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ENZYMATIC HYDROLYSIS OF CYCLOPROPANES. 

TOTAL SYNTHESIS OF OPTICALLY PURE DICTYOPTERENES A AND c’. 

D Grangean, P Pale, J Chuche 

Laboratolre de chrmre organrque physique, URA CNRS 459 

Unlversrte de Reams-Champagne-Ardenne, 51100 Rerms, France 
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Abstm Enzymatrc hydrolysis of CIS-1 ,2-brs(butyryloxymethyl)cyclopropane 2 under optrmized 
conditions gives, in quantitative yield, optically pure cm-(1 S,2R)-1-hydroxymethyl-2- 
butyryloxymethylcyclopropane 1. This compound IS a versatile cyclopropane synthon as 
exemplified by the total synthesis of optlcally pure seaweed pheromones Dictyopterenes A and C 

Introduction: 

The cyclopropane ring IS a common unit m a large number of natural products and 

compounds of pharmaceutrcal interest 1 As most of them are optically active, an easy access to 

optically pure versatile cyclopropane mtermedrates would be valuable 

Synthesis of choral cyclopropanes has been recently reviewed* and usually requires either 

chemical or enzymatic resolution, or diastereoselectlve or enantioselective cyclopropanatlon Only 

tedious chemical resolutions and one enzymic methods can afford optically pure cyclopropane 

derivatives 

In this paper, we report a convenrent and rapid access to an optically pure cyclopropane 

synthon, CIS-(1 R,2S)-l-butyryloxymethyl-2-hydroxymethylcyclopropane 1, via an enzymatic 

resolution This optically pure functlonnalrzed cyclopropane can be a versatile starting material for 

the synthesis of biologically mterestmg cyclopropane compounds In order to demonstrate the 

usefulness of this choral cyclopropane synthon, we embarqued on the total synthesis of optically 

pure Dictyopterenes A and C’ (Scheme 1) 
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Scheme 1 

Dlctyopterenes constitute a family of sexual pheromones for several brown algae,4-6 one of 

which, Dlctyopterene A, IS responsible for the Intense ocean smell of these algae Dlctyopterenes 

are presumably derived’’ from polyunsaturated alcohols which are cycllzed into cyclopropanes 

beanng two unsaturated side chains, vinyl and hexenyl for Dictyopterenes A and C, or vmyl and 

hexadlenyl for Dlctyopterenes B and D (Scheme 2) Only the trans cyclopropane isomers, 

Dictyopterenes A and B, can be Isolated The CIS isomers, Dlctyopterenes C and D, rearrange at 

sea temperature to the correspondmg cycloheptadlenes, the actual natural products Dlctyopterenes 

c’ and D’ (Scheme 2) 

)-Dictyopterene A 
Dlctyopterene C 

)-Dictyopterene B L 
Dictyopterene D 

(-)-Dictyopterene C 

(+)-Ddyopterene D 

Scheme 2 
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Among the vanous reported syntheses - JJ 17 of Dlctyopterenes, only four descnbe the synthesis 

of optically active Dlctyopterenes Two rely on chemical resotutlonl4.15 and the two others on 

Intramolecular cycllsatlon controlled by a choral auxilliaty catalyzed’s or not17 by organometalllc 

complexes 

. Results and discussion. 

We recently found that under carefully controlled conditions, the crude llpase extracted from 

pig pancreas (PPL), IS able to catalyze the cleavage of meso dlesters of as-2,3-epoxybutan-1,4-dlol 

with high enantloselectivity and high chemical yields 18 When the following expenmental conditions 

(PPL, water-ethylene glycol, pH 6 5, 3”) are appliec, to the cyclopropane analogue, c&-1,2- 

bls(butyryloxymethyl)cyclopropane 3, the optically pure monoester 1 IS isolated in quantitative yield 

(Scheme 3) 
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Scheme 3 

Ester chain length19 and pH are both determinant for a high level of PPL enantloselectivlty 

since the correspondmg dracetate has been hydrolyzed 20 at pH 7 5 by PPL giving the (lS,2R)- 

monoacetate with a much lower ee (72 %) 21 

The absolute configuration of as-(1 R,2S)-1 -butyryloxymethyl-2-hydroxy methylcyclopropane 

1 was determined by converting 1 to the known CIS-(1 R,2S)-1 -acetoxymethyl-2- 

hydroxymethylcyclopropane206 through a four step sequence (Scheme 4) Ee were best 

determined at the acetate stage using 1 H NMR in the presence of Eu(hfc), since the acetate signal 

of racemlc 5 IS readily split with increasing amount of Eu(hfc)3 When Eu(hfc)3 was added to a 

CDC13 solution of optically active i obtained from 1, only one set of signals could be detected by 

1 H NMR Althought 4, formed during the denvatizatlon of 1 toward i , IS a cnstalline compound, no 
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recnstalllzatlon was attempted In order to mmlmlze enantlomenc enrichment The optical punty of 1 

was later confirmed by the optical rotation of both Dictyopterenes which were synthesized 

It IS important to note that the formal enantiomer of 1, that IS &, IS readily available after 

sllylatlon and hydrolysis of 1 (Scheme 4) 

The cyclopropane starting material 3 was easily obtamed In two steps and 92% overall yield 

from the readily commercially available dimethylcyclopropane dlcarboxylate 2 (Scheme 3) We 

were able to scale the enzymatic process up to 20 g of cyclopropane substrate 9 
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Scheme 4 

