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The interaction of four butatrienes with chlorotris(tripheny1phosphine)rhodium produced several new 
A complexes. All of the Complexes are air-stable, crystalline solids, although they are slightly oxygen sensitive 
in solution. The IR spectra of these complexes show a band between 2205 and 2235 cm-l, attributable 
to the cumulenic absorption, and all other spectra are consistent. An X-ray crystal structure determination 
of bis(triphenylphosphine)chloro[ 1,1,2,2-tetramethyl-3- (3-methyl-l,2-butadienylidene)cyclopropane]rhodium 
was undertaken to confirm the structural assignments. This complex crystallizes in the monoclinic space 
group E 1 / c ,  with a = 14.234 (2) A, b = 11.105 (1) A, c = 27.287 (12) A, 0 = 92.86 ( 2 ) O ,  and 2 = 4. The 
X-ray study clearly shows the v2-butatriene ligand occupying the position trans to the chloride, oriented 
perpendicular to the rhodium coordination plane and A bound to the metal using the central olefin bond. 
The cyclopropane ring of the ligand is intact. The complexes were subjected to hydrogenation conditions, 
but the unsaturated linkage was not hydrogenated. Carbon monoxide readily displaced the butatrienes 
from the complexes. These results are discussed in detail. 

Compounds with cumulated double bonds have been of 
interest to organic chemists since the first reports of allenes 
nearly a century ago.' Since then, the chemistry of allenes 
has grown to a large body of information,2 with higher 
homologues comprising a much smaller portion of the 
data.3 The transition-metal organometallic chemistry of 
the cumulenic linkage is limited to a handful of examples, 
despite the fact that there is a variety of ways to attach 
a cumulene ligand to a metal. Three simple modes are 
carbene 1, 7'-allenyl (cumulenyl), 2, and V2-olefin, 3. To 
our knowledge, only four examples of allenylidene carbene 
complexes exist: while higher homologues have not been 
reported. There are a few examples of 7'-allenyl com- 
plexes5 but only two reports of 7'-butatrienyl complexes.6 

The A-complex chemistry of allenes, the simplest cu- 
mulenes, is fairly extensive and has been reviewed.' There 

(1) (a) Gustavson, G.; Demjanov, N. J. Prakt. Chem. 1888, 146, 
201-207. (b) Morton, L. M.; Noyes, A. A. Am. Chem. J. 1888,10,430-433. 

(2) For reviews, see: (a) Taylor, D. R. Chem. Rev. 1967,67, 317-359. 
(b) Caserio, M. C. Sel. Org. Transjorm. 1970,1, 239-299. (c) Rossier, R.; 
Divers, R. Synthesis 1973, 25-36. (d) Atkinson, R. S. Aliphatic Chem. 
1975,3, 1-131. 

(3) (a) Murray, M. Methoden Org. Chem. (Houben-Weyl) 1977,5/2a, 
973-1076. (b) Hopf, H. 'The Chemistry of Ketenes, Nenes, and Related 
Compounds", Part 2; Patai, S., Ed.; Wiley-Interscience: Chichester, 1980. 
Chapter 20, pp 779-901. 

(4) (a) Fischer, E. 0.; Kalder, H.-J.; Frank, A.; Kohler, H.; Huttner, 
G. Angew. Chem., Int. Ed. Engl. 1976, 15, 623-624. (b) Berke, H. J. 
Organomet. Chem. 1980.185.75-78. (c) Berke. H. Chem. Ber. 1980.113. . .  
1370-1376. (d) Selegue; J. P. Organometallics 1982, 1, 217-218. 
(5) Inter alia (a) Collman, J. P.; Came, J. N.; Kang, J. W. Inorg. Chem. 

1969,8, 2574-2579. (b) Cooksey, C. J.; Dodd, D.; Gafford, C.; Johnson, 
M. D.; Lewis, G. J.; Titchmarsh, D. M. J.  Chem. SOC., Perkin Trans.  2 
1972,655-662. (c) Raghu, S.; Rosenblum, M. J. Am. Chem. SOC. 1973, 
95,3060-3062. (d) Crease, A. E.; Gupta, B. D.; Johnson, M. D. J. Chem. 
Soc., Dalton Trans.  1978, 1821-1825. 

(6) (a) Hoberg, H.; Gotot, V.; Mynott, R. J.  Organomet. Chem. 1978, 
149, 1-4. (b) Stang, P. J.; Wistrand, L. G. Ibid. 1981, 204, 405-409. 

(7) (a) Shaw, B. L.; Stringer, A. J. Inorg. Chim. Acta Rev. 1973, 7,l-10. 
(b) Bowden, F. L.; Giles, R. Coord. Chem. Rev. 1976,20, 81-106. 
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are several reports of butatrienes a bound to metals, but 
many involve binuclear complexes, usually with bonding 
modes other than q2.8 The examples of mononuclear A 

complexes of butatrienes include a (T2-butatriene) (v5- 
cyclopentadieny1)dicarbonyliron cation (4),9 tetra- 
carbony1(T2-tetraphenylbutatriene)iron (5),1° and some 
diquinoethylene complexes of rhodium (6,7)." Two of 
these complexes have had their structures determined by 
X-ray diffraction."J2 Tetracarbonyl(tetra-tert-butyl- 
hexapentaene)iron (8) has also been reported.13 We wish 
to report a high-yield synthesis of some new T2-butatriene 
complexes of rhodium, three of which have a cyclopropane 
ring as an integral part of the ligand, as well as an X-ray 
diffraction determination of the structure of one of these 
complexes. 

