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Formyl and acetyl derivatives of (n6-C,H,)Cr(CO),, ($-C,H,)Mn(CO), and (ns-C,H,)Re(CO), 

react with the Wittig reagent CH,PPh, to form vinyl and 2-propenyl derivatives, respectively. Reaction 

of the same formyl and acetyl derivatives with the Reformatsky complex formed from ethyl bromo- 

acetate and zinc yields the expected hydroxy esters in good yield. Dehydration of these alcohols gives 

the corresponding ethyl propenoate and ethyl butenoate products in excellent yield. All compounds 
have been fully characterized by IR, ‘H and ‘sC NMR, mass spectrometry and elemental analysis. 

Molecules which have potential application as nonlinear optical materials are 
typically characterized by extensive r-electron conjugation, charge transfer ability, 
and acentric crystal structures [l]. There is a growing recognition that structurally 
tailored organometallic complexes have promise in these applications [21. With the 
exception of the work by Frazier and co-workers, who have examined (arenelchro- 
miumtricarbonyl compounds, studies of optical nonlinearity in organometallic 
complexes have focused on ferrocene and its derivatives because of the extensive 
organic chemistry that is available for the structural elaboration of ferrocene. We 
believe that the wide range of electronic properties available to arene and 
cyclopentadienyl and metal complexes would make it possible to fine tune nonlin- 
ear optical behavior by judicious selection of the metal and secondary ligands. 

In addition to their interest as nonlinear optical materials, organometallic 
species with conjugated side chains are potential monomers for the formation of 
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organometallic polymers. Fhc application of vinylcyclopentadienyl metal com- 
pounds and styrenechromiumtricarbonyl have been discussed in recent rcviews [3]. 

Wc have for some time becn concerned with the development of ring function- 
alized arene and cycloperltadienyl organometallic compounds. In contrast to the 
rich organic chemistry of fcrmcenc,  verT few workers have examined (he organic 
chcmistiT of functional grotlps (Hr arcne or cyclopcntadienyl lnct.ttJ carbonyl com- 
pounds. Some publications have described ~.'ittig reactions for (bcnzaldehyde) 
chromiumtricarbonyl,  while none have been reported for tile c}clopenladienyl- 
manganesciricarbonyl or cych)pentadicnylrheniumtricarbonyi serics [4]. Arsonium 
ylidcs havc been employed b} Mioskowski and co-workers for the synthcsi,,, ~H 
vinylic epoxide derivatives of H~cnzaldehyde)chromiumtricarbcmyl {51. Fedcric and 
Toma [fl] have reported :~ Michael addition t(: (hHm~lcxclopcntadieHyi} 
mangancsctricarbonyl.  "Fo on, knowledge, no Rcformatskk chcmislr\, has bccn 
reported for organomctallic compounds other than lcrroccuc. We ,aish h) describe 
our recent work on the elaboration of formyl and acctyl giotq~s on organometallic 
complexes of (r~-R(7~,ft~)Cr(C())~. where R Cl IO (la} and R ..... ('OCI~t~ (Ib). 
(qS-l~,C.sfti)Mn(C())> where R CH()  (2a) and R = ( ' O C t t ~  (2b) and (q>- 
R(~>Ha)Re(CO)> where R = - C l i o  (3a) and R -  (70(7H , (3b) using Wittig mid 
Rcformaisky reagents. After submission of lhis paper, wc became aw, arc of the 
studies by Miller et al. [7], on {he Wittig chemistr> o{ (acetyicyclopcma- 
dicn~l)mangancsetricarbonyi and ace~ylfcrr~cenc xdwch arc p~cseu{cd in the pro- 
ceding paper. 

Results and discussion 

Vinylsubstituted organomclallic complexes have been examined because of tlleii 
application in tile tk)rmation of organomctallic containing polymers. For cyclopen- 
tadienylmangancsctricarbonyl,  lhc vinyl group is typically introduced b~ dehydra- 
tion of l-(cych~pentadicnylmanganesetricarbonyl)-ethan-l-ol,  which is itself pre- 
pared by reduction of (acetylcyclopcntad{enyl)manganesciricarbonyl IN]. Styrene 
chromium tricarbonyl is prepared by direct metallation of styrene i<)]. 

