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m - S t e r e o s e l e c t i v e  addition of a vinyl cuprate reagent to a 

cyclopropenone acetal (2) followed by in situ electrophilic trapping with an 

alkylating agent affords a cis-I-alkyl-2-vinylcyclopropanone acetal (3), which 

then undergoes thermal 1,5-hydrogen migration reaction to give the acetal of a 

Z,E-dienone (4) in 70-90% overall yield. Hydrolysis under mild acidic 

conditions affords the corresponding dienone or trienone (5) in high yield. 

Conversion of a cis-I-alkyl-2-vinylcyclopropane to a 1,4-diene through 1,s-sigmatropic hydrogen 

migration has long attracted attention of organic chemists owing to its mechanistic significance (eq. I).',? 
Synthetically, however, this reaction may be considered strategically unattractive, since efficient synthetic 

routes to the starting cis-substituted cyclopropane are rather scarce. 

We report in this article that stereospecific addition of a vinyl cuprate to a cyclopropene (2) provides a 

highly effective synthetic entry to the required cis-I-alkyl-2-vinylcyclopropane (3): the necessary cis- 

stereochemistry is secured through the mechanism of the carbocupration as well as the stereo retentive 

electrophilic trapping of the intermediate cyclopropyl copper ~~ecies.3.4 and mild thermolysis of the 

cyclopropropane (3) produces the desired diene (4) in two steps from 2 with overall yield of 70.90% 

(Scheme I). The stereo electronic and steric control in the transition state of the 1,5-hydrogen migration 

realized excellent stereoselectivity with respect to both of the two newly formed double bonds in 4. only 
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the olefin originated from the vinyl side chain being controlled through a stereoelectronically favored Not 

endo transition state (I), but the other derived from the alkyl side chain is also rigorously stereocontrolled. 

Scheme 1 \ I  

Results and Discussion 

The cyclopropene (2) is a stable compound and is available in two steps from 1,3-dichloroacetone on a 

multi-gram scale.5 The use of 2 as the cyclopropene substrate is of particular synthetic benefit,6 since the 

product represents the acetal of a cross conjugated dienyl ketone (5) -a useful substrate for Nazarov 

synthesis of c y c l ~ p e n t e n e s . ~  Efficiency of the vinylcupration/alkyI trapping sequence (2  to 3 )  was 
examined first and the results are shown in Table I. The reaction was found to tolerate a variety of cuprate 

structures used in nearly equimolar quantity to the cyclopropene. Both vinyl lithium (cf. 6 and 8) and vinyl 

magnesium bromide (cf. 7) can be employed as a cuprate precursor. In addition to homocuprate (entries 1 

and 2), heterocuprate (entries 3 and 4) and higher order cuprate with dummy ligands (entry 5) serve as a 

vinyl donor, transferring selectively the vinyl group to the cyclopropene. The use of a dummy ligand thus 

allowed the use of nearly stoichiometric amounts of the vinylmetal precursor and the electrophilic trapping 

agent (cf. entry 3): for convenience, however, the reactions were routinely carried out with an excess of the 

latter reagent. The overall yield of the carbocupration and trapping niay average 80%. 

1,s-Hydrogen migration reaction of the vinylcyclopropanes (3) was found to proceed under relatively mild 

conditions between 60-160 OC in a 0.2-0.6 M solution in an aromatic solvent, and gave the desired 

rearranged products in quantitative isolated yield (Table I). Some dienone acetals (4), were however found 

to undergo stereochemical isomerization of the olefinic bond during the therniolysis. A reasonable rationale 

for such isomerization involves acid-base interaction between the glassware surface and the acetal, causing 

the formation of a pentadienyl cation through C - 0  bond cleavage. In consonance with this analysis, when 

the thermolysis was carried out in the presence of N.0-bis(trimethylsilyl)acetamide (BSA) (entries 3 and 

4). the olefin isomerization was almost completely suppressed. The rearrangenlentreaction made 

accessible a variety of dienones as well as trienone as shown in Table I. There was found a marked - -  

difference in the rate of the rearrangement. The 1-hexenyl compound (13) reacted much slower than the 

structurally related 1-cyclooctenyl one (9), which in turn reacted much slower than the silyl compound 

(10). The rearrangement of the last compound proceeded slowly even at room temperature, and completed 

in ca. 2 days at 60 'C. The benzyl(11) and allyl compounds (12) rearranged smoothly at 100 OC. Such 

observed effects of the alkyl substitutent on the alkyl side chain are in accord with the trend (Me3Si > 
phenyl) reported for 1,s-hydrogen migration reaction of vinylcyclopropanes.* The rate difference caused 

by the I-octenyl and the I-hexenyl groups may be, in part, related to the difference in the conformation of 

these compounds. In order to investigate this hypothesis, two model compounds (A) and (B) were 

examined with the MMX force field9 for the conformational energy with respect to the rotation of the 
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Table I. Synthesis of vinylcyclopropanes (3) and I ,5-hydrogen migration reaction 

cuprate R ~ C H ~ X  3 %yield 4 %yield 
(equiv.) (equiv.) 

mesilylene 
79 120°C.llh 

a) The cis stereoselectivily of lhe additionllrapping sequence was complete. b) The ratio refers to EIZ ratio. 

