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Synthesis and selective tris(triphenylphosphine)ruthenium(II) dichloride catalyzed rearrangement of unsymme- 
trical diallyl ethers to y,&-unsaturated aldehydes and ketones are reported. Presumably ruthenium regiospecifically 
promotes olefin isomerization to allyl vinyl ethers which undergo Claisen rearrangement. Isomerization of mono- 
substituted olefins occurs more rapidly than isomerization of vicinally disubstituted olefins. Geminally disubsti- 
tuted or trisubstituted olefins do not isomerize readily. Remarkably, an allyl ether rearranges six times more readily 
than an a-methylallyl ether. 

The aliphatic Claisen rearrangement, first observed in 
enol allyl ethers in 191 2,' was not recognized2 as a generally 
useful and important reaction until recently.3 The rear- 

rangement was extended to simple allyl vinyl ethers 26-years 
later.4 It  has been studied mechanistically by a number of 
 investigator^.^ The high stereoselectivity for the formation 

'I L o  --Q 
of (E)-di- and trisubstituted olefins upon Claisen rearrange- 
ment of vinyl ethers of secondary allylic alcohols has recently 
found many applications in organic synthesis.6 This stereo- 
selectivity extends to the creation of asymmetric centers in 
high optical ~ i e l d . ~ , ~  The Claisen rearrangement is now rec- 
ognized as an important general, stereoselective method for 
olefin synthesis. The above types of Claisen rearrangements 
as well as some more recent variants have found extensive 
application in the synthesis of natural  product^.^ 

The allyl vinyl ether substrates for Claisen synthesis of 
y,b-unsaturated aldehydes or ketones are generally prepared 
by acid-catalyzed decomposition of diallyl acetals4JO or 
transvinylation. l1 l2 Schemes involving allyl ethers of hal- 
0hydrins,~J3 vinylation14 of a-halo ethers, or Wittig olefina- 
tion15 have also been employed. Allyl enol ethers of acetoacetic 
esters' and zinc enolates of allyl or propargyl esters16 are also 
useful. We now report that selective rearrangement of diallyl 
ethers catalyzed by tris(triphenylphosphine)ruthenium(II) 
dichloride is a valuable new route for the synthesis of y,6- 
unsaturated aldehydes and ketones. Preliminary rearrange- 
ment to allyl vinyl ethers followed by Claisen rearrangement 
presumably is involved. 

Results 
Preparat ion of Diallyl Ethers. Unsymmetrical diallyl 

ethers 2 are readily available in high yields by 0-alkylation 
of allyl alcohols 1 with allyl halides (Table I). 

Ruthenium Catalyzed Rearrangement  of Diallyl 
Ethers.  The diallyl ethers were heated a t  200 "C in the pres- 
ence of 0.1 mol % tris(tripheny1phosphine)ruthenium di- 
chloride in sealed Pyrex tubes for 1-4 h. Simple short-path 
distillation of the reaction product mixture gave good to ex- 
cellent yields of y,b-unsaturated carbonyl compounds 3 which 
were often better than 90% pure according to GLC and 1H 
NMR analysis. In principle, two different isomeric y,b-un- 
saturated carbonyl compounds could be produced from each 
unsymmetrical diallyl ether. Generally, however, the isomer 
shown in Table I1 was the only carbonyl product obtained. 

0 

2d 3d 

26' 
The structures assigned to the products 3a-i are supported 

by their lH NMR spectra (see below and Experimental Sec- 
tion). The rearrangement of 2d to 3d was accompanied by the 
formation of the ether 2d' (13%) and methylallyl alcohol (10%). 
The ether 2d' was identified by 1H NMR and GLC comparison 
with an authentic sample prepared by 0-alkylation of A3- 
cyclopentenol with methallyl chloride. 

3c 3e 3f 
The 'H NMR spectra of the product aldehydes 3c, 3e, and 

3f suggested the presence of two diastereomers. Two doublets 
with equal coupling constants were observed in each case for 
the methyl group a to the carbonyl. The diastereomers of 3e 
were separable by GLC. 