With the synthesis of Dlctyopterenes A and C’ from optically pure synthon 1, as our goal, we 

were faced with two stereochemical problems (I) how can an E double bond be produced In a 

hydrocarbon chain (II) how can a trans cyclopropane be produced from a CIS cyclopropane 3 

An interesting feature of the Cope rearrangement leading to Dlctyopterene c’ IS due to the 

pseudosymmetric nature of the vmylalkenylcyclopropane The cycloheptadiene Dlctyopterene C’ 

can either be obtained from (1 S,2R)-1 -[(E)-hex-l -enyl]-2-vinylcyclopropane w or (1 R,2S)-1 -[(Z)- 

hex-l -enyl]-2-vmylcyclopropane m (Scheme 5) Therefore the synthesis uf Dlctyopterene C’ 

can be resolved with a highly CIS stereoselective Wittig reaction 
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Scheme 5 

We have found the Bestmann condrtronsss suitable for this purpose (Scheme 6) The reactron 

of the aldehyde L obtamed from 1 by mild PCC oxrdahonzs, with the ylrde derived from 

pentyltnphenylphosphonium bromide gave the expected hexenyl cyclopropane 8 wrth a Z/E ratio of 

99 to 1 The Z/E ratio, determined by Integration of the vinyllc protons In the NMR at 300 MHz, was 

99 to 1 After cleavage of the butyrate group, oxldatronn3 to the aldehyde and Wrttrg methylenatron, 

the CIS-(1 R,2S)-1 -[(Z)-hex-l -enyl]-2-vmylcyclopropane ~ was Isolated. Heatmg w m a 

sealed tube at 80’ in CC14 for 6 h provided us with optically pure Drctyopterene c’ In quantrtatrve 
yield ([CX]o22 = -16 6”, CHCls compared to [a]0 22 = -15 5”, CHCls, reported ee 97%,1&,14b and to the 

natural product [o]on2 = -12 0”. CHCI3, reported ee 75% 4, 

For the synthesis of Drctyopterene A, we still requrred a highly E stereoselective olefmatlon 

We focused on recent mechanistrc investigatrons of the Wittig reactronz402s by Vede]s and his 

group In our synthesis, we decided to use the drbenzophospholrum ylrde 1Q , readily available In 4 

stepsss,ss from tetraphenylphosphonrum bromrde, and we finally obtamed m good yield the 

expected hexenylcyclopropane 11 with a very high E/Z ratio 99 11 (Scheme 6) This E/Z ratio was 

also determined by 300 MHz tH NMR 

After deprotection of the hydroxyl function and oxidatron, the CIS cyclopropylaldehyde a was 

eprmenzed to the trans Isomer U In basic conditions 27 A 9 to 1 mixture of trans and CIS 

cyclopropanes u and U was Isolated Methylenatron of this mrxture led to a mixture of 

Drctyopterene A and as-(1 R,2S)-1-[(E)-hex-1-enyl]-2-vinylcyclopropane, the enantromer of O-Jr, 

whrch quantrtatrvely rearranged at room temperature to the unnatural (+)-Dlctyopterene C 

Repetitive preparative chromate graphy on silica plates impregnated wrth silver mtrate allowed us 
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to separate the optlcally pure Dlctyopterene A m 85% yield ([a]$ = +75 3”, CHCl3 compared to 

[a]# = +59 7O, CHCl3, reported ee 83%,16an16b and to the natural product [a]o22 = +72 O”, CHCl3, 

reported ee 95% 4) and the optically pure enantiomer of Dictyopterene c’ m 10% yield ([&22 = 

+17 1 O, CHCls, compared to [&22 = +lO 2’, CHCl3, reported ee 85% 16a.16b) 

ConWa remarks; 

This efficient and highly stereoselective synthesis of optically pure Dictyopterene A and C 

has shown the usefulness of as-(1 R,2S)-1 -butyryloxymethyl-2-hydroxymethylcyclopropane 1 as an 

optically pure cyclopropane synthon, easily obtained in preparative scale by enzymatic hydrolysis 

The other Dictyopterenes can formally be obtained optically pure from 1 As we have demonstrated 

that CIS and trans optically pure cyclopropanes can both be prepared, 1 can be viewed as a 

valuable precursor to all kinds of optically pure dlsubstltuted cyclopropanes, configured either in a 

CIS or trans relationship 

pknowledaement; We gratefully thank ICI-Pharma, Reams, France, for helping us in material 

assistance One of us (D G ) thanks the “Mlnlst&e de la Recherche et de la Technologie” for a 

doctoral fellowship 
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General remarks All meltrng pomts were uncorrected IR spectra were recorded on Phrkps SP3- 

300 infrared spectrophotometer NMR spectra were recorded on Brucker AC-300 spectrometer at 

300 MHz for lH and 75 5 MHz for 1sC Chemical shifts of IH NMR were expressed In parts per 

mlllton downfield relative to Internal tetramethylsilane (6=0) Splitting patterns were assigned as s, 

smgulet, d, doublet, t, tnplet, q, quadruplet, sext, sextuplet, m, multrplet 13C NMR were recorded 

using the central peak of the CDCI, signal as an internal standard (6=77 00) Mass spectra were 

recorded on a JEOL D300 mass spectrometer at 70 ev Optrcal rotations were measured on a 