vinylic side chain for the variation of the dihedralangle R-Cc-Cb-Ca from 0 to 360 with a 10 increment 

using the dihedral angle driver option in PCModel (with optimization for each dihedral angle). A serves as 

a model for the I-cyclooctenyl, and B for the I-hexenyl substrates. For B, such calculations indicated two 

minima (Figure I ,  dotted line): the one with the dihedral angle of ca. 70 ", which goes smoothly to the 

(preferred) endo transition state (cf. I), and the other with ca. 270 O angle, which would lead to the 

(kinetically disfavored) exo transition state and thus is a non-productive confornler. On the other hand, the 

vinyl compound (A) (Figure 1, solid line) was found to be a very flexible molecule, with its olefinic side 

chain most of the time pointing toward the exo direction (the dihedral angle between 60-280 "). The highly 

restricted rotation in B undoubtedly arises from interaction of R (= Me) with the cis-methyl and the acetal 

groups (for the dihedral angle of ca. 180 O) as  well as the ~l%teract ion between the R and Ha (for the 0 
dihedral angle). However, such conformational effects would still account for only a small fraction of the 

difference of the activation energies between the cyclooctenyl and hexenyl compounds, and the major 

difference appears to arise from other effects such as electronic effects (i.e., olefin substitution). Details of 

the latter effects await further studies. 

Stereochemistry is of at most concern in olefin synthesis. Of the two olefins produced by the 
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Figure 1. MMX energy dependence on the dihedral angle R-C,-Cb-C, for cyclopropanes (A) (solid 

line) and (B) (dotted line). 

A : R - H  
6 : R - M e  

0 50 100 150 200 250 300 350 
Dihedral angle (R-Cc-Cb-Ha) 

rearrangement, the one originated from the vinyl group has been found to be cis, and the other from the 

alkyl group to be trans. The selectivities for both olefins were at least 98.5%. Thus, for instance, the 

rearrangement of 2-(1- hexenyl)cyclopropane (13) gave the cis-dienone acetal(18) in 92% yield with >98.5 

% selectivity. This stereochemistry translates to the endo orientation of the vinyl group in the transition 

state (cf. 1). The endo preference is strong enough to override the steric effects of the neighboring acetal 

oxygen, which is in good agreement with the several kcallmol energy preference of the endo over the exo 

transition state generally recorded this type of rearrangement.' It may be useful to note that the hydrogen 

(H*) to be transferred from the alkyl group (cf. C) would be placed face-selectively to the olefinic carbon 

connected to R'  to create a potential stereogenic center. Given the high facial selectivity of such hydrogen 

transfer reported earlier,' and the ready availability of  chiral counterparts of the acetal (3),3a the present 

sequence would provide a unique approach to optically active molecules. 

The literature examples indicate that the stereochemistry of the olefin originating from the alkyl group is 

much more difficult to control. For instance, the rearrangement of 1,l-diethyl-2-vinylcyclopropane gives a 

1:l translcis mixture with respect to the olefin in question (eq. 2). 
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In the present case, the rearrangement exhibited uniformly high irons-selectivity (Table I). The crucial 

factor appeared to be the presence of the acetal moiety as described in the next paragraph. 

In order to evaluate the steric effects of the acetal group, conformations of I-ethyl-2-vinylcycopropane (D) 
and a model cyclopropanone acetal (E) was investigated. A "reactive conformation"l0 of D that would 

smoothly goes to the (preferred) endo transition state of the IS-hydrogen shift, and then further to a Z,Z 

product is shown in eq. 3. The structure has been minimized with a constraint that the transferred hydrogen 

(marked with an asterisk) and the reacting vinylic carbon (with an asterisk) is placed at 2.2 A distance from 

each other.11 As would be intuitively expected, this conformation has a steric energy essentially identical 

with that of an altemative ethyl rotamer leading to the trans product (not shown, cf. C). On the other hand, 

the endo "reactive conformer" leading to the cis isomer, which has a quite short H-H distance of 2.19 A 
between the ethyl group and the acetal moiety, is about 1 kcal/mol higher in energy than the alternative 

rotamer going to the trans product (eq. 4). Thus, ground state analysis of the "reactive conformers" 

qualitatively reproduces the observed stereoselectivity. 

D : W - 2 2 A  
0 

E. H 'C  = 2.2A 

Hydrolysis of the dienone acetals proceeded very smoothly under mild conditions. Thus, treatment of the 

acetals with either pyridinium p-toluenesulfonate (PPTS) or Amberlyst@ 15 treated previously with 2,6-di- 

tert-butylpyridine (Amberlyst1DTBP)j in an aqueous acetone gave the desired dienones in high yield 

(Scheme 11). However, as also observed during the rearrangement studies (vide supra), the acid-catalyzed 

isomerization of the olefin caused partial isomerization of a E,Z-isomer to the corresponding E,E-isomer 
even under the mild conditions employed here. 
The synthetic utility of the dienones may be illustrated by stereoselective synthesis of 4-ketopiperidine (20) 

by the reaction with an amine.12 The overall three-step reaction provides a strategically novel 

heteroannulation sequence with high trans stereoselectivity (Scheme 11). 