Results and Discussion 
The interaction of butatrienes 9-12 with an equivalent 

of Wilkinson's catalyst, chlorotris(tripheny1phosphine)- 

(8) (a) Nakamura, A.; Kim, P.-J.; Hagihara, N. J. Organomet. Chem. 
1965, 3, 7-15. (b) Nakamura, A. Bull. Chem. SOC. Jpn. 1965, 38, 
1868-1873. (c) Nakamura, A.; Kim, P.-J.; Hagihara, N. J. Organomet. 
Chem. 1966,6,420. (d) Joshi, K. K. J.  Chem. SOC. A 1966,594-597. (e) 
Bright, D.; Milla, 0. S. Ibid. 1972, 2464-2469. (0 Gerlach, J. N.; Wing, 
R. M.; Ellgen, P. C. Inorg. Chem. 1976,15,2959-2964. (9) Victor, R. J. 
Organomet. Chem. 1977, 127, C25-C28. (h) Victor, R.; Ringel, I. Org. 
Magn. Reson. 1978,11,31-33. (j) Bruce, M. 1.; Gardner, R. C. F.; Howard, 
J. A. K.; Stone, F. G. A.; Welling, M.; Woodward, P. J.  Chem. SOC., Dalton 
Trans.  1977, 621-629. (k) Bauch, T. E.; Giering, W. P. J. Organomet. 
Chem. 1978,144,335-349. (1) Franck-Newman, M.; Martina, D.; Brion, 
F. Angew. Chem., Int. Ed. Engl. 1981,20,864-865. 

(9) Bauch, T. E.: Konowitz, H.; Giering, W. P. J. Organomet. Chem. 
1976,114, C15418. 
(10) Joshi, K. K. J. Chem. SOC. A 1966, 598-599. 
(11) Hagelee, L.; West, R.; Calabrese, J.; Norman, J. J. Am. Chem. SOC. 

(12) Bright, D.: Mills, 0. S. J. Chem. SOC. A. 1971, 1979-1982. 
(13) King, R. B.; Harmon, C. A. J. Organomet. Chem. 1975,88,93-100. 

1979, 101, 4888-4892. 
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rhodium (13), in benzene led to the isolation of four new 
complexes, initially assigned the structures 14-17 by 
analogy to 4-7 (Scheme I). 

The complexes 14-17 are all yellow, air-stable crystalline 
solids, and the yields are uniformly good. Reaction times 
for their formation are fairly short and conditions mild, 
with the exception of 14, which required several hours a t  
benzene reflux. These compounds exhibit some sensitivity 
on long exposure to air in solution but can be isolated by 
chromatography on unactivated silica gel using CHC13/ 
CCll mixtures where no particular care has been taken to 
exclude air or water. Again, the exception is complex 14, 
which could not be chromatographed, and had to be 
crystallized from CHC1,. Table I summarizes the spectral 
data for complexes 14-17. 

The IR spectra of complexes 15-17 reveal the existence 
of a medium-strength, broad band in the region of 
2205-2235 cm-', which we attribute to the cumulene 
stretch in the complexed ligand. This amounts to a shift 
of 14F180 cm-l to higher energy compared to the uncom- 
plexed butatriene; for example, 11 has a cumulene ab- 
sorption at  2055 cm-', while complex 16 has a band at 2230 
cm-'. This band has not been reported in previous exam- 
ples, perhaps due to the high symmetry of the cumulenes 
used in earlier studies. 

The 'H NMR spectra of complexes 15-17 show that the 
rhodium is attached in such a manner that it causes oth- 
erwise equivalent methyls to become nonequivalent. 
Complex 15 shows this most clearly-the four methyls on 
the cyclopropane ring of the ligand are split into two pairs 
(CDCl,, 6 0.57,0.90) and the isopropylidene methyls are 
also differentiated (CDCl,, 6 1.27, 1.67). The nearness of 
the methyls to rhodium also causes a significant upfield 
shift of these groups compared to the starting cumulene. 
Thus, in 10 the cyclopropane methyls are a t  6 1.26, and 

Figure 1. Perspective view of complex 15 with atom numbering 
given. Only non-hydrogen atoms are shown. 

Scheme I 

9 I 
CI 
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CI 
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CI 
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CI 

17 

the isopropylidene methyls are a t  6 1.93 in CDC1,. It is 
therefore clear that in 15, the methyls on the same side 
as the rhodium ("2-like") are at the higher field positions, 
while the others ("E-like") are closer to the shifts in the 
starting butatriene. A further confiat ion of the structure 
comes from the fast atom bombardment (FAB) mass 
spectra of complexes 15 and 16 that show peaks at  m/z 
789 and 914, respectively, which are assigned to the mo- 
lecular ions of these complexes, minus chloride. The de- 
tails of the FAB mass spectra of complexes 15 and 16 have 
been recently disc~ssed.'~ 

(14) Sharp, T. R.; White, M. R.; Davis, J. F.; Stang, P. J., submitted 
for publication in Org. Mass Spectrom. 
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Figure 2. A stereoscopic view of complex 15. The hydrogen atoms have been omitted for clarity. 

