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Abstract . An allene functlonahty was successfully introduced rn the presence of an organometalhc 

butadlenyl-Fe(C0)3 moiety by the use of two class~caJ methods Both J,3-substitution of propa=yJfc 

mesyJates by organocopper(I) reagents and cyclopoppylidene-alJene tmnsformatlon were found apphcable 

thus allowmg the syntiesls of q4-drenyl Fe(CO)3-complexed y-dtenylalenes m good overall yields 

INTRODUCTION 

Dunng the last two decades, the evaluation of the synthetic potential of ( n4-diene)Fe(CO)s complexes has 

resulted tn numerous examples of then utdisattons m orgamc synthesis lF2 Due to then ease of preparatton, 

then chnal properties and the factle removal of the Fe(CO)3 group, the (n4-dtene)Fe(CO)s complexes are 

frequently applied m stereocontrolled syntheses leading to enanttomencally pure, acychc polyemc compounds 2 

In this context, we mvesttgated how allenes could be prepared m the presence of the butadtene-tncarbonyhron 

moiety In a first part of this programme, the syntheses of vanous allenes vlcmal to such (n4-dtene)Fe(CO)s 

complexes was achieved usrng two independent routes the first mvolved 1,3-substttutton of suitable 

propargyhc denvattves by organocopper(1) reagents,3 another subsequent method relied on the chemistry of 

cyclopentadtenyl-tncarhonyhron cattons 4 The purpose of our present study was to determine how an allernc 

group could be introduced m a more remotelxWion with regard to such an organometallic moiety Therefore, 

the apphcatton of classtcal methods for allene preparatton was investigated for the synthests of model (n4- 

drene)Fe(CO), complexed y-dtenylallenes Among these methods, the propargyl-allene transformation IS the 

most wtdely applicable since the mtroductton of vanous substttuents ts not only allowed but thts transformatton 

IS also stereoselecttve leading to an&configurated products 5 Another method that we envisaged was the 

cyclopropyhdene-allene tmnsformatton Addmon of dtbromocarbene to an olefin gives an mtetmedrate gemmal 

dtbromocyclopropane6 which gives an allene upon metal-halogen exchange usmg methylhthmm ‘I* 

In our retrosynthettc approach (Scheme 1),9 to the destred (n4-dtene)Fe(C0)3 complexed y-dtenylallenes 1 

and 2, the aldehyde 3 anses as a common key mtermedtate vta the two proposed routes In order to avoid any 

addtttonal chtml unit, two equal groups R2 were selected on the termmal carbon (Cl 1) of the allene moiety The 

key aldehyde 3 should be available from reaction of the known complex 4” with a o-functtonahzed l- 

propylmagnesium reagent 
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Scheme 1 

RESULTS 

Synthesis of 1 via a propargyl 1,3-substitution 

The carbon lateral chain was introduced by reactmg the aldehyde 4 with 3-( l-ethoxy)ethoxypropyl- 

magnesmm bromide l1 It afforded qr-exo and ly-endo alcohols’* m respectively 72 and 15% yreld after easy 

sepamtlon by chromatography on s&a gel (Scheme 2) Each of these dlastereolsomers was Isolated as a 

mtxture of both (1-ethoxy)ethoxy epimers 5aSb for the v-exo alcohols and 6a,6b for the ly-endo alcohols 

Further elaboration to the key mtermedlate 3 was accomplished using standard reactions Protection of the 

secondary alcohol group of the qr-exo eplmers 5a,5b by terf-butyldlphenyblyl chlonde m the presence of 

lmldazole afforded sllyl ethers 7a,7b Selectrve cleavage of the acetal moiety by tnchloroacetlc acrd m aqueous 

THF afforded the monoprotected dlol8 Ox&&on of the free alcohol group was accomphshed using a reagent 

comknatlon (n-PrMgBr/ ADD) which had previously proved suitable for such organometalhc substrates,13 

providing the desired aldehyde 3 
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5a, 5b 6a, 6b 

5a,5b & EsGo_ c, Es:% 3 

3 3 
7a,?b 8 

E = CeMe 

(a) BrMg (CH&OCH(OEt)CH,, THF, -4O”, 2b (72 % of 5a, 15 % of 5b) (b) tBuPhzSKl, mudazole, DMF, 6”, 18 h, 79 96 (c) 
Cl3CCO2H, ‘IT-IF&O 2 1, rt, 66 h, 92 % (d)mF’rMgBr, ADD, THF, 0”, 30 mn, 77 96 

Scheme 2 

The propargyl-allene transformatton vta a 1,3-substrtutton process was mvesttgated by the study of the 

selected synthesis of allene 1 Reaction of aldehyde 3 wtth 1 2 eqmvalents of I-hthiohex-1-yne in the presence 

of 1 2 equivalents of hthmm bromtde m THP afforded a non-separable mixture of Cg eptmenc propargyhc 

alcohols 9a and 9b (Scheme 3) Mesylatton by methanesulfonyl chlonde and tnetbylamme m dichloromethane 

afforded the rather unstable Cg eptmeric mesylates 1 Oa and 1 Ob whrch were purltied by chromatography on 

sthca gel m the presence of tnethylamme Mesylates lOa,b could be stored m the presence of Et3N at -30°C for 

some days wtth the nsk of mmor decomposrtton In order to avoid any decompositton, these mesylates were 

usually employed m the 1,3-substttutton reaction tmmedtately after tsolatton Reaction of lOa,b wtth (R 