Scheme I1 

E:z 
PPTS (0.9 eq.) 0 298.5:1.5 

S iMa room temperature %MeJ 
19 h 
71 4* 

?I Amberlyst@lYDTBP 

aq. acetone ,973 ElOH 
197:3 room temperature Z:E room 

Ph temperature 
"'Ph 

297-3 
Ph 32 h = 68:32 

81% 20 95%yield iph 
16 98 %d.s. 21 
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Finally, an issue of potential competition between the 1,5-hydrogen migration reaction and 

vinylcyclopropane rearrangement (eq. 5) may be pointed out. An acetal functionality in 3 greatly enhances 

thermal cleavage of the strained ring.'3 We found however that the 1,5-hydrogen migration reaction of 3 
takes place much faster than the vinylcyclopropane rearrangement. Thus, in all of the reactions studied, the 

dienone (4) was the only product, and none of the cyclopentene (22) was found in the reaction mixture. 

In summary, we have established a short, efficient, and stereoselective synthesis of cross conjugated 

dienones and their acetals by taking advantage of the rich chemistry of cyclopropenone acetals. The 

stereochemistry of the carbocupration, electrophilic trapping, and the rearrangement are rigorously 

controlled by each reaction mechanism, rendering the overall sequence highly efficient despite the fact that 

two stereogenic centers are destroyed during the reaction course. The trans-stereoselectivity with respect to 

the olefin derived from the alkyl side chain has been achieved by beneficial use of the steric effects of the 

spiro acetal grouping. The present method represents a strategically novel three-component coupling 

scheme, wherein the cyclopropene ring serves as a highly reactive conjunctive reagent. 

EXPERIMENTAL SECTION 

General: All the reactions dealing with air or moisture sensitive compounds were carried out in a dry reaction vessel under 

nitrogen. Routine chromatographic purification was achieved with Mrrck Kieselgel60 (230-400 mesh) with hexaneIAcOEt as 

eluent. I H  nmr (200.270. and 500 MHz) and I3c  nmr spectra were measured for a CDC13 solution on JEOL FX-2M). GSX-270 

and GSX-500 instruments. The I H  nmr spectra are reported in a pans per million from internal tetramethylsilane, and thei3c 

nmr spectra from (77.0 ppm). Ir spectra were recorded on a JASCO IR-800; absorptions are reported in c n ~ i ' .  Gas 

chromatographic (gc) analysis was performed on a Shimadzu 8A or 14A machine equipped with glass capillary columns. 

cis-2-(1-CyclooctenyI)-3-methylcyclopropanone I,3-(2,2-Dime1hyl)propanediyl Acetal (9). T o  a solution of I- 

bromocyclmtene (0.63 ml, 4.4 mmol) in THF (13 ml) was added a 1.53 M I-BuLi in pentane (5.8 ml. 8.8 nimol) at -70 T. 

After stirring for 3 min, the vinyl lithium solution was added via a cannula to a suspension of CuBr.Me2S (0.45 1 g, 2.2 nlmol) in 

ether (3 mi). The mixture was stirred at -40 "C for 20 min, and then cooled to -70 "C. Cyclopropenone acetal (1) (0.281 mi. 2.0 

mmol) in ether (1.5 ml) was added to the cuprate solution over I min, and the mixture was stimd for 5 min. An Et2O solution of 

iodomethane (0.62 ml. 10 mmol) and HMPA (0.38 ml. 2.2 mmol) were added to the solution. and the mixture was slowly 

warmed to 0 OC over 3 h, and then stirred for I h at 0 "C. The solution was poured into sat. NH4CI (15 ml), and the water layer 

was extracted with Et20. The combine solution was filtered through a shorl pad of silica gel, and the filtrate was concentrated in 

vacuo. The residual oil was chromatographed on silica gel (2% EtOAc in hexane) to obtain the title compound as a colorless oil 

(0.423 g, 79%): Ir (neat) v 2950,2920,2850, 1470. 1450, 1395, 1260. 1155, 1105. 1070. 1025, 915 cm-I; I H  nmr (200 MHz, 

CDC13) 6 0.89 (s, 3 H), 1.06 (d, I =  6.8 Hz, 3 HI, 1.12 (s, 3 H), 1.33 (dq, J =  9.7.6.8 Hz, I H), 1.45-1.60 (m, 8 H), 1.69 (dd,J = 
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9.7, 1.5 Hz, 1 H), 2.06-2.18 (m, 4 H), 2.20-2.36 (m.4HL3.45-3.65 (m.4 H), 5.63 (dt. J =  1.9.9.0 Hz, 1 H): 13c nmr(125 MHz, 

CDC13)67.8, 22.3, 22.5, 26.3, 26.7, 26.7, 28.5, 30.2, 30.7, 30.8, 31.6, 75.4, 76.1, 91.9, 127.1, 133.4. Anal. Calcd for 

C17H28@: C, 77.22: H, 10.67. Found: C.77.29; H. 10.69. 

eis-2-(l-Cyclmtenyl)-3-[(trimethylsilyl)methyllcyclopropanone 1 f -(2,2-Dirnethy1)propanediyl Acetal (10). To a solution 

of I-bromocyclooctene (1.25 ml, 5.6 mmol) in THF (26 ml) was added a 1.52 M 1-BuLi in pentane (1 1.5 ml. I7 mmol) at -70 'C. 

