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(s), 1952 (vs), and 1899 (m) cm-l) and one characteristic 
of bridging CO (1750 (m) cm-'). The spectrum of a solid 
sample in a Nujol mull is similar. The 13C NMR spectrum 
of 1 in CD,Cl, at -90 "C contains three sharp carbonyl 
resonances of equal intensity at 273.3,204.0, and 202.3 ppm 
and two higher field resonances for the p- and a-carbons 
of the CCO at  159.1 and -28.3 ppm. The overall intensity 
pattern is 3:3:3:1:1. The 13C NMR spectrum of a sample 
enriched to ca. 30% in 13C at  all carbons clearly shows the 
peaks at  159.1 and -28.3 ppm to have superimposed 
doublets (Jcc = 96 Hz). The spectral data are consistent 
with the structure of the compound in the solid state. 

Protonation of 1 with one equivalent of fluorosulfonic 
acid at -35 OC yields compound 2 which displays a singlet 
at -17.51 ppm in the 'H NMR, indicating that the first 
proton attaches to the metal framework instead of the 
a-carbon of CCO, as in the case of [Fe3(CO)gCC0]2- 
(Scheme II).2 The infrared spectrum of 2 in diethyl ether 
shows that it contains no bridging carbonyls (vco = 2069 
(w), 2032 (s), 2017 (m), 1999 (vs), 1969 (m), and 1927 (w) 
cm-l). Addition of a second equivalent of acid gives the 
previously characterizeds H2Ru3(CO)gCC0, identified by 
its infrared, mass, and 'H NMR spectra." Therefore, 
protonation of 1 occurs exclusively on the metal frame- 
work. Reaction of 1 with the carbocation reagent CH30- 
S02CF3 leads to attack of the oxygen and the @-carbon of 
the CCO to give Ru3(CO)&=C(OMe)Me, 3, based on 
spectroscopic evidence12 as well as a crystal structure de- 
termination. 

Me 0-Me '.. /' 

C '  

3 

The cationic ketenylidenes [H30s3(C0)9CCO]+, 
[H3Ru3((30)gCC0]+, and [CO~(CO)~CCO]+ are susceptible 
to nucleophdic attack by methanol at the @-carbon of the 
CCO ligand.'l5*' In contrast, 1 is stable in methanol and 
no reaction is observed with excess methoxide ion. 
As seen for [Fe3(CO)gCC0]2-, the ruthenium ketenylid- 

ene also undergoes facile cluster building reactions. Hence 
reaction of 1 with Fe2(CO)g yields a dianion, presumably 
[RU~F~C(CO)~~]" ,  which displays a characteristic carbide 
resonance in the 13C NMR at  440.45 ppm downfield from 
Me4Si. Protonation of this compound gives H,FeRu3C- 
(CO)lz, identified by mass spectrum.13 

In summary, the overall character of the anionic kete- 
nylidene [RU~(CO)~CCO]~-, 1, is that of a nucleophile. The 
CCO moiety of 1 is susceptible to attack by the carbocation 
reagent CH3S03CF3, although the site of attack is different 
than in [Fe3(CO)gCC0]2-. Owing to the greater basicity 
of ruthenium over iron, 1 is protonated on the metal rather 
than the a-carbon as is observed for [Fe3(CO),(CCO)]z-. 
Unlike the previously reported neutral ruthenium and 
osmium ketenylidenes, 1 appears to have negligible elec- 

(11) For H2Rua(CO)&C0 uc0 (pentane) 2120 (w), 2086 (m), 2061 (s), 
2040 (mw), 2016 (m)cm-'. A MASPAN analysis of the parent envelope 
centered at 599 mass units in the 15-EV electron-impact mass spectrum 
yields an agreement factor of R = 5.2% for H,Ru,(CO),,C; 'H NMR 
(CD2C12) -17.99 ppm relative to Me4Si. 

(12) For Ru3(CO)10CC(OMe)Me: uco (pentane): 2093 (w), 2061 (vs), 
2041 (a), 2024 (a), 2004 (m) (ah), 1918 (w) cm-'; 'H NMR (CD2C12) 3.81, 
2.36 ppm relative to Me4Si; NMR (CD2C12,W "C) 263.0 (br), 195.6, 
192.8 ('Jcc = 55 Hz), 168.7 (Vcc = 55 Hz) ppm relative to Me,Si; 70-eV 
E1 ma88 spectrum, 655 mass units, successive loss of 10 CO's. 

