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The acid-catalyzed rearrangements of morphinandi
enones thus follow two principal routes, one which leads to 
dibenzazonine derivatives (e.g., 1 -» 2 —*• 4), and a second 
which leads to aporphines (e.g., 1 -» 9 - * 10). The rear
rangement to aporphines appears to be favored in reactions 
involving substrates and conditions which may enhance the 
participation of the nitrogen free electron pair, possibly 
through the intermediacy of a species such as 13.20 Exami-

OCH, 

13 

nation of the molecular model of 13 indicates that stereo-
electronic factors favor migration of the aryl group, to yield 
a proerythrinadienone intermediate. In contrast, those acid-
catalyzed rearrangements of morphinandienones whch in
volve minimal nitrogen participation (e.g., with boron tri-
fluoride salts or amide derivatives) result in migration of 
the alkyl group, to yield neospirine derivatives. 

Biosynthetic studies have demonstrated that (±)-reticu-
line (5d) is a precursor of the aporphine alkaloids (+)-bul-
bocapnine,21 (+)-isoboldine,22 and (+)-magnoflorine,23 and 
these results have been interpreted as indicative of a "di
rect-coupling" mechanism. The in vivo conversion of (±) -
reticuline (5d) to morphinandienones has also been demon
strated.24 In view of the newly discovered facile in vitro con
version of morphinandienones to aporphines, biosynthetic 
experiments are underway to explore the possibility that 
morphinandienones may as well be in vivo precursors of 
aporphine alkaloids. 

References and Notes 

(1) Presented in part at a Meeting of the Heterocyclic Chemistry Group, The 
Chemical Society, London, Jan 6, 1975. 

(2) This investigation was supported by grants from the National Cancer In
stitute (CA-12059) and from Hoffmann-La Roche Inc. 

(3) S. M. Kupchan, A. J. Liepa, V. Kameswaran, and R. F. Bryan, J. Am. 
Chem. Soc, 95, 6861 (1973). 

(4) S. M. Kupchan, V. Kameswaran, J. T. Lynn, D. K. Williams, and A. J. 
Liepa, ibid., preceding paper in this issue. 

(5) L. L. Miller, F. R. Stermitz, and J. R. Falck, J. Am. Chem. Soc, 95, 2651 
(1973). 

(6) (a) E. Kotani and S. Tobinaga, Tetrahedron Lett., 4759 (1973). (b) T. Ka-
metani, K. Shishido, and S. Takano, J. Heterocycl. Chem., 12, 305 
(1975). (c) The direct yield of 1, uncorrected for recovered starting ma
terial, was 83%. 

(7) K. Ito, H. Furukawa, and H. Tanaka, Chem. Pharm. Bull., 19, 1509 

(1971). We thank Professor Ito cordially for an authentic comparison 
sample of erybidine. The mixture melting point, mixture TLC, ultraviolet, 
and mass spectra of the synthetic sample were identical with those of 
the reference alkaloid sample. 

(8) S. M. Kupchan and D. K. Williams, unpublished results. 
(9) All new compounds were characterized by concordant analytical and 

spectral data. The structural formulas containing asymmetric atoms 
refer to racemic compounds. 

(10) J. H. Quastel, Analyst, 56, 311 (1931). 
(11) S. M. Kupchan, V. Kameswaran, and J. W. A. Findlay, J. Org. Chem., 

38, 405 (1973). 
(12) A. R. Battersby, J. L. McHugh, J. Staunton, and M. Todd, Chem. Com-

mun., 985(1971). 
(13) M. A. Schwartz and I. S. Mami, J. Am. Chem. Soc., 97, 1239 (1975). 
(14) D. H. R. Barton, D. S. Bhakuni, R. James, and G. W. Kirby, J. Chem. 

Soc. C, 128(1967). 
(15) A. H. Jackson and J. A. Martin, J. Chem. Soc. C, 2222 (1966). 
(16) T. A. Henry, "The Plant Alkaloids", Churchill, London, 1949. 
(17) A. H. Jackson and J. A. Martin, J. Chem. Soc. C, 2181 (1966). 
(18) We thank Dr. R. H. F. Manske cordially for the sample of (+)-corydine. 
(19) J. M. Gulland and R. D. Haworth, J. Chem. Soc, 1834 (1928). 
(20) Cf. L. L. Miller, F. R. Stermitz, J. Y. Becker, and V. Ramachandran, J. 

