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Abstract 

The Wittig reaction has been identified as a viable route to transition metal monomers. It has been 

used to synthesize {775-C,[C(CH3)=CHR])Mn(C0)3 [R =-H (68% yield), -CH, (600/o), -CH,CH, 

(51%‘0), -CH,CH,CHI (40%), -C,H, (46%)] f rom acetylcymantrene and the appropriate phosphorane 

at room temperature. (~5-C,H,[C(CH,~CHR]}(~5-C,H,)Fe [R =-H (81%7c), -CH, (77%). -CHZCH, 
(36%), -CH,CHZCH, (27%) have heen prepared from acetylferrocene and phosphorane at room 

temperature. [~‘-Cj(CH=CRR’)H,](~‘-CsH~)Fe [R. R’ =-H.H (79%); -CH,,H (69%); -CH,CH,,H 

(48%); -CH,CH,CH,,H (49%); -C,HS,H (80%); -C(CH,)?H,H (73%); -CH,.CH, (67%1] have been 

produced from formylferrocene and phosphorane in refluxing benzene. E/Z isomeric ratios were 

identified for alkenylcymantrenes and are consistent with past Wittig studies. The aldol reaction has 

been identified as a side route in the Wittig reactions of acetylferrocene and phosphoranes. Car- 

homethoxyphosphoranes did not produce alkenes at room temperature with nonpolar solvents. 

Introduction 

There has been growing interest in the incorporation of organometallic 
molecules into polymers [l] since vinylferrocene was first polymerized [2]. These 
molecules provide polymeric materials with increased fire resistance and electrical 
activity [3]. One focus in our laboratory is to synthesize novel organometallic 
polymeric compounds and examine their properties [4]. 

As part of our ongoing efforts to prepare organometallic polymers, vinylcy- 
mantrene [5] was prepared by reduction/dehydration of acetylcymantrene in an 
overall yield of about 70% (see Scheme 1). We investigated the use of the Wittig 
reaction as a more time efficient alternative to these two steps. Table 1 illustrates 
the past utility of the Wittig approach in the conversion of metal carbonyl 
complexes to a molecule with an alkene unit [6]. 

Correspondence to: Dr. E.J. Miller. 
I Present address: Department of Biochemistry, University of Vermont, Burlington, Vermont 05405, 
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‘H NMR spectra were recorded on a 60 MHz Varian EM36OA spectrometer at 
40°C. 13C NMR spectra were recorded on a Bruker WM250 spectrometer at 21°C. 
All samples were dissolved in CDCI, and the chemical shifts were reported in ppm 
from TMS as an internal standard. IR spectra were recorded on a Perkin-Elmer 
783 spectrometer. Elemental analyses were performed by Desert Analytics, Tuc- 

son, Arizona or Oneida Research Services, Whithall, New York. 

Reaction conditions for acetylcymantrene 

Method A. The phosphonium salt (4.06 mmol), C,H, (100 mL) and C,H,Li 
(4.06 mmol) were stirred for the times listed in Table 2. {$-C,H4[C(0)CH3])- 
Mn(CO), (4.06 mmol) was added and stirred for the times noted. The reaction 
mixture was filtered and the filtrate concentrated to 20 mL under reduced 
pressure. The concentrate was chromatographed on a silica gel column (28 cm X 
2 cm) using petroleum ether or hexanes as eluant. The single yellow band from the 
silica column was further chromatographed on a neutral alumina column with 
petroleum ether. The second yellow band containing the product was collected. 
The solvent was removed at reduced pressure to produce the organometallic 
alkene as a mixture of E/Z isomers. A sample pure enough for elemental analysis 
was obtained by a vacuum distillation. 

Method B. This method is the same as Method A except that after the 
acetylcymantrene was added, the reaction mixture was refluxed for the times noted 
in Table 2. 

Method C. C,HSLi (4.57 mmol) was added to a solution of [C,H,P(C,H,),]Br 
(1.66 g, 4.47 mmol) in THF (50 ml, 0.6% H,O by assay) and stirred while the 
reaction vessel was cooled with a dry ice/acetone bath. The reaction was allowed 
to warm to 25°C. {~5-C,H,[C(0)CH,]}Mn(CO), (1.0 g, 4.06 mmol) in THF (35 
mL) was added to the ylide with cooling over a 10 min period. The reaction was 
stirred for 8 h. TLC on silica gel indicated that alkene formation had occurred 
almost instantly upon addition of the ketone. After stirring, the reaction mixture 
was concentrated to an oil under reduced pressure at 40°C. The oil was chro- 
matographed on silica gel (30.5 cm x 2 cm) with hexane/CH,Cl, (3: 1). The first 
yellow band was collected and the solvent removed under vacuum to produce 0.80 
g of {~5-CsH,[C(CH,)=CH(CH,)])Mn(CO),. A small amount of phosphine oxide 
was present in the sample and was removed by neutral alumina chromatography. 

