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H at 5.95 r (2.8); CH2 groups and ethyl CH3 at 8.05, 
8.28 and 8.87 T (8.8). The infrared spectrum in CCl4 
shows N-H at 3454 cm.-1 (sharp) and 3348 cm.-1 

(hydrogen bonded, broad); olefinic C-H at 3030 cm. -1; 
CO at 1720 cm.-1; double bond at 1648 cm.-1. Ure-
thane (VIII) was identified by comparison of its in­
frared spectrum and its vapor phase chromatography 
retention time with those of an authentic sample. 

N-Carbethoxyazepine was obtained in 50% of the 
theoretical yield from a homogeneous solution of (VI) 
in benzene and 1.1 equivalents of triethylamine. It 
was identified by its ultraviolet spectrum (Xmax at 210 nui 
(log 14.37) and \max 329 mn (log e 2.74)), its infrared spec­
trum (no NH; H-H at 3051, 3033, 2984, 2933 cm.-1, 
CO at 1717 cm.-1, double bonds at 1651 cm.-1), its 
n.m.r. spectrum (triplet at 8.71 r; quartet at 5.81 r; 
multiplet from 3.9 to 4.8 T) . It was also hydrogenated2 

to the hexahydro compound, the infrared spectrum of 
which was identical with that of a" sample prepared from 
hexamethyleneimine and ethyl chloroformate. The 
formation of phenylurethane in the nitrene reaction 
could not be proven, since N-carbethoxyazepine itself 
readily isomerizes to phenylurethane. 
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Rh11(CO)1, AND ITS IDENTITY WITH PREVIOUSLY 
REPORTED Rh4(CO)11 

Sir: 
A three-dimensional crystal structure investigation 

has shown that the compound previously analyzed as 
Rh4(CO)H1 has the molecular formula Rh6(CO)16. 
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Fig, 1.—Molecular structure of Klie( CO)16. 

This is the first example of a hexanuclear metal car-
bonyl. 

Crystals of this air-stable black rhodium carbonyl 
were prepared by the reaction of dry RhCU and silver 
or copper powder at 80-230° and 200 atmospheres of 
carbon monoxide.1 Rh6(CO)16 crystallizes in a mono-

(1) W. Hieber and H. Lagally, Z. anorg. allgem. Chem., 851, 9« (1943). 

clinic unit cell of symmetry I2/a with dimensions a 
= 17.00 ± 0.03 A., b = 9.78 ± 0.02 A., c = 17.53 
± 0.03 A., 0 = 121°45' ± 30'. The observed density 
of 2.87 g./cc. determined by the flotation method agrees 
well with the calculated density of 2.86 g./cc. based on 
four Rh6(CO)ie molecules per unit cell. 

The structure was determined from an analysis of 
three-dimensional intensity data taken photograph­
ically with MoKa radiation. Final least-squares refine­
ment2 with an isotropic temperature factor for each 
atom gave discrepancy factor i?i = 7.1% and i?2 = 7.6%. 

In each molecular unit (Fig. 1) the rhodium atoms 
are located at the corners of an octahedron with a 
weighted average metal-metal bonding distance of 
2.776 ± 0.00I4 A. Twelve of the sixteen carbonyl 
ligands are terminal groups while the remaining four are 
located on 3-fold axes above four of the octahedral 
faces. Each of these latter four carbonyls which are 
directed toward the vertices of a tetrahedron is bonded 
to three rhodium atoms. The eight-coordinated tetrag­
onal antiprismatic rhodium atoms each have the same 
localized ligand environment: four adjacent rhodium 
atoms, two terminal carbonyl groups and two of the 
carbonyls that bridge three metal atoms. The idealized 
molecular point group symmetry is Td-43m. One of 
the three molecular 4 axes lies on a crystallographic 2-
fold axis. The following weighted average bond dis­
tances are found: for the terminally bonded carbonyls, 
Rh-C = 1.864 ± 0.015 A., C-O = 1.155 ± 0.015 A.; 
for the carbonyls bonded to three metal atoms, Rh-C 
= 2.168 ± 0.012 A., C-O = 1.201 ± 0.022 A. 

This is the first known polynuclear metal carbonyl 
that contains carbonyls bridged to three metal atoms. 
Similarly bridged groups have been shown conclusively 
by X-ray diffraction3 for (C6Hs)3Ni3(CO)2 in agreement 
with its infrared spectrum.4 A comparison of angles 
involving the bridge carbonyls in (C6HB)3Ni3(CO)2 
and Rh6(CO)I6 shows close agreement: Ni-C-O angle 
= 134° vs. Rh-C-O angle = 132° (av.); Ni-C-Ni 
angle = 77° vs. Rh-C-Rh angle = 79.5° (av.). Car­
bonyl ligands bonded to triangular arrangements of 
metal atoms have been predicted from infrared data for 
(C6He)3CO3(CO)2

1+ W and (C7Hs)3CO3(CO)2
1+6 and 

by analogy for Fe3(CO)u
2-.3^ 

Octahedral arrangements of metal atoms similar to 
that in Rh6(CO)I6 are found in the cations Mo6Cl8,

4+,8 

Nb6Cl12
2+,9 Ta6Cl12

2+ 9 and Ta6Br12
2+, 9 all of which 

can also be described on the basis of a tetragonal anti-
prismatic arrangement10-12 of eight electron pairs about 
each metal atom.13 

(2) W. R. Busing and H. A. Levy, "A Crystallographic Least-Squares 
Refinement Program for the IBM 704," Oak Ridge National Laboratory 
Report 59-4-37 (1959). 

