103

Journal of Organometallic Chemistry, 440 (1992) 103-112
Elsevier Sequoia S.A., Lausanne

JOM 22737

Wittig and Reformatsky chemistry of the formyl and acetyl
derivatives of (1°-C H)Mn(CO),, (n°-C,H)Re(CO),
and (n°-C,H,)Cr(CO),

Thomas E. Bitterwolf
Department of Chemistry, University of Idaho, Moscow, Idaho 83843-4199 (USA)

and Xuezhen Dai

Enucironmental Monitoring Department, Shanghai College of Architectural and Municipal Engineering,
71 Chifeng Lu, Shanghai (People’s Republic of China)

(Received October 2, 1991; in revised form February 27, 1992)

Abstract

Formy! and acetyl derivatives of (1°-C¢H)CH(CO)5, (7°-CsH)Mn(CO); and (n°-CsH)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 '*C NMR, mass spectrometry and elemental analysis.

Molecules which have potential application as nonlinear optical materials are
typically characterized by extensive mr-electron conjugation, charge transfer ability,
and acentric crystal structures [1]. There is a growing recognition that structurally
tailored organometallic complexes have promise in these applications [2]. With the
exception of the work by Frazier and co-workers, who have examined (arene)chro-
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. The application of vinvievelopentadienyl metal com-
pounds and styrenechromiumtiricarbonyl have been discussed in recent revicws [31

We have for some time been concerned with the development of ring function-
alized arene and cyclopentadieny! organometallic compounds, In contrast to the
rich erganic chemistry of ferrocene, very few workers have examined the organic
chemistry of functional groups on arene or cyclopentadienyl meral carbonyl com-
pounds. Some publications have deseribed Wittig reactions for (benzaldehvde)
chromiumtricarbonyl, while none have been reported for the coyvelopentadienyl-
manganesctricarbonyl or cyclopentadienylrheniumtricarbonyi serics [4]. Arsonium
vlides have been emploved by Mioskowski and co-workers for the svathesis of
vinvlic epoxide derivatives ol thenzaldehyde lchromiumiricarhonyl (5] Federic and
Toma {6] have reported o Michael  addition to {(formyvicvelopeatadionyi)
manganesctricarbonyl. To our knowledge, no Reformatsky chemistry has been
reported for organometallic compounds other than ferrocene, We wish 1o describe
our recent work on the elaboration of formyl and acetyl groups on oreanometailic
complexes o {n™RC 1 HCHCON,. where R = CHO (1a) and R = COCH | (b
(n™~RC.H)MutCOd. where R - CHO (2a) and R = COCH . (2b) and (n™
RCH ORe(COT,, where R - CHO (3a) and R = COCH , (3h) using Witlig and
Reformatsky reagents, After submission of this paper, we hecame aware of the
studies by Miller e of {71 on the Witlig chemistry of (avetvievelopenta-
dienvlimanganesetricarbouyl and acerylforrocens which are presented i the pre-
ceding paper.

Results and discussion

Vinylsubstituted organometallic complexes have been examined because of their
appheation in the formation of organometallic containing polymers. For evelopen-
tadienylmanganesctricarbonyl, the vinyl group is typically introduced by dehvdra-
ton of i-(evclopentadienylimangancsetricarbonvD-ethan-t-ol. which ic itself pre-
parcd by reduction of (acetyleyelopentadienylimanganesetricarbonyt [8] Sivrenc
chromium tricarbonyl s prepared by diveet metallation of stvrene 9.

We have found that reaction of CH =PPh, {from CH.PPh.Br and n-buryl
Lithium) with la. 2a or 3a according o the procedure of Wiitig and Schocellkopf
HOD vesults gn the lormation of the corresponding vinyt derivatives, whereas
reaction with Ih, 2b or 3b yiclds the -methyivinyvl derivatives. These reactions are
summarized in Scheme 1Al products were recovered in good 1o very good vield
and have been fully charactesized using IR, 1 and O NMR. mass spectroscopy
and clemental analysis. The vinyl proton resonances form q characteristic ARXN
pattern tor the formulation R4, = CH (H . whoere H | is 7 1o the organomerallic
moicty. (Vinylevelopentadicnvlimanganesctricarbony! and stvrencchromiumtricar
bonyvl prepared by this route ure identical to samples preparcd b published
procedures. We believe that this route s superior 1o the dehvdration route tor
{vinvlevclopentadienyDmanganesetricarbonvl as it avoids the hugh temperature
flash disullution which leads 1o thermal polvmerization. Weo have alse otilized
appropriate Wiltig reagents for the synthesis of buladicne substitured derivatives
of this series of metal compleses 1]

The Reformatsky reaction iy an excellent methed for the mtroduction of
G-hvdroxy esters mte compounds [12]. We have examined the reaction of athyl
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bromoacetate with the formyl and acetyl complexes described above, and have
found that the corresponding B-hydroxy esters are produced in very good yield
from these reactions. These reactions are summarized in Scheme 2.