BuCuBr)MgBr LiBr at -60 to -50°C gave the expected stable allene 1 as a single tsomer Its structure was 

confirmed spectroscoprcally In parttcular, 13C NMR spectrum (m CDC13) showed charactensttc resonances of 

the allene unit, namely that of the central carbon Cl0 at 200 68 ppm and those of the external carbons Cg and 

Cl 1 respectively at 9 1 07 and 105 13 ppm Interestmgly, mass spectrum under electronic impact showed two 

intense charactensttc peaks at m/z = 614 (M+ - 3 CO) and m/z = 358 (M+ - 3 CO - tBuPh2StOH) A weak signal 

(2%) was also observed at m/z = 667 (M+ - OCH3) 

The synthesis of allene 1 demonstrates that the allene functtonahty can be chemoselecttvely introduced, via 

a propargyl 1,3-substttutton, m a remote posmon wtth regard to a butadtene-tncarbonylrron complex. 

b 
9a,9b R=H 

lOa, IOb R= SO~M~ 

E=C@Me 

(a) LI C=C(CH&CH3, LlBr, THF, -78”. 90 mn, 80 % (b) MeSO2CI. EtsN, CHp& -50”. 1 h then wanrung to rt m 30 mn, 

96 % (c) (n-BuCuBr) MgBrhBr, THF, -60 to -5O”, 1 h then warnnng tort 1x130 mn, 75 % 

Scheme 3 



9778 K Nonmetal 

Synthesis of 2 via a cyclopropylidcnc-allene transformation 

For the investigation of the cyclopropylidene-allene transformation, we introduced the required additional 

non-complexed double bond by reaction of aldehyde 3 and isopropylidenetnphenylphosphorane (Scheme 4) 

Addition of dibromocarbene, generated under phase-transfer conditrons (HCB~J, NaOH, Et3BzNCl)14, to the 

free double bond of 11 gave rather unstable dlbromocyclopropanes as a mixture of Cl cyclopropyl eplmers 12a 

and 12b 

Conversion of dibromocyclopropanes to allenes was shown to be achieved more effectively by usmg 

methyllithium than by other reagents (Mg or Na,7 R -butylhthiums) However, It appeared that the metal- 

halogen exchange by MeLi and the addltton of MeL.1 to the ester function of 12a,b at -70°C have similar rates 

In thrs attempt, the reduced allene 13 was isolated in 29% yield after punficatlon on silica gel 

12a, 12b ” 13 
(a) Ph$‘=C(CH&, THF, 0” to rt, 45 mn, 70 96 (b) CHBq, 50 % aq NaOH, PhCH2NEtjCI, rt, 70 mn, 77% (c) Me L.I, Et20, - 
70”, 1 h, 29 % 

Scheme 4 

In order to avoid selectivity problems, the ester group was converted to a protected hydroxyl function by 

reduction (Dibal, ether, 96%) to pnmary alcohol 14 and subsequent silylatlon &BuPhzSiCl, lm&zole, 84%) 

thus affording silyl ether 15 (Scheme 5). Addition of dibromocarbene, generated under phase-transfer 

conditions, afforded a mixture of epimeric gem-dlbromocyclopropanes 16a and 16b (62%) and recovered 

startmg olefin 15 (34%). These rather unstable dlbromo-compounds readily underwent the MeLi-induced 

cyclopropyhdene-allene transformation at -70°C to provide ~4-dienyl(Fe(CO)3)-complexed y-dlenylallene 2 m 

73% yield Its structure was confirmed by exammatlon of NMR and MS data although allene 2 was shown to 

be co&unmated by small amounts of non-polar by-products which could not be separated chromatoglaphlcally 

11 a, 

14 R=H 

15 R = SlPhZtBu 

OSlPh 2tBu 

-2slo& 
h & S,Ow. tBuPh 

2 
R 3 < 

2 
(a) DIBAGH, Et20, -45’, ZO’mn, 96 % (b) tBuF’h2S1C1, Imldazole, DMF, 6”, 18 h, 84 % (c) CHBq, 50 96 aq NaOH, 

PhCH2NEtp. rt, 85 mn, 62 % (d) M&, Etfl, -7O”, 1 h then warmmg to rt III 2 h, 73 % 
Scheme 5 
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These results demonstrate that the allene function can also be introduced in a remote positton with regard to 

a diene-tricarbonyliron complex in good yield providii that no other fbnctionalities interfere with MeLi. In the 

case of allene 13 such interference is demonstrated by observation of a reduced yield. 