Reaction conditions for acetylferrocene 

Method D. The phosphonium salt (4.82 mmol) was stirred with C,H,Li (4.60 
mmol) in benzene (100 mL) for 2 h. The solution was brought to reflux after 
acetylferrocene was added. The mixture was refluxed for 1 h. After cooling to 
25°C an equal volume of petroleum ether was added and the mixture was filtered. 
Basic alumina (20 mL) was added to the filtrate and the solvent was removed 
under vacuum. The resultant powder was chromatographed on a basic alumina 
column (30.5 cm x 2.5 cm) with (CH,CH,),O/petroleum ether (1 : 1). The large 
yellow band which followed the solvent front was collected and evaporated under 
reduced pressure to produce the alkene (yields are noted in Table 3). 

Method E. Method E is similar to Method D except that after the acetylfer- 
rocene was added, the reaction was stirred at room temperature (times shown in 
Table 3). The reaction mixture was chromatographed on basic alumina with 
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Table 2 

Results for Wittig reactions with acetylcymantrene 

Phosphonium salt Ylide Reaction Yield ‘ Method ’ 

time a time h 

[Ph,PCH,]Br ’ 4 12 (25°C) 70 A 

[Ph,PCH,]Br 3 1 (reflux) 20 BJ 

[Ph,PCH,lf 2 1 (25°C) 0 AI 

[Ph,PCH,CHa]Br 4 12 (25°C) 61 A 

[Ph,PCH,CH,]Br 0.25 8” 79 C 
[Ph,PCH,CH,CH,lBr 4 12 (25°C) 56 A 

[Ph,P(CH,),CH,lBr 4 12 (25°C) 47 A 

[Ph,PCH(CH,),lI 4 12 (25°C) 0 A 

[Ph,PCH,(C(CH,),H)lBr 4 12 (25°C) 0 A 

[Ph,PCH,(C(CH,),H)IBr 4 4 A (reflux) 0 B 

[Ph,PCH,[C(O)OCH,]}Br 4 12 (25°C) 0 A 
[Ph,PCH,Ph]Br 4 12 (25°C) 46 A 

’ Ylide time = time of reaction between salt and base in hours. h Reaction time = time of reaction 

between ylide and ketone in hours. Temperature noted in parentheses. ’ Percentage yields presented 

are the highest obtained. d Method letter refers to Experimental section. ’ Ph, phenyl. ’ The reaction 

was followed throughout using TLC. High yields are obtained early in the reaction but drop off rapidly. 

B The reaction was initially at dry-ice/acetone bath temperatures and was allowed to slowly warm to 

room temperature. h One reaction time was 12 h and one was 2 h. No yield in either case. 

(C,H,),O/petroleum ether (3: 1). This afforded compounds which were phos- 
phine oxide free. Yields are noted in Table 3. 

Reaction conditions for formylferrocene 
Method F. The phosphonium salt (5.4 mmol) and phenyllithium (2.7 mL, 2 M, 

5.4 mmol) were stirred in THF (60 mL) for 1 h. Formylferrocene (1.00 g, 4.69 

Table 3 

Results for Wittig reactions with acetylferrocene 

Phosphonium salt ’ Reaction time ’ Yield ’ Method “ 

[Ph,PCH,lI 1 (reflux) 66 DC 

[Ph,PCH,lBr 1 (25°C) 81 E 

[Ph,PCH,lBr 20 min (25°C) 66 E 

[Ph,PCH,lBr 40 min (25°C) 61 E 

[Ph,PCH,CH,]Br 1 (reflux) 69 D 

[Ph,PCH,CH,]Br 1 (25°C) 77 E 

[Ph,P(CH,),CH,lBr 1 (reflux) 42 D 

[Ph,P(CH&CH,lBr 1 (25°C) 36 E 

[Ph,P(CH,),CH,lBr 1 (reflux) 37 D 

[PhaP(CH,)aCH,lBr 1 (25°C) 27 E 

[Ph,PCH,PhlBr 1 (reflux) 0 D 

[Ph,PCH,C(O)CH,]Br 1 (reflux) 0 D 

[Ph,PCH,(C(CH,),H)l 1 (reflux) 0 D 

[Ph,PCH,(C(CH,),Hl _ 0 F 

[Ph,PC(CH,),Hl _ 0 F 

u Ph, phenyl. h Reaction time = time of reaction between ylide and ketone in hours unless otherwise 

noted. Temperature noted in parentheses. ’ Percentage yields presented are highest obtained. d Method 

letter refers to Experimental section. ’ Small amount of phosphine oxide present. 