Perkm-Elmer polanmeter at the sodium D line and was reported as follows [cx],,~~ (concentration 

m g/l00 ml, solvent, ee %) All reactrons were monttored by thm-layer chromatography carried out 

on 0 25-mm E Merck silica gel plates (60 F2s4) Preparative layer chromatography was performed 

on 0 5 or 0 25 mm x 20 cm x 20 cm E Merck silica gel plates (60 PF2s4+sss) Flash chromatography 

were performed on srlica gel Merck 60 (particle size 0 040-O 063 mm) THF, EhO were distillated 

from sodium/benzophenone, CH,CI,, TEA, drrsopropylamine were distlllated from calcrum hydride, 

HMPT and MeOH were drstrllated from sodium All solvents were stored under argon 

Cis-I ,2-bis(butyryloxymethyl)cyclopropane (3) 

To a stirred suspensron of LAH (5 88 g, 155 08 mmol, 1 1 eq) in E$O (129 ml) at O°C under argon, 

was added the cyclopropane dlester 2 (20 44 g, 129 23 mmol, 1 eq) in Et20 (129 ml) After 30 mm, 

the mixture was hydrolysed with H,O (12 ml) and then filtered The filtered cake was nnced several 

times with Et,0 and Me,CO The organic layer was dried and concentrated The crude cyclopro- 

pane dial (13 20 g) IS directly used in the next step 

To a stirred solution of cyclopropane drol (13 20 g, 129 23 mmol, 1 eq) in CH&I, (258 ml) under 

argon, were added DMAP (0 790 g, 6 46 mmol, 0 05 eq) then TEA (39 62 ml, 284 32 mmol, 2 2 eq) 

After cooling to 0°C butyryl chloride (29 52 ml, 284 32 mmol, 2 2 eq) was slowly added The 

mrxture was stirred at room temperature for 1 h, then hydrolyzed After extraction with CH,CI,, the 

organic layer was dned and concentrated Flash chromatography of the crude product yielded 3 

(28 80 g, 92 % after 2 steps) as a colorless 011 TLC Rf 0 67 (PE-AcOEt 80-20), IR (film) 3080, 

3020, 1730, 1365, 1175 cm l, ‘H NMR (CDCI,) 6 0 32-O 39 (lH, m), 0 86-O 95 (lH, m), 0 96 (6H, t, 

J=7 4) 1 28-l 38 (2H, m), 1 67 (4H, sext, J=7 4) 2 30 (4H, t, J=7 4) 3 91-4 03 (2H, m), 4 19-4 30 

(2H, m), IsC NMR (CDCI,) 6 8 56, 13 56, 14 63, 18 37, 36 12, 64 09, 173 48, mass spectrum, m/e 

(Intensity), 155 (M+-87, 31), 71 (100) 67 (46) Anal Cal& for C&HZ04 C, 64 44, H, 9 15 Found 

C, 64 74, H, 9 33 
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(1 R,2S)-l-butyryloxymethyl-2-hydroxymethylcyclopropane (1) 

A 1 I flask equipped wrth a mechanical strrnng and a combmed glass electrode, was charged with 

water (300 ml) and ethylene gtycol (75 ml) After cooling to 3%, lipase (1 32 g, PPL, type II, crude, 

SIGMA no L 3126) was added After adjustmg the pH to 6 5 by 1M NaOH, cyclopropane drester 2 

(20 40 g, 64 19 mmol, leq) was added The pH was kept constant dunng the hydrolysis by 

continuous addition of 1 M NaOH solution from an autoburette After addition of 79 96 ml (0 95 eq) 

1M NaOH (4h20), aqueous NaHCO, was added (pH=9 2) After neutraksatron by NH,CI, the 

product was extracted with EtsO, then the organic layer was dned and concentrated The crude 

product was immediately punfred by flash chromatography to give I(1 3 63 g, 99 %, conversron 95 

%) as a colorless 011 TLC Rf 0 36 (PE-AcCEt 60-40) [a],,22 + 18,2’ (C=l 58, CH,CI,, ee >99 

%), IR (film) 3430, 3080, 3010, 1740, 1730, 1710, 1370, 1180, 1040, 1020 cm-t, 1H NMR (CDCls) 

6 0 21-O 29 (1 H, m), 0 81-O 91 (lH, m), 0 96 (3H, t, J=7 4) 1 22-1 40 (2H, m), 1 66 (2H, sext, J=7 4) 

2 31 (2H, 1, J=7 4) 2 58 (OH), 3 41-3 50 (1 H, m), 3 78-3 93 (2H, m), 4 39-4 49 (1 H, m), 1sC NMR 

(CDCI,) 6 7 66, 13 42, 14 25, 18 24, 18 37, 36 05, 62 19, 64 30, 173 56, mass spectrum, m/e 

(intensity), 173 (M++l, l), 172 (M+, cl), 155 (25) 141 (6) 131 (3) 89 (13) 85 (7) 84 (11) 83 (ii), 

71 (100) 67 (25) Anal Calcd for C9H,603 C, 62 77, H, 9 36 Found C, 62 93, H, 9 60 

(1S,2R)-l-tert-butyldlphenyls~lyloxymethyl-2-hydroxymethylcyclopropane (4) 

To a solution under argon of monoprotected cyclopropane droll (0 450 g, 2 61 mmol, 1 eq) In 

CH,CI, (2 5 ml), were added at room temperature DMAP (0 383 g, 3 13 mmol, 1 2 eq) and 