CONCLUSION 

The reachon of propargylic esters wtth organocopper(1) reagents and the metal-halogen exchange mduced 

cyclopropyhdene-allene transformation are readily applicable to the generation of two cumulated double bonds 

in presence of the organometalhc butadtenybFe(C0)3 moiety. None of the investigated reaction conditions 

interfere with the organometallic moiety, thus allowing the stratghtforward synthesis of n4-dienyl(Fe(CO)J)- 

complexed y-dienylallenes in good overall yields The elaborated synthettc route represents another mterestmg 

example of the utdtsation of diene-tricarbonyliron complexes for the prepamtion of polyenic systems which 

should be prone, for instance, to intramolecular reactions. 

EXPERIMENTAL SECTION 

General Infrared spectra were recorded on Beckman Acculab 1,3 and 8 spectrometers Nuclear magnettc 

resonance spectra were obtamed on a Jeol FX-9OQ, a Bruker AM 300 WB or a Jeol JNM-GX 400 mstrument, 

m CDC13 solutton Chemical shifts were referenced to Me&t Mass spectra (MS) and high-resolutton mass 

spectra (HRMS) were recorded under electronic impact at 70 eV using respecttvely a Varian MAT CH-48 and a 

Vartan MAT 3 11 spectrometer UV spectra were recorded on a Beckman DU-64 mstrument. Elemental analyses 

were performed on a Heraeus CHN elemental analyzer 

(2R*,5S*,6S*,9(lRS))-(2E,4E)-Tncarbonyliron [Methyl (q4-2,5)-9-(l-ethoxy)ethoxy-6-hydroxynona-2,4- 

dlenoate] (Sa,5b) , (2R*,5S*,6R*,9(lRS))-(2E,4E)-Tticarbonylron [Methyl (q4-2,5)-9-(I-ethoxy)ethow-b 

hydro_gmona-2,4-dienoate] (6a,6b) 

To magnesmm turnings (870 mg, 35 7 mmol, 8 9 equlv) suspended m THF (8 mL) was added a few drops 

of I-bromo-3-( 1-ethoxyethoxy)propane. The reaction was mttiated with ultrasound Then, the remainmg of the 

bromide (2 8 g overall, 13 2 mmol, 3 3 equtv) was added dropwise and stlrnng was contmued for further 1 

hour The resulting Grignard solutton was cooled down to -40°C and a solution of aldehyde 4 (1.12 g, 4 0 

mmol) in THF (20 mL) was added dropwtse After 2 hours stlmng at -40°C the reaction mixture was quenched 

by adding 25% aqueous ammonium chlonde and extracted twice with ether Combmed organtc phases were 

washed with 1 M aqueous sodmm btcarbonate, dned over MgS04 and concentrated Chromatography of the 

restdue on stltca gel usmg ether/petroleum ether 1 4 sequenttally afforded the w-end0 (249 mg, 15%, Rf = 0 42 

wrth ethet/petroleum ether 7 3) and ly-exo (1 18 g, 72%, Rf = 0 20 wtth ether/petroleum ether 7 3) isomers 

6a,6b and 5a,5b as yellow 011s 

ly-endo isomer (mixture of both (I-ethoxy)ethoxy eptmers) (6a,6b) IR (neat) 3450 (OH), 2060 and 1980 

(C=O), 1720 and 1710 (C=O) cm-l , 1H NMR (400 MHz, CDCl3) 6 0 94 (d, lH, J = 8 2 Hz), 1 20 (m, 3H), 

[l 30 (d, J = 5 2 Hz), 1 31 (d, J = 5 Hz), 3H], 1 37 (dd, lH, J = 8.7, 6 0 Hz, 144 - 1 87 (m, 4H), 3 02 

(broad m, IH), 3 39 - 3 53 (m, 2H), 3 66 (s, 3H), 3 58 - 3 77 (m, 3H), 4 65 - 4 73 (m, lH), 5 43 - 5 49 (m, 

lH), 5 82 (dd, lH, J = 8 2,5 3 Hz) , 13C NMR (100 MHz, CDC13) 6 15 27 and 15 30 (CHsHs), 19 69 and 

19 79 (CHcH$, 26 69 and 26 72 (Cg), 38 33 and 38 36 (C7), 45 51 (Cz), 51.64 (OcH3), 60 93 and 60 97 

CHzCHs), 65 03 and 65 17 (Cg), 70 57 (C5), 72 31 and 72.36 (C& 82 80 (C4), 84 02 (C3), 99 65 and 
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99 76 &HCH3), 172.71 (Cl) , MS m/z 381 (M+-OCH$, 367 (M+-OEt), 356 (M+-2 CO), 328 (M+-3 CO), 

323 (M+-CHJCH(O)OEt), 283 (M+-3 CO-OEt), 238 (M+-3 CO-CH$H(OH)OEt, base peak), 73,45 Anal 

Calcd. for Ct7H2408Fe C, 49.54; H, 5 83. Foun& C, 49 70; H, 5 95 

yr-exo isomer (mixture of both (1-ethoxy)ethoxy epimers) (Sa,Sb). IR (neat) 3450 (OH), 2060 and 1980 

(C=O), 1715 (C=O) cm -‘, ‘H NMR (400 MHz, CDC13) 6 104 (d, lH, J - 8 2 Hz), 1 21 (t, 3H, J - 7.2 Hz), 