'H NMR spectra of the B-hydroxy esters are consistent with the assigned
structures. Of particular interest is the observation that the two geminal protons,
H, and Hy of (CO);Re[n°-CsH ,CH(OH)CH 4H zCO,CH,CH;] are magneti-
cally inequivalent and couple with Hy 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
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six-membered ring which assumes a chay conformation. The coupling constants
predicted by the Karplus relationship are in excellent agreement with the observed
vatlues [13]

Dehydration of the hydroxypropionate esters with PO, in refluxing benzene
gave the expected acrylic esters i execllent vield. Again, all compounds have been
tully characterized. HPLC wnd NMR analyses of the reaction products from these
dehvdrations indicated that anly a single isomer was produced in these reactions.
Coupling constants hetween the vinyl protons of these compounds are about 16 Hz
which is in the range expected for an £ isomer. Simitar dehvdration of the
3-hydroxvbutyrate esters gave a single alkene product which we believe 1o be the £
isorer with the organometallic moicty reans 1o the eser gronp. The 1.0 Hez (Re)
and 1.5 Hz {Cr) coupling constants obscrved between the methyl and vinyl
hvdrogen are suggestive, hat not diagnostic. of an F orelationship between these
two groups,

The remarkable ease with which these model compounds can be elaborated
using Wittig and Reformatsky technigques to give conjugated derivatives strongly
suggests that this methodology can play an important role i the svathesis of
compounds for the study of nonlincar optical properties.

Experimental

'H and "C NMR spectra were recorded on oan IBMONR-300 Mz NMR
spectrometer or a JEOL FX-900 NMR spectrometer and referenced to appropri-
ate solvent resonances. IR spectra were recorded on o Bio-Rad Qualimatic FTIR
with a resolution of 2 em ™' HPLC analyses were conducted on a GowMac HPLC
with a silica gel column using 309% THFE in petroleum cther as an <luant. Mass
spectra were recorded by Dre Garry Knerr using a VG 7070 HS mass spectrometer
using divect insertion. Elemental analvses were carricd out by Desert Analvtios of
Tucson, Arnzona,

All solvents were dricd and distilled under nitrogen. Preparative column chro-
matography was carried out using nitrogen {lushed solvents and neutral (CAMAGH
alunmina. Methyitriphenyiphosphonium bromide was purchased from Alfa, Inc.
n-Buty! lithium and ethyl bromoacerate were purchased from Aldrich. ta [14] b
[15], 2a. 2b. 3a und 3b [16] were preparcd by published procedures, Al yiclds are
the highest vields obtained with only modest effort heing divected towand establish-
g optimal conditions.,

Svathests of (rinvieycloperadienylimanganesetvicarbonyl (- C H 0 1 MniCoO),

A solution of n-buatyl Iithium (1.4 mmol) in anhydrous ethyl ether wis added o
a suspension of finely powdered CH PPh Br {0500 p. 1.4 mmel), wr ethyl ether (10
mL}. and the resulling vellow solution was stirred for 3 b gt roont temperature. 2b
{0325 ¢ 14 mmoly, in ethyl ether (10 mL) was added dropwise. and the coudy
sofution was heated under reflux overnight. The solution was cooled o room
temperature, filtered and the solvent removed at 0°C using o rotany evaporator,
The yesulting residue was chromatographed on aluming using pentane as an
cluant. A single vellow band was observed which was collected, Evaporation of the
solvent gave 0,235 ¢ of the known vinvieymantrene as a vellow oil, vield: 737, IR
(CH O 20274