2i 3i 3i' 

Rearrangement of 2i gave predominantly 3i. The E con- 
figuration of the C-C r bond in 3i is assumed due to the known 
stereoselectivity of such Claisen rearrangemenk6 The alde- 
hyde was readily separated quantitatively from the reaction 
product mixture as the water-soluble sodium bisulfite addition 
product. The water insoluble product mixture yielded the 
ketone 3i' (9%) and starting material 2i (30%). The ketone 3i' 
was identified by lH NMR and GLC comparison with an au- 
thentic sample.20 The aldehyde 3i was recovered from the 

yCHO - COOH COOH 
3i 4i 

aqueous phase after treatment with saturated sodium bicar- 
bonate. Ozonolysis of the major product 3i followed by oxi- 
dation gave methylsuccinic acid ( 4 9  exclusively. 
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Table I. Synthesis of Unsymmetrical Diallyl Ethers 

Registry Registry Yield, Registry 
Alcohol no. Halide no. Ether % no. 

la Y O H  513-42-8 av Br 106-95-6 2a y o -  88 14289-96-4 

91 631 63-49-5 556-82-1 gVBr 
lb ) _ S O H  

96-40-2 80 63163-50-8 

5 63-4 7 -3 89 63163-51-9 
8 IC -OH 107-18-6 

3212-60-0 yc, Id 0 
-OH 

l e  /OH 4845-04-9 0 

1120-80-5 wBr 

11 5-18-4 mBr 

N Br 

w Br 

1940-19-8 

598-32-3 
lhQOH 

li y" OH 

Table 11. Ruthenium Catalyzed Rearrangement of 
Unsymmetrical Diallyl Ethers 

____ ___ ___- 

Diallyl ether Pro'duct 

Reaction Isolated 
time, yield, GC purity, 

h % % 

2c 3c 
CHO 

2d 3d 

1 92 890 

1 90 99 

1.5 7 1  100 

3 56 7 O b  

1.5 9 5c  

1.5 84 93  

4 80 92 

2 78 8 3d 

4 55e 100  

a Distilled reaction product mixture contained 8% starting 
ether 2a. b Also isolated: A3-cyclopentenyl methylallyl 
ether and methylallyl alcohol, see below. C Diastereomers 
separable on 1 0  f t  X % in. 10% Carbowax 20M on 60/80 
Chromosorb W. d Distilled reaction product mixture con- 
tained 7% starting ether 2h. e Isolation of 3i was affected 
by sodium bisulfite e x t r a c t i o n s e e  Experimental Section. 

Transition metal catalyzed conversion of monoallyl ethers 
into vinyl ethers is known.17 Platinum hydrides promote 
cleauage of diallyl ethers to give aldehydes and ?r-allylpla- 
tinum(I1) complexes rabher than rearrangement.lS We now 
find that tris(triphenylphosphine)ruthenium(II) dichloride 

79 63163-52-0 

2e 6- 81 63163-53-1 

92 63163-54-2 

86 63163-55-3 

2h 6- 85 37027-64-8 

2f A0- 
2g -0"" 

2i r" 
O \ / 3  

catalyzes rearrangement of diallyl ethers to give y,b-unsatu- 
rated carbonyl compounds. These ruthenium catalyzed re- 
arrangements of diallyl ethers almost certainly involve gen- 

R4 R5 

eration (eq 1) and subsequent Claisen rearrangement (eq 2) 
of allyl vinyl ethers. 

The rearrangements listed in Table I1 exhibit two note- 
worthy features. Allylic rearrangement is highly regiospecific. 
Secondly, the products 3 of the Claisen rearrangement do not 
undergo further ruthenium catalyzed allylic rearrangement. 
These features are readily understandable if it  is recognized 
that ruthenium catalysis of allylic hydrogen migration occurs 
less readily for substituted olefins. The ease of olefin isom- 
erization shows a strong sensitivity to structural factors and 
rates of rearrangement vary greatly with olefin structure.lg 

go) - 7cI CHO 
2g 3g 

2h 3h 
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Of course, for the ethers 2g and 2h, migration of an allylic 
hydrogen can occur from only one position. Thus, Claisen 
rearrangement of the intermediate allyl vinyl ether results in 
a single product 3g or 3h. 