~1.3 (m, lH), 1.31 (d, 3H, J = 5 5 Hz), 159 - 1 91 (m, 4H), 3 27 (m, lH), 3.55 - 3 72 (m, 3H), 3 66 (s, 

3H), 4.67 - 4.73 (m, lH), 5 52 (dd, lH, J = 8 6, 5 1 Hz), 5 84 (dd, lH, J = 8 2, 5 1 Hz) , 13C NMR (100 

MHz, CDC13) 6 15.29 (CHfiHs), 19.73 and 19.76 (CHcHs), 25.94 and 25.99 (C& 36 52 and 36 61 (C7), 

45 05 (Cd, 51 72 (OcH3), 61.02 and 61.08 &H2CH3), 65 09 and 65 21 (Cg), 67 21 and 67 24 (Cs), 72 71 

and 72.75 (C,j), 83.94 (C3), 85 46 (C4), 99.74 and 99 77 cHCH$, 172.59 (Cl) ; MS nVz 421 (M+), 381 

(M+-OCH3), 367 (M+-OEt), 356 (M+-2 CO), 328 (M+-3 CO), 323 (M+-CH$H(O)OEt), 283 (M+-3 CO-OEt), 

238 (M+-3 CO-CH$ZH(OH)OEt, base peak), 73, 45 Anal Calcd for C17H2&Fe* C, 49.54: H, 5 83. 

Found C, 49.34, H, 6 09 

(ZR*,5S*,6S*,9(lRS))-(2E,4E)-Tmarbonyhron [Methyl (~4-2,5)-9-(1-ethoxy)ethoxy-6-t-butyld~phenyls~lyl- 

oxy-nona-2,4&enoate] (7a,7b) 

Im&zole (680 mg, 10 0 mmol, 4 0 eqmv) followed by l-butylchlorodlphenylstlane (1 29 mL, 5 0 mmol, 

2 0 eqmv) were added to a cooled solution of alcohols 5a,5b (1 05 g, 2 5 mmol) m anhydrous DMF (8 mL) at 

0°C After 18 hours leaving aslde at 6”C, the reaction mixture was diluted with 1 M aqueous NaHC03 and then 

extracted three times wth ether Combmed organic phases were washed with brine, dried (MgS04) and 

concentrated Chromatography of the residue on nhca gel using ethedpetroleum ether 1.9 afforded a yellow 011 

(1 94 g, Rf = 0 42 with ether/petroleum ether 3:7) whose NMR indicated that It was a 5:6 molar ratto of 

expected sdyl ethers 7a,7b and t-butyldtphenyls~lanol (charactenstlc odour) That gave a 79% estimated yield 

of 7a,7b An analytically pure sample of 7a,7b was obtained by chromatography on baste (pH = 9 7) alumma 

A partial decomposltlon resulted either usmg basic or neutral (pH = 7 00) alumma ‘H NMR (400 MHz, 

CDC13) B 0 97 (d, lH, J = 8 2 Hz), 1.03 (s, 9H), [l 21 (t, J = 7 2 Hz), 1 21 (t, J = 7 0 Hz), 3H], 1 31 (d, 

3H, J = 5 5 Hz), 1 32 (m, lH), 1 62 - 1 91 (m, 4H), 3 39 - 3 69 (m, 5H), 3 62 (s, 3H), 4 42 (dd, lH, J = 

8 6, 5 1 Hz), [4 69 (q, J = 5 5 Hz), 4 69 (q, J = 5 5 Hz), lH], 5 40 (dd, lH, J = 8 2, 5.1 Hz), 7 36 - 7 45 

(m, 6H), 7 66 (m, 4H). 13C NMR (100 MHz, CDC13) 6 15 33 (CH&H3), 19 45 (c(CH3)3), 19 84 

(CHcHs), 24 99 (Cg), 26 94 (C&H3)3), 35 76 and 35 87 (C7), 46 30 (C2), 51 67 (OcH3), 60 60 and 60 64 

(CH2CH3), 64 97 and 65 00 (Cg), 65 97 (Cs), 75 15 and 75 20 (C6), 83 42 (C3), 86 49 (C4), 99 48 

&HCH3), 127 58 and 127 79 (4C ortho), 129 81 and 129 93 (2C para), 133 64 and 134 05 (2C IPSO), 

135 96 and 136 16 (4C ortho), 172 37 (Cl), MS m/z 650 (M+), 619 (M+-OCHs), 594 (M+-2 CO), 566 (M+-3 

CO), 238 (M+-3 CO-CH$H(OEt)OSlt-BuPh2, base peak), 73,45 Anal Calcd for C3fl4@8FeSl C, 60 92, 

H, 6 46 Found C, 61 16, H, 6 41 

(ZR*,5S*,6S*)-(2E,4E)-Tmarbonyhron [Methyl (~4-2,5)-6-~-butyld,phenyls~lyloxy-9-hyd~ox~ona-2,4- 

drenoate] (8) 