Table I. Properties of (Cumu1ene)rhodium Complexes 14-17 

compd yield: % mp,b "C IRC vmax, cm-' 'H NMRd 6 (H's, mult) MS, m/z 
14 69.7 243-246 3055,2985,1480,1435, 7.0-7.8 (complex m) 

15 7 3.8 167-169 3050,2900,2860, 2205, 0.57 (6, s), 0.90 (6, s), 7 89 
1090,770,755,700 

1480,1430,1095,745, 
695 7.2-7.8 (30, m) 

1480,1435,1095,745, 6.7-7.9 (40, m) 
700 

2235,1840,1480,1430, 1.00-1.66 (12, complex m), 
1095,915,745,695 

1.27 (3, s), 1.67 (3, s), 

16 7 2.7 17 8-17 9.5 3055,2910,2860,2230, 0.57 (6, s), 0.90 (6, s), 913 

17 90.0 153-1 55 3050,2990,2900,2850, 0.61 (6, s), 0.74 (6, s), 

2.58 (1, s), 3.47 (1, s), 
7.13-7.87 (30, m) 

a Isolated yield. All decomposing. KBr pellet. CDCl, , Me,Si internal standard, 

Table 11. Crystal Data of 15 

C, ,H, ,ClP ,Rh 
825.22 
14.234 (2) 
11.105 (1) 
27.287 (12) 
92.86 (2) 

4 
1.272 
5.546 

P2 1 I C  

While the existence of sets of methyls with different 
shifts in the lH NMR spectrum suggests that the rhodium 
is bound analogously to that in complexes 3 and 4, it does 
not conclusively prove the position of the metal. Struc- 
tures such as 18 or 19 are ruled out by the two methyl 
singlets at 6 1.27 and 1.67 in complex 15, but the possibility 
of an oxidative addition of the rhodium into one cyclo- 
propane bond (20) could explain the spectral data. Indeed, 
many group 8 metal complexes oxidatively insert into the 
ring bonds of ~yclopropanel~ and substituted cyclo- 
propanes,16 as well as methylene cyclopropane^^^ and vi- 
nylcyclopropanes.'* In order to unambiguously assign the 

(15) (a) Tipper, C. F. H. J. Chem. SOC. 1955,2045-2046. (b) Bialey, 
N. A.; Gillard, R. D.; Keeton, M.; Mason, R.; Russel, D. R. Chem. Com- 
mun. 1966,396-398. (c) Roundhill, D. M.; Lawson, D. N.; Wilkinson, G. 
J. Chem. SOC. A 1968,845-849. (d) Binns, S. E.; Cragg, R. H.; Gillard, 
R. D.; Heaton, B. T.; Pilbrow, M. F. Ibid. 1969,1227-1231. (e) Brown, 
D. B. J. Organomet. Chem. 1970,24,787-790. 

(16) (a) Ketley, A. D.; Braatz, J. A.; Craig, J. Chem. Commun. 1970, 
1117-1118. (b) Puddephatt, R. J.; Quyser, M. A.; Tipper, C. F. H. J. 
Chem. SOC., Chem. Commun. 1976,626-627. (c) Casey, C. P.; Scheck, D. 
M.; Shusterman, A. J. J.  Am. Chem. SOC. 1979,101,4233-4236. 

(b) 
Hughes, R. P.; Hunton, D. E.; Schumann, K. J. Orgunomet. Chem. 1979, 

(17) (a) Noyori, R.; Takaya, H. Chem. Commun. 1969, 525. 

169, C37-C41. 

structure as well as the exact geometry of these complexes, 
we determined the X-ray crystal structure of compound 
15 as a representative member of the series. 

CI CI 

I I \  

I 
Ph 3 P- R h- PP h3 

I 
Ph3P-Rh-PPh3 

/ 

18 
19 

20 

The results of the X-ray diffraction study on complex 
15 are summarized in Tables 11-VIII. An ORTEP drawing 
and stereoview of complex 15 is given in Figures 1 and 2, 
respectively. Table I1 gives crystal data, Table I11 gives 
the final coordinates of the non-hydrogen atoms, and Table 
IV gives bond lengths and angles. The remaining tables 
are available as supplementary material: Table V lists the 
hydrogen positions, Table VI gives the thermal parameters 
for the heavy atoms, Table VII shows some selected torsion 
angles, and Table VI11 is a listing of observed and calcu- 
lated structure factors. 