The influence of olefin substitution on the relative ease of 
allylic hydrogen migration may be deduced from a consider- 

t 3a 

2a 

t 

yo> - (p 
3a' 

ation of the rearrangements observed for 2a-f and 2i. The 
ether 2a contains a geminally disubstituted olefin and a mo- 
nmubstituted olefin. Only a single Claisen product is observed. 
Only the monosubstituted a bond undergoes ruthenium cat- 
alyzed allylic rearrangement. An 1H NMR spectrum of the 
crude reaction product mixture shows the complete disap- 
pearance of the CH vinylic methine proton of 2a and the ab- 
sence of a six-hydrogen singlet which is expected for the 
gem-dimethyl substituents a to the carbonyl in 3a'. 

3b t 

4 

3b' 

Ether 2b contains a trisubstituted olefin and a monosub- 
stituted olefin. Again, only the monosubstituted a bond 
undergoes ruthenium catalyzed allylic rearrangement, and 
only a single Claisen product is observed. Inspection of the lH 

t 3c 

VO- 
2c 

4 0 

u u 
3c' 

NMR spectrum of the crude reaction mixture shows a six- 
proton singlet which is accounted for by quaternary gem- 
dimethyl substituents in 3b. The alternative product 3b' 
would show a six-hydrogen doublet due to its gem-dimethyl 
substituents. Such a doublet is not observed. 

In the case of 2c the monosubstituted olefin isomerizes in 
preference to the vicinally disubstituted olefin. An lH NMR 
spectrum shows a one-proton doublet assignable to the alde- 
hydic hydrogen corresponding to the structure 3c. Also, a 
single downfield tertiary ring proton is observed, which is due 
to the allylic methine in 3c, and two diastereomeric methyl 
doublets appear a t  6 1.04 and 1.07 (J = 7 Hz). Interestingly 
in 2d, in contrast with 242, only the vicinally disubstituted a 
bond migrates and therefore no aldehyde 3d' is produced. 

0 

3d U 

t 

I 
2d 
L 
5 

3d 

Not surprisingly, olefin isomerization followed by Claisen 
rearrangement in 2e and 2f results in a single rearrangement 
product. A lH NMR spectrum shows two diastereomeric al- 

(CHA 
2e, n = 3 

f , n = 2  

dehydic proton doublets for both the crude and GC isolated 
products from 2e. Also, as for 3c, both 3e and 3f show dia- 
stereomeric methyl groups. 

The most remarkable example of selectivity in ruthenium 
catalyzed rearrangement of diallyl ethers occurs in 2i. The 
products 3i and 3i' are formed in the ratio of 6:l where R = 
CHs. This unexpected result suggests that even allylically 
substituted monoolefins direct the specificity of ruthenium 
catalyzed allylic hydrogen isomerization. This extraordinary 
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t 
R 

I 
0- 

Zi, R = CH, 

R~ ,CHCH,  

3i 

e 
3 i' 

reaction should be general and highly regiospecific for any 
derivative of 2i in which R has steric requirements equal to 
or greater than a methyl group. 

Conclusion 
Unsymmetrical diallyl ethers give y,b-unsaturated ketones 

or aldehydes upon heating in the presence of tris(tripheny1- 
ph0sphine)ruthenium dichloride. Presumed intermediate allyl 
vinyl ethers produced by an initial ruthenium catalyzed 
1,3-hydrogen shift give the observed products by Claisen re- 
arrangement. Rearrangement of unsymmetrical diallyl ethers 
is predictably regiospecific, since 1,3-hydrogen migration 
occurs readily only with mono and vicinally disubstituted 
olefins. Furthermore, the rates of rearrangement vary con- 
siderably with olefin substitution. Isomerization of mono- 
substituted olefins occurs more rapidly than isomerization of 
vicinally disubstituted olefins. Even a mere allylic methyl 
substituent markedly retards 1,3-hydrogen migration. 