TBDPSCI (0 80 ml, 3 13 mmol, 1 2 eq) The mixture was strrred for 30 minutes and Ha0 (2 ml) was 

added After extractron with CH,CI,, drymg and solvent evaporatron, the product was punfred by 

flash chromatography to afford (1S,2R)-1-tert-butyld~phenyls1lyloxymethyl-2-buty~lo~methyl- 

cyclopropane (0 975 g, 91 %) as a colorless 011 TLC Rf 0 77 (PE-AcOEt 90-10) [alo** + 6,00° 

(C=O 9, CH,CI,, ee >99 %), IR (film) 3100, 3080, 3040, 3020, 1975, 1900, 1835, 1740, 1600, 

1435, 1165, 1120, 830, 800, 745,705,610 cm I, ‘H NMR (CDCI,) 6 0 22-O 29 (1 H, m), 0 73-O 83 

(lH, m), 0 96 (3H, 1, J=7 4) 1 08 (9H, s). 1 22-l 35 (2H, m), 1 67 (2H, sext, J=7 4) 2 30 (2H, t, 

J=7 4) 3 60-3 70 (1 H, m), 3 78-3 87 (1 H, m), 4 04-4 13 (lH, m), 4 15-4 24 (lH, m), 7 35-7 49 (6H, 

m), 7 66-7 77 (4H, m), W NMR (CDCI,) 6 8 22, 13 63, 14 48, 18 15, 18 43, 19 16, 26 82, 36 23, 

63 62, 64 71, 127 59, 129 57, 133 86, 135 56, 173 74, mass spectrum, m/e (rntenslty), 353 (M+-57, 

2) 323 (20) 269 (loo), 200 (18) 199 (100) 197 (20) 135 (16) 71 (33) 

To a stirred solution of the preceding drprotected cyclopropane dlol (0 820 g, 2 mmol, 1 eq) In 

MeOH (10 ml) at room temperature, was added K,COs (1 g, 7 23 mmol, 3 6 eq) After stirnng 10 

mm, aqueous NH&I was added After extraction with CH,CI,, dryrng and solvent evaporation, the 

crude 011 was punfred by flash chromatography to give 9 (0 635 g, 93 %) as an oil which crystallized 

as a colorless solid (m p 59°C) TLC Rf 0 75 (PE-AcOEt 60-40) [a],= - 10,3” (C=O 73, 

CH,CI,, ee >99 %), IR (film) 3480, 3100,3080, 3030, 1975, 1900, 1635, 1785, 1600, 1435, 1120, 
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1060, 1040, 825, 740, 705, 610 cm- ‘, ‘H NMR @DC+) 6 0 10-O 17 (lH, m), 0 65-O 76 (iH, m), 

1 06 (9H, s), 1 17-l 31 (1 H, m), 1 37-l 51 (1 H, m), 3 06 (OH), 3 29-3 40 (2H, m), 3 98-4 13 (2H, m), 

7 35-7 49 (6H, m), 7 64-7 77 (4H, m), 13C NMR (CDCI,) 6 8 28, 17 09, 18 37, 19 02, 26 74, 63 22, 

64 90, 127 75, 129 83, 132 91, 135 55, mass spectrum, m/e (mtenslty), 323 (M+ -17, l), 283 (5), 

265 (3) 239 (4) 225 (3), 200 (37), 199 (100) 197 (14) 181 (18) 139 (37) 105 (14) 77 (24), 67 

(10) Anal Calcd for C,,H,sOsS C, 74 07, H, 8 29 Found C, 74 35, H, 8 23 

(1R,2S)-1-acetoxymethyl-2-tert-butyldiphenylsilyloxymethylcyclopropane (5) 
To a stirred solutlon of the alcohol4 (0 494 g, 1 45 mmol, 1 eq) m EQO (7 ml), were added at room 

temperature DMAP (0 195 g, 1 59 mmol, 1 1 eq) and AcsO (0 15 ml, 1 59 mmol, 1 1 eq) A solrd 

rmmedratly formed After 10 mm, the mixture was flltered and evaporated The obtamed 011 was 

purified by flash chromatography to give Z (0 555 g, 98 %) as a colorless 011 TLC Rf 0 70 (PE- 

AcOEt go-lo), [alo= + 4 4’ (C=l 72, CHsCI,, ee >99 %), IR (film) 3100, 3080, 3040, 3020, 

1980, 1900, 1835, 1750, 1600, 1435, 1375, 1245, 1120, 830, 805, 745, 705, 610 cm’, ‘H NMR 

(CDCI,) 6 0 18-O 26 (lH, m), 0 70-O 80 (lH, m), 1 05 (9H, s), 1 20-l 31 (2H, m), 2 03 (3H, s), 3 54- 

3 64 (1 H, m), 3 77-3 87 (lH, m), 4 00-4 10 (1 H, m), 4 10-4 21 (lH, m), 7 33-7 47 (6H, m), 7 63-7 73 

(4H, m), 13C NMR (CDCI,) 6 8 lo,14 42,18 15,19 17,21 07,26 80,63 53,64 96, 127 63,129 59, 

133 71, 133 83, 135 56, 171 19, mass spectrum, m/e (intensrty), 325 (M+-57, cl), 285 (2) 279 (1) 

242 (22) 241 (100) 200 (12) 199 (59) 149 (12) 