(3) A. A. Hock and O. S. Mills, "Advances in the Chemistry of the Co­
ordination Compounds," edited by S. Kirschner, The Macmillan Co., New 
York, N. Y., 1961, pp. 640-648. 

(4) E. O. Fischer and C. Palm, Chem. Ber., 91, 1725 (1958). 
(5) E. O. Fischer and O. Beckert, Angew. Chem., 70, 744 (1958). 
(Ii) P. Chini and R. Ercoli, Gazz. Mm. UaI., M, 1171 (1959). 
(7) W. Hieber and G. Brendel, Z. anorg. allgem. Chem., M9, 324 (1957). 
(8) C. Brosset, Arkiv Kemi, Mineral. Ceol., SOA, No. 7 (1945); SlA, No. 

11 (1946); C, Brosset, Arkiv Kemi, 1, 353 (1950); P. A. Vaughan, Proc. 
NaIl. Acad. Sci. U.S., 3«, 461 (1950). 

(9) P. A. Vaughan, J. H. Sturdivant and L. Pauling, J. Am. Chem. Soc 
TS, 5477 (1950); R. B. Corey, R. H. Stanford, Jr., R. E. March, Y. C 
Leung and L. M. Kay, Acta Crysl., IS, 1157 (1962). 

(10) G. H. Duffey, J. Chem. Phys., 1», 963 (1951). 
(11) R. J. Gillespie, Can. J. Chem., 39, 2336 (1961); R. J. Gillespie, in 

ref. 3, pp. 34-49. 
(12) L. D. Crossman, D. P. Olsen and G. H. Duffey, J. Chem. Phys., SS, 

73 (1963). 
(13) The two rhodium-bridged carbonyl bonds presumably are "bent." 

Directed valence bond metal hybrid orbitals have been constructed by 
Duffey for both a regular tetragonal antiprismatic arrangement14 and a dis­
torted version10 based on the Ta8Clii*+ structure. 

(14) C. H. Duffey, / . Chem. Phys., 18, 746 (1950). 
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Rhe(CO)i6 is an exception to the "inert gas rule" for 
the polynuclear metal carbonyls in that the entire 
molecule contains two electrons in excess of the "xenon" 
configuration for each rhodium atom. The observed 
spin-pairing of all electrons16 can be rationalized from a 
consideration of LCAO MO symmetry arguments based 
on an assumed localized D41J antiprismatic configura­
tion. Sixteen of the I8V3 electrons per rhodium are 
utilized in filling the eight ^-bonding arbitals." The 
problem then resolves into placing the remaining 2'/» 
electrons per rhodium (or seven electron-pairs for the 
six rhodiums) into appropriate antibonding MO's 
which are assumed to possess mainly the characteristics 
of the metal AO's. From the presumed energetics of 
the tetragonal antiprismatic system,18 the rhodium­
like orbitals available for bonding with one another are 
the lowest-lying dz2 and the next lowest degenerate 
(dx2_y2, dxy) MO's. From the dzs orbitals for the six 
rhodiums one can form six linear combinations which 
under octahedral (Oh) symmetry split to give aig, eg 
and tm levels. Since the dzi orbital for each rhodium 
apparently lies considerably below the other orbitals 
due to its antiprismatic environment, it is reasonable 
that all of these levels are occupied with six electron-
pairs. Likewise, the six d*2_y2 orbitals give rise to 
a2g, eg and t2u and the six dxy orbitals yield a2u, eu and 
t2g. From overlap considerations it appears that the 
lowest of these six energy levels is the a2u, and hence 
the remaining electron-pair will occupy a non-degen­
erate level. Since this electron-pair is strongly de-
localized and has low-lying excited levels, both the 
spin-pairing and the intense absorption of this black com­
pound can be explained. Of obvious significance is 
whether these two electrons can be selectively removed 
to give Rh6(CO)16

1+ and Rh6(CO)I6
2+ species. 