After stirring for 10 min, the vinyl lithium solution was added via a camula to a suspension of CuBrMezS (1.0 8. 4.9 mmol) in 

ether (6 ml). The mixture was stirred at -40 'C for 10 min, and then cooled again to -70 "C. Cyclopropenone acetal (1) (0.56 ml, 

4.0 -01) in ether (3 ml) was added to the cuprate solution over 5 min, and the mixture was stirred for 1 min. HMPA (1.05 ml, 

6.1 mmol) and (trimethylsilyl)metbyl iodide (2.3 ml, 19 mmol) were added to the solution, and the mixture was stirred for 45 

min. The mixture was warmed to 0 T ,  and warmed slowly to mom temperature over 3 h. Water (0.2 ml) was added to the 

solution. The mixture was stirred for 5 min. and diluted with hexane (40 ml). The combine solution was filtered through a short 

pad of silica gel, and the filtrate was concentrated in vacuo. The residual oil was chromatographed on silica gel (2% EtOAc in 

hexane) to obtain the title compound as a colorless oil (1.14 g. 84%): Ir (neat) V 2960, 2940, 2860, 2700, 1740, 1650, 1480, 

1450, 1400, 1250, 1100,870,845 cm-I; IH nmr(270 MHz, CDC13)60.05 (3.9 H), 0.47 (dd, J =  5.0, 15.0 Hz, 1 HA0.67 (dd, J 

= 9.0, 15.0 Hz, 1 H), 0.88 (s, 3 H), 1.37 (ddd, J = 5.0, 9.0, 13.0 Hz, 1 H), 1.41-1.60 (m, 8 H), 1.52 (d, J =13.0 Hz, 1 H), 2.12- 

2.31 (m,4H),3.38-3.56(m,4H),5.46(t,J=8.0Hz, 1 H). 

cis-2-Vinyl-3-benzylcyclopanone 1 J-(2J-Dime1hyl)propanediyl Acetal (11). To a suspension of CuCN (1.88 g. 21 mmol) in 

THF (22 ml) was added a 0.713 M vinylmagnesium bromide in THF (30 ml, 21 m mol) at -70 OC over 3 min, and the mixture 

was stirred for 20 min. The mixture was warmed to 0 "C, stirred for 10 min, and then cooled to -70 'C. Cyclopropenone acetal 

(1) (2.8 ml, 20 mmol) in THF (20 ml) was added to the cuprate solution over 5 min. After stirring for 30 min, HMPA (12 ml. 30 

mmol) and benzyl bromide (2.60 ml. 22 mmol) were added. The mixture was stirred for 3 h, warmed to 0 "C and stirred for 3 h. 

the mixture was further warmed to room temperature and stirred for 72 h. Water (0.50 ml. 28 mmol) was added, and the mixture 

was filtered through a shon pad of silica gel, and the filtrate was concentrated in vacuo. The residual oil was chromatographed 

on silica gel (3% EtOAc in hexane) to obtain the title compound as a colorless oil (4.67 g. 90%): Ir (neat) v 3075. 3025. 2950. 

2850, 1635, 1600. 1493. 1450; 1100cm-I: 1 ~ n m r ( 2 7 0 M H r .  CDC13)60.84 (s. 3 H),1.20 (s. 3 H), 1.67 (ddd, J=  10.2, 7.0.8.0 

Hz, 1 H),2.02 (dd,J= 10.2, 10.4Hz. I H),2.75 (dd, J =  15.0, 7.0 Hz, 1 H),2.92(dd.J= 15.0,8.0Hz, I HL3.44-3.62 (m,4 H), 

5.10 (dd, J = 10.5, 2.0 Hz, 1 H), 5.26 (dd, J = 17.0.2.0 Hz, I H), 5.69 (ddd, J = 17.0, 10.5, 10.4 Hz, 1 H), 7.30-7.60 (m, 5 H); 

I ~ H  nmr(126 MHz.CDC13) 621.9,22.7,28.7,30.7,30.8,31.7,75.6, 76.0.91.4, 115.9, 125.8, 128.3 ( 2 0 ,  128.4(2 C), 132.9, 

141.1. Anal. Calcd for C17H22@: C, 79.03; H, 8.58. Found: C, 79.33; H, 8.34. 

cis-2-Vinyl-3- allylcyclopropanone 1 J-(2,2-Dimethy1)propanediyl Acetal (12). To a suspnsion of CuCN (2.03 g, 22 mmol) 

in THF (22 ml) was added a 1.0 M solution of vinyl magnesium bromide in THF (22 ml, 22 m mol) at -70 OC over 3 min. and 

the mixture was stirred for 20 min. The mixture was warmed to 0 'C, stirred for 20 min, and then cooled to -70 OC. 