Am. Chem. Soc, 97, 2922 (1975). 
(21) G. Blaschke, Arch. Pharm., 301, 432 (1968); 303, 358 (1971). 
(22) E. Brochmann-Hanssen, C-C. Fu, and L. Y. Misconi, J. Pharm. Sci., 60, 

1880(1970). 
(23) E. Brochmann-Hanssen, C-H. Chen, H.-C. Chiang, and K. McMurtrey, J. 

Chem. Soc, Chem. Commun., 1269 (1972). 
(24) D. H. R. Barton, G. W. Kirby, W. Steglich, G. M. Thomas, A. R. Batters

by, J. A. Dobson, and H. Ramuz, J. Chem. Soc, 2423 (1965). 

S. Morris Kupchan,* Chang-kyu Kim 
Department of Chemistry, University of Virginia 

Charlottesville, Virginia 22901 
Received June 3,1975 

New Metalloorganic Compounds of Tungsten(III) 

Sir: 

The high stability and number of chromium(III) com
plexes have no counterpart in the chemistry of molybdenum 
and tungsten.1 For example1 the only pure halo compounds 
of tungsten(III) are W 2Xg 3 - salts where X = Cl and Br. 
We wish now (i) to report a simple synthesis of tungsten-
(III) dialkylamides and our characterization of these com
pounds and (ii) to indicate how these compounds afford 
synthetic routes to an extensive chemistry of tungsten(III) 
which was hitherto unknown. 

Previously we reported2 that the reaction of LiNMe2 

with a variety of tungsten halides led to either pure 
W(NMe 2 ) 6 or mixtures of W(NMe 2 ) 6 and W2(NMe2)6 . 
However, we were unable to isolate pure W2(NMe2)6 from 
these W(III)-W(VI) mixtures by classical techniques. An 
examination of the mixed W(III)-W(VI) dimethylamides 
by X-ray diffraction techniques showed that the two di
methylamides cocrystallized. The unit cell contained two 
dimers, W2(NMe2)6, and one monomer, W ( N M e 2 V This 
study was significant in providing the first structurally 
characterized molecule with an unbridged triple bond be
tween two tungsten atoms. However, W(III)-W(VI) di-
methylamide samples were not amenable for the develop
ment of the chemistry of tungsten(III). Since W(NMe2)6 is 
an extremely sterically congested molecule, we thought that 
synthetic procedures which had formerly yielded the high
est W 2(NMe 2) 6 to W(NMe2)6 ratio would further favor the 
formation of W2(NR2)6 at the expense of W(NR2)6 if other 
lithium dialkylamides LiNR2 were employed (these are in
herently more bulky than "NMe 2 ) . We have now found 
that this is indeed the case. The reaction of decomposed 
WCl4(OEt2)2

3 with LiNMeEt or LiNEt2 (4 equiv) in 
THF-hexane leads to the isolation of the appropriate 
W(III) dialkylamides upon sublimation, 120-150°, 10"4 

cm Hg, as pale-yellow crystalline solids. These compounds 
are oxygen and moisture sensitive, diamagnetic, and show 

Communications to the Editor 



5626 

A , 
Figure 1. 1H NMR spectra of W2(NEt2)4Cl2 recorded in toluene-t/s at 
60 MHz: A at 116° and B at -32°. 

W2(NR2)6
+ and only other W2-metal-containing ions in 

the mass spectrum. The 1H NMR spectra of these com
pounds reveal the temperature-dependent rate of exchange 
of proximal and distal alkyl groups analogous to that ob
served for M2(NMe2J6 (M = Mo, W).2'4 W2(NMeEt)6 
adopts a ground state configuration with six proximal-
methyl and six distal-ethyl groups.5 

During the course of our systematic study of the reac
tions of tungsten halides with LiNMe2 we have found that 
WCU, freshly prepared according to the method of McCar-
ley,6 reacts with LiNMe2 (4 equiv) to give pure 
W2(NMe2)6. It is not obvious why this should be so, espe
cially since WCU(OEt2J2 reacts to give only W(NMe2J6 
and decomposed WCl4(OEt2)2 gives mixtures of 
W2(NMe2J6 and W(NMe2J6. However, these observations 
are reproducible. 

