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Ah&act-The stcrcochcmistry and rcgiochcmistry of audeophilic addition to oklinic, allylic, or dicnc 
moieties am bc controllad in reactions of molybdenum mmpkxca The syntlx& of a wide range of a-allylic 
cyclohexanones is fuwiblc using (+cyclopcntadknyl)Mo(CO)(NO)(allyl) cations. The stereowkctive 
preparation of (RS,SR~Z~l-methyl-2-butenyl)cyclohexanone from the reaction of l-pyrrolidino-l- 
cyclohcxcne with [CpMo(CO)@lO)(t$-1,3dimethylaUyl)JBF~ illustrates the methodology. 

Theextensivechemistry associated with allylpalladium 
complexes, such as that developa! by Trosfi 
Backvall,’ and Tsuji3 has already been shown to be 
valuable in natural product synthesis. The reactivity of 
olefins and dienes bound to cationic iron carbonyl 
systems has also been applied to synthetic advantage by 
Pearson,4 Birch,’ and Rosenblum.6 We have de 
veloped reagents based on ally1 and diene complexes of 
molybdenum which have substantial potential for 
analogous chemistry, and which may offer com- 
plementary or alternativeapproaches to those based on 
iron and palladium chemistry. 

We had previously elucidated thedetailedrearrange- 
ment mechanisms7** and preferred configurations of 
substituted ally1 palladium systems.9 These studies 
showed that the c&trams ratios of olefins derived from 
these complexes could be controlled and understood by 
consideration and manipulation of the x+--x 
equilibrium which readily occurs in the Pd-system. For 
example, this mode of equilibration was used in our 
development of a new approach for the conversion of 
trans-l&diphenylpropene to cis-1,2diphenylpro- 
pene.” 

Although @is 7t-tr-n rearrangement can he a 
problem if otr&ish& to retain stereochemistry about a 
double bond, an’ appre&tion of the prefermd 
g&metries(@nl * usually pt&rred) often allows one to 
account for rodnct distributions ii reactions of 
allylpalladi c&n~e~Gnesbouldalsonotethat7r- J 
u-rr process ietareesthefaceoftheole5nwhicbis 
attached to the metal. This feature leads to 
racemixation of chiral complexes if the substituents on 

one terminus of the ally1 moiety are the same The 
racemixation is prevented if both termini are 
substitutedi and this has been used in the design of 
asymmetric ally1 alkylations by Bosnich.13 

Backvall’s studies also demonstrated that variations 
in conditions could yield attack either tram or cis to the 
metal2 owing to the potential of binding the reagent or 
other ligands to the coordinately unsaturated Pd-ion. 
This potential for reversal of selectivity for attack on 
Pdcomplexes, as well as the potential for stereochemi- 
cal scrambling resulting from I[VU-~ equilibration 
suggested that an alternative ally1 system might prove 
to he of utility. 

We chose to develop the (q5-cyclopenta- 
dienyl)Mo(CO)2(~3-allyl) system because it was not 
prone toward rapid x-u-x interconversions and since 
it was coordinatively saturated, should always 
undergo attack trans to the metal. It also offered the 
potential for combining some of the advantages of the 
Fe(CO)x systems exploited by Pearson and Birch with 
those of the Pd-systems. Generally these Mo-reagents 
are readily prepared, moderately air stable, and give 
reactions which proceed in high yield with high regio- 
and stereoselectivity. The (r$-Cp)Mo(C0)2 moiety can 
also be readily modified to allow resolution of 
diastereomers and procedures have been devel- 
~pedi**‘~ for the production of chiral species in high 
optical purity. 

All of the reactions in our Mo-system are 
stoichiometric rather than catalytic. This however can 
be an advantage when the directing intluences can be 
multiplied in several sequential additions to the same 
substrate. 