037 and o3 om L TH NMRGCDCE L 625 0dd, THL L~ 176,
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Jex = 10.7 Hz, Hy); 5.47 (dd, 1H, J,x = 17.6, J,5 = 1.0 Hz, H,); 5.18 (dd, 1 H,
Jax =10.7, Jog = 1.0 Hz, Hp); 491 (A,B, t, 2H); 4.70 (A,B, t, 2H). *C NMR
(CDCl,): 224.8 (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-Propenylcyclopentadienyl)manganesetricarbonyl  [n°-C H,C(CH,;)=CH,]Mn
(CO),

Yellow oil. Yield: 73%. IR (CH,Cl,): 2021, 1937 and 1637 cm '. 'H NMR
(CDCl5): 5.24 (d, 1H, vinyl); 4.94 (m, 3H, vinyl and Cp); 4.69 (A,B, t, 2H, Cp);
1.92 (m, 3H, CH,). BC NMR (CDCl,): 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 (M), 216
(M*™=CO), 188 (M*—2 CO), 160 (M*—3 CO). Anal. Found: C, 54.09; H, 3.68.
C, HyMnO; calc.: C, 53.68; H, 3.98%.

(Vinylcyclopentadienyl)rheniumtricarbonyl (n’°-CsH,C,H;)Re(CO),

White solid, m.p. 42-43°C. Yield: 70.5%. IR (CH,Cl,): 2023, 1927 and 1635
cm L. "H NMR (CDCl,): 6.30 (dd, 1 H, J, =17.5, Jux = 10.8 Hz, Hy); 5.50
(A,B, t, 2H, Cp); 5.47 (d, 1H, J,, = 17.5 Hz, H,); 5.30 (A, B, t, 2H, Cp); 5.14 (d,
1H, Jgy = 10.8 Hz, Hy). C NMR (CDCl,): 193.4 (Re—CO); 127.7 (vinyl); 116.1
(vinyl, =CH,); 105.2 (ipso-Cp); 84.1 (Cp); 81.8 (Cp). MS (CD) ('*’Re): 362 (M™),
334 (M* - CO), 306 (M™—2 CO), 278 (M*—3 CO). Anal. Found: C, 33.30, H,
1.83. C,,H,ReO; calc.: C, 33.24; H, 1.94%.

(2-Propenylcyclopentadienyl)rheniumtricarbonyl [v>-CsH,C(CH;)=CH,[Re(CO),

White solid, m.p. 44-45°C. Yield: 68%. IR (CH,Cl,): 2022, 1924 and 1637
em~'. "H NMR (CDCl,): 5.53 (A,B, t, 2H, Cp); 5.30 (m, 3H, vinyl and Cp); 4.95
(s, 1H, vinyl); 1.92 (s, 3H, CH;). *C 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 (CD
("®Re): 376 (M™), 348 (M™*— CO), 320 (M*—2 CO), 292 (M*—3 CO). Anal.
Found: C, 35.31, H, 2.36. C,;H,ReO; calc.: C, 35.20; H, 2.40%.

Styrenechromiumtricarbonyl (n°-CsH;C,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 (CDCl,): 6.30 (dd, 1H, J,, = 17.4, Jpy = 10.8 Hz,
H,): 5.65 (d, 1H, J,x =17.4, H,); 5.44-52 (m, 6H, phenyl, Hy). *C NMR
(CDCl,): 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 (M ™), 212 (M*— CQO), 184 (M*— 2 CQO),
156 (M*—3 CO).

(2-Propenyl)benzenechromiumtricarbonyl [1°-C H;C(CH;)=CH,]Cr(CO),

Yellow solid, m.p. 80-81°C. Yield: 68%. IR (CH,Cl,): 1968, 1892 and 1630
cm . "H NMR (CDCl,): 5.54-5.49 (m, 2H); 5.41-5.30 (m, 4H); 5.13 (s, 1H); 2.03
(s, 3H, CH;). *C NMR (CDCl;): 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 (M*"—CO), 198 (M*—2 CO), 170 (M* — 3 CO). Anal. Found: C, 56.69;
H, 3.94. C,H,,CrO; calc.: C, 56.44; H, 3.79%.
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Synthesis  of ethvl  3-(cyclopentadienvimanganesetricarbonyl)- 3-hvdrovypropionate
(COVMuln-CsH,CHOIDCH.CO.C, H,/