It is thus possible to prepare analytically pure samples7 of 
W2(NMe2J6, W2(NMeEt)6, and W2(NEt2)6 in yields ca. 
40% based on tungsten. We have isolated a mixed chloro-
(dialkylamido)tungsten(III) compound, W2(NEt2)4Cl2,8 

from reactions involving deficiencies of LiNEt2. 
W2(NEt2)4Cl2 is a red, volatile (120°, 1(T4 cm Hg), air-
sensitive crystalline solid and is appreciably more soluble in 
hydrocarbon solvents than W2(NEt2)6. It is diamagnetic, 
dimeric, and shows W2(NEt2^Cl2

+ and many other W2-
containing ions in the mass spectrum. The high and low 
temperature limiting spectra of W2(NEt2^Cl2 in toluene-
^8, shown in Figure 1, clearly indicate (i) the temperature-
dependent rate of proximal and distal alkyl exchange and 
the large diamagnetic anisotropy induced by the W-W tri
ple bond and (ii) the inequivalence of the methylene protons 
even at the high temperature limit. The magnetic inequiv
alence of the proximal methylene protons in the low tem
perature limiting spectrum is particularly pronounced. The 
1H NMR data together with other observations lead us to 
suggest an anti-ethane-like structure for the 
ClN2W=WN2Cl moiety. We are currently extending our 
synthetic efforts using more sterically demanding "NR2 
groups with the hope of isolating monomeric three-coordi
nate tungsten(III) compounds (cf.9 Cr(N-i'-Pr2)3). 

Tungsten(III) dialkylamides react with alcohols, ROH, 
in hydrocarbon solvents to give alkoxides W(OR)3. The na
ture of the alkoxide is dependent on the steric properties of 

the alkyl group R. Small alkyl groups, such as methyl, give 
black polymeric nonvolatile alkoxides which are insoluble in 
hydrocarbon solvents. Bulky alkyl groups, such as J-Bu and 
SiMe3, give orange volatile10 diamagnetic dimeric com
pounds. Spectroscopic data are consistent with an un-
bridged (RO)3W=W(OR)3 structure. It is interesting to 
note that W2(OSiMe3)6 forms adducts with small donor 
molecules, e.g., W2(OSiMe3)6(HNMe2)2, which is a purple 
diamagnetic dimeric crystalline solid and is initially formed 
in the reaction between W2(NMe2J6 and Me3SiOH. The 
coordinated amine is readily released under vacuum at ele
vated temperatures (>50°). 

W2(O-J-Bu)6 reacts reversibly with carbon dioxide in tol
uene at room temperature to give a green diamagnetic di
meric alkoxide(alkylcarbonate) W2(O-J-Bu)4(O2CO-J-
Bu)2, which has been isolated as an analytically pure crys
talline compound from cooled toluene solutions in the pres
ence of an atmosphere of CO2. When this compound is re-
dissolved in the absence of CO2, W2(O-J-Bu)6 is regenerat
ed. 

W2(NMe2J6 and W2(NMeEt)6 react rapidly with CO2, 
COS, and CS2 (in excess) in benzene at room temperature 
to give the appropriate tungsten(III) -/V.N-dialkylcarbama-
to, -monothiocarbamato, and -dithiocarbamato compounds, 
respectively. The iV,/V-dialkylcarbamato compounds are 
diamagnetic yellow crystalline solids and are dimeric in 
benzene. In the mass spectrum they show parent ions 
W2LsNR2

+ corresponding to loss of one CO2 from W2L6 
(L = O2CNR2). From a comparison of vibrational spectra 
of 12C16O2, 13C16O2, and 12C18O2 labeled W2(02CNMe2)6 
and other 7V,7V-dimethylcarbamato compounds of known 
structure,11 we believe the ditungsten compound contains 
two types of bidentate "O2CNMe2 ligands. Consistent with 
this suggestion are the observations that W2(02CNMe2)6 
and W2(O2CNMeEt)6 show only one JV-methyl resonance 
in their respective 1H NMR spectra at room temperature 
and above but at lower temperatures these appear as dou
blets in the integral ratio 2:1. These carbamato compounds 
are all extremely labile toward CO2 exchange as represent
ed by eq I12 

W2L6 + *C02 — W2L6* + CO2 (1) 

where L = O2
12CNMe2, L* = O2

13CNMe2. In contrast to 
the diamagnetic nature of W2(02CNR2)6, the 7V,7V-dialkyl-
dithiocarbamates W(S2CNR2J3 are paramagnetic green 
crystalline substances (cf.13 Mo(S2CNR2J3). 