We have found that reaction ~H (H~=PPh~ (from ( ' H ~ P P h , B r  and n-butyl 
lithium) witll la. 2a or 3a accolding to the procedure ~1 Wiltig and Schoellkopf 
[10] rcsults in the formation of the corresponding vin~l dcrivalives, whereas 
reaction with lb, 2b or 3b yields the 1-methylvhlyl deri,,atives. These reactions are 
summarized in Scheme 1. All products were recovered in good ~.o ,,cr~ good yield 
and have been fully characterized using IR. ~H and 1~(7 NMR: mass spectroscopy 
and elemental analysis. 'Fhc ,,inyl prohm rcsonances form ~ char,.~ctcristic , \BX 
pattern for tire formulation RII x : ( ' f t x t l i ~ . w h c r c  H~ is /. t,.> the organometallic 
moict$. (Vinyicych)pentadicuyi)mangancsctricarbonyl and st}~cncchromiumtrica~- 
bonyl prepared by tllis ioutc are ktentical to samples prepared by published 
rHoccdlJres. We believe that lhis route is stlpcFi(H" lO I.hc dehydration rotltC [OI 
(vinylcyclopentadienyl)mangancsctricarbony[ as it avoids ttlC high temperature 
flash distillation which leads 1o thermal polymerization. Wc have also ulilized 
appropriate Wittig rcagenb~ for the synthesis of t~uladicnc subsiiluted dcri~a{ives 
of this series of metal comp{cxcs [I lj. 

The Rct~)rmatsky rcacti<m is an excellent method 1o,, the intFodtlctJon oJ 
/3-hydrox> esters into Collrpotlnds [12]. Wc have examined 1l/0 rcacli(',ll ol ethyl 
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bromoacetate with the formyl and acetyl complexes described above, and have 
found that the corresponding P-hydroxy esters are produced in very good yield 
from these reactions. These reactions are summarized in Scheme 2. 

‘H NMR spectra of the /3-hydroxy esters are consistent with the assigned 
structures. Of particular interest is the observation that the two geminal protons, 
H, and H, of (CO),Re[~5-C,H,CHx(OH)CH,H,C0,CH,CH,] are magneti- 
cally inequivalent and couple with H, on the hydroxy bearing with coupling 
constants of 4.0 and 8.6 Hz. Models suggest that hydrogen bonding between the 
alcohol and the ester carbonyl will fix the relative geometry of the hydrogens on 
these two carbons (Fig. 1) so that one pair has a dihedral angle of 45” while the 
second has a dihedral angle of about 165”. The hydrogen bonding creates a 

Fig. 1. 

\ 
CpRe(CO), 



1 (16 

s ix-membered ring which assumes a chair conlk)rmation. The coupling constants 
prcdic tcd  by the Karplus relationship are in excellent agrecmem with the obsetwed 
values [13]. 

Dehydra t ion  of  the hydroxypropionatc  esters with P+()t;+ in reflexing benzcnc  
gave the cxpcctcd acrylic cstc.rs in excellent yield. Again, all compounds  have been 
fully characterized.  HPI_,C and N M R  analyses of the reaction products  from thcsc 
dehydrat ions  indicated that onlx a single isomer was produced m {hcsc re.actions. 
Coupling constants bc.twccn thc x.inyl protons (11: thcsc conlpot t l lds  arc  abOkl[ l{) [ tz  

which is it] the range expected [or all [; isomer. Simiiat + dehydrat ion of Ihc 
3-hydroxybutyrate esters ga~c a single alkc.ne product  which we bclic.vc to be. the l;' 
isomer with the organometal l ic  moiety trans to the c.ster group. 113c 1+2 llz tRc} 
and 1.5 t lz (Cr) coupling constants obscrved bctween the methyl alld vin>l 
hydrogen arc suggestive, bul t~ot diagnostic, el an E relationship bc.twec.n ihcsc 
two gr()llpS, 

l ' hc  remarkable ca>c with which these model compounds can bc claboratc.d 
using Wittig and Refornmt,,,ky techniques to give conjugated derivatives strongly 
suggests that this methodology can play an important role m the s~nthesis of 

compounds  for the SILl(I} O[ I/ollliilcar optical propc.]ties+ 

E x p e r i m e n t a l  

: t l  and ~C' N M R  spectra were recorded on an IBM NR-3{t0 MHz N M R  
spec t romctcr  or a , lEO[, t:X-90(,) N M R  spect rometer  and rcfc.rcncc.d tu appropri-  
atc solvent resonances.  IR spectra wcre recorded on a Bio-Rad Oualimatic F T I R  
with a resolution of  2 cm i. t tP I .C  analyscs were. conducted on a (.Joy, Mac HPI . (  
with a silica gel column using 3t)% TH!:  in pc.troleunl ether  as an etuant. Mass 
spectra were recorded  by l)r+ Garry Kncrr using a VG 7!)70 ! |S mass spcc t romcler  
using dire.el insertion. Elemental  analvsc.s were. carried out b~ [)esert Amllytics of 
Tucson,  Arizona.  

