a,8- to 8,y-double
bond isomerization, followed by [2,3]sigmatropic shift,? oc-
curs,

Dianions of propargyl sulfides can be formed and alkyl-
ated,'® but our preliminary efforts to achieve transformations
analogous to the selenoxide rearrangement 3b to § were un-
successful, Alkylation of the dianion of methyl propargyl
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sulfide, followed by oxidation gives the stable sulfoxide 9. The
methyl derivative was chosen to avoid the thio-Claisen rear-
rangements which occur (at 80 °C) with phenyl propargyl
sulfoxide.!! Compound 9 decomposes near 100 °C in the
presence of (MeO)sP to give ill-defined mixtures, but no al-
dehyde. In the presence of triethylamine at 80 °C, allene 10
is formed in low yield.

0O 0O
I g _
S Z #
> e
CHa/ Y/ e, CHs Y
R R
9, R=n-CH,; 10

The dramatic lowering of the [2,3]sigmatropic shift acti-
vation energy in the selenium as compared to the sulfur ana-
logue has resulted in interesting and useful chemistry of the
selenium system not presently known for the sulfur analogues.
The difference in behavior of propargyl selenoxides and sul-
foxides is probably a consequence of the greater stability of
selenenate vs. selenoxide2b? (sulfoxides are usually more stable
than sulfenates).
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Electron Density Distribution of the Azide Ion.
Quantitative Comparison of Theoretical Calculations
with Experimental Measurements

Sir:

Recent progress in the experimental determination of
electron density distributions in solids by x-ray (and neutron)
diffraction' has generated renewed interest in theoretical
calculation of the density distribution and in comparison with
experiment.? Until now, the experimental difficulties in making
measurements on small molecules, for which good theoretical
calculations are available, and the computational difficulties
in treating larger systems, for which experimental densities
have been determined, have prevented comparisons between
theory and experiment on the same system. Reported here is
a quantitative comparison of the experimental electron density
distributions in crystals of NaN3; and KN3 with a thermally
smeared theoretical density of the azide ion.

The details of the electron density distribution are best
visualized in a plot of the deformation density, Ap, given by the
difference between the observed density and the density of an
assembly of spherical atoms placed at the atomic positions.
Values for the atomic positions and thermal vibration pa-
rameters unbiased by the valence electron distribution are
required. These have been obtained by independent neutron
diffraction experiments® (Ap (X-N)) and by refinement of
high order x-ray data (Ap (X-X)).

The distribution of errors in the experimental deformation
densities has been calculated as described by Rees* considering
the contributions from errors in the x-ray intensity measure-
ments, in the refined parameters, and in the x-ray scale factor.
Assuming the contributions to be uncorrelated,

O'Z(Ap) = O'Z(Pobsd) + O'Z(Pca]cd) + pobsdzo'z(k)/k2

where k is the x-ray scale factor. While the first contribution
is relatively constant throughout the crystal (except near
symmetry elements), the second and third contributions peak
at the atomic centers, and differences between densities within
about 0.3 A of the nuclear positions cannot be considered
significant. _

Sodium azide crystallizes in space group R3m with the N3~
ion on a crystallographic 3m site. X-ray intensity measure-
ments were collected from a single crystal on a Picker card-
controlled diffractometer with graphite-monochromatized Mo
Ke radiation.> Anharmonic (third cumulant®) thermal pa-
rameters were included in a full-matrix least-squares refine-
ment of the structure. Refinement of 139 high order reflections
(0.65 <sin#/x < 1.25A~')gave R =2.6%and R, = 1.7%.”
The Ap (X-X) deformation density was calculated using the
full data set (208 reflections with 0.0 < sin 8/\ < 1.25 A~1),
positional and thermal parameters from the high order re-
finement, and Hartree-Fock atomic scattering factors.® The
x-ray scale factor was determined by experimental measure-
ment.®

Potassium azide crystallizes in space group 74/mcm with
the N3~ ion occupying a site with mmm symmetry. Single-
crystal x-ray intensity measurements were collected on a Picker
FACS-I diffractometer using Nb-filtered Mo Ke radiation.
A total of 3463 reflections were measured in the range 0 <sin
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