Experimental Section 
General. All vessels were flame dried and reactions, whenever 

possible, were carried out under an atmosphere of nitrogen. Solvents 
were freshly distilled. ,411 GC work was performed with a Varian 
Model 90-P using a 6 ft SE 30 15% on Chromosorb W 60/80; NMR 
spectra recorded with a Varian A60A or HA-100 with Fourier trans- 
form using CC4 and 1% Me4Si as solvent. All sealed tube reactions 
were done behind a safety shield. 

Ether Synthesis A. Allyl Methylcyclopentenyl Ether (2f). NaH 
(2.0 g, 46 mmol, 57% oil dispersion) in a 100-mL three-necked flask 
equipped with reflux condenser, mechanical stirrer, and addition 
funnel was washed with pentane (two 10-mL portions). THF (75 mL) 
was then added followed by the portionwise addition of cyclopen- 
tene-1-carbinol(3.0 g, 30 mmol), and the resulting mixture was stirred 
under reflux for 2 h. Then while the mixture was still warm, HMPA 
(15 mL) was added followed by allyl bromide (5.5 g, 45 mmol) at such 
a rate as to maintain a gentle reflux. Upon addition, the mixture was 
again boiled under reflux for 2 h. The reaction mixture was allowed 
to cool to room temperature, quenched with 10% aqueous HCl (25 
mL), and extracted with pentane (two 50-mL portions). The com- 
bined organic fractions were washed with 10% aqueous HC1, saturated 
NaHC03, H20, and saturated NaCl, and dried (MgS04). Solvent re- 
moval with rotary evaporation and distillation of the crude product 
yielded the title ether, ,3.4 g (81%), bp 62 "C (10 mm). 

Method B. Allyl AWyclopentenyl Ether (2c). A2-Cyclopentenyl 
chloride (102 g, 1 mol) was added dropwise with vigorous mechanical 
stirring to a suspension of NaHC03 (170 g, 2 mol) in allyl alcohol (464 
g, 8 mol) at 0 "C. The mixture was then allowed to warm to room 
temperature and stirred for 15 h. Inorganic salts were removed by 
suction filtration and the organic solution was distilled. Excess allyl 
alcohol was recovered and then the product was obtained, 98 g (80%), 
bp 131-132 "C. 

Yield Optimization for Claisen Rearrangement, Maximum 
yields for the ruthenium catalyzed Claisen rearrangements were de- 
termined as follows: six to ten half-filled sealed Pyrex tubes were 
prepared, each containing 150 pL of a solution obtained from 1.0-1.5 

g of the starting ether and 0.1 mol % tris(tripheny1phosphine)ruthe- 
nium dichloride. The catalyst was first dissolved in the neat ether by 
gentle heating and shaking. The sealed tubes were placed in a 200 "C 
oil bath. One tube was removed every 0.5 h and the contents were 
analyzed by lH NMR. 

Preparative Claisen Rearrangements. In general the starting 
ether (5 g) and tris(tripheny1phosphine)ruthenium dichloride (0.1 
mol %) were vacuum sealed in a Pyrex tube (id.  1.3 cm, 0.d. 1.6 X 25 
cm). The tubes, when sealed, were never more than half filled. The 
mixtures were then heated in an oil bath at 200 "C for a predetermined 
time, cooled to room temperature, and carefully opened. The product 
mixtures were vacuum transferred to remove all traces of catalyst and 
carefully distilled. 