It should be noted that the unpaired electron in 
(C6HB)3Ni3(CO)2 which also formally must lie in an 
antibonding MO with respect to the C6H6

1- and CO 
ligands has been assigned on the basis of electron spin 
measurements19 to a 7r-bonding combination of essen­
tially 3d orbitals on the nickel atoms. For Rh6(CO)i6, 
however, the antibonding 7r-type (dxz, dyz) MO's for 
a tetragonal antiprismatic arrangement appear to be 
energetically unfavorable and furthermore, a combina­
tion of such orbitals under octahedral symmetry would 
lead to a lowest-lying degenerate "spin-free" state. It 
then would be necessary to invoke the Jahn-Teller 
theorem to obtain a "spin-paired" electronic con­
figuration in the ground state. Within experimental 
error no molecular distortion is observed. 

The molecular structure is in complete accord with 
the observed infrared spectrum20 which shows two 
bands in the terminal carbonyl region at 2073 and 2026 
cm. - 1 and one band at 1800 cm. - 1 which may be as­
signed to the bridged carbonyls each bonded to three 
rhodium atoms. A vibrational analysis reveals that the 
Td structure predicts two infrared-active terminal C-O 

(15) Magnetic susceptibility measurements'" on Rha(CO)n show that it 
is very slightly paramagnetic. The susceptibility is not field dependent 
and shows no change on cooling from room temperature to 900K. Since 
a value of 0.29 X 1O-' e.m.u./g. is obtained, it is concluded that there are 
no free spins and that the observed paramagnetism comes from small 
orbital contributions. 

(16) We wish to thank Drs. P. J. Darnell and D. Flippen of the Central 
Research Department, E. I. du Pont de Nemours and Co., for carrying out 
this study for us. 

(17) Each rhodium possesses a ninth orthogonal valence ff-type orbital 
made up primarily of the dBi AO which is directed along a 4-axis of Rh«(CO)ie 
toward the center of the molecule. The degenerate (dx«, dy*) AO's are 
tr-type orbitals while the degenerate (d*»-yi, dxy) AO's are J-type orbitals 
(referred to the principal symmetry axis). 

(18) Cf., J. R. Perumareddi, A. D. Liehr and A. W. Adamson, J. Am. 
Ckem. Soc, St, 249 (1963). 

(19) H. C. Longuet-Higgins and A. J. Stone, MoI. Physics, I, 417 (1962). 
(20) W. Beck and K. Lottes, Ckem. Ber., »t, 2578 (1961). 

stretching frequencies (both of F2 symmetry) and one 
infrared-active asymmetric bridge C-O stretching fre­
quency (F2 symmetry). As assignment also can be 
made with the assumption that the coupling between 
the terminal carbonyl groups attached to different 
rhodium atoms can be neglected. Each Rh(CO)2 
fragment of localized C2v symmetry would then give 
rise to two infrared-active terminal C-O stretching 
fundamentals of Ai and Bi representation; the sym­
metric mode (Ai) should correspond to the higher 
frequency (i.e., 2073 cm.-1) and the antisymmetric 
mode (Bi) to the lower frequency (i.e., 2026 cm. -1).2122 

The authors wish to express appreciation to Professor 
W. Hieber for his interest in this investigation. We 
are indebted to the National Science Foundation 
(Grant No. 86-3474) for the financial support given 
to this work and acknowledge the use of computing 
facilities of NAL (University of Wisconsin) and MURA 
(Madison). 

(21) L. E. Orgel, Inorg. Ckem., I1 25 (1962). 
(22) F. A. Cotton and C. S. Kraihanzel, J. Am. Chem. Soc, 81, 4432 

(1962). 
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BURNAMICINE, A CRYPTOPINE-LIKE ANALOG OF 
CORYNANTHEOL 

Sir: 

The alkaloids of Hunteria eburnea Pichon have been 
the subject of a detailed examination1 2 and have yielded 
23 bases, among which were discerned representatives 
of new classes of indole alkaloids, in particular the 
eburnamine group8 and the quaternary diastereoiso-
meric Nb-methyl derivatives of hunterburnine.4 Al­
though several examples of yohimbinoid bases were 
found in the quaternary base fraction,14 none were 
recognized until now among the tertiary bases,2 and 
the results to be described below allow us to put for­
ward the structure I for burnamicine,2 making it not 

(HOOC)' 
I I 

only the equivalent in indole alkaloids of cryptopine 
in isoquinoline alkaloids, but also the first representa­
tive of yet another variant of the formal yohimbinoid 
precursor II.8 This knowledge may be of importance 

(1) M. F. Bartlett, B. Koriun, R. Sklar, A. F. Smith and W. I. Taylor, 
J. Org. Ckem., in press. 

(2) M. F. Bartlett, R. Sklar, A. F. Smith and W. I. Taylor, in preparation. 
(3) M. F. Bartlett and W. I. Taylor, J. Am. Chem. Soc., M, 5941 (1960). 
(4) J. D. M. Asher, J. M. Robertson, G. A. Sim, M. F. Bartlett, 

R. Sklar and W. I. Taylor, Proc. Ckem. Soc., 72 (1962); C. C. Scott, G. A. 
Sim and J. M. Robertson, ibid., 355 (1962). 

(5) E. Schiittler and W. I. Taylor, Exferientia, it, 244 (1960). 