(1 R,2S)-l-acetoxymethyl-2-hydroxymethylcyclopropane (6) 
To a stirred solutron of drprotected cyclopropane dlolZ (0 490 g, 1 28 mmol, 1 eq) In THF (6 5 ml) at 

room temperature, was added TBAF (0 445 g, 1 41 mmol, 1 1 eq) After 10 mm, the reactron was 

quenched by H,O (2 ml) After extractron with Et,O, drying and solvent evaporation, the crude 

product was punfred by flash chromatography to afford 6 (0 165 g, 90 %) as a colorless 011 TLC Rf 

0 31 (PE-AcOEt 60-40) [a]oz + 2 9’ (C=l 58, CHsCI,, ee >99 %), IR (film) 3440, 3080,3010, 

1740, 1730, 1715, 1370, 1240, 1030 cm- ‘, IH NMR (CDCI,) 6 0 19-O 27 (lH, m), 0 80-O 90 (lH, 

m), 1 22-l 42 (2H, m), 2 06 (OH), 2 09 (3H, s), 3 36-3 45 (1 H, m), 3 79-3 89 (2H, m), 4 37-4 46 (lH, 

m), 13C NMR (CDCI,) 6 7 70, 14 32, 18 56, 21 04, 62 48, 64 65, 171 09, mass spectrum, m/e 

(intensity), 145 (M+ +l, 3), 127 (67) 113 (26) 103 (65) 86 (25) 85 (42) 84 (57), 83 (55) 67 (95) 

61 (39) 57 (34) 56 (42), 55 (loo), 54 (62) Anal Calcd for C,H,,O, C, 58 32, H, 8 39 Found C, 

58 50, H, 8 21 

(lS,2R)-2-butyryloxymethyl-1-formylcyclopropane (7) 

In a 100 ml flask, were introduced under argon PCC (6 26 g, 29 mmol, 2 eq), NaOAc (0 715 g, 8 7 

mmol, 0 6 eq), molecular sieves 3A (2 5 g) and CH,CI, (29 ml) then a CH,CI, (7 ml) solution of the 
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cyclopropane alcohol J_ (2 5 g, 14 5 mmol, 1 eq) The mixture was stlrred at room temperature for 1 

h then Et,0 (36 ml) and cellte were added The mixture was stlrred again for 20 mm then filtered on 

shca gel The silica pad was nnced several times with Et,0 After solvents evaporation and 

chromatography, 2 was Isolated as a colorless oil (94 %, converslon 95 %) TLC Rf 0 41 (PE-AE 

80-20), (ol]o= + 59 8” (C=2 68, CH,CI,, ee >99 %), IR (CHCI,) 3100, 3020, 2730, 1730, 1710, 

1460,1370,1180,1090,1055,980 cm l, IH NMR (CDCI,) 6 0 90 (3H, t, J=7 4), 1 21-1 36 (2H, m), 

1 60 (2H, sext, J=7 4), 1 77-l 89 (lH, m), 1 99-2 09 (lH, m), 2 24 (2H, t, J=7 4), 3 92 (IH, dd, 

J=12 0, J-9 l), 4 48 (1 H, dd, J=12 0, J=6 l), 9 50 (lH, d, J-4 4), 13C NMR (CDCI,) 6 12 58,13 48, 

18 30, 22 34,26 55,35 94, 62 13, 173 27, 199 77 

(1R,2R)-l-butyryloxymethyl-2-[(Z)-hex-l-enyI]cyclopropane (6) 
In a 1 I flask charged with pentyltnphenylphosphonium bromide (10 25 g, 24 80 mmol, 2 eq) and 

THF (180 ml) cooled to -3O”C, NaHMDS (1 M in THF, 24 8 ml, 24 8 mmol, 2 eq) was slowly added 

The orange mixture was allowed to warm to room temperature within 20 mm, then cooled to -3O”C, 

and dry, freshly distilled HMPT (46 ml, 8 eq) was added After cooling to -65”C, the aldehyde L 

(2 11 g, 12 40 mmol, 1 eq) previously dried on molecular sieves in THF (20 ml) was added 

dropwise over 20 mm The orange coloration slowly disappeared The mixture was allowed to 

warm to room temperature and then partitioned twice between pentane (200 ml) and water (200 

ml) The organic layer was washed with brine and dried, concentrated The brown 011 so obtained 

was punfled by flash chromatography to afford B (2 75 g. 99 %, Z/E z-990) as a colorless 011 TLC 

Rf 0 69 (PE-AcOEt 95-5), [a] $2 - 95 3” (GO 70, CH,CI,, ee >99 %), IR (film) 3070, 3010, 

1735, 1645, 1460, 1375, 1365, 1300, 1280, 1250, 1180, 1090, 1040,980 cm-‘, ‘H NMR (CDC5) 6 

0 35-O 43 (1 H, m), 0 91 (3H, t, J=7 0), 0 95 (3H, t, J=7 4), 0 97-1 07 (1 H, m), 1 29-l 42 (5H, m), 1 65 

(2H, sext, J=7 4), 1 67-l 82 (lH, m), 2 11-2 21 (2H, m), 2 28 (2H, t, J=7 4), 3 97 (1 H, dd, J=ll 7, 

J=8 l), 4 15 (lH, dd, J=ll 7, J=7 2), 5 04 (lH, ddt, J=lO 7, J=9 2, J=l 5), 5 46 (lH, dtd, J=lO 7, 

J=7 4, J=l 0), 13C NMR (CDCI,) 6 12 22, 13 62, 13 95, 14 17, 16 59, 18 46, 22 29, 27 30, 31 74, 

36 23, 65 06, 127 36, 132 10, 173 74, mass spectrum, m/e (intensity), 224 (M+, 7), 136 (12), 107 