One generally expects that nucleophilic attack will 
occur most readily on cationic species and that a 
neutral species, such as a(qs-Cp)Mo(CO)2(~3-allyl) will 
be relatively unreactive. On the other hand, a neutral or 
anionic species should readily undergo hydride 
abstraction. Thus, one can anticipate,the utilization of 
several sequential hydride abstraction and nucleophilic 
addition steps in a procedure which would eventually 
attach several groups selectively to one side of an 
organic ligand. We have demonstrated this approach in 
the addition of two methyl substituents to a 
cyclohexenyl system.16 
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A wide range of nucleophiies can be used in these 
reactio&,” e.g. CN-, OH-, R,NCS;, but relatively 
soft C-C bond-forming nucleophiles, such as 
malonates and enamines are likely to be the most useful 
synthetically. We have also effected intramolecular 
cyclizations by these procedures.16 This approach has 
been extended by PearsonlB for stereocontrolled 
lactone syntheses and the production of intermediates 
whichmight beusefulinmacrolideantibioticsyntheses. 

These reactions with the q4diene cation complexes 
yield neutral $-ally1 complexes, from which the ally1 
fragment must be liber&d. There are a number of 
methods for accomplishing this which will be discus& 
subsequently; however, a method which allows the 
introduction of a third nucleophile is particularly 
interesting. This involves activating the complex to 
nucleophilic attack by replacing a carbonyl group by 
NO+. This introduces a positive charge and allows 
attack on the three carbon v3-ally1 to yield a neutral 
olefin complex, from which the oletin can be released by 
oxidation of the metal. 

The nitrosyl ligand not only provides a _. _ positive 
charge on the complex which promotes nucleophilic 
attack, but provides a directing influence which directs 
regioselective attack cis to the nitrosyl. The resulting 
stereochemistry was coniirmed in the formation of the 
$cycloocten-3-01 complex from the reaction of water 
with [CpMo(CO)(NO)(~3cyclooctenyl)]+ cation.lg 

o+Tjo -:)iFjo 
Since the metal center is chiral at this stage (Cp, CO, 

NO, and $-ally1 substituents), introduction of a 
neomenthyl group onto the cyclopentadienyl ligand 
allows relatively straightforward separation of dia- 
stereomers and ultimately aroute to the preparation of 
chiral allylically substituted olefins in high en- 
antiomeric purity.‘**’ 5 
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Selectivity 
The addition of the nucleophile occurs cis to the 

nitrosyl ligand and on the face of the q3-ally1 group 
opposite to the metal (the B-face). The stereochemical 
consequences of this addition are influenced strongly 
by the thermodynamically preferred conformation of 
the ally1 group relative to the NO and Cp ligands. 
Under most reaction condition a single isomer is 
preferred(UlciaSinqlediastmeomericptoduct isobtained. 
One should note, however, that the kinetic product 
from the addition of NO+ is usually not the 
thermodynamically stable product. Under controlled 
conditions one can force the reaction to occur with the 
kinetic product and a d&rent stereochemistry will 
reault.1g 

0 0 

Generally, the reaction conditions catalyze the 
conversion of the CpMo(NO)(CO)(q3-allyl) cation to 
the stable isomer, particularly with acyclic allyls. The 
rate of this catalytic interconversion is usually more 
rapid than the rate of nucleophilic addition, and hence, 
these interconversions are not generally of signiticana 
with regard to routine use of these reagents for 
synthesis. 

The potential for stereoselectivity is illustrated in the 
reaction of pyrrolidine enamine of cyclohexanone with 
the [CpMo(NO)(CO)(q’-1,3dimethylqllyl)]+ BFI. In 
this case the regioselectivity is N looo/, on the p-face of 
the ally1 and cis to the N,O. There is a stereoselection of 
5: lfortheproc&rala-posit&softhel-pyrrolidino-l- 
cyclohexanone. Tee ma& isomer crystallizes readily as 
the pure complex pf t+ (fZ&S?+allylically substituted 
iminium salt, wljch can be hy&olyzed and then readily 
dewmplexed by &id&on with ark ion.” 
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Routes to the [CpMo(NO)(CO)($&y~]+ reagents 
Methodl. The most eiRcient route to thewcomplexes 

allows the preparation of quantities of up to 50 gin an 
afternoon. Molybdenum carbonyl is refluxed in 
acetonitrile to yield (CH,CN),Mo(CO),. Addition of 
an ally1 bromide produces an immediate reaction 
giving (~3-allyl)M4CO)(CHQJ),Br, w@ch when 
treated with LiCp yields relatively air-stable yellow or 
orange crystals of CpM4CO),(s3-allyl). Treatment of 
the dicarbonyl complex with &rosy1 hexafluotophos- 
phate or tetrafluoroborate yields the desired reagent. 

