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Palladium-catalyzed rearrangement of N-allylenamines proceeds readily in the presence of a catalytic amount 
of trifluoroacetic acid to give &unsaturated imines. Conveniently, G,c-unsaturated imines can be prepared directly 
by the reactions of allylamines with carbonyl compounds under the same conditions highly efficiently. The reaction 
involves oxidative addition of Pd(0) species to allylenammonium salts to  give mdlylpalladium complexes, which 
undergo intramolecular nucleophilic reaction with enamines to give imines. The &e-unsaturated imines are versatile 
synthetic precursors such as y,b-unsaturated carbonyl compounds. Synthetic applications are also described. 

Cope and Claisen rearrangements are of importance in 
view of synthetic and mechanistic aspects and have been 
utilized for various synthetic strategies. Unfortunately, 
the rearrangements require high temperature (generally 
-200 "C). To solve this problem, two approaches have 
been extensively studied. First, the rearrangements are 
accelerated by placing electron-donating or -withdrawing 
groups in the substrates,' or more remarkable by intro- 
ducing a positive charge,z a negative ~ h a r g e , ~  or a zwit- 
terion4 in the system. The second approach is to find 
catalysts that will accelerate these reactions. Rearrange- 
ments catalyzed by metals have been found, and their 
synthetic utility was enhanced. Overman reported for the 
first time that the palladium(I1)-promoted Cope rear- 
rangement can be conducted in a catalytic f a ~ h i o n . ~  
Catalytic Cope rearrangements have been extensively in- 
vestigated, by using transition metal catalysts such as 
Hg(II),G Pd(II),' Pd(0),8 Pt(0),9 Rh(I),' and Ir(I)7 complexes 
and various rearrangements such as allyl carboxylate (C-0 - C-0) rearrangement,'O~'lO-allyl thiocarboxylate (C-0 - C-S) rearrangement,7b allyl imidate (C-0 - C-N) re- 

allyl thioimidate (C-S - C-N) rear- 
rangement,12 0-allyl phosphorothionate (C-0 - C-S) 
rearrangement,8d and allyl vinyl ether (C-0 - C-C) re- 
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Table I. Effect of Acids on the Pd(PPh,),-Catalyzed 
Rearrangement of 1 to  2" 

acid convn.b % vK.' 
none <5 
HCld <5 
CH&303H 100 
p-TsOH.Hz0 100 
CC13COZH <5 
CF3COzH 100 
ClzCHCOzH 85 
ClCHzCOzH 14 
PhCOzH 30 
CHSCOZH 10 

-7 
-1.86 
-1.34 
0.51 
0.52 
1.35 
2.87 
4.20 
4.75 

"A mixture of 1 (0.5 mmol), Pd(PPh3), (10 mol %), and acid (10 
mol %) in benzene (3 mL) was stirred at  50 "C for 20 h under Ar. 
Conversions were determined by 'H NMR analysis (allylic meth- 

ylene signals: convn, % = 2/(1 + 2) X 100). CIn aqueous solution 
(ref 18). dHCl in benzene (0.33 M). 

arrangement8aJ'bJ3 are conducted under mild conditions. 
The 3-aza-Cope (C-N - C-C) rearrangement is highly 

useful because the substrate N-allylenamines are readily 
prepared from allylamines and carbonyl compounds'* and 
the selective carbon-carbon bond formation gives various 
imines and related compounds. Since thermal 3-ma-Cope 
rearrangements require elevated temperat~re, '~  catalytic 
3-aza-Cope rearrangement has been investigated by using 
titanium tetrachloride as a Lewis acid catalyst;16 however, 
the titanium-promoted reaction is not satisfactory, because 
the converted yields are low and the reaction is applied 
to the N-allylenamines of aldehydes but not to those of 
ketones. 

We have found that N-allylenamines undergo palladi- 
um(0)-catalyzed 3-aza-Cope rearrangement to give the 
corresponding +unsaturated imines in the presence of 
a catalytic amount of a strong protic acid such as tri- 
fluoroacetic acid as depicted in eq 1. Further, we have 

Pd(PPhg), (Cat.) 