mmol) in I‘HF (20 ml_) was added dropwisc ovct 20 min ;tnd the reaction was 

stirred for an additional hour. Petroleum ether (30 ml,) was adticd to precipitate 

sonic of fhe byproducts. After filtering, the solvent was rcmo~~ed under- rcduccd 

pressure. The crude alkene \v;~s chromatographcd on basic alumina using prtrolcttm 

cthcri’diethyl ether (13: 1 ). ‘I‘hc first ycllou hand was ~dlcctetl. 2%~ scdvcnl was 

removccl al reduced prasurc and lhc pure product o~~l:tini:d v+;13 ilricii oti 2 

v;ic'~~tim line. Yields arc sho~stt in Tahlc J 

Discussion 

Examination of the yields of the reactions between the organnmetallic com- 

plcucs and the ylicles (xc ‘l‘ables 7-4) indicate that increasing the steric bulk of the 

glide carbon by increasing the length of the: substitucnt alkyl chain c:.~ust’~ ;t 

&xx-case in the yield of alkent: ohtaincd. ‘l‘his. in additicln to the t'ac~ that ~lliencs 

were produced from the formgd complex (xc ‘Table 4) ht 1101 from the acetylcom- 

plex (see Table 3) in reactions \Vith disuhstituLed or steric;til~~ ilent~iniling )lidCs. 

supports the influcncc of htur-ic hulk in Wittig rcactionx [‘(I], 

TLC analyses of the reaction tnixtures indtcatcs thal maximum yields uscrc 

obtained shortly after mixing the reactants. The procedures used hcrc. houtxcr. do 

not provide organometallic act-ylates frcjm cxrbumcthoxyl ylidcs ;IS has i-iecn found 

in rhc past [7.10]. It is ur~cle:~~- how the more poizr sc~lventx fun~,~ion in those Wittig 

schemes. 

The use of ioclidc phosphurtium salts with acctylcymantr~nc‘ yirldcd alkcncx 

which rapidly decomposed to paramagncGc materials. ‘I‘hix dccompoz4tion u’as not 

obset-vcd with the bromide salts. In addition. 21 red aldol byprcduct \Vilb ai%) 

observed to form in Ihe cast when acetylfcrroccne (hut nca fortiiyl ferroccnc 

cymantrcne) was the target carbonyl. Tht: quantity of this produc.~;. identified b\, 

comparison of its properties to an authentic sample produced under standard aldc~l 

conditions [1X]. was highest \vhen the ylidc wits added rapidt!, IO [he :tcetqlfcr- 

rrxxnc. 
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Table 5 

‘H, “C, IR and elemental analyses data ’ 

1. 

2. 

3. 

4. 

5. 

6. 

7 

‘H NMR: 5.10 fm, J < 1 Hz, lH, =C-H); 4.82 fm, 2H. =C-H, HZ and Hs of C,H,l; 4.59 (t, 2H, H3 

and H” of C,H,l; 1.90 (m, J < 1 Hz, 3H, =CCH,l 

“C NMR: 225.0 (CO); 135.2, 110.0 (Ch, Cs); 102.6 CC’); 82.5, 81.2 CC*-? 21.0 (CH,) 

Anal. Found: C, 53.95; H, 3.73. Calc.: C, 54.12; H, 3.72%). IR: 2018, 1925 (CO), 1632 (C=Cl 

(~‘-C,H,[C(CH,~CH(CH,)I)Mn(CO), 

‘H NMR: 5.45, 5.15 (q for each isomer, J = 7 Hz for each, 1H for each, =C-H); 4.90 (m, 2H, H2.’ 

of C,H,l; 4.32 (q, 2H, H’.4 of C,H,l; 1.50-1.X5 (m, 6H, =C(C,H,lCH, and =CHCH,) 