Cyclopropenone acetal(1) (2.8 ml, 20 mmol) in THF (20 ml) was added to the cuprate solution over 5 min. After stirring for 15 

min, HMPA (12 ml. 30 mmol) and ally1 bromide (3.5 ml. 40 mmoi) were added, and the mixture was stirred for 4.5 h. Water 

(0.45 ml, 25 mmol) was added, and the mixture was filtered through a short pad of silica gel, and the filtrate was concentrated in 

vacuo. The residual oil was chromatographed on silica gel (5% EtOAc in hexane) to obtain the title compound as a colorless oil 

(2.84 g, 68%): Ir (neat) v 3080,2960,2870, 1642, 1476, 1105 cm-I; IH nmr (200 MHz, CDC13) 80.87 (s, 3 H), 1.12 (s, 3 H), 

1.44 (dt,J = 10.5.7.6 Hz, 1 H), 1.95 (dd, J=  10.2, 10.2 Hz, 1 H), 2.23 (dddd, J =  1.3, 1.3.6.3.7.6 Hz, 2 H), 3.46 (d.J = 11.4 Hz, 

2 H),3.52(d, J =  11.4Hz,2H),4.96(ddt,J= 1.4, 10.3, 1.3Hz. I HA5.07 (dd,J=2.5, 10.0Hz. 1 H),5.09(ddt, J =  1.4, 17.7, - 1.3Hz. 1 H),5.22(dd,J=2.5, 17.1 Hz, 1 H),5.88(dt.J= 17.1, 10.0Hz. I H),5.89(ddt.J= 17.7, 10.3.6.1 Hz, 1 H); 1 3 ~ n m r  
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(67.5MHz,CDC13)822.1,22.6.26.8,28.9,30.8,31.2,75.6, 76.0,91.3, 114.9, 115.8. 132.6, 137.0.Anal.CalcdforC~3H~~0~: 

C. 74.94; H. 9.70. Found: C, 75.10; H. 9.91. 

cis-2-(1-Hexeny1)-3-methylcyclopropanone 13-(2,2-Dmethyl)propanediyl Acelal(13). To a solution of I-bromohexene (0.56 

ml, 3.9 mmol) in ether (6 ml) was added a 1.56 M t-BuLi in penrane (4.90 ml, 7.65 mmol) at -70 OC over 1 min, and the mixture 

was stirred for 2 h. To the solution was added a 0.25 M solution of lithium 2-thienycyanocuprate in THF (18 ml, 4.5 mmol). I- 

Cyclopmpenone acetal (1) (0.42 ml, 3.0 mmol) in THF (3 ml) was added to the cuprate solution over 1 min. After stirring for 30 

min, HMPA (2.6 ml. 15 mmol) and methyl iodide (0.93 ml, 15 mmol) in THF (3 ml) were added. The mixture was stirred for 3 

h, warmed to 0 OC and stirred for 3 h, then wanned to mom temperature. Water was added, and the mixture was filtered through 

a short path of silica gel, and the filtrate was concentrated in vacuo. The residual oil was chromatographed on silica gel (1% 

EtOAc in hexane) to obtain the title compound as a colorless oil (0.622 g, 87%): Ir (neat) v 3020,2930,2870, 1740. 1470. 1460, 

1070. 1095. 1030cm-l; IH nmr(200 MHz. CDCb) 80.89 (s. 3 H). 1.07 (d. J =  6.9 Hz, 3 H). 1.11 (s. 3 H). 1.25-1.40 (m. 4H). 

1.86 (dd, J =  10.1.9.7 Hz, 1 H),2.00-2.11 (m,2H),3.43-3.61 (m.4HL5.16 (ddt,J= 15.6.9.7, 1.3 Hz, 1 HL5.61 (dt ,J= 15.6, 

9.5 Hz, 1 H); I 3 c  nmr (67.5 MHz, CDC13) 67.2, 13.9,22.1, 22.2, 22.7, 23.6, 29.9, 30.9.31.8, 32.6, 75.5, 76.0, 91.5, 123.5, 

132.5. 

1-Cyclooctylidene-3-buten-%one 1,3-(2,2-Dimethyl)propanediyl Acetal (14). A solution of cir-2-(1-octenyl)J- 

methylcyclopropanone acetal (9) (0.804 g, 2.76 mmol) in mesitylene (10 mi) was heated at 120 "C for 11 h. m e  mixture was 

chmmatographed on silica gel (1% EtOAc in hexane) to obtain the title compound as a colorless oil (0.804 g, 100%): Ir (neat) v 

2860,2825, 1640, 1470, 1450, 1405, 1395, 1112, 1096,922 cm-I; I H  nmr (200 MHz, CDC13)-6 0.80 (s, 3 H), 1.12 (s, 3 H), 

1.36-1.75(m, LOH),2.2l ( t ,J=7.0Hz,ZH),2 .33(t ,J=5.9Hz,2H),3 .41 (dd,J= 10.0, 1.1 Hz,2H),3.62(dd,J= 10.0.1.1 

Hz,2H),5.18 (dd,J = 1.7, 10.5 Hz, 1 H), 5.23 (s, I Hh5.43 (dd, J =  1.7, 17.3 Hz, 1 H), 5.89 (dd, J =  10.5, 17.3 Hz, 1 H): I3c  

nnu(17.5 MHz,CDC13) 622.3,22.7,23.6,25.6,25.9,28.2, 30.0.30.1. 30.8, 35.4.71.4 (2 C), 98.9, 114.9, 124.2, 138.2, 149.0. 