Several features of the structure of 15 deserve mention. 
The coordination about rhodium can be described as 

(18) (a) Sarel, S.; Ben-Shoshan, R.; Kirson, B. J. Am. Chem. SOC. 1965, 
87,2517-2518. (b) Shono, T.; Yoshimura, T.; Matsumara, Y.; Oda, R. J. 
Org. Chem. 1968,33,876-877. 
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Table 111. Final Coordinates ( X  lo4) of Non-Hydrogen Atoms in 15" 

Rh 
c1 
P1 
P2 
c1 
c 2  
c 3  
c 4  
c 5  
C6 
c 7  
C8 
c 9  
c 1 0  
c11 
c 1 2  
C13 
C14 
C15 
C16 
C17 
C18 
c 1 9  
c 2 0  
c 2 1  
c 2 2  

atom x/a Y / b  z/c atom x/a  y l b  z/c 

2914.7 (4) 1985.4 (6) 1569.5 (2) C23 1931 (6) -99 (12) -180 (4)  
4370 12) 2536 (3) 1969 (1) C24 2402 (5) 114 (10) 281 (3)  
2185 (1 j 
3740 (1) 

907 (5)  
342 (5)  

-626 (5)  
-1044 (6) 

-495 (6)  
475 (5)  

2327 (6)  
2999 (7) 
3115 (8) 
2522 (8) 
1837 (8) 
1741 (7) 
2614 (5)  
2803 (7)  
3118 (7) 
3303 (6) 
3127 (6) 
2790 (5) 
3120 (5)  
3409 (6)  
2952 (7)  
2219 (6) 

a Esd's are in parentheses. 

2738 (2 j  
1181 (2)  
2894 (6)  
1865 (6) 
1966 (8) 
3064 (8) 
4085 (7) 

1826 (7) 
955 (8) 
208 (9) 
515 (10) 

1385 (12) 
2078 (9)  
4220 (6) 
4989 (8) 
6157 (9) 
647 1 (9)  
5751 (9) 
4589 (7)  

916 (8) 
1499 (8) 
1267 (11) 

529 (12) 

3993 (7) 

2248 (I j 
927 (1) 

2195 (3)  
2179 (3)  
2115 (3) 
2071 (3) 
2082 (4) 
2151 (3) 
2810 (3) 
2842 (3) 
3285 (5)  
3624 (5)  
3624 (4) 
3193 (3) 
2419 (3)  
2046 (4) 
2147 (5) 
2608 (5)  
2999 (4) 
2889 (3) 

325 (3) 
-97 (3)  

-547 (3) 
-584 (3) 

square planar, with the least-squares plane of the buta- 
triene being nearly perpendicular to the PzRhCl plane. 
Although triphenylphosphine ligands occupy trans posi- 
t i o n ~ , ' ~  they are not exactly linearly opposed, the angle 
P1-Rh-P2 being 175.7'. The coordination of rhodium to 
the central bond of the butatriene is somewhat asymmetric 
(2.008 and 2.043 A). The average Rh-C bond length (2.025 
A) is only slightly longer than the distance reported by 
West and co-workers in the (diquinoethy1ene)rhodium 
complex (2.000 A). The length of the complexed olefin 
bond is essentially the same as in the diquinoethylene 
complex (1.340 A vs. 1.339 A) and also in the (tetra- 
pheny1butatriene)iron complex (1.35 A).12 Although these 
bond lengths are comparable to simple olefins (1.34 A), 
they are significantly longer than the central double bond 
in simple butatrienes (1.26 A)?' The ORTEP d r a w  show 
that there is considerable cis bending of the uncomplexes 
diene portion of the ligand in 15, the C39-C4+C41 and 
C404414242 angles being 147.8 and 154.0') respectively, 
rather than the 180' in the uncomplexes cumulene. This 
bending of metal-complexed butatrienes seems general and 
is essentially identical with those of the rhodium complex 
(149.7 and 153.8') and the iron complex (151' each) al- 
ready mentioned above."J2 

The bond lengths in the cyclopropane ring of complex 
15 do not fit expectations. In both methylenecyclo- 
propane22 and a rhodium-complexed methylenecyclo- 
propane,23 the two bonds adjacent to the double bond are 

(19) We suspected that the triphenylphosphines were trans to each 
other, on the basis of numerous literature precedents" and also from 
inspection of the aromatic region of the 13C NMR spectrum of 12, which 
shows the phenomenon known aa virtual coupling, leading to triplets for 
each carbon of the phenyl rings.20 

(20) (a) Jenkins, J. M.; Shaw, B. L. J. Chem. SOC. A 1966,77&775. (b) 
Verkade, J. G. Coord. Chem. Rev. 1972,9, 1-106. 

(21) (a) Berkovitch-Yellin, 2.; Leirowitz, L. J. Am. Chem. SOC. 1975, 
97,5627-5628. (b) Imgartinger, H.; Jager, H.-U. Angew. Chem., Znt. Ed. 

(22) Laurie, V. W.; Stigliani, W. M. J. Am. Chem. SOC. 1970, 92, 

(23) Green, M.; Howard, J. A. K.; Hughes, R. P.; Kellett, S. C.; 

E&. 1976,15, 562-563. 

1485-1488. 

Woodward, P. J. Chem. SOC., Dalton Trans. 1975, 2007-2014. 