MOCN 
tAdCOle - Mo(MeCN),(C013 - 

A 

CpMo(NO)(CO)) ’ > 
Method 2. An approach which we recently developed 

and which is given in detail in the experim&ntal section 
uses an allylic acetate in place of the allylic bromide of 
Method 1. This reactionrequires 8n overnight reflux of 
the acetate with (MeCN),Mo(CO), owing to the 
decreased reactivity of the acetate. 

Method 3. Treatment of CpMo(CO),(NO) with an 
ally1 halide and silver hexailuorophosphate yields the 
reagent.?’ 

Method 4. Abstraction of hydride from 
CpM4CO)(N0)(~2-olefin)withtritylhexalluorophos- 
phate also yields the desired product. 

Method 5. Protonation of CpMo(CO)(NO)($- 
diene) complexes provides one of mildest routes to these 
reagents. l ‘*I9 

Methods 3-5 require CpMo(CO),(NO), which is 
available in quantity (-20 g) through Inorganic 
Synthesis preparations using Diazald.22*23 Smaller 
quantities can easily + prepared by a photochemical 
reaction from [CpMo(CO)& and NO gas.24 

Decomplexation of product olejns 
Oxidation of the product complexes is usually the 

best approach for removing the olefin. The choice of 
oxidiing conditions depends on the sensitivity of the 
ole6nic product to the conditions. 

Method 1. Air oxidation of the product in chloroform 
solution is one of the mildest methods and generally 
produces insoluble molybdeuum-containing residues 
which can be removid by passage of the solution 
through a tilter ofalumiua, silica, C&e, or glass fibers. 
This method is slow and may require a day or more for 
the compound to deoompose completely. 

Method 2. High pressure CO will rapidly move the 
olefin and recover the CpMo(CO),(lUO), but is ohen 
inconvenient in la&not equipped with autoclaves. 

Meihod 3. Strong base will generally cause near 

immediate decomposition and yield free ok6n (if the 
okfin can withstand the treatment). 

Method 4. Ccric ion oxidation can be tolerated by 
most systems’and is probably ‘the madt generally useful 
method. Buffering with acetate a@eafs to improve the 
yields.‘* 

The allylic moiety can be ,removed from 
[CpMo(CO)(NO)(allyl)]+ cations and the CpMo- 
(CO)2(allyl) wmplex~ which result from addition 
of nucleophilca, but a group must be added or removed 
as these wmpkxcs can be viewed as containing 
stabilized ally1 cations or anions. 

Thus fo; the [CpM4CO)(lj@o(yl)]+ cation, 
hydride can bc added to produce the ole6n complex or a 
proton can be removed by base (a hindered amine) to 
yield a diene complex. I’.19 The olefins can then be 
removed by methods above. 

Protonation of CpMo(CO),(allyl) complexes with 
trifluoroacetic acid also yields the olefin. Furthermore, 
Pearson has developed a relatively mild iodolactoniz- 
ation procedure which may be useful in some cases.ls 

DISCUSSION 

Improvements in sekctivity in the preparation of a- 
allylic cyclohexanones has been explored and 
methodology recently developed which utilizes Pd- 
catalyzed en01 s tannane25 addition to ally1 acetates or 
enolate addition to allylammonium26 salts. The 
addition of 1-pyrrolidino-l-cyclohexene to the 
CpMo(NO)(CO)(~3-l,3dimethylallyl)cationprovides 
a moderately stereosekctive route to (RS,SR) - 2 - (1 - 
methyl - 2 - butenyl) - cyclohexanone. The E isomer is 
obtained exclusively and the pure (RS,SR) isomer can 
bc obtained by dcmetallation of the recrystallized olefin 
complex. 

