Figure 1. The H;Re;0s3(CO)10 molecule, with the probable positions of
the hydride ligands indicated.

a rhenium atom bonded to equatorial sites of two of these
atoms. The Os(1)-Os(3) bond lengths in the two independent
molecules are 2.876 (3) and 2.876 (3} A—i.e., closely similar
to the Os-Os bond length of 2.877 (3) A (average) found in
0s3(CO),2.!5 In contrast to this, the remaining Os--Os dis-
tances are significantly longer, with Os(1)-Os(2) = 3.058 (3)
and 3.061 (3) A and Os(2)-Os(3) = 3.083 (3) and 3.074 (3)
A. We believe that these vectors are bridged by us-hydrido
ligands. (In other molecules simple us-hydrido bridged os-
mium-osmium bond lengths are 2.989 (1) A for (u-H)(H)-
OS3(CO)11]5 and 3.019 (1) A for (ﬂz-H)(H)OSr
(CO)oPPh;.)'6 The osmium-rhenium bond lengths are nor-
mal, with Os(1)-Re(4) = 2.952 (4) and 2.946 (4) A and
Os(2)-Re(5) = 2.982 (3) and 2.975 (3) A. The angles in-
volving the equatorial rhenium atoms are as follows:
£0s(2)-0s(1)-Re(4) = 104.1 (1) and 104.0 (1)° and
£0s(3)-0s(2)-Re(5) = 104.2 (1) and 102.9 (1)°. Each metal
atom has a regular coordination geometry, there being three
carbonyl ligands associated with Os(1) and Os(2), four for
Os(3), five for Re(4) and Re(5).

Treatment of Os3(CO);, with Me;NO-2H,0 (1 equiv) in
acetonitrile followed by excess HRe(CQ)s in benzene provided
a single new product, which was isolated as a yellow solid in
~50% yield after TLC. Spectroscopic data for this material
is consistent with the formula HReOs3(CO)6!7 and it is as-
signed structure [. In an attempt to prepare H3ReOs3(CO)aq,
053(CO)10(NCMe),® was treated with 1 equiv MesNO-
2H,0/NCMe!8 and then HRe(CO)s, but the product isolated
was HReOs3(CO)15.!? Similar treatment of H>Re;0s3(CO)y
provided HoRe;0s3(CO) 5. However, subsequent experiments
showed that HyRe;0s3(CO) ;9 could be formed by allowing
H;Re;0s3(CO) 7 to react with Me;NO-2H,0/NCMe alone;
an analogous reaction gave HReOs3(CO);s from
HReOs3(CO) 6. The detailed structures of these more con-
densed clusters remain to be determined. Nevertheless, it is
clear that the combination of HRe(CO)s coupling with
Me3;NO decarbonylation provides considerable control of
metal-metal bond formation in the Re-Os system. The effi-
cacy of these techniques with other heterometallic combina-
tions is being explored.
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Total Synthesis of di-Lycoramine
Sir:
Lycoramine (1) is one of the galanthamine-type alkaloids

found in plants of the Amaryllidaceae.’ We now report a total
synthesis of d/-lycoramine.2

OCHy
0

OH

N
/
CH3

The synthesis of 1 features a new benzodihydrofuran ring
construction (e.g., A — B — C). In the sequence, hetero-
atom-directed photoarylation® (B — C) establishes the crucial
carbon-carbon bond? joining an aromatic ring to a quaternary
carbon atom located at a ring junction. The photoreaction Sa
— 6 — 7 to be described here is representative of a general

Communications to the Editor



8066

0 o}
QAr 0
o ——» | E—
R
R R
A B c

method for synthesis of complex aryl annelated dihydrofurans.
We especially note the varied functionality compatible with
this method of aromatic ring substitution.