All solvents werc dried and distilled under  nitrogen. Preparative. column chro- 
matography  was carried out using nitrogc'n flushed solvents and neutral ICAMA(})  
alumina. Methyitr iphcllylphosphoniurn br~mficlc was purchased t!om Aifa, Inc. 
n-Butyl lithium and ethyl b romoacc la tc  wcrc purcl |ascd fronl Aldrich. la  [IaL Ib 
[15], 2a. 2b, 3a and 3b [16] were prepared  by published proccdul+c.s. All ,,;ichts ere 
the highest yic.lds obta ined with only modcst  cffort being dhcc tcd  '~o\~ard establish+ 
ing optimal conditions. 

Synthesis Of (vi/o'icyckq~entadienyDman~,,anesetricarhon),l ( r~ :-C, f1~(:  t t  ; )Mn (( ()).+ 
A sc, ltltion of  n-butyl lithium {1.4 retool) in anhydrous  ethyl ether  was addcd to 

at suspension of  finely powdered CI-t ~PPh ~Br (0.5t10 g, 1+4 mmolL in ethyl c.thcr ( i0 
rot_,), and the resulting yeller, solution was stilrc.d for 4 h at room ~c.mperaturc. 2b 
(0.325 g, 1.4 retool), in c.thNI ether (lO mL) was added dropwb~e, and the ch)udy 
solution was heated unde! re.flux overnight. Thc solution was cooJc.d to rOOlll 
tempcrature ,  filtered and thc solvent rcmovc.d at (}C using zt rot:_n,~ c.\,'ap(u*atOrr 
The resulting residue wa.s ch romatographed  on alumina using pClllallc 0.s till 
eluant. A single, yellow band was obsc~ 'ed  which was collected. IExaporatioll t~t: the 
solve.hi gave 0.235 g el  the known vinvlcymamrene as a vetlox~ ,ail. >icld: 73;~. IR 
(Ct t  ,(~t ,): 202I, }037 and 1(~34 cm ~ l !  NMP, !CDCt ,): 6+25 (dd i } [ . . Ix ,  ̀ ..... 17.C~. 



107 

J = 10.7 Hz, Bx H,); 5.47 (dd, lH, JAx = 17.6, JAB = 1.0 Hz, H,); 5.18 (.dd, 1 I-I, 
J = 10.7, ~~~ 
(&Cl,): 224.8 

= 1.0 HZ, Hn); 4.91 (A,B, t, 2H); 4.70 (A,B, t, 2H). i3C NMR 
(Mn - CO); 129.1 (vinyl). 115.6 (vinyl); 100.8 (ipso-Cp); 82.1 (Cp); 

81.1 (Cp). MS (CI): 230 (M+), 202 (M’- CO), 174 (M+- 2 CO), 146 (M+- 3 

CO). 
All Wittig reactions were carried out using the procedure described above. 

(2-Propenylc 1 yc opentadienyl)manganesetricarbonyl 1775-CgH4C(CH.3)=CH2/Mn 
(CO), 

Yellow oil. Yield: 73%. IR (CH,C12): 2021, 1937 and 1637 cm-‘. ‘H NMR 
(CDCl,): 5.24 (d, lH, vinyl); 4.94 ( m, 3H, vinyl and Cp); 4.69 (A,B, t, 2H, Cp); 
1.92 (m, 3H, CH,). ‘“C NMR (CDCI,): 224.3 (Mn-CO); 135.9 (vinyl); 112.5 (vinyl, 
=CH,); 103.7 (ipso-Cp); 81.9 (Cp); 80.7 (Cp); 20.9 (CH,). MS (CI): 244 CM+), 216 
CM+-- CO), 188 (M+- 2 CO), 160 CM+- 3 CO). Anal. Found: C, 54.09; H, 3.68. 
C,,H,MnO, talc.: C, 53.68; H, 3.98%. 