Although we have not yet carried out the reaction, 
our ability to prepare the (+&?,2,3-trimethylhex4 
enal in over %% et’* via attack of 1-pyrrolidino-2- 
methylpropcne on [(neomenthylcyclopcntadienyl~ 
Mo(NO)(CO)(q3 - 1,3 - dimethylallyl)]+ suggests that 
reaction with the enamine of cyclohexanone would 
yield the pure (RS) - 2 - (1 - methyl - 2 - butenyl) - 
cyclohexanone. 

The thrust of this report has been directed towards 
the control of multiple sites of stereochemistry. The 
use of this technique also may be of value in the addi- 
tion of less substituted allyls. Reactions with 
[CpMo(NO)(CO)(~‘ctotyl)] yield exclusively the 2- 
[(E+2-butenyl]cyclohexanone upon dccomplexation 
of the olefin. We anticipate that extensions of these 
systemsmayprovideusefulaltemativesto thecurrently 
available methods of achieving allylic alkylations with 
control of selectivity. 

EXPERIMENTAL 

General synthetic procedures. All operations involving the 
handlingoforganomaalliccompleltesinsolnw~carriedout 
under an atmosphere of N, using standard inert atmosphere 
techniques. All solvents were dried before v. THF was 
distilled from sodium benzophenone kctyl under N, before 
each use. CH,cI, and acetonitrile were distilled from CaH, 
before use. All reactions should be carried out in an &cient 
hood since CO is evolved during some reactions. 

Molybdenum carbonyl can be purbsed from several 
suppliers of inorganic and organometailic reagents or dir&t 
from Amcriam Metai Climax in bulk. MolyMenum carbonyl 
is crystalline white solid which am generally be used without 
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further puri6cation. Sublimation is generally UJsd to separate 
the pure material from any blue reaiduea. 

Cydopentadienyl lithium F be purchased as a dry powder 
from A& Producta and used as raze&d for small scale 
preparations. La+ scale preparations might use CpLi or 
CpNa obtained from cydopentadiene monomer in THF from 
BuLi, or NaH. [CpMo(CO),], can be purchased from Alfa 
Products and Strem Chemicals. Neomenthyk?ydopenfadiene 
is bepared by the method of Cesarotti et al.” with the 
cxwtiott that &reatly improved yields are obtained if the 
refl& period with N&p G increaskd to 10 hr. 

Co& (CH,CN),MdCOL. A uw) ml. 3-neck round- 
bottom flask‘ eq;ip& with ‘i magnetid stirrer; ret& 
condenser, and N, inlet and bubbler at the top of the 
condenser was chargad with 264 g( lOmmo1) of Mo(CO), and 
80 ml of a&on&rile. The resulting suspension was heated 
gently td boiling and then heated under u&row retlux for 3 hr. 
The progress of the reaction could be monitored by turning off 
the N, flow momentarily and watching the CO evolution 
through the bubbler. This pale yellow soln of the 
trisaoetonitrile adduct was used immediately in subsequent 
reactions. 

The preparation of CpMo(CO)j~3-1,3-dimethylaUyl) using 
1-methyl-2-butenylacetote. The most efficient syntheses of($- 
allyl)Mo(CO),(MeCN),X complexes result from addition of 
ally1 halides to (MeCN),Mo(CO);, as described in detail 
elsewhere.‘4~‘9~zs The procedure for the acttatc represents an 
alternative if the halides are not readily availabk, but may 
require up to a 12 hr reflux period compared to the nearly 
immediate reaction with ally1 bromides. 