(13) For H&u3FeC(C0)12: 70-eV E1 mass spectrum shows parent ion 
envelope centered at 709 mass units and successive loss of 12 CO's. 
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trophilic character a t  the @-C of the CCO. Additionally, 
compound 1 undergoes facile cluster building reactions, 
which should provide a convenient route to the synthesis 
of a wide range of mixed-metal carbide cluster compounds. 
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Summary: Hydrogenation of 1,4diiiobuta-l,3diyne with 
diimide gave l(Z),4(Z)-diiodobuta-1,3-diene which on 
treatment with n -butyllithium followed by phenylarsenic 
dichloride or phenylantimony dichloride afforded 1- 
phenylarsole or 1-phenylstibole, respectively. 

The pyrrole analogues 2-5 are of general interest for 
testing concepts of aromaticity.' While 1-phenylphosphole 
is a ~ a i l a b l e , ~ ~ ~  only more highly substituted derivatives of 
3-54-7 have been reported. Since the properties of the 
parent ring systems may be masked by substitution, a 
preparation of the C-unsubstituted heteroles 3-5 would 
be a valuable addition to the study of element-carbon 
conjugation. We now wish to report on a general synthesis 
which allows preparation of the 1-phenylheteroles of the 
group 5 elements. 

1 2 3 4 5 

Since perphenylheteroles 7 have been prepared from the 
reaction of 1,4-dilithio-1,2,3,4-tetraphenylbutadiene (6) 

(1) For a critical discussion of phosphole aromaticity see: Quinn, L. 
D. "The Heterocyclic Chemistry of Phosphorus: Systems Based on the 
Phosphorus-Carbon Bond"; Wiley: New York, 1981; pp 406-414. 

(2) Msirkl, G.; Potthast, R. Tetrahedron Let t .  1968, 1755. 
(3) Mathey, F.; Mankowski-Favelier, R. Org. Magn. Reson. 1972, 4, 

171. 
(4) Leavitt, F. C.; Manuel, T. A.; Johnson, F.; Matternas, L. U.; Leh- 

man, D. S. J.  Am. Chem. SOC. 1960,82,5099. Braye, E. H.; Hiibel, W.; 
Caplier, I. J. Am. Chem. SOC. 1961, 83, 4406. 

(5) Msirkl, G.; Hauptmann, H. Tetrahedron Le t t .  1968, 3257. 
( 6 )  Ashe, A. J., 111; Diephouse, T. R. J .  Organornet. Chern. 1980,202, 

c95. 
(7) Ashe, A. J., 111; Drone, F. J. Organometallics 1984, 3, 495. 
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Communications 

with phenylelement dihalides: we decided to explore a 
route using 1,4-dilithiobutadiene. 1,4-Dichloro-2-butyne 
(8) may be dehydrohalogenated with excess sodamide in 
liquid ammonia to give the disodium salt of diacetylene 
9,8 which on treatment with iodine affords 55% of 1,4- 
diiodobutadiyne Although 10 is sensitive to shock 
and heat: we have prepared up to 25-g batches without 
incident.l0 Diimide hydrogenation of 10 in pentane is 
achieved by the portionwise addition of excess potassium 
azobiscarboxylate in methanol/pyridine followed by acetic 
acid over 24 h.'l The course of the reaction is conveniently 
followed by lH NMR spectroscopy. Pure 1(Z),4(Z)-di- 
iodobuta-1,3-diene (11) was obtained in 55% yield by re- 
crystallization from pentane: mp 33-35 "C; 'H NMR 
(CD2C12) 6 6.73 (m, 2 H), 6.99 (m, 2 H);12 mass spectrum, 
m / e  306 (M+), 179 (M+ - I); IR (neat, cm-') 3090, 1540, 
660. Lithiation of diiodide 11 with n-butyllithium in di- 
ethyl ether a t  0 "C gave a low conversion to the desired 
dilithium compound 12. Whether 12 has the bridged 
structure 12' predicted on theoretical grounds remains to 
be determined.12 

Ph Ph 

PhECIz phQ;h 
Li Ph 

Ph Ph Ph 

6 7 
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NoNHz 12 N2Hz 
C l C H P C ~ C C H 2 C I  Na2C4 - I C = C C E C I  - 

8 9 10 

-1 /=/J Li or *Li 

Li 
I Li 

11 12 

I 1 2' 