We conclude that (i) there is probably an extensive 
chemistry surrounding tungsten in its trivalent state, (ii) 
W2(NR2)6 provide good starting materials for an explora
tion of this chemistry, (iii)14 M-M multiple bond formation 
is greatly favored for W(III) relative15 to Cr(III), and (iv) 
many of the above new tungsten(III) compounds pose in
triguing structural questions and are worthy of detailed 
structural investigations. 
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Electron Density Distribution in Cumulenes. A Low 
Temperature X-Ray Study of Tetraphenylbutatriene 

Sir: 

In recent years accurate X-ray (and neutron) diffraction 
measurements at low temperatures, together with the devel
opment of various computational techniques,1 have led to 
significant progress in determining the electron density dis
tribution in a chemical bond. 

As part of a study on the correlation between the align
ment of TT electrons in crystalline ethylenes and their photo-
reactivity2 we have mapped the bonding densities in a buta-
triene3 chain confirming that the ir densities of adjacent 
C = C bonds lie in mutually perpendicular planes. The mo
lecular difference density was derived from low temperature 
X-ray data with the aid of a charge deformation model as 
developed by Hirshfeld. lb In this method, the charge dis
placement is expanded in a basis of localized deformation 
functions centered on the several atoms, and the coefficients 
of these functions are determined by least squares from the 
X-ray intensities. 

X-Ray diffraction data of tetraphenylbutatriene4 were 
collected at ~100°K on a computer-controlled Nonius 
CAD-3 diffractometer5 with graphite-monochromatized 
Mo Ka radiation. A total of 22241 reflections were mea
sured up to 9 = 40°, yielding 8325 independent reflections. 
The structure was refined by full-matrix least-squares ad
justment of 341 parameters; these included 92 electron-den
sity deformation coefficients, 144 positional, and 104 ther
mal parameters. A thermal-motion rigid-body constraint6 

was applied to each of the phenyl rings. 
Final reliability indices were R = 0.07 and 

Table I. Mean Bond Lengths (A), Their Estimated Variances2 and 
Their Estimated Net "Bonding" Charge (electrons) 

r = [Sw(F0
2 - K 2 F 0

2 ) 2 /SwF 0
4 ] 1 / 2 = 0 08 

The quality of the structure determination7 is reflected in 
the low estimated variances of the mean bond lengths of 
chemical equivalent bonds shown in Table I. 

The deformation densities showed accumulation of 
charge between bonded atoms, with the carbon atoms lying 

Bonds 

C1-C2 

C 2 -C 3 
C3-C4 

C4-C5 

C5-C6 

C 6 -C , 

Mean bond length 

1.2596 
1.3479 (6) 
1.4775 (5) 
1.4063 (10) 
1.3936 (8) 
1.3986(15) 

Net charge 

0.30 
0.22 
0.11 
0.20 
0.20 
0.20 

a a2 (J) = £(/; - / Yln(n - 1), where I is the mean and n is the 
number of chemically equivalent bonds. 

Figure 1. Deformation density in the butatriene plane (>C=C=-
C=C<). Contour interval 0.1 eA-3: zero contour broken, negative 
contours dotted. 

Figure 2. Deformation density sections perpendicular to the various 
C-C bonds through their centers: (top left, a) the outer C2=C3 bond, 
(top right, b) the inner C1 =C2 bond, (bottom left, c) an aromatic 
bond, (bottom right, d) the exocyclic C3-C4 bond. The vertical direc
tion is perpendicular to the butatriene plane for (a) and (b) and to the 
phenyl plane for (c) and (d). Contours as in Figure 1. The center of the 
bond is marked +. 

in shallow troughs of negative difference density. In the bu
tatriene chain the peak heights at the bond centers (Figure 
1) are 0.9 (±0.05) and 0.75 (±0.05) e/A3 for the inner and 
outer C = C bonds. The density sections perpendicular to 
these two bonds through their centers (Figure 2a, b) are el
liptic, with their long axes mutually perpendicular, the 
charge in the outer C = C bond is elongated along the nor
mal to the butatriene plane while that in the inner C=C 
bond is elongated in the plane. 
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