Separation of 2-Methylhex-4-enal (3i). The crude reaction 
mixture (3.4 g) was vacuum transferred to remove catalyst and shaken 
with sodium bisulfte (6.4 g, 0.062 mol) in water (10 mL). After several 
minutes of agitation the aqueous layer was extracted with ether (two 
2-mL portions). The combined organic fractions were dried (MgS04) 
and the solvent was removed by distillation, yielding a mixture of 
starting material (1.0 g) and 4-methylhex-1-en-5-one (0.3 9). To the 
aqueous layer was cautiously added saturated NaHC03 (vigorous) 
until CO2 evolution ceased. The aldehydic product was then obtained 
(1.9 g, 55%) by continuous ether extraction (12 h) of the aqueous 
mixture and removal of the solvent by careful distillation. 

2-Methylsuccinic Acid.21 2-Methylhex-4-enal (500 mg, 4.45 
mmol) in methanol (15 mL) was ozonized at -70 "C until the solution 
appeared slightly blue. The methanol was then removed and 98% 
formic acid (6 mL) and 30% hydrogen peroxide (3 mL) were added 
and heat was cautiously applied until a vigorous reaction began. After 
the reaction subsided, the mixture was boiled under reflux for 30 min. 
After cooling, the volatile by-products were removed with rotary 
evaporation and then under high vacuum to yield the title compound 
(510 mg, 87%, mp 115 "C). Its NMR spectrum was compared with that 
of an authentic sample.22 

Allyl 2-@thylallyllEther (2a): bp 109 "C;lNMR (CCl4) 6 1.72 (3 
H, s, CH3), 3.75-4.00 (4 H, m, CHzOCHz), 4.7-6.2 (5 H, m, 
viny1).23 

Anal. Calcd for CTH120: C, 74.95; H, 10.78. Found: C, 74.86; H, 
10.40. 

Allyl 3,3-Dimethylallyl Ether (2b): bp 145 "C; NMR (CC4) 6 1.65 
(3 H, s, CH3), 1.75 (3 H, s, CH3), 3.87 (4 H, m, CH~OCHZ), 4.9-6.18 
(4 H, m, 

Anal. Calcd for C~H140: C, 76.14; H, 11.18. Found: C, 76.41; H, 
11.30. 

Allyl A2-Cyclopentyl Ether (2c): bp 131-132 OC; NMR (CC14) 
6 1.48-2.73 (4 H, m, ring CHz's), 3.91 (2 H, d, J = 5 Hz, CHz), 4.53 (1 
H, br d, J = 5 Hz, CH), 4.90-5.36 (2 H, m, vinyl CHz), 5.63-6.25 (3 H, 
m, vinyl CH, ring CH=CH).25 

Anal. Calcd for CsH12O: C, 77.38; H, 9.74. Found: C, 76.93; H, 
9.60. 

A2-Cyclopentenyl 2-Methylallyl Ether (2d): bp 165-167 "C; 
NMR (Cc4) 6 1.71 (3 H, s, CH3), 1.50-2.58 (4 H, m, ring CHz's), 3.81 
(2 H, s, CH2), 4.48 (1 H, br d, J = 5 Hz, CH), 4.84 (2 H, br d, J = 6 Hz, 
vinyl CHz), 5.88 (2 H, m, ring CH=CH). 

Anal. Calcd for C9H14O: C, 78.21; H, 10.21. Found: C, 77.96; H, 
10.54. 

Allyl 1-Cyclohexenylmethyl Ether (2e): bp 54 OC (8.9 mm); 
NMR (Cc4) 6 1.40-2.16 (8 H, m, ring CHz's), 3.68-3.92 (4 H, m, 
CHzOCHz), 4.94-6.18 (4 H, m, vinyl). 

Anal. Calcd for C10H160: C, 78.90; H, 10.59. Found: C, 78.91; H, 
10.82. 

Allyl 1-Cyclopentenylmethyl Ether (2f): bp 62 "C (10.0 mm); 
NMR (cc14) 6 1.41-2.50 (6 H, m, ring CHz's), 3.8-4.0 (4 H, m, 
CHzOCHz), 4.9-6.2 (4 H, m, vinyl). 

Anal. Calcd for CgH14O: C, 78.21; H, 10.21. Found: C, 77.83; H, 
10.24. 