Anal. Calcd forC17H2802C.77.21, H, 10.69. Found: C, 77.47; H, 10.84. 

(3E)-l-Cyclwctylidene-4-trimethylsilyl-3-buten2ne 12-(2,2-Dimethy1)propanediyl Acetal (15). A 9:l mixture of cis-2- 

(lirtenyl)-3-[(trimethylsilyl)methyllcyclopropanone acetal (10) and the rearranged product (15) (0.515 g, 1.53 mmol) which 

formed on standing was heated for 60 h at 60 O C  in toluene (2.7 ml). The mixture was chromatographed on silica gel (5% EtOAc 

in hexane) to obtain the title compound as a colorless oil (0.486 g, 94%): Ir (neat) v 2940. 2920,2850, 1635, 1463, 1390, 1360, 

1240, 1170,860, 840 cm-I; IH nmr (270 MHz, CDC13)6 0.08 (s, 9 H), 0.77 (s, 3 H), 1.14 (s, 3 H), 1.40-1.70 (m, I0 H), 2.21 (t, 

J =  7.2 Hz, 2 H), 2.30 (1, J= 7.2 Hz, 2 H), 3.40 (d, J = 10.6 Hz, 2 H), 3.63 (d, J =  10.6 Hz, 2 H), 5.22 (s, 1 H), 6.00 (d, J = 19.0 

Hz, 1 H), 6.09(d, J =  19.0Hz. 1 H): I3c nmr(l25 MHz,CDC13)8-1.4(3 C), 22.2, 22.8.23.1, 25.4.25.8.28.3. 30.1 (ZC), 

31.1,35.2,67.8 (2 C), 99.3, 124.0. 129.1, 144.5, 149.1. Anal. Calcd for C20H3602Si: C, 71.35; H, 10.80. Found: C, 71.06; H, 

10.83. 

We observed signals at 6 6.246.30 of the vinylsilane moiety of the minor isomer in the IH nmr, and capillary gc analyses (HR- 

1,0.25 mm I.D. X 25 m, 180 OC) showed a 9851.5 ratio of (El- and (Z)-isomer (retention times; 6.39 and 7.32 min.). 

(LE,4Z)-l-Phenyl-l,4-hexadien-3-one 1,3-(2,Z-Dimethyl)propanediyl Acetal (16). A mixture of c i s -2 -v iny l -3 -  

benzylcyclopanone 1.3-(2.2-dimethyl)propanediyl acetal (11) (95.8 mg. 0.38 mmol) and N,O-bis(~methylsilyI)acetamide (0.1 

ml) in toluene (2.0 ml) was heated for 60 h at 100 'C. The mixture was concentrated in vacuo, and the residual oil was 

chromatographed on silica gel (5% EtOAc in hexane) to obtain the title compound as a colorless oil (92.5 mg. 97%): Ir (neat) v 

3020,2950,2850, 1650,1490, 1465, 1445, 1390, 1360, 1180,1120,1080,980,960,740,690 cm-I; IH nmr (270 MHz, CDCl3) 

80.83 (s,3H), 1.15(s,3H), 1.78(da,J= 1.6,7.0Hz,3H),3.48(d,J= 11.0Hz,2H),3.68(d,J= 11.0Hz,2H),5.47(dq,J= 

11.6, 1.6 Hz, 1 HL5.83 (dq, J =  11.6, 7.0 Hz, 1 H), 6 . 3  (d, J =  16.0 Hz, 1 H), 6.77 (d, J = 16.0 Hz, 1 HL7.15-7.35 (m, 3 H), 
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7.35-7.45 (m. 2 H). I 3 c  nnu (125 MHz. CDC13) 6 17.6. 22.4, 22.6. 30.3. 71.7 (2 C). 98.6. 126.7 (2 C). 127.9, 128.6 (2 C). 

l28.8, 129.4, 131.7, 132.2, 136.4. Anal. Calcd forC17H2202: C, 79.03; H. 8.58. Found: C, 79.30; H, 8.74. 

In the I H  nnu analysis, we observed a signal (6  6.12, J = 12.8 Hz) of the styryl moiety of the minor isomer, and that analysis 

indicated a 99.5:0.5 ratio of ( 1 E . 4 0  and (1EAE)-isomer. 

(3E,62)-1,3,6-Octatrien-5-one 1,3-(2,2-Dimethy1)propanediyl Acetal (17). A mixhlre of cis-2-vinyl-3-allylcyclopropanone 

acetal (12) (1.13 g, 5.4 mmol) and N.0-bis(trimethylsilyl)aceramide (1.35 ml) in toluene (10 ml) was heated for 29 ha t  100'C. 

The mixture was concentrated in vacuo, and the residual oil was chromatographed on silica gel (5% EtOAc in hexane) to obtain 

the title compound as a colorless oil (1.09 g. 96%): Ir (neat) v 3080, 3025. 2955,2870, 1650. 1610. 1470, 1400, 1365, 1200. 