0finylcyclopentadienyl)rheniumtricarbonyl (q5-C,H,C, H,)Re(CO), 
White solid, m.p. 42-43°C. Yield: 70.5%. IR (CH,Cl,): 2023, 1927 and 1635 

cm-‘. ‘H NMR (CDCI,): 6.30 (dd, 1 H, JAx = 17.5, J,, = 10.8 HZ, I~,); 5.50 

(A,B, t, 2H, Cp); 5.47 (d, lH, JAx = 17.5 Hz, H,); 5.30 (A,B, t, 2H, Cp); 5.14 (d, 
lH, J,, = 10.8 Hz, H,). ‘?C NMR (CDCI,): 193.4 (Re-CO); 127.7 (vinyl); 116.1 
(vinyl, =CH,); 105.2 (ipso-Cp); 84.1 (Cp); 81.8 (Cp). MS (CI) (lX7Re): 362 CM+), 
334 (M+- CO>, 306 (M+- 2 CO), 278 CM+- 3 CO). Anal. Found: C, 33.30, H, 
1.83. C,,H,ReO, talc.: C, 33.24; H, 1.94%. 

(2-Propenylcyclopentadienyl)rheniumtricarbonyl /q j-C, H,C(CH,T)=CH,]Re(CO), 
White solid, m.p. 44-45°C. Yield: 68%. IR (CH,Cl,): 2022, 1924 and 1637 

cm-’ ‘H NMR (CDCI,): 5.53 (A,B, t, 2H, Cp); 5.30 (m, 3H, vinyl and Cp); 4.95 
(s, lH, vinyl); 1.92 (s, 3H, CH,). ‘jC NMR (CDCl,): 194.0 (Re-CO); 135.0 (vinyl); 
112.9 (vinyl, CH,); 108.4 (ipso-Cp); 83.7 (Cp); 81.6 (Cp); 21.2 (CH,). MS (CI) 
(‘s7Re): 376 CM+), 348 CM+- CO>, 320 (M+- 2 CO), 292 (n/i’- 3 CO). Anal. 
Found: C, 35.31, H, 2.36. C,,H,ReO, talc.: C, 35.20; H, 2.40%. 

Styrenechromiumtricarbonyl (q’-C, H5C,? H,)Cr(CO), 
Yellow solid, m.p. 78-79°C (lit 80-81°C [5]). Yield: 73%. IR (CH,Cl,): 1969, 

1895 and 1630 cm-‘. ‘H NMR (CDCI,): 6.30 (dd, IH, JAx = 17.4, J,, = 10.8 HZ, 

H,); 5.65 (d, lH, JAx = 17.4, H,); 5.44-5.2 (m, 6H, phenyl, Hn). ‘3C NMR 
(CDCI,): 232.8 (Cr-CO); 133.6 (vinyl); 116.5 (vinyl, =CH,); 105.5 (ipso-Ph); 92.6 
(Ph); 91.3 (Ph); 90.6 (Ph). MS (CI): 240 CM+), 212 CM+- CO), 184 W- 2 CO), 
156 CM+- 3 CO). 

(2-Propenyl)benzenechromiumtricarbonyl [T6-C6 H,C(CH,)=CH,ICr(CO), 
Yellow solid, m.p. 80-81°C. Yield: 68%. IR (CH,Cl,): 1968, 1892 and 1630 
-l. ‘H NMR (CDCl,): 5.54-5.49 (m, 2H); 5.41-5.30 (m, 4H); 5.13 (s, 1H); 2.03 

Tsm 3H, CH,). i3C NMR (CDCI,): 232.8 (Cr-CO); 139.5 (vinyl); 114.7 (vinyl, 
=CH,); 109.5 (ipso-Ph); 92.0 (Ph); 91.9 (Ph); 90.6 (Ph); 20.7 (CH,). MS (CI): 254 
(M+), 226 CM+- CO), 198 CM+- 2 CO), 170 CM’- 3 CO). Anal. Found: C, 56.69; 
H, 3.94. C,,H,,CrO, talc.: C, 56.44; H, 3.79%. 
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Synthesi~ of ethyl 3- (o'clopentadienylmanganesetricarhonyl)-3-hydroxypropionate 
( C O  ).~ Mn [ ~7 .s_ C5 H4 CH (0[11 C112 C O  2 C2 H5 / 