“C NMR: 225.0 (CO); 127.1, 127.0, 125.0, 122.9 CC”, C’); 103.0, 107 CC’); 83.5, 81.9, 81.0, 79.5 

(C2-‘1; 24.5, 15.3, 14.8, 13.9 (alkane) 

Anal. Found: C, 56.12; H, 4.31. Calc.: C, 56.05; H, 4.31%. IR: 2018, 1925 (CO); 1650 (C=Cl 

fns-CsH4[CtCH31=CH(CH2CH,lIIMn(COl, 

‘H NMR: 5.73, 5.39 (t for each isomer, J = 6-7 Hz for each, lH, =C-Hl; 4.82 (m, 2H, H*.’ of 

C,H,); 4.65 (m, 2H, H’-4 of C,H,); 2.20 (m, J=6-7 Hz, 2H, =CHCH,); 1.89, 1.79 (s for each 

isomer, 3H, =C(C,H,lCH,; 1.01 (t, J= 6-7 Hz, 3H, -CH,CH,l 

‘“C NMR: 225.0 (CO); 133.9, 130.3, 126.0, 125.5 (C”, Cal: 108.0, 103.4 CC’); 83.0, 81.5, 81.0, 79.1 

(C’-‘l; 25.0, 23.0, 21.5, 15.0, 14.5, 14.0 (alkane) 

Anal. Found: C, 57.56; H, 4.73. Calc.: 57.37; H, 4.81%. IR: 2018, 1925 (CO); 1655 (C=Cl 

~$-CsH~[C(CHIl=CH(CH2CH2CH,l~IMn(COl, 

‘H NMR: 5.85, 5.51 (t for each isomer, J = 6-7 Hz for each, lH, =C-Hl; 4.94 (m, 2H, H2.’ of 

C,H,); 4.69 (m, 2H, H’,4 of C,H,l; 2.19 ((1, J= 6-7 Hz, 2H, =C-CH,-1; 1.95, 1.80 (s and m 

respectively for the isomers, J< I Hz, 3H, =C(C,H,lCH,l; 1.1551.75 (m, J= 6-7 Hz, 2H, 

-CH,CH,CH,); 0.89 (t, J = 6-7 Hz, 3H, -CH,CH,l 

t3C NMR: 225.0 (CO); 132.1, 128.9, 126.5, 125.4 (Ch, C”); 107.9, 103.2 CC’); 83.5, 81.9, 81.1, 79.9 

CC*-“1, 31.9, 31.0, 25.0, 23.0, 22.8, 15.2, 13.9 talkanel 

Anal. Found: C, 58.48; H, 5.39. Calc.: C, 58.75; H, 5.28. IR: 2018. 1925 (CO) 

{17’-C,H,[C(CH,~CH(C,H,)I}Mn(CO), 

‘H NMR (E isomer): 7.20 (bs, 5H, C,H,l; 6.75 (s, lH, =C(C,H,lH); 4.92 (bs, 2H, H2.5 of C,H,); 

4.65 (bs, 2H, Ha.’ of CsHJ; 1.99 (s, 3H, =C(C,H,)CH,l 

‘H NMR (Z isomer): 7.15 (m, 5H, C,H,); 6.48 (d, J = 1 Hz, lH, =C(C,H,lHl; 4.55 (m, 4H, 

C,H,l; 2.08 (d, J = 1 Hz, 3H, =C(C,H,)CH,l 

‘“C NMR: 225.0 (CO); 137.8, 136.9, 129.9, 128.3, 128.0, 127.8, 127.5, 126.7 CC”, CK, C,H,l; 106.8, 

101.5 CC’); 84.5, 82.0, 81.0, 79.9 (C2-‘l; 6.5, 25.0 CC’) 

Anal. Found: C, 64.10; H, 4.15. Calc.: C. 63.76; H, 4.06%. IR: 2018, 1925 (CO); 1600 (C=Cl 

(nS-C,Hs)[n’-C,H,(CH=CH,l1Fe 

‘H NMR: 6.7-4.7 (vinyl pattern, 3H); 4.30 (bs, 2H, H2.’ of C,H,l; 4.20 (bs, 2H, H1.4 of C,H,l; 

4.10 (s, 5H, C,H,l 

“C NMR: 134.9 (=CC,H,); 111.1 f=CH,); 83.6 (C’l; 69.1 tC,H,l; 68.8, 66.8 (C’-’ of C,H,l 

IR: 1635 (C=C) 

(n5-C,HSl{ns-CsH4[CH=CH(CH31]IFe 

‘H NMR: 5.0-6.4 (m. 2H, -HC=CH-1; 4.0-4.4 (bs, 9H, C,H, and C,H,l; 1.77 (m, 3H, =C-CH,) 

“C NMR: 127.9, 127.0 (=CC,H,l; 123.7, 123.0 (=C(CH,lHl; 69.0 (C,H,); 68.2, 68.1, 66.1 (C2-’ of 
C,H,); 18.5, 14.9 (=CCH,). 