1190, 1170, 1120, 1090cm-l; 1~nmr(500MHz,CDCQ)60.79(s, 3 H), 1.14(s,3H), 1.74(dd,J= 1.9.7.4Hr. 3HL3.43 (d, 

J = 1 1 . 1  H z , Z H ) , 3 , 6 3 ( d , J =  11.1 Hz,2H) ,5 .14 (dd ,J=10 .4 ,1 .9Hz ,  I H) ,5 .?6(dd,J= 16.7,1.9Hz, 1 H) ,5 .39(dd , J=  

11.9, 1.9Hz.1 H),5.73(d,J=14.8Hz, I H),5 .79(dd,J=119,7 .4Hz,I  H),6.35(ddd,J=16.7, 10.4, 104Hz, 1 H),6.41(dd, 

J = 14.8, 10.4 Hz, 1 H); I 3 c  nmr (67.5 MHz, CDC13) 6 13.6, 22.1, 22.7, 30.0, 71.4 (2 C), 98.8, 118.5, 129.2, 130.7, 130.9, 

133.3, 136.3. Anal. Calcd forC13H2002: C, 74.94: H.9.70. Found: C.75.10; H.9.94. 

The ratio of the diastereomers was determined by I3c nmr. There were found low intensity small peaks, whose height were 1.2- 

2.4% of corresponding one. nearby most peaks of major isomer. 

(4Z)-1.4-Decadien-3-one 1.3-(2.2-Diine1hyl)propanediyl Acetal (18). A solution of cis-2-1 I-hexenyl)-3-methylcyclopropanone 

acetal (13) (38.3 mg. 0.16 mmol) in mesitylene 10.79 ml) was heated at 160 "C for 70 h. The mixture was chromatographed on 

silica gel (5% EtOAc in hexane) to obtain the title compound as a colorless oil (35.1 mg. 92%): Ir (neat) v 3015, 2950, 2925. 

2850, 1470, 1400, 1200, 1180, 1120, 1 1 0 0 , 9 3 0 c m ~ ~ ;  ' ~ n m r ( 2 7 0  MHz.CDC13) 60.79 (s.3 H), 0.90 (1, J = 7 . 2  Hz, 3 HI, 1.13 

(s, 3 H), 1.22-1.40 (m, 6 H), 2.15-2.35 (m, 2 H). 3.42 (d, J =  10.4 Hz,? HI, 3.64 (d .J= 10.4 Hz, 2 H), 5.19 (d ,J  = 11.0 Hz, 1 HI, 

5.34(d, J =  12.0Hz. I H) ,5 .44(d,J= 17.4Hz. I H) ,5 .69(dt ,J= 1?.0,9.0Hr, iHl,5.90(dd,J= 17.4, ll.OHz, I H); I 3 ~ n m r  

(67.5 MHz, CDC13) 6 14.0, 22.2, 22.5, 22.7, 28.9, 30.1. 31.6, 71.5 (2  C), 99.1, 115.5, 127.7, 137.1, 138.3. Anal. Calcd for 

C15H2602: C. 75.56; H. 11.01. Found: C. 75.30; H. 11.31. 

Capillary gc analysis (HR-I, 0.25 mm I.D. x 25 m. 120 OC) showed a 98.5:1.5 ratio of 1Z)- and (E)-isomer (retention times: 

13.46 and 14.27 min.). 

(3E)-l-Octylidene-4-trimethylsilyl-4-buten-3-one (19). To a solution of acelal (15) (57.1 mg, 0.17 mmol) in acetone (1.5 ml) 

was added water (1.5 ml). The mixture was stirred for 19 h at roam temperature. The reaction mixture was washed with an aq. 

sat. NaHC03, was dried over anhydrous Na2S04. The filtrate was concentrated in vacuo, and residual oil was chromatographed 

on silica gel (1.5% EtOAc and 0.05% triethylamine in hexane) to obtain the title compounds as a yellow oil (30.2 mg, 71%): Ir 

(neat) v 2930,2860. 1670, 1660, 1610, 1250, 1220,870,845 cm-I; I H  nmr (200 MHz, CDC13) 80.16 (s, 9 H), 1.40-1.57 (m, 6 

H), 1.71-1.86 (m, 4 HL2.36 (t, J = 5.7 Hz, 2 H), 2.64 (t, J =  6.2 Hz, 2 H), 6.37 (s, 1 H), 6.54 (d, J =  19.0 Hz, I H), 7.03 (d, J =  

19.0 Hz, I H). 

(lE,4Z)-and (lE,4E)-l-Phenyl-1,4-hexadien-3.ones (20). To a solution of acetal (16) (33.3 mg. 0.12 -01) in acetone (3.6 ml) 

was added ~ m b e r l ~ s t @ l 5  (8.4 mg).which was previously treated with 2 , 6 - d i - r - b ~ t ~ l ~ ~ r i d i n e . ~  Water (1.2 ml) was added to the 

solution, and the mixture was stirred for 32 h at room temperature. The reaction mixture was washed with an aq. sat. NaHC03. 

was dried over anhydrous Na2.504. The filtrate was concentrated in vacuo, and residual oil was chromatographed on silica gel 

(1.5% EtOAc and 0.05% triethylamine in hexane) to obtain the title compound as a yellow oil (16.8 mg, 81%) of a 68:32 

mixture of cis -and lranr -isomers. 