(8), 93 (36), 81 (22), 80 (78), 79 (loo), 71 (92), 67 (28) Anal Calcd for C,4H2402 C, 74 95, H, 

10 78 Found C, 74 67, H, 10 79 

(lR,2S)-1-[(Z)-hex-1-enyl]-2-vinylcyclopropane (9) 
K&O, (6 IO g, 44 2 mmol, 4 eq) was added at room temperature to a stirred solution of ester & 

(2 48 g, 11 05 mmol, 1 eq) in MeOH (22 ml) After 15 min, the mixture was quenched with aqueous 

NH&I After extraction with CH,CI,, drymg and solvents evaporation, the crude product was 

purified by flash chromatography to give (1 R,2R)-1 -[(Z)-hex-l -enyl]-2-hydroxymethylcyclopropane 

(1 57 g, 92 %) as a colorless 011 TLC Rf 0 63 (PE-AcOEt 70-30), [o&z - 94 9” (C=l 75, 

CH$&. ee >99 %), IR (film) 3340, 3070, 3010, 1645, 1465, 1035, 1015 cm-l, ‘H NMR (CDCI,) 6 
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0 33-O 39 (1 H, m), 0 91 (3H, 1, J=7 0), 0 95-l 04 (1 H, m), 1 32-l 49 (5H, m), 1 66-l 78 (1 H, m), 2 09 

(OH), 2 14-2 29 (2H, m), 3 49 (lH, dd, J=ll 6, J=8 5) 3 71 (lH, dd, J=ll 6, J=6 6), 5 09 (1 H, ddt, 

J=lO 8, J=9 4, J=l 4) 5 47 (1 H, dtd, J=lO 8, J=7 3, J-l 0), 13CNMR(CDCls) 6 1211,1376,1376, 

20 48,22 19,27 16, 31 65,63 35,127 76, 131 81, mass spectrum, m/e (rntenstty), 154 (M+, 6) 123 

(6) 93 (17) 81 (51), 80 (17) 79 (37) 77 (16) 69 (19) 68 (31) 67(100) 

In 100 ml flask charged with 20 ml CHsCI,, at room temperature, were Introduced under argon PCC 

(3 0 g, 13 92 mmol, 2 14 eq), NaOAc (0 280 g, 3 41 mmol, 0 52 eq) and molecular sieves 3 A (2 5 

g) A solutron of (1 R,PR)-1-[(Z)-hex-l -enyl]-2-hydroxymethylcyclopropane (1 00 g, 6 48 mmol, 1 eq) 

In CH,CI, (14 ml) was added After 30 mm, Et,0 (34 ml) and cekte were added The mixture was 

stirred again for 20 mm then filtered on sikca gel The filter cake was nnced with Et,0 and the 

organic layer was concentrated The crude product was punfled by flash chromatography to afford 

(1 R,2R)-1 -formyl-2-[(Z)-hex-l -enyl]cyclopropane (0 835 g, 88 %, conversron 96 %) as a colorless 

orl TLC Rf 0 76 (PE-AE 80-20) [a]oz - 244 8’ (GO 62, CHsCI,, 88 >99 %), IR (film) 3080, 

3020, 2750, 2730, 1705, 1650, 1460, 1450, 1430, 1395, 1370, 1190, 1170, 1050, 965, 940 cm-‘, 

‘H NMR (CDCI,) 5 0 90 (3H, t, J=7 0), 1 25-l 45 (4H, m), 1 37-l 50 (2H, m), 2 03-2 19 (3H, m), 

2 23-2 37 (1 H, m), 5 30 (1 H, ddt, J=l 0 7, J=8 8, J=l 5) 5 52 (1 H, dtd, J=lO 7, J=7 4, J=l 2) 9 27 

(1 H, d, J=5 7) 13C NMR (CDCI,) 6 13 83, 15 27, 21 51, 22 22, 27 27, 30 10, 31 42, 125 23, 

133 70,200 83 

To a suspensron under argon of methyltnphenylphosphonrum bromide (2 91 g, 8 15 mmol, 1 8 eq) 

in Et,0 (40 ml) vigourously stirred at room temperature, was added dropwrse NaHMDS (1 M In THF, 

8 15 ml, 8 15 mmol, 1 8 eq) A yellow color immedratly formed The ykde was then cooled to -78°C 

and the aldehyde (1 R,2R)-1 -formyl-2-[(Z)-hex-l -enyl]cyclopropane (0 690 g, 4 53 mmol, 1 eq), 

prevrously dned on molecular sreves m Et20 (5 ml), was added After 5 mm, the mixture was 

allowed to warm to room temperature, filtered on silica gel then concentrated The crude product 

was purified by flash chromatography to give 8 (0 660 g, 97 %) as a colorless 011 TLC Rf 0 98 

(pentane), [& 22 - 124 8” (C=2 35, Ccl,, ee >99 %), IR (film) 3080, 3010, 1635, 1460, 1420, 

1380, 1030, 980, 950, 890, 745 cm- l, ‘H NMR (CDCI,) 5 0 50-O 58 (1 H, m), 0 90 (3H, 1, J=7 0). 