Tnchloroacetlc acid (150 mg, 0 92 mmol, 1 4 equw) was added to a solutlon of the prewously obtained 

mixture of acetals 7a,7b and sllanol (635 mg, = 430 mg contained 7a,7b, 0 66 mmol) m THF (20 mL) and 
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ether 1:9 and then 1:4 afforded alcohols 9a,9b (mixture oftwo unsepamble Cg eplmers) as a yellow 011(1 05 g, 

80%, Rf - 0.22 with etheu’petroleum ether 3.7). IR (neat). 3500 (OH), 2240 (CC), 2060 and 1980 (C=O), 

1715 and 1705 (C-O) cm-l ; ’ H NMR (400 MI&, CDCl3) 8 0 92 (t, 3H, J = 7 2 I-Ix), 1.00 (d, lH, J - 8.2 

Hx), 1 04 (s, 9H), il.32 (dd, J - 9, 9 I-Ix), 1 33 (dd, J - 9, 9 Hx), lH1, 1 38 - 1.54 (m, 4H), 1.73 - 2.01 (m, 

4H), [2.04 (d, J = 5.2 Hx), 2.13 (d, J = 6.1 Hz), lH], 2.23 (tt, 2H, J - 7.0, 1.8 Hx), 3.52 - 3.58 (m, lH), 

[3.62 (s), 3.63 (s), 3H], 4.36 - 4 42 (m, 2H), 5.37 - 5.42 (m, lH), 7.36 - 7.47 (m, 6H), 7 67 - 7 72 (m, 4H) 

13C NMR (100 MHZ, CDC13) B 13 63 (Cl5), 18 40 (Cl;), 19 43 (QCH3)3), 21 98 (Ct4), 26 95 (CcH3)3), 

;O 74 (Cl3), 33.08 and 33 20 (Cs), 34.49 and 34.74 (C7), 46.33 (Cd, 51 70 (OcH3), 62 49 and 62.74 (C9), 

65 39 (Cs), 75.08 (Cg), 80.83 and 80 97 (Clo or Cll), 83.55 and 83 58 (C3), 85 85 and 85.90 (Clo or Cl t), 

86.46 and 86.51 (C4), 127.64 and 127 85 (C meta), 129 84 and 130 02 (C para), 133 44 and 133.90 (C ipso), 

135.99 and 136 19 (C ortho), 172 38 (C,) , MS m/z 627 (M+-OCH$, 602 (M+-2 CO), 574 (M+-3 CO), 492 

(M+-3 CO-CeI-Ilo), 435 (M+-3 CO-CeIItl-fBu), 318 (M+-3 CO-tBuPhzSiOH, base peak), 255, 236, 199 

(Ph$iOH+), 107,79. Anal. Calcd. for C35H4207FeSt C, 63 83, H, 6 43 Found C, 64.34, H, 6 37 

(2R*,SS*, 6~)-(2E,4E)-Tricarbooyliron [Methyl (q4-23-l I-n-butyl-6-t-butyldiphenylsilyloxypentadeca- 

2,4,9&l-tetraemate] (1) 

Methanesulfonyl chloride (0 11 mL, 1 42 mmol, 1 7 equiv) was added to a cooled solutton at -50°C of 

alcohols 9a,9b (562 mg, 0 85 mmol) and tnethylamine (0.22 mL, 1.58 mmol, 1 9 equiv) in anhydrous 

dtchloromethane (6 mL). After 1 hour at -5O”C, the reaction mixture was allowed to warm up to room 

temperature tn 30 mm. Water was added and the resulting mtxture was extracted three times with ether 

Combined organic phases were successively washed with bnne and water, dned (M&304) and concentrated 

Chromatography on silica gel using ethet/petroleum ether 1.4 + 3% Et3N afforded puntied mesylates lOa,b as 

a yellow oil (602 mg, 96%, Rf = 0 30 with ether/petroleum ether 3.7). They were immediately used for the 

subsequent step since a small decompoabon was observed when these mesylates were stored for some days at - 

30°C with some triethylamine. IR (neat). 2260 (C=C), 2070 and 1980 (C-O), 1720 (C=O) cm-l , ‘H NMR (60 

MHx, CDC13) 6 0 8 - 2.5 (m, 15H), 1 0 (s, 9H), 3 1 (s, 3H), 3.55 ( m, lH), 3 6 (s, 3H), 4 4 (m, lH), 5.1 - 

5 6 (m, 2H), 7.3 - 7.8 (m, 10H) 

A solutron of n -butylmagnesium hromtde [prepared by reacting magnesium (30 mg, 1 2 mmol, 1 5 equtv) 

wtth 1-bromobutane (0 11 mL, 1 02 mmol, 1 2 equtv) m THF (3 mL)] was added to a solution cooled at -55°C 

of copper(I) bromide (140 mg, 0 98 mmol, 1 2 equtv) and lithium bromide (85 mg, 0 98 mmol, 1 2 equtv) in 

THF (3 mL) The resulting orange brown solutton was stirred for 30 mm at -55°C The mesylates lOa,b were 

dtssolved m THF (6 mL) and then added to the solution of (Q-BuCuBr)MgBr LtBr. After 1 hour at -60 to - 