(LE,4Z)-l-Phenyl-l,4-hexadien-3-one. Ir 1neat)v 3080. 3070. 3030. 2925, 2850, 1680, 1660. 1630, 1600. 1450, 1440, 1200. 

1100, 1 0 9 0 ~ m - ~ ;  I H  o m  (270 MHz, CDC13) 62.18 (dd, J =  1.4.7.0 Hz, 3 H), 6.34 (dq, J = 11.0.7.0 Hz, 1 H), 6.46 (dd, J = 
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11.0 1.4Hz. 1 H),6.81 (d, J =  16.0Hz, 1 Hl.7.36-7.42(m,3 H),7 .54-7 .58(m,ZH),7 .57(d,J= 16.0Hz, I H); 1 3 ~ n m r ( I 2 5  

MHz, CDCl3) 6 17.6.22.4, 22.6, 30.3, 71.7 (2 C), 98.6, 126.7 (2 C), 127.9, 128.6 (2 C), 128.8, 129.4, 131.7, 132.2, 136.4. Anal. 

Calcd for C12H120: C. 83.67: H. 7.04. Found: C. 83.37; H. 7.34. 

(lE,4E)-l-Phenyl-l.4-hexadien-3-one. Ir (neat) v 3070,3030,2960,2855, 1665, 1637. 1602.1580. 1450. 1340.1200 cm-I; I H  

nmr(200 MHz, CDCl3) 6 1.93 (dd, I= 7.0, 1.7 Hz, 3 H), 6.44 (dd, J = 15.7, 1.7 Hz, 1 H), 6.94 (d, J =  16.3 Hz, 1 H), 7.00 (dq, J 

= 15.7,7.0Hz, I HL7.35-7.39(m, 3 H), 7.50-7.57 (m,2H),7.58(d, J=  16.2 Hz, 1 H). 

The ratio of the (lE.42)-and (IE.4E)-isomers was determined by Capillary gc analysis (HR-1.0.25 mm I.D. x 25 m. 150 "C) of 

the crude product. Retention time of the (IE.42)-isomer was 5.71 min, and that of the (lE.4E)-isomer was 6.76 min. Two 

isomers were separated by chromatographic purification on silica gel (5% EtOAc in hexane). 

r r a n s - 2 - A z a - 1 - p h e n y l - 2 - b e n z y l - 3 - m e t h y l ~ a o e  (21). To an ethanol solurion of (lE.42)-1-phenyl-1.4- 

hexadien-3-one (20) (68.8 mg, 0.40 mmol) was added benzylamine (44 pL. 0.40 mmol) and the mixture was stirred for 1 h at 

room temperature. The solution was combined in vacuo, and the residual oil was chromatographed on silica gel (10% EtOAc in 

hexane) to obtain the title compound as a yellow solid (103 mg, 95%) of a 98:2 mixture ofrrans- and cis-isomers: Ir (neat) v 

3075, 3500, 3020. 2950, 2925. 2825. 1950. 1880, 1810. 1740, 1490, 1450, 1380, 1360. 1310. 1235. 1205, 1175, 1115, 1060, 

1020, 770, 750, 725, 700 cm-I; IH nmr (200MH2, CDC13) 6 1.07 (d, I = 6.9 Hz, 3 H), 2.23 (ddd, J = 2.3, 3.4, 13.5 Hz, 1 H), 

2.56(ddd,J=2.3,4.8, 14.7 Hz, 1 H1.2.69 (ddd, J =  1.0,9.5, 14.7 Hz, I HI, 2.80(dd, J = 6 . 7 ,  13.5 Hz, 1 H), 3.33 ( d , J =  13.9 

Hz, 1 H),3.38(ddq,J=3.4,6.7,6.9Hz, I H),3.68(d.J= 13.9Hz. I H),4.08(dd,J=4.8,9.5Hz, 1 H).7.23-7.47ppm(m, 10 

H). Anal. Calcd for C19H21NO: C. 81.67: H. 7.59; N. 5.01. Found: C. 81.44; M. 7.74; N. 5.09. 

cis-2-Aza-l-phenyl-2-benzyl-3-methyl-5-cyclohexanone (21). Ir (neatlv 3050, 3025, 3000, 2930. 2880, 1940, 1860, 1800, 

1700, 1480, 1440, 1370, 1320, 1290, 1150, 1050, 1010.740,710,680 cm-I; I H  nmr (200MHz. CDC13) 6 1.1 l (d, J = 6.3 HZ, 1 

H),2.40-2.53 (m, 3 H),  2.71 (dd, J = 11.4, 15.2 Hz, I HI, 2.94-3.09 (m. I H), 3.51 (d, J = 15.2 Hz, I H), 3.84 (dd, J =  3.4, 11.8 

Hz, 1 H), 3.88 (d, J = 15.2 Hz, 1 H), 7.17-7.46 (m, 10 H). Anal. Calcd for C19H21NO: C, 81.67; H, 7.59, N, 5.01. Found: C, 

81.37; H. 7.33; N. 4.77. 
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