1 10-I 18 (lH, m), 1 26-l 44 (4H, m), 1 65-l 77 (lH, m), 1 77-l 88 (lH, m), 2 10-2 22 (2H, m), 4,98 

(1 H, ddd, J=lO 2, J=2 0, J=O 7) 5 05 (lH, ddt, J=lO 8, J=9 2, J=l 5) 5 11 (1 H, ddd, J=l7 0, J=2 0, 

J=O 7) 5 44 (1 H, dtd, J=10 8, J=7 3, J=l 0). 5 55 (1 H, ddd, J=17 0, J=lO 2, J=8 6) ‘3C NMR 

(CDCI,) 6 13 92,14 67,17 15, 22 32,22 32,27 27,31 84, 114 23, 128 36, 131 04, 138 09 

(GR)-6-butylcyclohepta-1,4-diene: (-)-Dictyopterene C’ 

The cyclopropane p (0 240 g, 1 6 mmol) in Ccl, (3 2 ml) was Introduced In a glass tube which was 

then sealed under vacuum After 6 h In an 011 bath at 80°C and coolmg, the tube was opened and 

Ccl, evaporated The colorless recovered oil was chromatographlcally pure (0 240 g, 100%) TLC 

Rf 0 98 (pentane). [a]oa - 16 8” (C=O 27, CHCI,, ee >99 %), IR (film) 3020, 1650, 1370 cm-‘, ‘H 
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NMR (CD&) 6 0 86-O 95 (3H, m), 1 24-l 45 (6H, m), 2 03-2 28 (2H, m), 2 40-2 53 (lH, m), 2 64- 

2 77 (1 H, m), 2 89-3 02 (1 H, m), 5 55-5 76 (4H, m), 13C NMR (CDCI,) 6 14 07,22 85,28 35,29 44, 

3288,3603,3718, 12721,12810, 12988, 13682 

5,5-dipentyldlbenzophospholium bromide (10) 

To a solution of drrsopropylamme (22 06 ml, 157 4 mmol, 3 3 eq) tn THF (100 ml) at room 

temperature, was slowly added under argon phenyllrthlum (2M in cyclohexane-ether (75/25), 78 70 

ml, 157 4 mmol, 3 2 eq) After 15 mm, dned powdered tetraphenylphosphomum bromide (20 g, 

47 7 mmol, 1 eq) was added A gentle evolution of heat occured The mixture was stirred overnight 

at room temperature, heated under reflux for 3 h, cooled in ice and treated over 45 mm with 

aqueous hydrochlonc acid (4M, 80 ml) 10 mm after the end of HCI addition, the layers were 

separated and the aqueous layer was extracted once with Et20 The organic layer was washed 

twice with saturated aqueous NaCI, once with saturated aqueous KHCO, After drying and solvents 

evaporation, the recovered paste was dessicated in high vacuum The solid was tnturated with a 

mixture of MeOH-pentane (l-l), collected, dried in vacuum, recrystallized from EtOH, and the 

collected solid finally washed with cold MeOH After drying in vacuum, 5-phenyldrbenzophosphole 

was isolated (9 93 g, 80 %) and had m p 93°C 

In a 100 ml flask charged with 5-phenyldibenzophosphole (6 78 g, 26 mmol, 1 eq) and THF (52 ml), 

was added at room temperature powdered lithium (0 360 g, 52 mmol, 2 eq) After refluxmg for 4 h 

and cooling to room temperature, pentyl bromide (6 45 ml, 52 mmol, 2 eq) was slowly added, the 

mixture color turned to bright red After stirnng for 2 h, the reaction was quenched by aqueous 

NH&I (20 ml) added through cannula to prevent air oxydatlon The organic layer was decanted 

under argon and the aqueous layer was washed with Et,0 (4 x 5 ml) The organic layers were 

combined, dried and concentrated To the recovered crude oil, was added under argon pentyl 

bromide (12 90 ml, 104 mmol, 4 eq) After refluxmg for 3 h, a precipitate formed, the solid was 

filtered off, nnced with Et,0 then recnstallrzed in a mixture of THF-CH, Cl, (7-3) Lp was recovered 

as a white solid (6 30 g, 60 %) and had m p 227 “C 1H NMR (CDCI,) 6 0 65 (6H, t, J=7 0), 1 02- 

1 31 (12H, m), 3 65 (4H, m), 7 61 (lH, dddd, J=7 7, J=7 5, J,,=4 0, J=O 6), 7 77 (1 H, dddd, J=8 0, 

J=7 5, J,,=l 4, J=l 0), 7 94 (1 H, dd, J=7 7, J,.r~=2 6, J=l 0), 8 75 (1 H, dd, JH+=8 5, J=8 0), 13C 

NMR (CDCI,) 6 13 42 (q), 21 32 (dt, Jc+=4 3) 21 93 (dt, J,,=12 l), 22 59 (t), 31 96 (dt, JcP=14 5) 

120 11 (ds, JcP=84 5) 122 25 (dd, J,,= 9 l), 130 52 (dd, J,,=ll 4) 133 53 (dd, Jc,=l 1 2) 

135 17 (d), 144 44 (ds, J,,=14 87) 

(1 R,2R)-1 -butyryloxymethyl-2-[(E)-hex-l -enyl]cyclopropane (11) 
In a 250 ml flask under argon charged with the phospholium salt IQ (6 02 g, 14 8 mmol, 1 1 eq) 

and THF (130 ml), was added dropwrse at room temperature NaHMDS (1 M in THF, 14 8 ml, 14 8 

mmol, 1 1 eq) The orange ylide was cooled to -78°C then the aldehyde L (2 3 g, 13 5 mmol, 1 eq), 

previously dried by molecular sieves in THF (10 ml), was added After 5 minutes, the mixture was 
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allowed to warm to room temperature then transfered In glass tubes which were sealed under 

vacuum After 30 mtnutes In an 011 bath at 110°C the sealed tubes were cooled and opened After 

hydrolysis, extr’actlon with pentane and solvent evaporation, the crude product was punfled by flash 

chromatography to afford fl(2 73 g, 90 %, E/Z 79911) as a colorless 011 TLC Rf 0 69 (PE-AcOEt 