5O”C, the reactton mmture was allowed to warm up to room temperature in 30 min and then poured into 25% 

aqueous NIQCI (20 mL) contatmng sodtum cyamde (2 g). After three extractions with ether, combmed orgamc 

phases were washed with water, dned (MgSOd), and concentrated Chromatography on s111ca gel successively 

usmg ether/petroleum ether 1 19, 1.9 and 1 4 as eluents afforded allene 1 as a yellow otl(429 mg, 75%, Rf = 

0 27 with ethen’petroleum ether 1 9) IR (neat) 2060 and 1980 (C=O), 1720 (C=O) cm-’ , ‘H NMR (400 MHz, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

145 (m, 9H), 1 72 - 1 80 (m, 2H), 1 93 (td, 4H, J = -7 5, 3 Hz), 2 16 (m, lH), 2 26 (m, lH), 3 52 (m, 

lH), 3 62 (s, 3H), 4 42 (dd, lH, J = 8 7, 5 0 Hz), 5 13 (pent t, lH, J = 3, 3 I-Ix), 5 39 (ddd, lH, J = 8 2, 
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39.52 (cyclopropyl-Cl), 46.37 and 46.40 (Q), 47 67 and 47 89 (cyclopropyl-C2), 51 67 (OcH3), 65 92 

(Cs), 75 16 and 75.33 (Ce), 83.30 and 83 36 (C3), 86 43 (C4), 127.56 and 127.84 (C meta), 128 84, 129 99 

and 130 02 (C para), 133.31, 133.47 and 133 89 (C IPSO), 135.94, 135.99 and 136.20 (C ortho), 172.28 

(Cl), MS m/z 690 (M+-3 CO), 610 (M+-3 CO-HBr), 497,379, 263, 199 (PhzSiOH+, base peak), 79. Anal 

Calcd. for &I&BrfleFeSi C, 51 15; H, 4 95 Found* C, 50 95; H, 4 64 

(3R*,6S*, 7S*)-(3E,5E)-Tncarbonyhron [(q4-3,6)- 7-t-Butyld~phenylsilyloxy-2,12-dimethykidea-3,S, 10, 1 I- 

tetmen-2-011 ( 13) 

A soluhon of methylhthium (0.075 mL, 0.92 equtv, 1 6 M m ether) was added to a cooled at -70°C solution 

of cyclopropanes 12a,b (100 mg, 0 13 mmol) in anhydrous ether (1 mL). After 1 hour at -7O”C, 1 M aqueous 

NaHC03 was added to the resulting red brown solution and the mtxture was extracted three times with ether 

Combmed ethereal layers were washed with water, dried (MgS04) and concentrated Chromatography on silica 

gel using ether/petroleum ether 1 19 as eluent afforded allemc alcohol 13 as a yellow otl(23 mg, 29%, Rf = 

0 31 wrth ethet/petroleum ether 1.4). MS indicated the presence of a trace of a reduced dtbromo compound 

which was not detected by ‘H NMR IR (neat) 3450 (OH), 2040 and 1960 (C-O) cm-’ , ‘H NMR (400 MHz, 

CDCl3) i3 0 85 - 0 90 (m, 2H), 1 03 (s, 9H), 1 30 (s, 3H), 1 31 (s, 3H), 1 69 (d, 3H, J = 2 4 Hz), 1.66 - 

1 76 (m, 2H), 2.11 - 2.27 (m, 2H), 3.58 (ddd, lH, J = 9 5, 6 4,4 0 Hz), 4 34 (dd, lH, J = 9 3, 5 2 I-Ix), 

4.93 (ddd, lH, J = 8.5, 5 2, 1 I-Ix), 5 00 (t septuplet, lH, J = 3, 2 4 Hz), 7 33 - 7 47 (m, 6H), 7 68 - 7.71 

(m, 4H), MS m/z 614 (M+), 558 (M+-2 CO), 530 (M+-3 CO), 512 (M+-3 CO-H20), 401, 199 (Ph$iOH+, 

base peak), 133, 107,95 

(2R*,5S*,6Sf)-(2E,4E)-Tricarbonyliron [(q4-2,5)-6-t-Butyldqhenylsdyloxy-1 0-methylundeca-2,4,9-teen-l- 

oll(l4) 
A solution of dltsobutylalumtmum hydnde (1 94 mL, 2 3 equlv, 1 M in hexanes) was added to a cooled 

solution of methyl ester 11 (507 mg, 0 84 mmol) at -45°C m anhydrous ether After 20 mm at -45”C, water (1.7 

mL) was added and the resulting mixture was warmed to room temperature Then, saturated aqueous potassium 

sodium tartrate (10 mL) and ether (8 mL) were added When a clear mixture resulted, the orgamc phase was 

separated and the aqueous phase was extracted twice with ether Combmed organrc extracts were successively 

washed wrth brme and water, dned (MgSO4) and concentrated Chromatography of the only residue on ahca gel 

using ether/petroleum ether 1 4 afforded alcohol 14 as a yellow 011 (464 mg, 96%, Rf = 0 10 with 

ether/petroleum ether 1 4) IR (neat) 3400 (OH), 2050 and 1980 (C=O) cm-’ , ‘H NMR (400 MI-Ix, CDCl3) 6 