Allyl 1,l-Dimethylallyl Ether (2g): bp 120 OC; NMR (CCb) 6 1.24 
(6 H, s, 2CH3's), 3.78 (2 H, dt, J = 5 and 1 Hz, CH2), 4.87-5.33 (4 H, 
m, 2 vinyl CHz's), 5.50-6.18 (2 H, m, 2 vinyl CH's). 

Anal. Calcd for C8H140: C, 76.14; H, 11.18. Found: C, 76.03; H, 
11.14. 

Allyl 1-Vinylcyclohexyl Ether (2h): bp 47 "C (1.8 mm); NMR 
(CCW 6 1.0-2.0 (10 H, m, ring CHz's), 3.72 (2 H, dt, J = 5 and 1.2 Hz, 
CHz), 4.84-5.39 (4 H, m, 2 vinyl CHz's), 5.46-6.11 (2 H, m, 2 vinyl 
CH's). 

Anal. Calcd for C11HlsO: C, 79.46; H, 10.91. Found: C, 79.77; H, 
10.82. 

Allyl 1-Methylallyl Ether (2i): bp 96 "C; NMR (CC14) 6 1.23 (3 
H, d, J = 6.5 Hz, CH3), 3.62-4.12 (3 H, m, CHzCH), 4.94-5.43 (4 H, 
m, vinyl CHz's), 5.47-6.27 (2 H, m, vinyl CH's). 
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Anal. Calcd for C:H,pO: C, 74.98; H, 10.78. Found: C, 74.81; € 
10.30. 
2,4-Dimethylpent-4-enal(3a): bp 128 "C; NMR (CC14) 6 1.07 (3 

H, d, J = 6 Hz, CH3), 1.73 (3 H, br s, CHB), 1.76-2.60 (3 H, m, CHpCH), 
4.75 (2 H, m, vinyl CHp), 9.56 (1 H, d, J = 1.8 Hz, CHO). 

Anal. Calcd for CiHi.20: C, 74.95; H, 10.78. Found: C, 75.05; H, 
11.05. 
2,3,3-Trimethylpent-4-enal(3b): bp 140 "C; NMR (CC14) 8 0.99 

(3 H, d, J = 7 Hz, CH3), 1.09 (6 H, s, 2CH3), 2.17 (1 H, qd, J = 7 and 
2 Hz, CH), 4.78-5.20 (2 €I, m, vinyl CH2), 5.59-6.14 (1 H, m, vinyl CHI, 
9.64 (1 H, d, J = 2.5 Hz, CHO). 

Anal. Calcd for CRH.140: C, 76.14; H, 11.18. Found: C,76.09; H, 
11.23. 
2-(A2-Cyclopenteny1)propanal (3c): bp 15&155 "C; NMR (cc14) 

(5 H, m, ring CHp's), 2.98 (1 H, br s, CH), 5.5-5.9 (2 H, m, CH=CH), 
9.71 (1 H, d, J = 2 Hz, CHO). 

Anal. Calcd for C*H-;zO: C, 77.38; H, 9.74. Found: C, 77.43; H, 
9.81. 
2-(2-Methylallyl)cyc:lopentanone (3d): bp 82-84 "C (10.0 mm); 

NMR (CC14) 6 1.26-2.68 (9 H, m, ring CHp's, ring CH, CHz), 1.73 (3 
H, s, CH3), 4.68 (2 H, s, vinyl CH2). 

Anal. Calcd for C9H14O: C, 78.21; H, 10.21. Found: C, 78.52; H, 
10.25. 
2-(2-Methylenecyclohexyl)propanal(3e): NMR (cc14) 6, two 

GLC separable diasteriomers. Isomer 1: 1.00 (3 H, d, J = 7 Hz, CH3), 
1.60 (8 H, br s, ring CHz's), 2.15-2.69 (2 H, m, CHI, 4.69 (2  H, d, J = 
9 Hz, vinyl CH2), 9.52 (I H, d, J = 4 Hz, CHO). Isomer 2: 1.07 (3 H, 
d, J = 7 Hz, CH3), 1.57 (8  H, br s, ring CHis), 1.71-2.77 (2 H, m, CH), 
4.64 (2 H, d, J = 15 Hz, vinyl CHp), 9.58 (1 H, d, J = 2 Hz, CHO). 