An oven-dried 100 mL three-necked flask with spin bar, addition funnel and 
reflux condenser was charged with activated zinc dust (0.29 g, 4.5 retool), and 
anhydrous bis(methoxy)ethane (5 mL). A mixture of ethyl bromoaeetatc (0.75 g, 4.5 
retool) and bis(methoxy)ethane (t0 nil,) was added dropwisc and lhe solution 
stirred for 2 h at 40 5(FC. At the end of this time, 2a (0.35 g. !.5 retool) in 
bis(methoxy)ethane (1() mL) was added dropwise and the rnixture stirred under 
reflux overnight. The reaction mixture was cooled in an ice bath and stirred 
vigorously while 100,; sulfuric acid (I0 mL) was added to dcslroy the zinc complcx. 
The aqueous layer was removed by dropper  and the organic phase ~.as washed 
with water until neutral and then dried over magnesium suliate. The mixturc was 
filtered and the solvcnt removed by rotary- evaporator.  The resulting residue was 
chromatographed on an alumina column. Klution with a 57 :40 :3  petroleum 
e the r /d i ch lo rome thane /me thano l  (57"4i13)  solution elutcd a single yellow band. 
After evaporation of the solvent, this gave (}.31 g of ethyl 3-(cyclopentadicnylman- 
ganesetricarbonyl)-3-hydroxypropionate as a yellow oil. yield: 64.5e}. I R (C[t ,CI .): 
3600-34(t0 (broad), 2024s, 1942s, 1722m. ~1t N M R  (CDCI~): 4.88 (s. I H, C(Ol---I)tt;); 
4 . 7 9 ( A e B  e t, 2H, Cp): 4.63 (A , B, t, 2[l ,  Cp); 4.17 (q, 2[t, J : 6.8 ttz, C t t ; C t t , ) ;  
3.23 (s, 1H, 0tt): 2.66 (d, 21L C H ( O H ) - C t t , ) ;  1.27 (t, 3H, . l -  6.8 Hz, CI-I ,Ct/~). 
~:~C NMR (CI)('I~): 224.5 (Mn-CO):  171.6 ((~7()~); 1116.7 (tpso-Cp): 82.0 (Cp): ,SI.(~ 
(Cp); 81.5 (Cp); 80.8 (Cp); 64.3 (CH(OH)CI |~ ) :  61.0 t C t i ( ( ) H ) t ' t t , ) :  42.6 
(CH?CH3) :  13 .8(CH;CH31.  MS (FAB): 319 (M I ) : (CI)3112t~!  -1110) ,292  
(M +-- COL 264 (M ~ - 2 CO), 236 (M ~ 3 CO). Anal. Found: (L 4,S.S~: t1, 4.25. 
CI~HI:~MnO(, talc.: C, 48.75: H, 4.061~. 

Note: All /3-hydroxy complexes were prepared by a similar route. 

Ethyl 3-(Cyclopentadienyhnan;,anesetricarbonyl)-3_hydr~vyhtm.rat~, (CO)~:~,bt/~7 *- 
C~ ftvc(cH¢) (o t t ) c t t , coec  2 tt~ / 

Yellow oil, yield: 62%. 1R (Cit  ~CI~): 3600-3400 (broad), -:(K_s. ~ ~'~' 1932s, 1715m. 
JH NMR (CDCI~): 4.93-4.83 (m, 2H. Cp), 4.62-4.54 (m, 2t{, Cp), 4.18 (q, 2H, 
CH:CH3) :  4.00 (s, IH, O / t ) ;  2.67 (s, 2H, ( : (CH3)(OH)( 'H: ) :  i.51 (s, 3H, 
C(Cft~)(OH)); 1.26 (t, 3H, (HX~:tt~). ~C NMR (CDCI ~): 224.7 (Mn-(~O)" 171.,~; 
(CO21; 112.3 (ipso-Cp); '~ ~ 8.',.) (Cp); 82.8 (Cpt: N).., (Cp): 79.9 (Cp): 08.7 
(C t t (OH)CH~) :  6.10 ( C H ( O H ) C H  ~); 47.6 (CtI: ,CIt~):  30.(1 (C(('It.~)I()H)): 14.1 
(CH+C[tJ . .  MS (FAB): 333 ( M - 1 ) ,  .~06 ( M ' - C O ) ,  _/~~S 114 2 C()), 251! 
(,14' 3 CO): ( C ! 1 3 1 7 1 M '  OH), ~.0~q ~M + 3 CO). Anal. Found: ('. 5t).39: It. 
4.51. C I~H.sMnO,, calc.: C. 511.29: H, 4.49":~. 