An oven- dru.d 100 mL three-necked flask with spin bar, addition funnel and
reflux condenser was charged with activated zine dust (.29 g. 4.5 mmol), and
anhvdrous bis(methoxylethane {5 ml.). A mixture of cthyl bromoacetate (.73 p, 4.5
mmol) and bistmethoxylethane (10 ml} was added dropwise and the solution
stirred for 2 h at 40-50°C. At the cnd of this time. 2a (023 g. 1A mumoly i
bistmethoxylethane (10 mL) was added dropwise and the mixture stirred under
reflux overnight. The reaction mixture was cooled in an ice bath and stirred
vigorously while 107% sulfuric acid (10 mL) was added to destroy the zine complex,
The aqueous layer was removed by dropper and the organic phase was washed
with water until ncutral and then dried over magaesium sulfate, The mixture was
liltered and the solvent removed by rotary evaporator. The resulting residue was
chromatographed on an alumina column. Flution with o 37402 petroleum
cther /dichioromethane /methanol (57: 401 3) solution eluted a single yellow band.
After cvaporation of the solvent, this gave 0.31 g of ethyl 3 cyciupcntmiicnvlm AN-
gancsctricarbonvb-3-hydroxvpropionate as a vellow oil, vield: 645 IR {(CT1.CY
36003400 (broad), 20245, 19425, I722m "TH NMR (CDC1): 4.88 {5, 1TH. € (()H)H)
479(A,B, t, 2H. Cp) 4.63 {A,B, . 2H. Cp); H’?tq 211 f 6.8 Hz, CHLCH )
323(s, ITH. OH ) 2 ﬁ(w (d, 2ZH. C H(()H) CHL L2740 3HL = 6.8 Hel CHLC I,
“C NMR (CDCI ) S5 (Mn-COX 1716 (C O ) 106.7 (zpsr) -Cph 82.00¢ (p 1.6
{Cp) Bl.3 (Cp)\ H(}h (Cpk 643 (CH(OHDCH , s (CHIOTDIOH ., 420
(CHLCHE ) 138 (CH.CH ). MS (FAB): »l\)(M P (Ch 302 ’t‘f - HLOn 292
(MT—-CO). 264 (M 2C ()) 230 (M- 3 COL Anal. Fo lmd (48849 T, 4.25,
Cp:H L MnO, cale: C, 48.75; H, 4.06%.

Note: All B-hydroxy complexes were prepared by @ similar 1ouic.

<thyl  3-( Crelopentadienylmanganesetricarbonvi)-3-ivdroxvbuavrare (O Mulo-
C AL CICH HOHICH . COLC L H. ]

Yellow oil, vield: 62% IR (CH JCLL Y 36003400 (broad). 2022« 1932 715m.
'"H NMR (CDCT,): 4%-. 182 (m. 2H. Cp), 4.62-4.54 tm, 201 Cp); 4 h {q. TH,
CH,CH k 400 (s, TH, OH) 2.67 (s, 2H, (CH‘,)(OH!(H 131 (s 3H,
COCHXORDD: 1.26 (1, 3H, CHLCH)L YC NMR (CDCH, 1 22407 tMn-COY 1718
(COLE 1123 lpso-Cp); 839 (Cp), 82.8 (Cpk 807 (Cph 799 (Cp) 687
{CHIOHICH ,); 6.10 (CHIOHCH ) 47.6 (CHL.CH L) 30.0 (O H XOF: 141
(CH.CH ). MS (FAB): 333 (M- 1), 306 (M — (O 28 A2 COY, 230
(M =3COxRCH 37 M —QH), 250 (M 3 CO). Anal. Found: C. 539, H.
451 C L MO, cales C50.29: T, 4449

fithyl 3-(evclopentadienylrhenitintricarbonvl “3-hydroxyproponaic (CO, Rel -
C H,CHIOH)CH,CO.C,H |