3 4 

0 Y 

13 14 

E = P ,  As,Sb.Bi Y = S  , Se ,Te 

The reaction of 1,4-dilithiobutadiene (prepared from 9 
mmol of 11) with an equivalent of phenylarsenic dichloride 
in diethyl ether gave a 15% yield (based on 11) of 1- 
phenylarsole (3), which was isolated as a light yellow oil 
by Kugelrohr distillation at  95 "C (0.005 torr). The arsenic 
heterocycle is sensitive to oxygen but can be stored at  25 
"C under an inert atmosphere. The arsole shows the 
following mass spectral and UV data: mass spectrum 
(CI-CH4), m / e  205 (M + 1); UV (pentane) A,, 274 (e 
4700), 223 nm (e 6400). Similar reaction of 12 with phe- 
nylantimony dichloride in diethyl ether gave 10% (based 
on 11) of 1-phenylstibole (4) which was isolated as a yellow 

(8) Armitage, J. B.; Jones, E. R. H.; Whiting, M. C. J. Chem. SOC. 1951, 
44. 

(9) Heilbronner, E.; Hornung, V.; Maier, J. P.; Kloster-Jensen, E. J. 
Am. Chem. SOC. 1974,96,4252. 

(10) For larger d e  preparations 10 is not isolated. Pentane is added 
to the liquid ammonia reaction mixture. After evaporation of the am- 
monia, this pentane solution of 10 is hydrogenated to 11. 

(11) For a similar procedure see: Liithy, C.; Konstantin, P.; Untch, 
K. G. J. Am. Chem. SOC. 1978,100,6211. 

(12) The H NMR consists of an AA'BB' pattern. 
(13) Koa, A. J.; Schleyer, P. v. R. J. Am. Chem. SOC. 1980,102,7928. 

Table I. 'H NMR Chemical Shift Values for the 
1-Phenylheteroles CIHIECsHs 

E ~(Hz,Hs) 6(H3,H4) ~(CBHS) 
N (1)" 6.94 6.19 7.3 
p (ab 7.0 6.47 7.0 
As (3)c 7.2Odse 7. 25dze 7.29-7.35 
Sb (4)c 7.53d.i 7.57df 7.25-7.50 

"Aldrich NMR Catalog, 2, 449D. bReference 2. "Measured in 
CDzClz solvent relative to internal Me4Si a t  360 MHz. The rela- 
tive assignment of 6(H2,H3) is uncertain. e Satisfactory spectral 
simulation using the Bruker PANIC program is achieved by using 

Isatisfactory spectral simulation for JZ3 = 8.5 Hz, 5 2 4  = 1.0 Hz, JZ6 
5 2 3  = 7.5 Hz, 5% = 1.0 Hz, 525 = 3.0 Hz, and 5 3 4  = 2.0 Hz. 

= 3.0 Hz, and 5% = 2.0 Hz. 

Table 11. '% NMR Chemical Shift Values for the 
I-Phenylheteroles C4H4EC6H5 

E S(CA ~ ( C S )  S(CJ S(Co) S ( C m )  J(crJ 
N (1)" 119.0 110.1 140.4 120.2 129.1 125.3 
P (2)b 135.1 136.7 129.6 133.3 128.3 128.9 
As (3) 140.OC 142.2c 134.8 133.5 129.0 129.0 
Sb (4) 142.0C*d 147.lCsd 134.6 136.3 129.1 129.0 

"Begtrup, M. Acta Chem. Scand. 1973, 27, 3101. bReference 
15. cRelative assignment uncertain. dAssignment made by com- 
parison with the spectrum of the 2,5-dimethyl-l-phenyl~tibole.~ 

oil by Kugelrohr distillation at  70 "C (0.005 torr). The 
rather labile stibole darkens and slowly resinifies on 
standing at 25 "C under an inert atmosphere. The stibole 
shows the following mass spectral and UV data: mass 
spectrum (CI-CH4), m / e  253 (M + 1 for CloH9lZ3Sb); UV 
pentane A,- 283 ( e  2800), 230 ( e  lOOOO), 216 nm ( e ,  16700). 