C25 
C26 
C27 
C28 
C29 
C30 
C31 
C32 
c 3 3  
c 3 4  
c 3 5  
C36 
c37  
C38 
c 3 9  
C40 
C41 
C42 
c 4 3  
c 4 4  
c 4 5  
C46 
c47  
C48 

4729 i5 j  
5578 (5)  
6276 (7) 
6114 (9) 
5306 (9)  
4578 (8) 
4244 (4)  

4971 (5) 
4968 ( 7 )  
4625 (8) 
4277 (6) 

418 (7) 
1834 (7) 
1370 (6) 
1758 (5) 
1710 (5) 
1302 (6)  
1360 (8) 

580 (7) 

465 (8) 
2049 (9) 
1104 (10) 

4599 (5)  

-441 (8) 

2122 (7) ' 
1673 (7)  
2446 (10) 
3652 (10) 
4115 (9) 
3366 (9) 
-299 (6)  
-503 (7) 

-1630 (8) 
-2528 (8) 
-2323 (8) 
-1196 (7) 

-273 (11) 
-1013 (9) 

-23 (8) 
1066 (7) 
2159 (7) 
3008 (9)  
4311 (12) 
3365 (11) 
3475 (15) 
2555 (14) 
4451 (13) 
5374 (11) 

767 ( 3 j  
643 (3) 
501 (4)  
464 (4) 
595 (4) 
754 (4) 

1081 (3 )  
1553 (3) 
1686 (3) 
1355 (4)  
880 (4)  
740 (4)  

1137 (4) 
1688 (4)  
1390 (3) 
1344 (2)  
1136 (2)  

868 (3)  
641 (4) 
511 (3) 
707 (4)  

252 (5)  
1 5  (4)  

947 (5)  

Table IV. Bond Lengths ( A )  and Angles (deg) in 15 

Rh-Cl 
Rh-P1 
Rh-P2 
Rh-C4O 
Rh-C41 
P1-c1 
P1-C7 
Pl-Cl3 
P2-Cl9 
P2-C25 
P2-C31 

Bond I 
2.372 (2) 
2.322 (2) 
2.336 (2)  
2.008 (8) 
2.043 (6)  
1.826 (7) 
1.841 (8) 
1.809 (8) 
1.850 (7) 
1.824 (8) 
1.834 (7)  

,engths 
C39C37 
C 3 9 6 3 8  

C 4 0 6 4 1  
C39-C40 

C41-C42 
C 42-C4 3 
C 42-C 44 
c 4 3-c 44 
c 4 3 4 4 7  
C 4 3 C 4 8  
c44-c45 
C 44 -C4 6 

1.516 (12) 
1.500 (13) 
1.339 (12) 
1.340 (11) 
1.312 (11) 
1.577 (15) 
1.435 (11) 
1.556 (19) 
1.489 (16) 
1.500 (18) 
1.579 (15) 
1.626 (16) 

CI-Rh-P1 
Cl-Rh-P2 
P1-Rh-P2 
CI-Rh-C40 
CI-Rh-C41 
C40-Rh-C41 
P1 -Rh-C40 
P1-Rh-C41 
P2 -Rh-C40 
P 2-Rh -C 4 1 
Rh -P1 -C 1 
Rh-P1 -C7 
Rh-P1-C13 
c1 -P 1 -c7 
C1 -P1 C 1 3  
c 7  -P 1 -c 1 3 
Rh -P 2-C 19 
Rh-P 2-C 2 5 
Rh-P2-C31 
c 19  -P2-C 2 5 
C19-P2-C 31 
c 2 5 -P2 -c 3 1 
C 37 -C 39 -C 38 

Bond Angles 
87.5 (1) C37439-C40 
89.0 (1) C38-C39-C40 

175.7 (1) C39-C40-Rh 
162.9 (2)  C39-C40-C41 
158.5 (2)  C41C40-Rh 

38.6 (3)  C4O-C41-C42 
92.0 (2)  C42-C41-Rh 
91.8 (2) C40C41-Rh 
90.6 (2) C41-C42-C43 
92.3 (2) C41-C42-C44 

117.1 (2)  C43-C42-C44 
115.6 (3)  C42-C43-C44 

100.6 (3)  C42-C43-C48 
104.8 (3)  C47-C43-C48 

119.5 (2)  C44-C43-C48 
112.6 (2)  C43-C44-C42 

102.6 (4)  C43-C44-C46 
103.0 (3) C42-C44-C45 
105.7 (3)  C42-C44-C46 
118.2 (8) C45-C44-C46 

112.0 (2)  c42-c43-c47 

105.3 (3)  C 4 4 C 4 3 4 4 7  

112.1 (2) c43-c44-c45 

119.1 (8) 
122.7 (8) 
140.0 (6) 
147.8 (7)  

72.1 (5) 
154.0 (8) 
136.7 (7) 

69.3 (4)  
148.0 (9)  
149.3 (11) 

62.0 (8) 
54.5 (6)  

115.1 (10) 
119.1 (9)  
120.0 (12) 
113.2 (11) 
117.9 (10) 

63.5 (7)  
121.9 (10) 
127.3 (9)  
115.5 (8) 
116.8 (8) 
105.6 (10) 

shorter than the distal bond, and the values of C42-C44 
and C43-C44 agree with these findings. However, the 
C42-C43 bond appears to be too long by approximately 
0.12 A. Whether this is due to steric interactions between 
the C47 and C48 methyl groups and the phenyl rings of 
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the phosphines or is just an artifact of the data set cannot 
be determined.24 

In the first report of chlorotris(tripheny1phosphine)- 
rhodium, Wilkinson and co-workers showed this compound 
to be an efficient homogeneous catalyst for hydrogena- 
tion.% Since then, considerable attention has been focused 
on the nature of the various species in the catalytic cycle.% 
Both O ~ b o r n ~ ~  and Halpern28 and their co-workers have 
shown that hydrogenation does not occur directly on the 
isolable olefin complexes derived from Wilkinson's catalyst. 
However, Oro and H e r a ~ ~ ~  have reported the production 
of a catalytically active species from a rhodium-diene 
complex and hydrogen. This fact combined with the 
highly unsaturated nature of our butatriene ligands 
prompted us to try to hydrogenate complexes 14-17. 