Yellow oil, yicld: 60%. IR (CH.CL, ) 360034350 (hroad); )“(w 19335, 1723m.
'"H NMR (CDCI,): 545 (A, B, 2H, (p} 327 (ALB, 1, JH Cpr 491477 (dd.
LH, J\, = 8.6, f ;= 4.0 He C H.( ()H)CH ), 4.18 (q 2L - T_? Hz, C#, CH;,);
3290s, LH, QI 2.67 (d. 1. J“\ = 4.0 Hz, CHIOH)C H, ) : 64 (d. IH, J, =56
Hz, CHQHICH ) 1.27 (1, 3H, /=73 Hz, CH.C Hs H ( \MR ((U(l ) ful7
(Re-COX 1717 (CO5 ) 1T (ipso-Cp): c‘ﬂh((n) 53, 24Cp); 831 (2 dfhnns Cpl;
6. | LCHIOHICH ., Gl 2HCHOHC H.Y 431 {C HL,CH b 12 l (CH.OH L MS
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89%. IR (CH,CI,): 2025s, 1940s, 1711s, 1646m cm~ . 'FH NMR (CDCLL): 7.23 (d,
1L J = 138H/ vmyl) 0.00 (d, 1H. J — 15.8 He, vmvl) "('9(\ B.t, ’H Cp); 4.80
(A-B- 1, 2H, Cp); 4.23 (q. 2H, J =71 Hz, CH. -CH); {1, ‘H J =71 Hz.
CH 2CHA. B NMR (CDCi ) 223.8 (Mn-CO): 166.0 (¢ () ) 137.7 Quanyl)y, 119.1
(wnyl) 93.8 (ipso-Cpl;, 84.1 ¢ Cp) 82,9 (Cp); 60.6 (CH,CH, ) 140 {CH,CH 1. MS
(CH 302 (M), 274 (M7 = CO) 246 (M - 200N “IH(M’W 3COL Anal. Fnuml
CO51780 HL 372, CLH MnO. cale: C, 51.70: H. 3,64

Fithy! E—3—('Cyclr)penmdiem%Imcmgmu'\'ftricarbon):{ Jbutenoate (o) Mnf 7O H R
(CHJ=CHCO,C.I1.)

Orange solid. m.p. 61-62°C. Yield: 91%. IR (CH,Cl. ) 2[)245, 1940s. 17095,
1631m ecm™', '"H NMR (CD(' 0 6.06 (s, TH, vinyl) 5.12 (A.B. 1, 2H. Cp) 478
(A.B, t, 2H, Cp) 4.78 ( jH =081z Ffi(li\’ 3 (s \H CH. 130 (1,
3H, /=68 Hz, CH, CH ) PCONMR (CDCL): 2240 (Mp-COb 1a6] l_,(_()‘v).
148.8 (CpMnC(CH )) 53 (CHCO, Ed); !(Il I lipso-Cpi 82,7 (Cpi: 82.6 (Cp):
60.1 (CH,CH ) 16.7 (( H 3 143 (CHLC H:) MS (Clx 316 (M), 260 (M - 2
COJ, 232 (M =2 CO). Anal. Found: C, 53, ﬁJf H, 442 C L H,, MO, cale: €
53.16: H. 4.11%.

FEthyl E-3 (cvclopmfudzem{rh('mummmrhnn;[)p)opzfm(m' (CO) Refn-C At ,CH=
CHCO,C, H ]

[Jght vc]l()\'. solid, m.p. 90-91°C, Yield: 95%. IR (CH., SCLL 3 20285, 1937, 17105,
ledém cm™'. 'H NMR (CDCl,) 7.29 (d, IH. J= 16 Hz vimvl 6.09 (d. PH.
J=16.1 Hz, vinylk 3.67 (A, -B, t ZH. Cpk 530 (A B, . 201 Cp) 422 (g, 2H.
J =73 Hz, CH.,CH,), 30000 3H, J - 7A Hz, CH, ( H) HOONMR CDCE):
192.9 (Re-COY: 1659 (CO.): 136.0 (CpCIL vinyl) 1191 (HCCQ., vinyl), U""
Lipso-Cp); BS.2 (Lp) 84.7 ( (“p) 6.8 (CH,CH ), 14.2 ((H COHL)L MS (CIXCY Re):
434 (A7), 406 (M CO). 378 (M -2 Q()! [0 (M- 3 { (_)) Anal. TFound:
36.24; HL 257 C L H ReQ. cales C, 36,02 H. 2.547%

lthyl  L-3-(cyclopentadienyirhenivmricarbonvl)butenoare (¢ O Refn' C H,C-
(CH)=CHCO,C, 11, ]