Ethy l .  3-(cyclopentadienvhqteniumtriearbonvl)-3-h~drox~l~ropiom:7w. . . . ( C O i ~ R e / ~ 7  ~_ 
( '~ H ~ C H ( O H )  C t t  :, C O  2 C_: t l~  / 

Yellow oil, yield: 60%. IR (CH.CI , ) :  3600-3450 (broad): _( ~ )'~,.( s, 1935s, 17,.ml.'~" 
~H NMR (CDCI~): S4 ¢, (A,B., t, .2H,~Cp): -"~" 2 H  - . . . .  b.,~ ( A , B ,  t. Cp): 4.91-4.77 (dd, 
1H, J \x  = 8.6, ./nx - 4.11 Hz, C / /× (OH)CH2) ;  4.18 (q, 21t, ,l 7.3 Hz, C / L C H  ~): 
3.29 (s, IH, OH) :  2.67 (d, 111, ./ux = 4.0 Hz, CH(OH)CH~); 2.64 (d. 1H, ,/.\x = 8.6 
Hz, CH(OH)CHe) :  1.27 (t, 31-t, j = 7.3 l-tz, CH:( : / /~) .  JVC NM!R (CDCI ~): 1~13,7 
(Re -CO) :  171.7 (CO2): ll 1.1 (qz~'o-Cp): 83.6 (Cp); 83.2 (Cpk 83.1 (2 carbons. Cp): 
64.1 ( ( ' H ( O H ) C I t : ) ;  61.2 (( ' t t(Ot-t)(TH~): 43.1 ( ( ' [ I ? ( :H , ) :  14.1 {CII . ( ' I - I~).  MS 
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89%. IR (CHeCI2):  2025s, 1940s, 1711s, 1646m cm-~. ~H NMR (CDCI3): 7.23 (d, 
1H, J = 15.8 Hz, vinyl); 6.09 (d, IH, J = 15.8 Hz, vinyl); 5.09 (A ,B ,  t, 2H, Cp); 4.80 
(AeB~ t, 2H, Cp); 4.23 (q, 2H, J = 7 . 1  Hz, C t t , C H 0 ;  1.31 it,-3H, J~-:7.1 Hz. 
CHeCH~). 13C NMR (CDC13): 223.8 (Mn-CO); i-66.0 (CO,):  137.7 (vinyl); 119.1 
(vinyl); 93.8 (ips.o-Cp); 84.1 (Cp); 82.9 (Cp); 60.6 ( ( I 'H,CH)~ i4.0 (CH ,CH ~). MS 
(CI) 3 0 2 ( M ~ ) , 2 7 4 ( M ' - C O ) , 2 4 6 ( M + _ _ 2 C O ) , 2 1 b ( ( M ~  3 ( O ) . A n a l .  l-ound: 
C, '~1.78: H, 3.72. C~H~MnO~ talc.: (:, 51.70: I:1, ~ c. 

- .~.64 c ,  

Ethyl E-3-(o'clopentadienvhnanganesetricarbonvl)butenoatc (CO)vJ/ln/u s-(7~tIvC- 
( CHe ) = Ct tCO 2 Q? H 5 ] 

Orange solid, m.p. 61-62°C. Yield: 91~;-. 1R (CHoCI.,): 2024s, 1940s, 1709s, 
1631m cm ~. 1H NMR (CDCI~): 6.(/6 (s, 1H, vinylk 5I12"(A,B, I, 21t, Cp): 4.78 
(AeB2 t, 2H, Cp); 4.78 (% 21-4../~ 6.8 Hz, CH,CH~); 2,34 (~-, ,;,H, Ctf,,): 1.30 (t, 
3H, J = 6 . 8  Hz, CH2Ctt3). ~C NMR (CDCI~): 224.0 (Mn-(:O) 16~-,i1 (CO~): 
148.0 (CpMnC(CH0);  115.3 (CHCOeEt);  101.1 (ipso-Cp): 82.7 (Cp); 82.0 (ci;)i 
60.1 (CHeCH~); t6.7 (CH~); 14.3 (CH,CH~).  MS (C1): 316 (.W'}, 260 (M ÷- 2 
CO), 232 (M ~-- 3 CO). Anal. Found: C, 53.64; H, 4..42. C~H~Mn()~  calc.: C, 
53.16; H, 4.11%. 

Ethyl, E-3-(cvclopentadienvh'heniumtricarbonvl )prop¢noate , _ . (CO) ~ R e/ ~ * -('" ~ H ~CH= 
CHCO ,(': t t  5 / 