104 (s, 9H), 1 10 (m, IH), 1 17 (dd, lH, J = 9, 8 5 Hz), 1 60 (s, 3H), 1 68 (s, 3H), 1 58 - 1 75 (m, 3H), 

2 12 - 2.27 (m, 2H), 3 46 - 3 62 (m, 3H), 4 35 (dd, lH, J = 8 5,4 9 Hz), 4 80 (dd, lH, J = 8 5, 4 9 Hz), 

5 09 (tm, lH, J = 7 0 Hz), 7 35 - 7 45 (m, 6H), 7 68 - 7 70 (m, 4H) , 13C NMR (100 MHz, CDCl3) 6 17 68 

&H3), 19.45 &(CH3)3), 23 41 (Cs), 25 71 (Cll), 26 99 (C(cH3)3), 39 24 (C7), 61 25 (C2), 64 54 (Cl), 

65 65 (Cs), 75 58 (Ce), 82.85 (C3 or C4), 84 61 (C3 or C4), 124 17 (Q), 127 49 and 127 69 (C meta), 

129 63 and 129 77 (C para), 131 77 (Clo), 133 94 and 134 37 (C ipso), 135 99 and 136 24 (C ortho) , MS 

m/z 574 (M+), 518 (M+-2 CO), 490 (M+-3 CO), 473,433 (M+-3 CO-tBu), 199 (Ph$ltOH+, base peak), 93, 

69 Anal Calcd for C3tH3&FeSr C, 64 80, H, 6 67 Found C, 64 86, H, 6 37 
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(2R *,5S*, 6S*)-(2E,4E)-Tticarbonyliron [(~4-2,5)-l,6-D~(t-butyl~phenyls~lyloxy)-lO-me~y~~de~-2,4,9- 

tnene] ( 15) 

Alcohol 14 (330 mg, 0.57 mmol) was Aylated as described for the preparation of 7a,b Punfication by 

chromatography on silica gel usmg 2% ether-petroleum ether as eluent afforded the sdyl ether 15 as a yellow 011 

(393 mg, 84%, Rf = 0.74 with ether/petroleum ether 1 9) IR (neat)* 2050 and 1980 (C-0) cm-l ; ‘H NMR 

(400 MHz, CDC13) b 1 04 (s, 9H), 1 06 (s, 9H), 1 03 - 1 10 (m, 2H), 1 61 (s, 3H), 1.67 (s, 3H), 1.58 - 1 72 

(m, 2H), 2 11 - 2.28 (m, 2H), 3 46 (m, lH), 3 58 (dd, lH, J = 11 9, 6 7 Hz), 3 66 (dd, lH, J - 11 9, 5 5 

Hz), 4 28 (dd, lH, J = 8 7,4 9 Hz), 4 58 (dd, lH, J = 8 6,4 9 Hz), 5 10 (tm, lH, J = 7 0 Hz), 7 34 - 7.45 

(m, 12H), 7 63 - 7 71 (m, 8H) ; l3 C NMR (100 MHz, CDC13) 6 17 68 (cH3), 19 14 and 19.47 &(CH3)3), 

23 47 (Cg), 25 71 (Cll), 26 79 and 27 00 (C(cH3)3), 39 28 (C7), 61 90 (C2),65 18 (Cs), 65 42 (Cl), 75 73 

(Ca), 82 63 (C3 or C4), 84 04 (C3 or CT& 124 25 (Cg), 127 40, 127 67 and 127 70 (C meta), 129 58 and 

129 73 (C para), 131 69 (Cl& 133.48, 133 53, 133 92 and 134 41 (C ipso), 135.59, 136 00 and 136 26 (C 

ortho) , MS m/z 728 (M+-3 CO), 551,509,472 (M+-3 CO-tBuPhzSiOH), 312, 199 (Ph$GOH+, base peak), 

93,69,41 Anal Calcd for C47H5&FeS12 C, 69 44, H, 6 94 Found C, 69 49, H, 6 91 

(2R*,SS*,6S*)-(2E,4E)-Tncarbonyhron [(~4-2,5)-1,6-D~(t-butyldiphenyls~~yfo~)-8-(2,2-d~b~mo-3,3-dime- 

thykyc~opfopy&c.Q-2,4-djene] ( 16a, 16b) 

A mixture of olefin 15 (295 mg, 0 36 mmol), bromoform (2 0 mL), tnethylbenzylammonium chloride (44 

mg, 0 19 mmol, 0.5 eqmv) and 50% aqueous sodium hydroxide (0 1 mL) was vigorously stirred for 85 mm 

Work-up as described for the preparation of 12a,b and punfication by chromatography on slhca gel using 2% 

ether-petroleum ether as eluent afforded starting olefin 15 (99 mg, 34%) and dlbromo cyclopropanes 16a,b 