RN,p CF3C02H 

found that 6,cunsaturated imines can be obtained con- 
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Table 11. Palladium Catalysts for the Rearrangement of la 
entry 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

catalyst acid 
Pd(PPh3)i CF3C02H 

Pd(OAc)Z-PPh, CF3C02H 

Pd(OAc)2-dppec CF3C02H 

Pd2(dba)3CHC13-PPh3 CF3COzH 

Pd(OCOCF3)2-PPh3 none 

Pd(OAc)p-PPha none 
Pd2(dba)3CHC13-PPh3 none 
Pd(0Ac)z CF3C02Hd 
Pd(OCOCF3)Z CF3C02H 
Pd2(dba)3CHC13 CF3COZH 

convn,b % 

100 
83 
77 

100 
0 
0 
0 
0 
0 
0 

"A mixture of 1 (0.5 mmol), palladium catalyst (10 mol %), 
PPh, (40 mol %), and acid (10 mol %) in benzene (3 mL) was 
stirred at  50 "C for 20 h under Ar. Conversions were determined 
by 'H NMR analysis. 1,2-Bis(diphenylphosphino)ethane (dppe) 
(20 mol %). d 5  mol '70 of CF3C02H was used. 

veniently by one-pot palladium(0) /acid-catalyzed reactions 
of allylamines with carbonyl compounds as depicted in eq 
2. Full details of palladium(O)/acid-catalyzed 3-aza-Cope 

rearrangements are described with respects to scope, lim- 
itation, mechanism, and synthetic applications." 

Results and Discussion 
3-Aza-Cope Rearrangement of N-Allylenamines. 

Palladium-catalyzed 3-aza-Cope rearrangement of N-al- 
lyl-N-phenyl-2-phenyl-l-propenylamine (1) was investi- 
gated precisely. By using palladium(I1) catalysts, the re- 
arrangement did not take place; however, by using palla- 
dium(0) catalysts such as Pd(PPhs)r, Pd(0Ac)*-PPhs, and 
Pd2(dba)&HClS-PPhS, a small amount of N-(a-methyl- 
2-phenyl-4-penteny1idene)aniline (2) was obtained. Sur- 
prisingly, the addition of a catalytic amount of a strong 
protic acid enhanced the rate of the rearrangement dras- 
tically (eq 3). The effect of the addition of 10 mol % of 

1 2 

various acids for the reaction of 1 in the presence of 10 mol 
% of Pd(PPhJ4 catalyst in benzene at 50 OC is summarized 
in Table I. Strong organic acids such as p-toluenesulfonic 
acid, methanesulfonic acid, and trifluoroacetic acid en- 
hance the reaction of 1 enormously. The conversion of 1 
is dependent on the pK, values of organic acids.'* In the 
presence of Lewis acids such as A1ClS and BFS-OEt2 and 
weak acids such as acetic acid, the reaction does not take 
place. Trichloroacetic acid, hydrochloric acid, and alkyl 
halides such as methyl iodide are not effective probably 
because these compounds react with Pd(PPhs)4 to give the 
corresponding Pd(I1) c~mplexes.~@ The addition of excess 
of an acid catalysts in comparison with the palladium(0) 
catalyst decreases the yield of 2. The rearrangement of 
1 in the presence of an equivalent of trifluoroacetic acid 
gives 2 in only 20% yield. Pd(I1) complexes are not ef- 

(17) The preliminary results were communicated. Murahashi, S.-I.; 
Makabe, Y. Tetrahedron Lett. 1986,26, 5563. 

(18) Serjeant, E. P.; Dempsey, B. Ionization Comtants of Organic 
Acids in Aqueous Solution; Pergamon: 1979. 

(19) (a) Maitlis, P. M.; Espinet, P.; Russell, M. J. H. Compr. Orga. 
nomet, Chem. 1982, 6, 243. (b) Kudo, K.; Hidai, M.; Murayama, T.; 
Uchida, Y. Chem. Commun. 1970,1701. (c) Trost, B. M.; Rise, F. J. Am. 
Chem. SOC. 1987, 109, 3161. 
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Table 111. The Solvent Effect on the Palladium-Catalyzed 
Reaction of 1" 

solvent convn.6 % solvent convwb % 

C6H6 100 CH3CN <5 
CH3CBHfi 100 CH2C12 0 
THF 24 

"A solution of 1 (0.5 mmol), Pd(PPh3)4 (10 mol %), and CF3C- 
02H (10 mol %) in a solvent (3 mL) was stirred at  50 "C for 20 h 
under Ar. *Conversion was determined by 'H NMR analysis. 

Table IV. Palladium(0)-Catalyzed 3-Aza-Cope 
Rearrangement of N-Allylenamines" 

substrate temo. OC oroduct vield.b % 

50 

50 

100 

100 

60 

60 

60 

100 

P h N 2 M e  Ph 

2 

%Me 

OHC Ph 

3 

PhN, 2:: 
6 

P h N a  

T 

OHC % 
8 

10 

o% 

11 

3' 13 

82 

7 8' 

99d 

98 

85C 

72 

770 

6gC 

"The reactions are similar to the general procedure described in 
the experimental section. *Isolated yields by Kugelrohr distilla- 
tion. e Hydrolysis with a 0.6 N HC1 solution. Isolated yields by 
column chromatography on A1209. 

fective even in the presence of trifluoroacetic acid. 
Next, the effect of palladium -catalysts on the rear- 

rangement of 1 in the presence of trifluoroacetic acid was 
examined precisely. The representative results are sum- 
marized in Table 11. Pd(0)-phosphine catalysts show 
excellent catalytic activity (entries 1-3). Pd(I1) complexes 
(entries 8, 9) and other complexes such as Ru(II), Rh(I), 
and Mo(0) complexes show no catalytic activity even in 
the presence of appropriate acids. Pd(OCOCF&-PPhS 
shows catalytic activity because of liberation of a small 
amount of trifluoroacetic acid (entry 4). It is noteworthy 
that diphosphine ligands are not effective (entry 5 ) .  