The I-methyl-Zbutenyl acctate(l.3Og, 1Ommol)was added 
to the a&o&rile soln of (MeCN),Mo(CO), and heated at 
refluxfor12hr.Thedearorangesolnwascuoledtoroomtanp 
and 0.72 g (10 mmol) of LiCp powder was added to the soln 
under a counter current of N,. The soln turnc4 yellow and a 
line light brown ppt formed as the mixture was stirred for 1 hr. 
After standing for 10 min a clear yellow-orange soln was 
decantedFromt.hepptandthesolventwasremovedonarotary 
flashevaporator.Theresiduewastakenupinetherandtiltered 
through a 2 x 6 cm column of Celite. The yellow cluants were 
collected in a flask fitted with an N, inlet. The solvent was 
removed on a rotary flash evaporator to yield the p&duct, 
CpMo(CO),(a-l~dimethylallyl), as yellow crystals. 

This product should .be pure enough for subsequent 
reactions if it is yellow. It could be purified further by 
chromatography on a 2.5 x 12 cm column of deactivated 
alumina with 1: 1 petroleum ether/CH,Cl,. Elution of a 
yellow band, solvent removal and recrystallization from 
pentane yields the pure complex (2.1 g, 7Pk), which shows 
identical physical properties to those previously repor- 
ted *4*zs A convenient identifying property is the presmcc of 
car&y1 bands for the compkx at 1947, 1874 (exo); 1886 
(endo)cm-’ in cyclohexane. 

If the ally1 acetate has not reacted completely before the 
addition of LiCp, the CpMdCO); ion will be produced, 
which eventually decom&s& by -&idation of it&f or i& 
hydride into the red dimer rCoMdCO),l,. This material is 
e&l y identified as a slow mo&g red’ba&&chromatography 
with petroleum cthcr-methykne chloride mixtures. 

OneshouldnotcthattheCpMo(CO),(allyl)compkxcsarea 
rapidly equilibrating mixture of endo and exo conformers2* 
and that the room temp NMR spectra will be broad. As solids 
they are relatively air stable and may be weighed and 
manipulated in air for brief periods. The allyl, crotyl, 
cyclohcxenyl, cycloheptcnyl. and cyclooctenyl complexes are 
particularly robust ; whereas, the l,3dimethylallyl is relatively 
sensitive. The complexes are stable at 0” in the dark for years. 
Slight decomposition from exposure to air leads to dark blue 
decomposition products. Fortunately, chromatography will 
often yield over 90”/, pure material from an apparently 
hopelessly decomposed sample. 

The preparation of [CpMogUO~CO~~3-l,3-dimethyl- 
allyl)]BF,. A 100 ml, 3-r& Qask equipped with a mag- 
netic stirrer and N, inlet was hharged with 1.00 g (0.33 

mmol) of CpMo(CO),(~3-l,3dimcthylallyl) in 10 ml of 
acetonitrile and to this soln at 0” was added 0.38 g (0.32 mmol) 
NOBF,. The resulting yellow-orange soln was stirred for 5 
min and quickly added to 100 ml of ether at 0“. which gave an 
immediate pale yellow ppt of the cation in quantitative yield 
upon deamtation of the solvent. 

These nitrosyl molybdenum salts can genemlly be 
recrystalh7zed from acetonbether or a&o&&-ether to 
yield larger yellow crystals, but recrystallization must be 
performed quickly to prevent isomerization. The kinetic 
product obtained in the initial precipitation of the q”-1,3- 
dimethylallyl complex was identical to that previausly 
described and identified as the en&isoti.‘* Under 
subsequent reaction conditions or upon standing in sob for 
several hr it converts to the exe-isomer. Sin= the inter- 
conversion rates of these isomers are’slow. they can readily be 
monitored by NMR. 