Reaction of the enol ethyl ether 2a of 1,3-cyclohexanedione
with the sodium salt of diethyl cyanomethylphosphonate in
refluxing tetrahydrofuran (THF) solution gave the vinyl nitrile
2b as a 60:40 mixture of two double-bond isomers in 98% yield.
Without separation of isomers, 2b was converted to enone 3
(bp 150 °C at 0.1 mmHg; IR 2.93, 5.83, 5.93, 6.12 u), by
lithium aluminum hydride reduction in ether to give primary
amine 2c¢; reaction of 2¢ with methyl chloroformate (ben-

OCHpCH3
0
X
o
CO,CHy HNCO,CHgy
24, X=0 3 4
b, X=CHCN

€, X=CHCH,NH,
d, X=CHCH,NHCO,CHy

zene-aqueous sodium bicarbonate) to give urethane 2d; and
finally hydrolysis-rearrangement of 2d with 10% H,SOy in
methanol-THF solution at room temperature (76% overall
yield of 3 from 2a ). Epoxidation of 3 with alkaline hydrogen
peroxide in aqueous methanolic solution at room temperature
afforded epoxy ketone 4 in 70% yield (IR 2.92, 5.83 p).

We were now ready to combine epoxy ketone 4 with the
second half of the lycoramine ring system. Reaction of 5-car-
bomethoxy-2-methoxyphenol® with 1 equiv of potassium hy-
dride in 18-crown-6 (1 equiv)-THF solution followed by ad-
dition of 4 (1 equiv) and heating to reflux for 8 h gave arylox-
enone S5a in 50% isolated yield (mp 120-121 °C; IR 2.89, 5.78,
5.83, 5.91 u) and an isomeric enone 5b (mp 90-93 °C, 15%
yield). The formation of both 5a and 5b is explained by con-
sideration of an intermediate diketone enolate, from which
cyclization-dehydration may occur to give either Sa or 5b as
shown.”

0 OCH3

COpCH
HN 2VN3

o OCHg )
COCHs 8@

o HNCO2CH3

CH30,C °
: :OCH3

b

Pyrex-filtered irradiation of 5a (0.05 M) in benzene-
methanol solution (1:1, argon saturated) for 1.5 h gave the

cis-fused dihydrofuran 7 (glass; IR 5.79, 6.20 u); ketalization
of 7 with methanol-trimethyl orthoformate-sulfuric acid gave
crystalline 8a (mp 140-143 °C) in 86% overall yield from Sa.
On the basis of analogy between the conversion 5a — 7 and
previous work, we suggest that the photoreaction occurs by
conrotatory cyclization of 5a to give an intermediate carbonyl
ylide 6, from which protonation-deprotonation in methanol
gives the cis-fused dihydrofuran 7.

0o o]

0. OCH3z
CO2CH3 CO2CH3
HNCO2CH3 HNCO2CH3
6 7
CHzO_ _OCH3 R 9
0,  OCHg . ‘ O OCHs
Ra N

/
HNR, chs

88, R, =R,=CO,CH3 9a, R=H

b, R,=CHz; Rp=CH,OH b, R=SCgHy

With ketal 8a, the azacycloheptane ring in lycoramine could
now be established. Lithium aluminum hydride reduction of
8a afforded the amino alcohol 8b in 99% yield. Cyclization of
8b with thionyl chloride-triethylamine (2 equiv) in chloroform
solution at —20 °C and deketalization with 1 M H2SOy at
room temperature gave amino ketone 9a in 76% yield: IR 5.81
w; mje 287.

The last stage of our synthesis plan, a 1,2-carbonyl trans-
position in 9a to give lycoraminone (11b),® required transfor-
mation of C(3) to the oxidation state of a ketone.? Thus, gen-
eration of the lithium enolate of 9a with lithium tetramethyl-
piperidide (2.1 equiv) in THF-hexamethylphosphoramide at
—178 °C, followed by addition of phenyl phenylthiosulfonate!®
(2.5 equiv) in THF at 0 °C and warming to room temperature
gave thioketal ketone 9b (IR 5.85 u). Reduction of 9b with
lithium aluminum hydride in ether at room temperature gave
the alcohol 10a, which was converted to the mesylate 10b in
70% overall yield from 9a.!! Thioketal hydrolysis in 10b was
carried out with mercuric chloride-mercuric oxide (2 equiv)
in aqueous acetonitrile at 50 °C!? to give keto mesylate 11a.