In a typical hydrogenation attempt, complex 15 was 
dissolved in degassed benzene, and hydrogen was added 
at 1 atm with vigorous stirring. No new organics could be 
detected, even at long reaction times or with heating.30 
The addition of excess triphenylphosphine (10 equiv) 
likewise had no noticeable effect, and in each case starting 
complex could be recovered by chromatography. 

Since Wilkinson's catalyst reacts irreversibly with carbon 
monoxide to  give trans-bis(tripheny1phosphine)- 
carbonylchlororhodi~m,2~ we felt the interaction of com- 
plexes 14-17 with carbon monoxide should free the buta- 
triene linkage. Such a displacement is precedented in the 
release of allene from the complex (allene)bis(triphenyl- 
phosphine)chlororhodium on exposure to carbon mon- 
oxide.27 Indeed, the butatriene ligands are readily freed 
from complexes 14-17 and can be recovered by chroma- 
tography. 

In conclusion, we have shown that the interaction of 
Wilkinson's catalyst with hydrocarbon butatrienes is a 
simple, high-yield, and general route to ($-butatriene)- 
rhodium complexes. The existence of a methylenecyclo- 
propane-like end on the cumulene does not alter the course 
of the reaction. The X-ray structure determination of 
complex 15 confirms the structural assignment of com- 
plexes 14-17 initially made from the spectral data. While 
hydrogen did not react with the complexes, carbon mon- 
oxide did, freeing the cumulene. Although this last result 
is not unexpected, it has a unique consequence; since the 
complexes are air-stable solids, they represent a stable 
means for storing a moderately unstable organic com- 
pound. Further chemistry as well as extension of this 
preparative method to even higher cumulenes and other 
transition metals will be the subject of future reports. 

Experimental Section 
General Data. Melting points were recorded on a Mel-Temp 

capillary apparatus. Infrared spectra were recorded on a Per- 
kin-Elmer 298 or a Nicolet 6000 FT spectrophotometer. The 'H 
NMR spectra were recorded on a Varian EM-360 or EM-390 
spectrometer, and 13C NMR spectra were recorded on a Varian 

Stung, White, and Maas 

FT-80 or SC-300 spectrometer. Routine mass spectra were re- 
corded on a Micromass 7070 mass spectrometer with a DS2050 
data system. Fast atom bombardment mass spectra were recorded 
on a VG Micromass ZAB reverse-geometry mass spectrometer 
with DS2035 data system or a Kratos MS-950 spectrometer with 
DS55 data system. All FAB spectra were confirmed by oscillo- 
graphic chart output. Analytical GC work was done on a Hew- 
lett-packard 5711A flame ionization chromatograph coupled to 
a Hewlett-Packard 3380A integrator. 
Materials. All commercial reagents were ACS reagent grade. 

Solvents were purified and rigorously dried immediately prior 
to use. An initial portion of chlorotris(tripheny1phosphine)rho- 
dium was purchased from Strem Chemicals; larger amounts were 
prepared according to Wilkinson and co-worker~.~~ 
3-(2-Adamantylidene)propyn-3-y1 Triflate (21). This 

triflate was made in seven steps from 2-adamantanone in the 
following manner. Farcasiu's three-step procedure for making 
2-adamantanecarboxylic acid3' gave the acid in 74% overall yield. 
The acid chloride was prepared32 and used to produce the title 
compound in three further s t e ~ s : ~  overall yield 67.7%; mp 31-33 
"C; IR (neat film) 3315,2920,2860,2160,1630,1455, 1105,740 
cm-'; 'H NMR (CDC13, Me4Si) 6 3.38 (s, 1 H), 3.04 (s, 2 H), 2.92 
(8, 12 H); 13C NMR (CDC13, Me4Si) 6 154.50, 120.0, 118.8 (4, JC+ 
= 320.9 HZ), a4.69,74.18, 38.82,38.43,36.48, 34.86,32.34,27.65; 
MS, m/z (W) 320 (M+, 45.4), 187 (100),159 (22.3), 131 (26.4), 117 
(43.2), 91 (89.3), 79 (63.4). 
1,1,2,2-Tetramethyl-3-(3-methyl-1,2-butadienylidene)- 

cyclopropane (10) and 1,1,2,2-Tetramethyl-3-(3,3-diphenyl- 
1,2-propadienylidene)cyclopropane (1 1). These two buta- 
trienes were prepared as reported by Stang and Fiskaa and purified 
by chromatography on silica immediately prior to use. 
1,1,2,2-Tetramethyl-3[ (2-adamanty1idene)ethenylidenel- 

cyclopropane (12). This new butatriene was prepared in similar 
fashion to 10 and ll,% using 21 as carbene precursor, in 70.9% 
yield: mp 125.5-126.5 OC; IR (KBr pellet) 2980,2910,2850,2570, 
1725,1445, 1090 cm-'; 'H NMR, (CDC13, Me4Si) 6 2.68 (s, 2 H), 
1.97 (br s, 12 H), 1.26 (8, 12 H); 13C NMR (CDC13, Me4&) 6 170.3, 

m/z (%) 254 (M+, 26.9), 239 (43.1), 215 (76.6), 186 (17.9), 164 (loo), 

Tetraphenylbutatriene (9). This compound was prepared 
according to the three-step procedure of Sisenwine and 
in 37.7% overall yield, mp 234-235 "C (lit.35 mp 235-236 "C). 
General Procedure for the Formation of Rhodium(1) 