Light yellow solid, m.p. 90-9t°C. Yield: 95(~. IR (CH ,CI~ ): 2028s, 1937s, 1710s, 
1646m cm ~. ~H NMR (CDC1): 7.29 (d, IH, J =  16"Hz, vinyl): 6.09 (d, 1H, 
J -  16.1 Hz, vinyl); 5.67 (A ~B~ t, 2H, Cp); 5.36 (A~B~ t, 2tt. Cp): 4.22 (q, 21t. 
,1=7.3 Hz, CH2CH3); 1.3(! (t. 3H. J =  7.3 llz, Cl i2 ( ! t t , ) .  ~'(' NMR (CDCIa): 
192.9 iRe-CO);  165.9 (CO,);  136.0 (CpCH, vinyl): 119. i (HCCO, ,  vinyl): !)-).7 
(ipso-Cp): 85.2 (Cp); 84.7 (Cp}: 6!t.8 (CI{2CH ~); 14.2 (CH ,CI-t ~). MS (CI)( ISrRe): 
434 (2!//'), 406 (M *--CO), 378 (M~ -2  CO), 350 (,W~ 3 CO). Anal. Found: ('. 
36.24; H, 2.57. CI.~H,1ReO, talc.: C, 36.(12: tJ~ "~ '~'~ .... 

Ethyl E-3-(cyclol)entadienylrhe~ffumtricarbonyl)butem)ate ( C Y) ) ~ Re/ r? L(~.< ft 4C- 
(CH~)=CHCO: C e t[~ ] 

( o • t~Z Light yellow, solid, m.p. 7)-80 ( .  Yield: 94 ,c. IR (CH ,CI ,): -(h7s. ~' ~ 1939s, 1710s, 
1632m cm 1 i H NMR (CDCI~): 6.(18 (q, IH, J = t.2 Hz7 vinyl); 5.(~N (A ,B ,  t, 2H, 
Cp); 5.35 (A2B:: t, 2H, Cp); 4.18 (q, 2H, .1 -- 6.8 Hz, CHiCHi) :  2.33 (d, 3i~,-i .... 1.2 
Hz, Ctt~): 1.30 (t, 3H, J = 6.8 tJz, CH,Ctt3) .  I~C NMR~(C1)(TIa): 193.0 (Rc-( 'O);  
165.9 (CO2); 146.3 (CpReC(CH:~)); 11,5.8 (CHCO~EI): 105.7 (ipso-Cp); 84.3 (Cp); 
83.7 (Cp); 60.1 (CH2CH;);  17.1 (CH~); 14.2 ( ( :H,Ct I , ) .  MS (Cl)('S-'Re): 448 
( M ' ) , 4 2 0 ( M  ~ - C O ) , 3 9 2 1 M  ..... 2 C O ) , 3 6 4 ( M "  ,{ C()). Ana!. Found: C, 37.03: 
H, 2.82. CI4H .~ReO s calc.: ('. 37.58: H, 2.9tff~. 

Ethyl E-3-(phenylchrorniumtricarbonyl)propenoate (CO) ~Cr/ TI~,_(" tt~C'H=CttCO _ 
C2115 / 

Red-orange solid, m.p. 106-107°(i. Yield: 67%. IR (CH<71,): 1976s. 19()4s, 
1711s, 1641m cm ~. ~I-f NMR (CDCIg: 7.20 (d, IH, J I5/~- Hz, vinyl); 6.25 (d, 
IH, J = 15.6 Hz, vinyl); 5.54 (d, 2H, ortho-Ph); 5.44 (t, I l l ,  ,mra-Ph); ~~.33 (t, 2t][. 
meta-Ph); 4.26 (q, 2H, .I = 7.2 tlz, CH~CH-~); 1.33 (t, 3H, ./ -- 7.2 Hz, CH ,Ctt~).  
E3C NMR (CDCI:~): 231.6 ((Y-CO); ]657) (CO~): 141.3 (CDCIL vinyl)i-110.5 
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895%. IR (CH,Cl,j: 2025s, 194Os, 1711s, 1646m cm- ‘. ‘H NMR (CD&): 7.23 (d. 
1H. J = 15.8 Hz, vinyl); 6.09 (d, IH. J = 15.X Hz, vinyl); 5.09 (A,B, t, X-1, c’p); 4.80 
(A2B1 t, 2H. Cp); 4.23 (cl. 2H. J = 7.1 Hz, C?I,CH,): 1.31 (t. 3H. J z- 7.1 Hz. 
CH,CH,). 13C NMR (CDCI,): 273.8 (Mn-CO); 166.0 (CO,): 137.7 (vinyl): 119.1 
(vinyl); 93.8 (ipso-C‘p): 83.1 (Cp); X2.9 (Cp); 60.6 ((‘H,CH <!r 13.0 iC‘t-I,(‘H ;). MS 
(CIk 302 (M’ 1, 274 (ML - (‘01, 246 (M ’ -- 2 CO), 218 (M- i (~‘01. :\inal. Frwnd: 

(1. 51.78: H. 1.72. C,,H,,MnO, talc.: C”, fl.70 H. 3.64’;. 