IR: 1640 (C=Cl. 
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Table 5 (continued) 

15. 

16. 

17. 

(a~-CjH,)(a’-C,H,[C(CH,)=C(CH2CH,CH;)tl])Fe 

‘H NMR: 4.92-5.70 (m, lH, J = 7 Hz, smaller splitting of less than 2 Hz present, =C’H); 4.19 (t, 

2H, H’,’ of C,H,); 4.04 (m, 2H, H’,” of C,fI,); 3.99 (s, SH. C,H,): 2.00 (m, 2H. =CCHz-); 1.89 

(s, 3H, =CCHI,); 1.05-1.65 (m, 2H, J = 7 Hz. -CH2CH,CH,); 0.95 (t, 3H, J = 7 Hz. CH,CH,) 

‘%I NMR: 131.5, 130.9, 128.0, 124.5 (-CH=CH-); 90.0. 86.1 (C’); 69.0, 68.2. 67.1. 65.1 (C,H,, 
C2-’ of C,H,); 31.5, 30.8, 29.9. 24.7, 23.8, 23.0. 15.6, 14.1. 13.0 talkanes) 

Anal. Found: C, 72.28; H. 7.94. Calc.: C, 71.66; H, 7.52%. IR: 1630 (C=C) 

(q’-CsHJ)(~~-CsHJ[CH=C(CH1)21)Fe 

‘H NMR: 5.75-6.30 (bs, lH, C=CHI); 4.23. 4.15 (m, 4H, C,H,); 4.09 (s, C,H,, 5H). 1.78 (s, 6H, 

CH,) 

13C NMR: 132.5 (C’); 121.5 (C”); 84.0 (Cl): 68.9 (C,H,): 68.5. 66.8 CC’-’ of C,H,); 27.0, 19.8 

(CH,) 

[(~“-C,H,)(~5-CjH,)Fe]C(O)CH=CH,)((775-~-C~H~)Fe] (aldol product) 

‘H NMR: 6.75 (bs, lH, =CH); 4.85, 4.65. 4.51 (m, 8H. C,H,); 4.25, 4.21 (s, lOH, C,Hs): 2.60 (d, 

3H, J < 2 Hz, -CH,) 

“C NMR: 117.9 (-C=C-); 86.3, 82.8 CC’): 72.3, 71.9, 69.8, 69.1, 68.8, 68.7. 67.2 (C2-’ of the 
C,H, and C,H,); 27.0, 18.0 (CH,) 

’ NMR shifts are given in ppm relative to internal TMS. Infrared shifts are given in cm-‘. In some 

cases C=C stretching frequencies were not observed. Infrared data are provided for verification of the 

identity of the compounds. Elemental analysis is provided for new compounds only. 

The E/Z isomer ratios of the alkene products were determined for the 
cymantrenylalkenes by examining the relative intensities of the alkene ‘H NMR 
resonances. In agreement with past studies [21], the ratio of E to Z alkenes was 
about 3 : 1 for the unstable ylides (alkyltriphenylphosphoranes) and 1: 2 for the 
moderately stable ylide (benzyltriphenylphosphorane). Substitution of THF for 
benzene and lower reaction temperatures caused a reversal of the E to Z ratio 
when ethyltriphenylphosphorane and acetylcymantrene were reacted. 

At the onset of this work, determination of the usefulness of substituting the 
Wittig process for the reduction/dehydration steps in the formation of cy- 
mantrenylalkenes was a major goal. The two-step process nets about a 70% yield 

Mn 
Fig. 1. Numbering scheme for ‘aC NMR assignments. Designations for the cyclopentadienyl protons 

correlate with those of the carbons. 



of vinylcymantrene. The Wittig route yields 70 f/p of 2-cvinantrenylpropene. While 

the Wittig route provides virtually no improvement in yields and may hc somewhat 
more costly. it is much mow efficient in terms of laboratory time. 
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