The solvent effect was also examined on the same re- 
action of 1. As shown in Table 111, nonpolar solvenb such 
as benzene and toluene gave excellent conversion. THF 
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gave a poor result, and acetonitrile and dichloromethane 
gave no rearranged product. 

The representative results of the palladium(0)-catalyzed 
3-aza-Cope rearrangement of various N-allylenamines are 
shown in Table IV. 6,cUnsaturated imines were obtained 
in 72-99% isolated yields. Enamines that have weak nu- 
cleophilicity require higher reaction temperature. The 
reaction of isobutyraldehyde enamine requires higher re- 
action temperatures in comparison with 2-phenylpropanal 
enamine. The treatment of 6,eunsaturated imines with 
an aqueous acidic solution gives y,b-unsaturated carbonyl 
compounds readily in 62-85 % isolated yields. 

Direct Synthesis of G,c-Unsaturated Imines. Since 
acid-catalyzed condensation of secondary allylamines with 
carbonyl compounds gives N-allylenamines, direct syn- 
thesis of 6,t-unsaturated imines was attempted by the 
palladium-catalyzed reaction of allylamines with carbonyl 
compounds. Indeed, b,t-unsaturated imines were obtained 
efficiently with removal of water by azeotropic distillation 
(eq 4). Without removal of water, y,b-unsaturated car- 

- H C  p Pd(O) 3 ( 4 )  

RNH P+, RN* H+ / RN \ 

bony1 compounds were obtained in good to excellent yields. 
The representative results of the synthesis of b,t-unsatu- 
rated imines and y,b-unsaturated carbonyl compounds are 
summarized in Table V. The present reaction can also 
be applied to ketones in contrast to the titanium-promoted 
reaction of secondary allylamines, which gives poor yields 
of y,b-unsaturated aldehydes and does not work a t  all to 
form ketones.I6 The present reaction can be applied to 
primary allylamines. Thus, the palladium(0) /CF3C02H- 
catalyzed reaction of 3-phenylallylamine (25) with 2- 
phenylpropanal (15) at  80 "C gave 2-methyl-2,5-diphe- 
nyl-4-pentenal (26) in 65% yield (eq 5). The intermediate 

H 2 N w  Me 1 Pd(O1, H*, phn~e 
OHC Ph 

Ph + ph,&,o 2 H ~ O +  
2 5  

26 15 
(5) 

aldimine was hydrolyzed under the reaction conditions. 
It is noteworthy that both diallylamines and triallylamines 
can be utilized as the source of the allyl moiety. Thus, the 
reaction of aldehyde 15,with 0.5 equiv of diallylamine (19) 
gave 3 in 84% yield (eq 6), while the similar reaction with 
0.33 equiv of triallylamine (27) gave 3 in 76% yield (eq 7). 

Ma 

PhACHO 

16 ( 1  0) 

Me 

PhACHO 

1- %Me 

OHC Ph 

3 

15 ( 1  0 )  

Mechanism. The palladium-catalyzed 3-aza-Cope re- 
arrangement of N-allylenamines can be rationalized by 
assuming two pathways. The first is the palladium(I1)- 
promoted reaction as shown in Scheme I. Coordination 
of the Pd(I1) species to the carbon-carbon double bond 
of enamines and subsequent nucleophilic reaction of the 
y-carbon of allylamines gives a six-membered palladated 
intermediate 28, which undergoes elimination of Pd(I1) 
species to give [3, 31 rearranged imines. An alternative 
Pd(I1)-promoted mechanism that involes the coordination 
of Pd(I1) species to the carbon-carbon double bond of the 
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Scheme I 

\n/ 

Scheme I11 

Pd(0) H *  Me2ph Me - MeDMe 
'. / Ph 

M a N d r h e  * MeN\ 

28 1 ?  