Orange solid, m.p. 61-62°C.‘. Yielc!: c)lCf,. IR (C’H.C‘l,): 7021s, 1940s. 170%. 
1631m cm-‘. ‘H NMR (CDC’I,): 6.06 (s, lH, vinyl); 5IlZ~(A,B, I. 31. Cp); 1.78 
(ALBy t, 2H, Cp): 4.78 (q. 2F-I. .I = 6.X HL, CN,CH,); 3.3-1 (4. 3H. C‘fllk 1.30 (t. 
3H. .I- 6.8 Hr. CH,(‘l13). ‘I(‘ NMR ICDC13): 714.0 (Mn---i’(I). l6b.l (CO,): 
148.0 (CpMnC(CI-l,)): 115.3 ((‘HCOLEt); 101.1 fi~~so-Cpi: Y17.7 (Cp): 831 (Cp): 
00.1 (C’H,CH;): 16.7 (CH,); 13.3 ICH.CH;). MS (Cl): ?I6 (:%I’), 30 t:W+ 2 
CO), 332 (Me -- 3 CO). Anal. Found: ?‘. 53.64; H. 4..12. Cyi,H :;MnO, talc.: C‘. 
53.16; H, 4.113. 

Light ycllou solid, m.p. 90-91°C. Yield: 95’3. IR (G-l ,G’I, k 7033s. 1937a, 1710s. 
1646m crn~ ‘. ‘H NMR (CDCI ;): 7.29 (d, 1H. .I-- 16 Hz. vinyl): h.Oc) id. It-i. 
J = 16.1 Hz, vinyl); 5.67 (A,ES1 t. 7H. Cp): 5.36 (A,B, t. 31. C‘p); J.22 (q, 31. 
.I = 7.3 Hz, CH,CH,); I.30 (t. 3H. J = 7.3 Hr. W,+f;). !‘C NMK (C=DC’!,k 

192.9 (Re-CO); 165.9 (CO,); 136.0 ((.‘pC‘H, vinyl); 119.1 (HC‘CO-.. vinyl): (17.7 
(&o-Cp); 85.1 (Cp): X4.7 K&: 6O.t( (C’H .CH ,): 13.2 ((‘I-l .CFf.;). MS (C‘I)(“-Kc): 
434 (A4 ’ ), 406 ( M ’ -- CO). 3% (M + -- 2 ?O,. 350 (.M ’ .7 (‘0). Anal. Found: C‘. 
36.24; H, 2.57. C,;H,,ReO, talc,: C. 36.07: H, 2.54’;. 
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(HCCO,, vinyl); 98.8 (ipso-Ph); 92.8 (Ph); 92.6 (Ph); 90.1 (Ph); 60.9 (CH,CH,); 

14.2 (CHZCH,). MS (CI): 312 (M+), 256 (M+- 2 CO), 228 (M+-- 3 CQ). Anal. 

Found: C, 54.26; H, 3.82. C,,H,,Cr05 talc.: C, 53.85; H, 3.85%. 

Ethyl E-3-(phenylchromiumtricarbonyl)butenoate (CO)jCr[q6-C6 H,C(CH,kCH- 

CO,C,H,I 
Orange solid, m.p. 74-75°C. Yield: 75%. IR (CH,Cl,): 1972s, 19OOs, 1713~, 

1630m cm-‘. ‘H NMR (CDCI,): 6.16 (q, lH, J = 1.5 Hz, vinyl); 5.57 (d, 2H, 
meta-Ph); 5.44 (t, lH, para-Ph); 5.32 (t, 2H, meta-Ph); 4.21 (9, 2H, J = 6.8 HZ, 
CH,CH,); 2.44 (d, 3H, J= 1.5 Hz, CH,); 1.31 (t, 3H, J= 6.8 Hz, CH,CH,). 13C 
NMR (CDCl,): 232.0 (Cr-CO); 165.8 (CO,); 150.8 (CpC(CH,)); 118.2 
(CHCO,Et); 108.5 (ipso-Ph); 93.1 (Ph); 91.7 (Ph); 90.7 (Ph); 60.3 (CH,CHJ; 17.0 
(CH,); 14.2 (CHJH,). MS (CI): 326 (M+), 270 (M+- 2 CO), 242 (M+- 3 CO). 
Anal. Found: C, 55.02; H, 4.32. C,,H,,CrO, talc.: C, 55.21; H, 4.29%. 
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