The reaction of [CpMc@Q(CO)(~3-l,3dimethyl- 
a!lyl)]BF, with I-pyrrolidino-l-cyclohexene. The nitrosyl 
cation (1.125 g. 3 mmol) was partiduy dissolved in 50 ml of 
1: 2 MeCNmF. -I& suspension was cooled t6 0” and 0.48 
ml (3.0 mmol) of 1-pyrrolidino-cydohexene was added- The 
remaining solid quickly dissolved and the resulting gold soln 
was stirred for 0.5 hr at 0”. Solvent was removed and the crude 
product was redissolved in CH,C!l, and.l&ded onto a.25 x 1 
cm silica gel column (Mallinckrodt 200-425 me&, Type 60 A 
Special) prepared with the same solvent. Elution with CH,CI, 
removed a small amount of hydrolyzed material. Subsequent 
elution with a 1: 1 mixture of MeCN/CHIQI carried the 
desired iminium salt through the column. Solvent was 
removed under reduocd pressure and the deep gold solid 
which remained was redissolved in a minimum amount of 
MeCN. This solution was added to a large volume of ether 
(* 100 ml) which led to immediate form+iop of fine lemon 
yellow crystals. These were filtered in a SchIenk apparatus and 
vacuum dried to give 0.775 g (1.47 mm04 49%) of the product 
as amixture( _ 5: l)ofisomers DR, CH,t&, 1981 (CO); 1631 
(NO)cm- ‘1. Slow crystallization from acetonitrile/ether at 0” 
allowed the separation ofthe pure major isomer. This isome.r 
was identiiied by X-ray diffractiod analysis and gave the same 
NMR spectrum as that identified in the mixture described 
below as the major isomer. 

The NMR spectra of this complex, as well as many okfin 
complexes of this type can be confusing owing not only to the 
mixtureofisomers,butalso thepresen=oftworotamersofthe 
oleiin relative to the Ma-CO direction. The rate of rotation is 
sutlickntly fast at roont temp that most rwonances are 
averaged ; however, some are still broad and are not &served. 
Other resov were alao obscurred by overlap. Resonances 
are observed in the IH-NMR (CD&N, 25”, 500 MHz) at: 
(major)63.21(dd,H,11.5.1OSHz),3.07(H._dq,11.5.6.6Hz), 
1.36(d,Me,6.6H.z),113(d,Me,6.6Hz);(mihor)1.48(d,Mt,6.8 
Hz),l.ll(d,Me,6.7Hz).Neithervinylprotonwasobmedfor 
the minor isomer ; nor was H, observed for either isomer. The 
resonances for some protons overlap : 6 5.67 (s, Cp) ; 4.163.% 
(m, C&N); 2.27-2.05 (m, CH,); 1.90-1.50 (m, CHA. 

Hydrolysis of the coordinuted hinfuni salt. The mixhm of 
isomers of the [CpMo(CO)(NO)(C,H&HH,=NC4Hs)]BF4 
(0.526 8.1 mmol) salt was dissolved in a mixture of 15 ml of 
MeCN and 4 ml of distilled water. One ml of al M KOH was 
added to this gold soln and the resulting solution w& stirred 
for 2 hr at room temp. There was no change in c&or during the 
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hydrolyaieandettheendofthe2hr~~theapparrntpH 
waslo.Gnemlof0.lMHCfwasaddedtoneutrali=the 
mixtum.ThesohtvabAaawasreducadutxkrvaaluatandthe 
resulting aqueous soht~extracted with four 10 ml portions of 
CH,Cl,.ThegdldCH,clsextxlvxtawerethenontractaiwith 
thm:l0mlportionsofwa?tcrandthe~cLyrmdrhxiover 
MgSO,.ThcCH,CIs~~wPs~taffromthedryingagent 
and filtered through Cehte. The crude product was 
chromatographed on a 25 x 1 cm column of sihca gel with 
CHa(3f2_EvapOrationofthcsolveotfnrm~goIdbandwhich 
was cluted from the column gave 0,349 g (0.91 mm04 91%) of 
the coordinated 2 - (1 - methyl - 2 - butenyl) - cyclohexanone 
product as a mixture of isomers (-5: 1): IR (C,Ht,) 1976, 
1967 (CO); 16521642 (NO); 1714 (C=G) cm-t. 