The synthesis of the unsubstituted heteroles 3 and 4 
makes small quantities of these materials available for 
comparison with 1 and 2. Thus the proton and carbon 
NMR chemical shift values of 1,2,3, and 4 are compared 
in Tables I and 11. The proton NMR spectra of the 
heteroles show a progressive downfield shift of the ring 
protons with increasing atomic number of the heteroatom. 
Indeed the signals for the ring protons of 4 are shifted 
downfield from those of the phenyl protons. It does not 
seem likely that this effect can be ascribed solely to ring 
current. The effect seems similar to that observed for the 
group 5 six-membered heterocycles 1314 and the group 6 
five-membered ring heterocycles 14.15 In the case of the 
heterobenzene 13, the downfield shift was shown to arise 
from the anisotropy of the group 5 heter0at0m.l~ 

The 13C NMR spectra of 2,16 3, and 4 summarized in 
Table I1 are very similar." The small range of values for 
the ring carbon shifts in olefinic region contrasts with the 
large progressive shifts to low field which were observed 
for the a-carbon signals of the heterobenzenes. Phos- 
phaalkenes18 and arsaalkeneslg also show very low field 
signals. Thus this difference between the five- and six- 
membered ring group 5 heterocycles may come from dif- 
ferences in the degree of element-carbon multiple bonding 
between the two sets of compounds. Certainly a detailed 

(14) Ashe, A. J., III; Sharp, R. R.; Tolan, J. W. J. Am. Chem. SOC. 1976, 
98, 5451. Ashe, A. J., 111; Diephouse, T. R.; El-Sheikh, M. Y. J. Am. 
Chem. SOC. 1982,104,5693. 

(15) Fringuelli, F.; Gronowitz, S.; Harnfeldt, A.-B.; Johnson, I.; Tat- 
icchi, A. Acta Chem. Scand., Ser. E 1974, B28, 175. 

(16) Bundgaard, T.; Jakobsen, H. J. Tetrahedron Lett. 1972, 3353. 
(17) The 'H NMR chemical shift values of pyrrole have been discussed 

previously. See: Adam, W.; Grimison, A.; Rodriguez, G. Tetrahedron 
1967.23. 2513. 

(18) Klebach, T. C.; Lourens, R.; Bickelhaupt, F. J. Am. Chem. S O ~ .  
1978,100,4886. 

(19) Klebach, T. C.; van Dongen, H.; Bickelhaupt, F. Angew. Chem. 
1979,91,423. Becker, G.; Gutekunst, G. Z .  Anorg. A&. Chern. 1980,470, 
144. 
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theoretical investigation of the relationship between carbon 
NMR shifts and element-carbon multiple bonding would 
be helpful. 
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Reactions of Chlral (a-Methoxyv1nyl)rhenlum 
Complexes ( q5-C5H5)Re( NO)( PPh,)( C( OCH,)==CHR) 
with Alkyl Halldes. Eff lclent 1 ,&Asymmetric 
I nductlon 
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Summary: a-Methoxyvinyl complexes (Z)-(q5-C,H5)Re- 
(NO)(PPh,)(C(OCH,)=CHR) are readily alkylated 
(CeH,CH,Br, CH31) to give acyl complexes (q5-C5H5)Re- 
(NO)(PPh,)(COCHRR') with high dastereoselectivity; the 
stereochemistry of these reactions, and probable transi- 
tion-state geometries, are established by an X-ray crystal 
structure of the product (SR ,RS)-($'-C,H,)Re(NO)- 

We recently described the synthesis of chiral vinyl- 
rhenium complexes ( q5-C5H5)Re( NO) (PPh,) (CH=CHR) . 
These reacted with strong electrophiles (E+X-) such as 
CH3S03F to give alkylidene complexes [ (q5-C5H5)Re- 
(NO)(PPh,)(=CHCHRE)]+X- containing a new asym- 
metric carbon. Although excellent 1,3-asymmetric in- 
duction was achieved, the synthetic utility of this chemistry 
was limited by the modest nucleophilicity of the vinyl 
complexes. At that time, we proposed that an a-oxygen 
substituent might provide enhanced reactivity and con- 
sequently broader applicability of this chemistry in asym- 
metric synthesis. In this communication, we report the 
successful realization of these goals with a-methoxyvinyl 
complexes (q5-C5H5)Re(NO)(PPh3)(C(OCH3)=CHR). 
Similar observations have also been communicated by 
Davies with related iron complexes.2 

Treatment of methoxycarbene complex [ (q5-C5H5)Re- 
(NO)(PPh3)(=C(OCH3)CHJ]+PF( (1) with NaH (THF, 
25 "C) gave, after workup, a-methoxyvinyl complex (q5- 
C5H5)Re(NO)(PPh,)(C(OCH3)=CH2) (2)4 in 75% yield. 
Reaction of 2 with CH,I (CH2C12, 12 h) occurred readily 
a t  room temperature to give propionyl complex (q5- 
C5H5)Re(NO)(PPh3)(COCH2CH3) (3, eq and lesser 

(PPh,)(COCH(CH,)CH&,HS). 