Complexes of Butatrienes. Bis(tripheny1phosphine)- 
c hloro[ #- 1,1,2,$-tetramet hyl-3-( 3-met hyl- 1,2-butadienylid- 
ene)cyclopropane]rhodium (15). A 50-mL, three-neck 
round-bottom flask was fitted with an argon inlet, bubbler, and 
magnetic stirring, and then 185 mg of chlorotris(tripheny1- 
phosphine)rhodium (13) (200 gmol) was introduced and the system 
flushed with argon. After the addition of 25 mL of degassed 
benzene, 34.1 mg of butatriene 10 (210 pmol, 5% excess) in 5 mL 
of benzene was added by syringe. This mixture was stirred for 
2 h at room temperature, and then the benzene was removed. The 
red-brown residue 73.01; chromatographed 6.18; P, 6.23. (20 x 
1.8 cm column) by using first 1:4 CHC13/CC14 to remove tri- 
phenylphosphine and excess butatriene, and then 1:2 CHC13/CC14, 
and finally 1:l CHC13/CC14 to elute the yellow complex.'l The 
yellow-orange solid that remained after removal of solvent was 
dissolved in minimal dichloromethane and was crystallized at -15 
O C  by the diffusion addition of pentane to give 121.8 mg (73.8%) 
of air-stable, yellow-orange square plates: mp 167-169 "C dec; 
13C NMR (CDC13 Me4Si) 6 135.15 (t, J = 6.1 Hz), 132.46 (t, J = 

116.37, 28.96, 24.92, 24.61, 23.08, 21.24, 21.09. Anal. Calcd for 
CeH,CIP,Rh C, 69.86; H, 5.86; P, 7.51. Found: C, 70.00; H, 
5.69; P, 7.50. 
Bis(triphenylphosphine)chloro[$'- 1,1,2,2-tetramethyl-3- 

(3,3-diphenyl-1,2-propadienylidene)cyclopropane]rhodium 

i59.0,i28.7,iii.4,39.ia, 39.o9,38.97,37.26,2a.2o,2i0i7; MS, 

135 (i6.i), 119 (22.7), io5 (24.6), 93 (21.8),91 (40.6). 

21.1 H ~ ) ,  132.32, 132.01, 129.93, 127.82 (t, J = 4.8 H~), 121.20, (24) Some large deviations from the average aromatic C-C bond 
lengths in the phenyl rings point to the latter explanation. However, the 
large thermal motions of C47 and C48 indicate some steric interactions, 
and a refinement on a data set from a different crystal produced similar 
results. 

(25) Osbom, J. A.; Jardine, F. H.; Young, J. F.; Wilkinson, G. J. Chem. 

(26) For a good general discussion, see: Collman, J. P.; Hegedus, L. 
S. 'Principles and Applications of Organotransition Metal Chemistry"; 
University Science Books: Mill Valley, CA, 1980, Chapter 6, pp 333-338. 

(27) Osborn, J. A. Chem. Commun. 1968, 1231-1232. 
(28) Halpern, J.; Okamoto, T.; Zakhariev, A. J .  Mol. Catal. 1976, 2, 

65-68. 
(29) Oro, L. A.; Heras, J. V. Inorg. Chim. Acta 1979, 32, L37-L38. 
(30) At high temperatures, some degradation of the complex was noted 

SOC. A 1966, 1711-1732. 

by a darkening of the solution. 

(31) Farcasiu, D. Synthesis 1972, 615-616. 
(32) Stetter, H.; Held, H.; Mayer, J. Justus Liebigs Ann. Chem. 1962, 

(33) Stang, P. J.; Fisk, T. E. Synthesis 1979, 438-440. 
(34) Stang, P. J.; Fisk, T. E. J. Am. Chem. SOC. 1980,102,6813-6816. 
(35) Sisenwine, S. F.; Day, A. R. J .  Org. Chem. 1967, 32, 1770-1773. 

658, 151-155. 
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(16). This complex was prepared from 185 mg of 13 (200 pmol) 
and 60 mg of 11 (210 pmol) according to the general procedure, 
but with a 5-h reaction time. The yield was 138 mg (72.2%) of 
air-stable, deep yellow needles: mp 178-179.5 OC dec; 13C NMR 
(CDCl,, Me4Si) S 141.98, 141.44, 135.06 (t, J = 5.9 Hz), 131.79 (t, 
J = 21.7 Hz), 130.31,129.57, 128.25, 127.62 (t, J = 5.0 Hz), 127.00, 
126.13, 125.03, 116.03, 29.76, 24.82, 21.31, 20.96. Anal. Calcd for 
CMHs2CIP2Rh: C, 73.38; H, 5.52; P, 6.53. Found C, 73.01; H, 
6.18; P, 6.23. 
Bis(triphenylphosphine)chloro(q2- 1,1,2,2-tetramethyl-3- 