Light yellow solid, m.p. 79-80°C. Yield: 94%.. IR (CIT.C1, ) 2027, 19305, 17 fs,
1632m cm ' '"H NMR (CD(ClI, D008 (g IH, J=1.2 Hz vinvlk 568 (A, B. . 214
Cp); ‘7?5(3‘ SB.t, 2H. Cp); 4]h(q IH. J =068 Hz, CH.CH. ) 2,33 (d. *H =10
Hz, CH,), )(1 3H. J— 6.8 Hz, CH, Qf[) O NMR (CDCT \: {930 {Re=COY;
165.9 (CO 3 1463 (CpReCICH )Y 11 S (CHCO.Fi); 1057 i[[uu -Cpr h1 3(Cp);
B3.7 ACp) 601 (CH.CH. 170 {C H ) 14.2 {(CH,OH ). MS (CHUY Re): 448
{(M7) 420(M '~ CO) 19“ { 'v[ -2 (jﬂ) 364 (M7 - 3 COY Anal. Found: €, 37.83%:
11 2.82. C,,H,,ReO. calc €. 37.58: H. 2.01%

Ethyl L-3-Iphenylchromiwmiricarbonvl )propenoare (C0) Crfn™C H CH=CHCO -
C,H/

Rgd orange sohd. m.p. 106-107°C. er.ld 67% IR (CH-CL,): i970s, 19045,
1711s, 164im em™ ! 'H NMR (CDCEH): 7.20 (d, tH. J— 15.6 Hz. vinviy (.23 (d.
IH. /=156 Hz, vinyl), 554 (d. 2H, mflw Ph): 544 (1, TH. para-Ph): 3.33 (1 4L
meta-Ph); 4.26 (g, 2ZH. J =72 Hy. CILCH ) 1.33 (1, *]l J= 00 He CHLCH D
BC NMR (CDCL): 2316 (Cr— O, 16"!7 (0 1413 f(p(’“}-{ vinvl), 119.5
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89%. IR (CH2C12): 2025s, 1940s, 1711s, 1646m cm ™' '"H NMR (CDCl,): 7.23 (d,
IH, J = 15.8 Hz, vinyl); 6.09 (d, 1H, J = 15.8 Hz, vinyl); 5.09 (A . B, t, 2H, Cp); 4.80
(A,B, t, 2H, Cp); 4.23 (q. 2H, J=7.1 Hz, CH,CH,) 131 (. 3H. J= 7.1 Hz.
CH,CH,). BC NMR (CDCl,): 223.8 (Mn-CO); 166.0 (CO,); 137.7 (vinyl);, 119.1
(vinyl); 93.8 (ipso-Cp); 84.1 (Cp); 82.9 (Cp); 60.6 (CH,CH ¥ 14.0 (CH,CH ). MS
(CD: 302 (M), 274 (M*— CO), 246 (M7 2 CO), 218 (M7~ 3 CO). Anal. Found:
C. 5178 H. 3.72. C, \H, MnO. cale.: C, 51.70; H. 3.64.

Ethyl E-3-(cyclopentadienylmanganesetricarbonyl)butenoate (COV,Mn[n -CH,C-
(CH,)=CHCO,C,H,]

Orange solid, m.p. 61-62°C. Yield: 91%. IR (CH,Cl,): 2024s, 1940s, 1709s.
1631m cm ™', "H NMR (CDCI,): 6.06 (s, 1H, vinyl); 5.12 (A.B, 1, 2H. Cp) 4.78
(A,B, t, ZH, Cp); 4.78 (q. 2H. J= 6.8 Hz, CH.CH-); 2.34 (s. 3H. CH, ) 130 (¢
3H, /=68 Hz, CH,CH;). "C NMR (CDCI,): 224.0 (Mn-CO), 166.1 (CO,);
148.0 (CpMnC(CH ,)); 1153 (CHCO,ED; 101.1 Upso-Cp); 82.7 (Cp); 82.6 (Cp),
60.1 (CH,CH ,); 16.7 (CH,); 14.3 (CH,CH,). MS (C1): 316 (M "), 260 (M~ - 2
CO), 232 (M* =3 CO). Anal. Found: C, 53.64; H, 442, C,H,,MnQ; calc.: C.
53.16; H, 4.11%.