(1) Hatton, W. G.; Gladysz, J. A. J. Am. Chem. SOC. 1983,105,6157. 
(2) (a) Baird, G. J.; Davies, S. G.; Jones, R. H.; Prout, K.; Warner, P. 

J.  Chem. SOC., Chem. Commun. 1984, 745. (b) Curtis, P. J.; Davies, S. 
G. Ibid. 1984, 747. 
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quantities of acetyl complex (v5-C5H5)Re(NO)(PPh3)- 
(COCH,), and the dimethylation product, isobutyroyl 
complex (q5-C5H5)Re(NO)(PPh3)(C0CH(CH3),) (4)4 
(spectroscopic ratio after 36 h: 42:33:25). 

The conversion 2 - 3 is proposed to proceed via the 
methoxycarbene complex [ (q5-C5H,)Re(NO)(PPh,)(=C- 
(OCH3)CH2CH3)]+I- (5, eq 1). Indeed, when this reaction 
is monitored by lH NMR in CD2C12, an intermediate with 
plausible resonances for 5 is observed (6 (-35 OC, two 
i~orners)~ 5.71, 6.01 (8 ,  C5H5), 3.70, 4.15 (s, OCH,), 0.79, 
1.11 (t, CCH3)). Subsequently, iodide ion effects O-de- 
methylation, analogously to previous observations with 
cationic iron methoxycarbene complexe~.~ The acyl by- 
products which accompany 3 likely arise via proton 
transfer from 5 to 2. Indeed, the deprotonation product 
of 5,6 (see below), is also observed by lH NMR during the 
course of eq 1. Malisch has reported similar side reactions 
in alkylations of iron a-methoxyvinyl complexes.6 

Having established the ready nucleophilicity of a-me- 
thoxyvinyl complexes, we next examined their effectiveness 
in 1,3-asymmetric induction reactions. The substrates 
(z)-(q5-C5H5)Re(NO)(PPh3)(C(OCH3)==CHCH3) (6, eq 2)4 
and (Z)-(q5-C&,)Re(NO) (PPh3)(C(OCH3)=CHCH2C6H,) 
(7, eq 314 were isolated in 72% and 81% overall yields by 

C.H-CH,BI 

reactions of the corresponding acyl complexes (q5-C5H5)- 

25 "C) to give methoxycarbene complexes [ (q5-C5H5)Re- 
(NO)(PPh,)(=C(OCH,)CH,R)]+PF< and then the base 
DBU.7 By all spectroscopic criteria, 6 and 7 were isom- 
erically pure. Both exhibited a 33 f 5% 'H NOE en- 
hancements of the vinyl hydrogen resonance upon irra- 
diation of the a-methoxy resonance, as would be expected 
of Z geometric isomers.28 The structure of 7 was verified 
by X-ray cry~tallography.~ 

Complex 6 was treated With C6H5CH2Br (CH2C12; 25 O C ,  
12 h, and then 50 "C, 2 h). Acyl complex (SR,RS)-(q5- 

Re(NO)(PPhJ(COCH2R) With first (CH3)30+PF< (CH2Cl2, 

(3) Buhro, W. E.; Wong, A.; Merrifield, J. H.; Lin, G.-Y.; Constable, 
A. G.; Gladysz, J. A. Organometallics 1983,2, 1852. 

(4) Microanalytical, IR, and NMR (lH, I3C, $lP) data for each new 
compound are given in the supplementary material. In compounda with 
two chiral centers, the absolute configuration at rhenium is specified first. 

(5) (a) Davison, A.; Fbger, D. L. J. Am. Chem. SOC. 1972,94,9237. (b) 
Cutler, A. R. Ibid. 1979,101,604. 

(6) Grotsch, 0.; Matiech, W. J. Organomet. Chem. 1983,246, C42, C49. 
(7) When the reactions of 6,7, and related complexes with DBU and 

other bases were monitored by NMR at -78 OC, transients believed 
to be E geometric isomers were observed (E/Z aa high as 88:12). These 
isomerized (in a process that was inhibited by added NaH) to Z isomers 
upon warming. DBU = 1,8-diazabicyclo[5.4.0]undec-7-ene. 

(8) Noggle, J. H.; Shirmer, R. E. T h e  Nuclear Overhauser Effect"; 
Academic Press: New York, 1971. 

(9) The X-ray crystal structure of 7 will be described in a separate 
publication. 
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