[ (2-adamantylidene)ethenylidene]cyclopropane}rhodium 
(17). This complex was prepared from 92.5 mg of 13 (100 pmol) 
and 26.3 mg of 12 (105 pmol) according to the general procedure, 
buth with a 1-h reaction time. The yield was 82.6 mg (90.0%) 
of air-stable, yellow needles, mp 153-155 OC dec. Anal. Calcd 
for CMHMCIP2Rh: C, 72.04; H, 6.16; P, 6.72. Found C, 71.79; 
H, 6.23; P, 6.46. 
Bis(triphenylphosphine)chloro(q2-tetraphenyl- 

butatriene)rhodium (14). This complex was prepared from 185 
mg of 13 (200 pmol) and 71.3 mg of tetraphenylbutatriene (200 
pmol) according to the general procedure. However, this com- 
pound required 10 h at benzene reflux for complete reaction and 
could not be chromatographed. Instead, the product was crys- 
tallized from chloroform to give 142 mg (69.7%) of yellow-orange, 
powdery needles, mp 243-246 "C dec. 

Solution and Refinement of the Structure of 15. A crystal 
with maximum dimensions 0.33 X 0.24 X 0.13 mm was used for 
data collection. Lattice constanta were determined from 25 doubly 
measured reflections in the range 9.86 I 0 I 12.02O. Some crystal 
data are given in Table 11. On a Philips PW 1100 four-circle 
diffractometer, 5624 independent reflections with indices ih, +k, 
+1  and B values between 1.5 and 22.5O were recorded (niobium- 
filtered Mo Ka radiation, scan speed 0.03' s-', scan width (0.80 + 0.35 tan B)O, detector aperture 2"). After the usual Lp correction, 
a Patterson synthesis was calculated, from which the coordinates 
of the Rh and one P atom were taken. From the remaining 
non-hydrogen atoms, all but two were localized in successive 
Fourier maps. Methyl carbons C47 and C48 were finally located 
in a A F  map. After three cycles each of isotropic and anisotropic 
refinement of all atoms, the C(sp2)-bonded hydrogens were cal- 
culated. For the methyl hydrogens, at least one per methyl group 
was picked from a AF map, and the remaining ones were then 
calculated. No hydrogens were found, however, for the C46 and 
C48 methyls. Thus, 42 out of 48 hydrogen atoms were included 
with B = 7.5 A2 in the structure factor calculation but not in the 
refinement. In the final stages, 469 variables were refined by a 
block-diagonal least-squares method, using 3443 reflections with 
Fo > 4u(F0). The two strongest reflections (110 and 012) as well 
as four other low-indexed relfections were discarded because of 
high IFoI - lFJ values. The weighting scheme was 1u = l / ( u 2  + 
O.OOO9FZ). The procedure converged at  R = 0.0542 and R, = 
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( ~ W A ~ F / ~ W F ? ) ~ . ~  = 0.0605. Scattering factors were taken from 
ref 36. Anomalous dispersion corrections were aplied for Rh, 
P, and C1 by using the values given by Cromer and L i b e r m a ~ ~ . ~ ~  
For programs used, see ref 38. 

General Procedures for Attempted Hydrogenations. A 
25-mL, three-neck flask was fitted with both argon and hydrogen 
inlets and connected to a vacuum system. The apparatus was 
flushed for 10 min with argon, and then 40-50 mg of a complex 
(14-17) in 10 mL of degassed benzene was added. Vigorous 
st i r r ing was started, with the stirrer tilted 90 that the stir bar mixed 
the reaction atmosphere with the solution. Hydrogen was in- 
troduced at 1 atm, and four successive pumpings/fiiings replaced 
the inert gas. The mixture was stirred at room temperature, with 
successive samplings for GC and IR analyses taken at intervals 
ranging from an initial 15 min to an eventual 2 h over reaction 
times of up to 16 h. No new organics, or free cumulene, were 
noted. Variations of this procedure included the addition of 
triphenylphosphine (1 and 10 equiv) and/or heating (50 OC and 
reflux), with similar results. 

General Procedure for Reaction of Complexes with 
Carbon Monoxide. A 50-mL, three-neck flask was fitted with 
both argon and carbon monoxide inlets, oil bubler, magnetic 
stirring, and syringe septum. A portion of a complex (15-17) was 
added and the system flushed with argon. Next, 20 mL of de- 
gassed benzene was added and stirring commenced. Carbon 
monoxide was added at 1 atm, and a nearly immediate lightening 
of the yellow color was noted. After 15 min the system was flushed 
with argon, and the light yellow solution was diluted with hexanes. 
The precipitated yellow solid was removed by filtration and the 
solvent removed from the filtrate. The yellow solid was shown 
to be bis(tripheny1phosphine)carbonylchlororhodium by com- 
parison (mp, IR, 'H NMR) with authentic material. The filtrate 
residue was chromatographed on unactivated silica (5 X 0.8 cm, 
hexanes) and compared (IR, 'H NMR) with the appropriate 
butatriene. A 105-mg scale reaction using complex 15 yielded 73.2 
mg (83.4%) of rhodium carbonyl complex and 14.7 mg of recovered 
10 (71.1%). 
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