Anal. Calcd for C1&LGO: C, 78.90; H, 10.59. Found: C, 79.15; H, 
10.59. 
2-(2-Methylenecyclopentyl)propanal(3f): bp 65 "C (9.0 mm); 

NMR (CC14) 6 1.06 (1.5 €€, d, J = 7 Hz, CH3), 1.02 (1.5 H, d , J  = 7 Hz, 
CH3), 1.34-2.97 (8 H, m), 4.68-5.07 (2 H, m, vinyl CHA 9.65 (1 H, m, 
CHO). 

Anal. Calcd for CgH12:0: C, 78.21; H, 10.21. Found: C, 78.21; H, 
10.44. 
2,5-Dimethylhex-4-enal(3g): bp 148 "C; NMR (cc14) 6 1.07 (3 

H,m,CH~,CH),4.91-5.2!j(lH,m,vinylCH),9.56(1H,d,J=1.5Hz, 
CHO). 

Anal. Calcd for C~H140: C, 76.14; H, 11.18. Found: C, 76.30; H, 
11.27. 

4-Cyclohexylidene-2-methylbutanal (3h): bp 85-90 OC (5.3 ' 
mm); NMR (CC14) 6 1.06' (3 H, d, J = 6 Hz, CHs), 1.56 (6 H, m, ring 
CH2's), 2.83-2.54 (7 H, ni), 5.02 (1 H, br t, J = 7 Hz, vinyl CH), 9.58 
(1 H, d, J = 1.2, CHO). 

Anal. Calcd for CllH130: C, 79.46; H, 10.91. Found: C, 79.19; H, 
10.66. 

2-Methylhex-4-enal(3i): bp 101 OC; NMR (CC14) 6 1.08 (3 H, d, 
J = 6 Hz, CH3), 1.67 (3 H:, d, J = 4 Hz, CH3), 1.92-2.56 (3 H, m, CH, 
CH2), 5.29-5.76 (2 H,m,CH=CH),9.55 ( l H , d , J  = 1 Hz, CHO). 

Anal. Calcd for C;H120: C, 74.98; H, 10.78. Found: C, 74.75; H, 
10.56. 

A3-Cyclopentenyl 2-Methylallyl Ether (2d'): NMR (cc14) 8 1.70 
(3 H, s, CH3), 2.2-2.6 (4 H,  m, ring CHp's), 3.76 (2 H, s, CHp), 4.09-4.21 
(1 H, m, ring CH), 4.81 (2 H, d, J = 9 Hz, vinyl CH2), 5.61 (2  H, s, 
CH=CH). 

6 1.04 (1 H, d , J  = 7 Hz, ICH~), 1.07 (2 H, d , J  = 7 Hz, CH3), 1.50-2.54 

H, d, J = 6 Hz, CHs), 1.68 (6 H, d, J = 4.5 Hz, 2CH3's), 1.96-2.44 (3 

Anal. Calcd for CsH140: C, 78.21; H, 10.21. Found: C, 78.12; H, 
10.25. 

4-Methylhex-1-en-&one (3i'): NMR (CC14) 6 1.04 (3 H, d. J = 
6 Hz, CH3), 1.98 (3 H, s, CH3), 1.88-2.65 (3 H, m, CH, CH2), 4.63-5.05 
(2 H, m, vinyl CHz), 5.19-5.92 (1 H, m, vinyl CHI. 

2-Methylsuccinic Acid (4i): mp 111 "C (reported22 mp 115OC); 
NMR (CDC13) 6 1.45 (3 H, d, J = 6 Hz, CH3). 2.50-3.29 (3 H), 9.42 (2  
H, s, COOH). 
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