(mixture of both I-cyclopropyl epimers) as a rather unstable yellow ml (220 mg, 62%, Rf = 0.37 with 2% 

ether-petroleum ether) IR (neat) 2040 and 1980 (C=O) cm- ’ , ‘H NMR (400 MHz, CDCl3) 6 11 03 (s), 1 04 

(s) 9H1, [l 06 (s), 1 06 (s), 9H], 1 01 - 1 15 (m, 2H), 11 17 (s), 1.22 (s), 3H], [l 37 (s), 1 38 (s), 3H], 1 61 

-190(m,5H),342-348(m,1H),[358(dd,1H,J=121,~65Hz),359(dd,1H,J=121,~65Hz), 

lH1, 3 67 (dd, lH, J = 12 1, 5 6 Hz), 4 27 (dd, lH, J = 8 5,4 9 Hz), 4 55 - 4 60 (m, lH), 7 34 - 7 45 (m, 

12H), 7 62 - 7 74 (m, 8H) , 13C NMR (100 MHz, CDC13) 6 19 15 (C(CH3)3), 19 29 and 19 34 (cH3), 19 47 

&(CH3)3), 23 98 and 24 18 (Cs), 26 79, 27 00 and 27 03 (C(I;H3)3), 27 47 and 27 53 (cH3), 28 00 and 

28 06 (cyclopropyl-C$, 37 72 (C7), 39 54 and 39 66 (cyclopropyl-Cl), 47 93 and 48 11 (cyclopropyl-Cz), 

62 14 and 62 20 (C2), 64 81 (C5), 65 37 (Cl), 75 53 and 75 58 (C6), 82 60 and 82 65 (C3 or Q), 83.92 (C3 

or CA), 127 41, 127 65, 127 71 and 127 84 (C meta), 129 64, 129 75, 129 87 and 129 91 (C para), 133 41, 

133 47, 133 50, 133 66 and 134 16 (C IPSO), 135 56, 135 60, 135 99, 136 03 and 136 31 (C ortho) , MS 

m/z 820 (M+-3 CO-HBr), 764 (M+-3 CO-HBr-CdHs), 707 (M+-3 CO-HBr-C&&$Bu), 564 (M+-3 CO-HBr- 

tBuPh@OH), 555,472,377,257, 199 (Ph$GOH+, base peak), 78 

(2R*,5S*,6Sw)-(2E,4E)-Tncarbonyhron [(~4-2,~)-1,6-D~(t-buty~d~~heny~s~ly~oxy)-ll-methyld~e~-2,4,9,10- 
tetmene] (2) 

A solution of methylhthmm (0 050 mL, 0 9 equlv, 1 6 M m ether) was added to a cooled at -70°C solution 

of cyclopropanes 16a.b (85 mg, 0 9 mmol) m anhydrous ether (1 mL) After 1 hour stirnng at -7O”C, the 

reaction solution was allowed to warm up to room temperature m 2 hours Work-up as described for the 

preparation of 13 and punficatlon of the crude product by chromatography on slhca gel usmg ether/petroleum 
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ether 1:19 as eluent afforded allene 2 as a yellow oil (52 mg, 73%, Rf = 0 69 with ether/petroleum ether l-9). 

Nevertheless, 1H and 13C NMR as well as elemental analysis mdlcated the presence of unpolar contaminants 

which could have not been separated IR (neat) 2050 and 1980 (C-O) cm-t ; tH NMR (400 MHz, CDCl3) b 

1.03 (s, 9H), 1.05 (s, 9H), 1 00 - 1 10 (m, 2H), 1 69 (d, 3H, J = 3 Hz), 1 69 (d, 3H, J = 3 Hz), 1 65 - 1 77 

(m, 2H), 2.09 - 2.26 (m, 2H), 3.50 (m, lH), 3 57 (dd, lH, J = 12 2, 6 7 Hz), 3 66 (dd, lH, J = 12 2,5 0 

Hz), 4 26 (dd, lH, J = 8.9,4 9 Hz), 4 57 (dd, lH, J = 8 5,4 9 Hz), 4 99 (t sept, IH, J = 3, 3 Hz), 7 36 - 

7 46 (m, 12H), 7.62 - 7.71 (m, 8H) ; l3 C NMR (100 MHz, CDCl3) 6 19 14 and 19 49 &(CH3)3), 20 70 and 

20.75 (=*=C(m3)2), 24 47 (Cs), 26.77 and 26 97 (C&H3)3), 38 87 (C7), 61.85 (Cz), 65.19 (C5), 65 42 

(Cl), 75 51 (C,j), 82.59 (C3 or Q), 83 94 (C3 or Q), 88 52 (Cg), 95 47 (Cll), 127 41 and 127 68 (C meta), 

129.58 and 129.73 (C para), 133 47, 133.51, 133 94, 134.41 (C IPSO), 135 56, 135 59, 135.99, 136 20 (C 

ortho), 201 68 (Clo), 211 (Fe-CO), MS m/z: 768 (M+-2 CO), 740 (M+-3 CO), 509, 199 (Ph&OH+, base 

peak). Anal. C&d. for ~&&FeSi2* C, 69 88; H, 6.84. Found. C, 70 78, H, 7 76 
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