CgHsS X X
OCH 0.
C5H5s 3 0 OCHS
4 y
CHy chs
109, X=OH fla, X=OMs
b, X=OMs b, X=H

Treatment of 11a with chromous chloride!? in aqueous acetone
gave di-lycoraminone (11b, mp 99-100 °C, lit.2 mp 99-100
°C, IR 5.83 1) in 85% yield from 10b.

Stereoselective lithium aluminum hydride reduction of 11b
in refluxing THF, as described by Uyeo and co-workers? gave
dl-lycoramine (1, mp 94-97 °C, lit.2 mp 98-99 °C). The VPC
and TLC properties and 90-MHz proton nuclear magnetic
resonance and low resolution mass spectra of synthetic lyco-
ramine, m/e (caled for C)7H23NO3, 289.1676) 289.1672, were
identical with those of the natural material.1415.16
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Electron Deformation Density Distribution
for Cyclic Octasulfur by the SCF-Xa-SW Method
Sir:

We wish to report the first application of the self-consis-
tent-field-Xa-scattered-wave method!:2 to the calculation of
electronic deformation density distributions, Ap(r), i.e., the
difference between a molecular electronic density distribution
and the superposition of spherically averaged atomic distri-
butions.? The orbital energies and wave functions calculated
in the SCF-Xa-SW method have been employed successfully
in a wide variety of applications;* however, no comparison has
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Figure 1. Deformation density for Sg in an S-S-S face: (a) SCF-Xa-SW,
s, p basis; (b) SCF-Xa-SW, extended (s, p, d, f) basis; (c) experimental,
from ref 5. Contours at 0.10 e A3 (solid, positive Ap; short dashed, neg-
ative Ap). Long dashed contours in b are +0.067 and +0.007 ¢ A—3. See
ref 5 for effect of temperature parameters and differences between x-ray
and neutron atomic parameters.

heretofore been made between the electron density distribution
calculated with this method and experimental distributions
determined by x-ray diffraction. Such comparisons provide a
stringent test of the quality of the calculated wave func-
tions.

Coppens et al.> have recently reported Ap(r) distributions
for orthorhombic sulfur (Sg molecules) derived from x-ray
scattering experiments. Their results for the deformation
density in a triangular S-S-S face are reproduced in Figure
lc. In Figures 1a and 1b are shown deformation densities
calculated with the SCF-Xa-SW method in the muffin-tin
(nonoverlapping sphere) approximation for two different basis
sets. For Figure 1a, s and p waves were included in the sulfur
spheres, while s, p, and d waves were used on the outer sphere;
for Figure 1b, d and f waves were added to the sulfur spheres.
Two intermediate cases with d waves in the sulfur spheres and
waves up to/ = 2 and / = 4 on the outer sphere were also ex-
amined. The results are intermediate to those shown in Figures
la and 1b. In all cases the molecular wave functions were
generated in the usual manner® and the electron density was
calculated as the sum over contributions from all of the occu-
pied valence levels for a mesh of 6400 points. The frozen core
approximation was used throughout. A second distribution was
generated by superposing the spherically averaged valence
densities for s2p* sulfur atoms, placed at the positions of the
atoms in Sg, calculated by the Herman-Skillman method” (the
atomic Xa method) for the same value of o (0.72475)8 as for
the molecule. A point by point subtraction was then carried out
to yield the deformation density.

The comparison of Figure 1a and 1b with Figure 1c involves
a number of assumptions and possible uncertainties which
space restrictions do not allow us to discuss in detail. These
include (i) the neglect of crystal packing effects; (ii) the neglect
of molecular and crystal vibrations, i.e., temperature effects
(seeref 3, 5,9, and 10 for a discussion); (iii) possible systematic
errors remaining in the experimental data (see ref 3 and 5 for
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