As observed with tlte iminium salt, olefin rotation prevents 
the observation ofsome resonanas at room temp. R~ttance-s 
which are observed in the ‘H-NMR (CDCI,. 25”. 500 MHx) 
appear at: (major) S 3.22 (dd, H, 12.i 10.0 h), 3.04 (dq. H, 
1212, 6.3 H$, -138 (4 Me, 6.3-H=), 1.25 (d, ‘Me,_ 7.0-Hzj; 
(minor)d . , 3.12fdd. H,. . , “, 

11.8. IO.OHzI. 1.43ld. Me. 6.3 Hx). 1.20 
(d, Me, 6.8 Hz). Neither Hi nor Hi-is o&rved’in the minor 
~om~~dH*isnotob~~~~ernajor~rner.R~n~~ 
which overlap in both isomers appear at : 6 5.53 ($ Cp), 2.46- 
2-23 (m, CHCOCH,), 2.06-1.56 (m, CH3. 

Decompfexation 022 - (1 - ~t~~~ - 2 i ~y~yc~~~~. 
The oletin comdex (200 mp. 0.54 mmol) and 1 a of NaOAc 
(hydrated) were-dissolved Lacetone and 100 mgportions of 
(NH.),Ce(NO,), were added until CO evolution ceased. 
Addition of water, extraction with ether and separation on 
preparatory TLC (silica gel) plates gave a 43% yield of 2 - (l- 
methylbut-2-~y~~~ohex~one~a~t~of~me~:iR 
(CH,Cl,) 1706 cm- ’ (c----o); ‘H-NMR (CDCI,. 23”, 200 
MHz), most resonances of both isomers overlap, d 5.58-5.18 
(m, H, Hd 2.74-254,2.46-218,2X%-1.46 (m, methylenes); 
(major), d 1.62 (m, Me,, Jas = 5.8 Hz), 0.97 (d, MC* 6.9 Hz); 
(minor), 6 0.95 (d, Mt, 6.7 Hz), Me, obscured. 

Analogous reactions to yield 2-(2-buteny~yclohexanone. 
The reaction of CpMo(CO)l(u3crotyl) with NO+ selectively 
yields the endo-cis isomer of the [CpMo(NO)(CO)(q”- 
crotyl)] + cation. This complex rearranges in the reaction and 
adds to thekast substituted terminusiu i~~regiosekctivity. 
The coordinated 2-(2-butenyl)cyclohexaanone shows complex 
NMR spectra as a result of olefin rotamers and the 
diastereomers produced from the chirality at the cooniinated 
olefin: (‘H-NMR, CDCJ,, - 35”, 250 MHz), 6 S-29,5.28,5.26, 
5.24(s, Cp); 3.30-3.16,3.12-2.82 (m, vinyl); 2.54-1.05 (broad 
m, Me, CH,); IR (C+,H,,) 1979.1946 (CO); 1645 (NO); 1714 
(c==o). 

Docomplexation gave 2-(2-butenyl)cyclohexanone in ap 
proximately SOD/, yield: IR (C,H,,) 1718 cm-‘; ‘H-NMR 
(CDCI,, 25”, 500 MHz): 6 5.54-5.35 (m, vinyl); 237-1.0 (m, 
methylenes); 1.47 (m, Me, 5.5 Hz). 

Fig 1. An GRTBP diagram showing 50”/0 probability 
ellipsoids of the major product of the reaclion of 
[CpM~O)(CO)(~3-i,~e~yl~y~]+ withC,HeNCsHp. 

(XmcdWW cwlysir. The spit Mo,F.WWdW,,~ 
cry8tellim in the tridioic spaa group Pf wiul two mola 
cukaitt the unit cell ofdimeasiaas a = 9.ftU7(3)~ b = 10.837 
k c = 11.717(4) k u = P7.560”, /I = 10223(~, 7 = 103.18”. 
Fot 2376 rcfkctiotts and 280 pptametacs the Jtructurc 
reiined to R, = 0.040 and Rz = 0.041. The details of 
the structure will be pubhshed elsewhere. 
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