95-q, [c&22 - 6 3’ (C=l 27, CH,CI,, ee 799 %), IR (film) 3070, 1730,1455, 1375, 1360,1300, 

1280, 1250, 1175, 1090, 1040, 980, 960 cm I, ‘H NMR (CDCI,) 6 0 40-O 47 (1 H, m), 0 86-O 95 

(lH, m), 0 88 (3H, t, 5~7 0), 0 95 (3H, t, J-7 4), 1 23-1 38 (5H, m), 1 54-l 67 (lH, m), 1 66 (2H, sext, 

J=7 4), 1 95-2 04 (2H, m), 2 29 (2H, t, J=7 4), 3 94 (1 H, dd, J-l 1 6, J=8 3), 4 14 (1 H, dd, J=ll 6, 

J=7 0), 5 21 (1 H, ddt, J=l5 3, J=7 8, J=l 3), 5 55 (1 H, dt, J=l5 3, J=7 0), 13C NMR (CDCI,) 6 10 34, 

1361,1389,1628,1837,1849,2212,3168,3224,3625,6490,12731,13221,17377, mass 

spectrum, m/e (intensity), 224 (M+, 12), 136 (16), 107 (7), 93 (37), 81 (27), 80 (76), 79 (loo), 71 (88), 

67 (33) Anal Calcd for C14H2,& C, 74 71, H, 10 93 Found C, 74 95, H, 10 78 

cis-(lR,2R)-1-formyl-2-[(E)-hex-l-enyl]cyclopropane (12) 
K&O3 (4 62 g, 33 42 mmol, 3 eq) was added, at room temperature, to a vigorously strrred solution 

of the ester fi(2 5 g, 11 14 mmol, 1 eq) in MeOH (11 ml) After 25 minutes, the mixture was diluted 

with aqueous NH&I, extracted with CH,CI, Solvent evaporation and flash chromatography 

yielded (1 R,2F?)-1 j(E)-hex-l -enyl]-2-hydroxymethylcyclopropane (1 55 g, 90 %) TLC Rf 0 63 

(PE-AcOEt 70-30), [a]$ - 7 6” (C=O 75, CH,CI,, ee 799 %), IR (film) 3340,3070, 3010, 1465, 

1035, 1015, 960 cm-l, 1H NMR (CDCI,) 6 0 34-O 41 (lH, m), 0 83-O 93 (1 H, m), 0 87 (3H, 1, J=7 0), 

1 21-l 38 (5H, m), 1 50-l 62 (1 H, m), 1 74 (OH), 1 95-2 05 (2H, m), 3 45 (lH, dd, J=ll 5, J=8 7), 

3 71 (1 H, dd, J=l 1 5, J=6 3), 5 23 (1 H, ddt, J=l5 2, J=8 2, J=l 3), 5 61 (1 H, dt, J=15 2, J=7 0), ‘SC 

NMR (CDCI,) 6 10 49, 13 84, 18 06, 20 36, 22 13, 31 69, 32 29, 63 23, 127 64, 132 21, mass 

spectrum, m/e (intensity), 154 (M+, 6), 123 (8), 93 (16), 81 (47), 80 (57), 79 (38), 77 (15), 69 (21), 68 

(26), 67 (100) 

In a 100 ml flask charged at room temperature wtth CH2C12 (20 ml), were added under argon PCC 

(3 35 g, 15 56 mmol, 2 eq), NaOAc (0 510 g, 6 22 mmol, 0 8 eq), molecular sieves 3 A (1 2 g) and 

finally (1 R,2R)-1-[(E)-hex-l -enyl]-2-hydroxymethylcyclopropane (1 20 g, 7 78 mmol, 1 eq) In CH,CI, 

(16 ml) After strrnng 30 minutes, Et20 (32 ml) and celrte were added The mixture was stirred again 

for 20 mm then filtered on silica gel and the filter cake nnced with Et20 Solvents evaporation and 

flash chromatography yielded (1 R,2R)-1 -formyl-2-[(E)-hex-l -enyl]cyclopropane 12 (0 976 g, 85 %, 

conversion 97 %) TLC Rf 0 76 (PE-AcOEt 80-20), [I&,~ + 8 0” (C=O 15, CH,CI,, ee 799 %), 

IR (film) 3080, 2760, 2720, 1705, 1460, 1435, 1395, 1375, 1360, 1170, 1050, 960, 930 cm-l, IH 

NMR (CDCI,) 6 0 88 (3H, t, J=7 0), 1 22-l 36 (4H, m), 1 34-l 41 (lH, m), 1 43-l 51 (lH, m), 1 95- 

2 07 (3H, m), 2 07-2 21 (1 H, m), 5 39 (1 H, ddt, J=15 3, J=8 0, J=l 3), 5 68 (1 H, dtd, J=15 3, J=7 0, 

J=O 6), 9 27 (1 H, d, J=5 5), 13C NMR (CDCI,) 6 13 82, 14 17, 22 10, 25 94, 29 76, 31 40, 32 05, 
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