Ethyl E-3-(cyclopentadienylvheniumtricarbonyl Jpropenoate (CO),Re[n*-CH ,CH=
CHCO,C,H,]

Light vellow solid, m.p. 90-91°C. Yield: 95%. IR (CH ,CI, ¥ 20285, 1937s, 1710s,
lod6m ecm ™' 'H NMR (CDCl,): 7.29 (d, 1H, /=16 Hz, vinyD; 6.09 (d. IH.
J=16.1 Hz, vinyl}; 5.67 (A,B, t. 2H. Cp); 536 (A,B, t, 2H. Cp) 422 (g, 2H.
J=73 Hz, CH,CH,), 130 (1, 3H, J =73 Hz, CH,CH,). “C NMR (CDCl,):
192.9 (Re-CO); 165.9 (CO,); 136.0 (CpCH, vinyl): 119.1 (HCCO,, vinyl), 97.7
(ipso-Cp); 85.2 (Cp); 84.7 (Cp): 60.8 (CH,CH,); 14.2 (CH,CH ). MS (CIX"'Re):
434 (M), 406 (M — CO). 378 (M* =2 CO), 350 (M " -~ 3 CO). Anal. Found: C,
36.24; H, 2.57. C,H [ ReO. cale.: C, 36.02; H, 2.54%.

Ethyl  E-3-(cyclopentadienvirheniumtricarbonyDbutenoate  (CO},Reln’*-C. H,C-
(CH,)=CHCO,C,H,]

Light vellow solid, m.p. 79--80°C. Yield: 94%. IR (CH,Cl,): 20275, 19395, 1710s.
1632m ¢cm ' 'H NMR (CDCY,): 6.08 (g, 1H, J = 1.2 Hz, vinyl); 3.68 (A, B, t, 2H,
Cp) 5.35(A,B, t, 2H. Cp) 4.18 (g, 2H. J = 6.8 Hz, CH,CH ) 233 (d. 3H. J = 1.2
Hz. CH,): 130 (L 3H, J = 6.8 Hz, CH,CH,). "C NMR (CDCL,): 193.0 (Re-CO):
165.9 (CO,); 146.3 (CpReC(CH ) 115.8 (CHCO,LED; 105.7 Upsao-Cp); 84.3 (Cp:
83.7 (Cp): 60.1 (CHLCH,); 7.1 (CHy): 142 (CHLCH,). MS (CDUY Re): 448
(M7), 420 (M*~ CO). 392(M "~ 2 CO), 364 (M~ — 3 CO). Anal. Found: C, 37.03:
H. 2.82. C,,H,,ReO; cale.: C. 37.58: H. 2.91%.

Ethyl E-3-(phenylchromiumtricarbonvl)propenoate (CO),Crl{n"-C H.CH=CHCQ -
C,H,/

Red-orange solid, mu.p. 106-107°C. Yield: 67%. IR (CH.CI.¥ 19765, 1904s,
1711s, 1641m ¢cm ™' 'H NMR (CDCIy): 7.20 (d, tH. J = 15.6 Hz. vinyl); 6.25 (d.
1H, /= 15.6 Hz, vinyl). 5.54 (d, 2H, ertho-Ph); 5.44 (t. 1H, para-Ph); 3.33 (1. 2H.
meta-Ph), 4.26 (q, 2H, J = 7.2 Hz, CH,CH ), 1.33 (1 3H, J = 72 2, CHLCH,).
BC NMR (CDCIL): 2316 (Cr—CO); 1657 (COL) 143 (CpCH. vinvl) 119.5
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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 (CH,CH,). MS (CI): 312 (M), 256 (M*—2 CO), 228 (M*~3 CQ). Anal.
Found: C, 54.26; H, 3.82. C,,H,CrOj calc.: C, 53.85; H, 3.85%.

Ethyl E-3-(phenylchromiumtricarbonyl)butenocate (CO);Cr{n%-C,H;C(CH,;)=CH-
CO,C,Hy]

Orange solid, m.p. 74-75°C. Yield: 75%. IR (CH,Cl,): 1972s, 1900s, 1713s,
1630m cm™'. 'H NMR (CDCl,): 6.16 (g, 1H, J=1.5 Hz, vinyl); 5.57 (d, 2H,
meta-Ph); 5.44 (t, 1H, para-Ph); 5.32 (t, 2H, meta-Ph); 4.21 (q, 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,). 1°C
NMR (CDCL,): 2320 (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,CH,); 17.0
(CH;); 14.2 (CH5CH ;). MS (CI): 326 (M™), 270 (M- 2 CQ), 242 (M* -3 CO).
Anal. Found: C, 55.02; H, 4.32. C,;H,CrO; calc.: C, 55.21; H, 4.29%.
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