\ Me 

M e N A p h  y:: _ _ _ _ _ _ _ _  C3, 31 M e N \  2:; - 2.. 
OHC Ph 

32  3 4  

allylamine followed by nucleophilic attack of the enamine 
seems unlikely, because the carbon-carbon double bond 
of enamines has a stronger coordinating ability to Pd(I1) 
species, although the @-carbon of enamines is more nu- 
cleophilic than the y-carbon of allylamines. It is note- 
worthy that the Pd(I1)-promoted rearrangement of allyl 
vinyl ethers does not proceed because Pd(I1) species co- 
ordinate to the vinylic carbon-carbon double bond rather 
than the allylic carbon-carbon double 

The second mechanism is the Pd(0)-promoted pathway 
shown in Scheme 11. Oxidative addition of a Pd(0) species 
to the carbon-nitrogen bond of allylenammonium ion gives 
the r-allylpalladium complex and enamines. Nucleophilic 
reaction of enamines gives rearranged imines. The role 
of the acid catalyst is the formation of the reactive sub- 
strate N-allylenammonium ions. Oxidative addition of 
Pd(0) species to quarternary salts of allylamines proceeds 
faster than that to allylamines.20 

This Pd(0)-catalyzed mechanism is supported by the 
regioselectivity of the reactions of methyl-substituted 
N-allylenamines as shown in Table VI. The palladium- 
catalyzed reactions of N-(1-methylally1)enamine 29 and 
N- (2-methylally1)enamine 30 followed by hydrolysis gave 
[3, 31 rearranged 17 and 31, respectively. However, the 

(20) Hirao, T.; Yamada, N.; Ohshiro, Y.; Agawa, T. J. Organomet. 
Chem. 1982,236, 409. 
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Table V. Reaction of Secondary Allylamines with Carbonyl 
Compounds" 

carbonyl 
allylamine compound product yield,* 70 

H 
PhN- 

\ 

14 

H 
PhN Me 

16 
w 

H 
MeN Me 

18 
- 

HNh/\\'* 
19 

14 

14 

14 

14 

Me 

PhACHO 

15 

15 

15 

15 

O C H O  2 1  

21 
E t  

EtACHO 

2 2  

6 24  

2 86 

84' 

17 

17 63' 

81 
- N \  9:; 

20 

7 99 

8 77' 

QEt 

OHC Et  

64' 

2 3  

11 6Ic 

'The reactions are similar to the general procedure described in 
the Experimental Section. *Isolated yields by column chromatog- 
raphy on A1203. Hydrolysis with a 2 N HC1 solution. 

Table VI. Rearrangement of Methyl-Substituted 
N -  Allylenamines" 

substrate vroduct vield,* % 

2 9  17 

Me Me 78 
I I 

3 0  31 

3 2  I 7  

58 

P h N 4 p h  pc "'3:: 
33 17 

The reactions are similar to the general procedure described in 
the Experimental Section. The products were hydrolyzed with a 
0.5 N HCl solution. *Isolated yields by Kugelrohr distillation. 
Isolated yield by column chromatography on A1203. 

similar reaction of N-2-butenylenamine 32 afforded the 
[l, 31 rearranged product of 4-hexenal 17. That is, N-(1- 
methylally1)enamine 29 was converted into the [3, 31 re- 
arranged product, while N-2-butenylenamine 32 was con- 
verted into [l, 31 rearranged product (Scheme 111). These 
results exclude the mechanism that involves a Pd(I1)- 
promoted [3, 31 rearrangement. 

Scheme IV 

In 1973 we reported that the palladium(0)-catalyzed 
reaction of 1,4-dialkoxy-2-butene with cycloalkanone en- 
amines gives bicyclic ketones highly efficiently (eq 8).21 

'N' 
I 

0 u 

The key step of the reaction is the insertion of Pd(0) 
species into the C-OR bond of allyl ethers to give r-al- 
lylpalladium complexes, which undergo electrophilic re- 
action with enamines. Enamines are excellent nucleophiles 
toward r-allylpalladium complexes to form carbon-carbon 
bonds. The present reaction seems to involve a similar 
pathway, which involes nucleophilic reactions of enamines. 

The reaction mechanism for the direct formation of 
8,t-unsaturated imines can be rationalized by assuming 
Scheme IV. Acid-catalyzed condensation of allylamines 
with carbonyl compounds gives enammonium ion 35. 
Oxidative addition of 35 into a Pd(0) species gives the 
r-allylpalladium complex and enamine. Nucleophilic ad- 
dition of the enamine followed by removal of the Pd(0) 
species and a proton gives the product imine to complete 
the catalytic cycle. 

Synthetic Application. The G,t-unsaturated imines, 
which are readily derived from the present 3-aza-Cope 
rearrangement, are important synthetic key intermediates. 
For example, simple reduction of imines with NaJ3H4 gives 
the corresponding d,t-unsaturated amines. 4-Pentenyl- 
amine 37 can be prepared by the reaction of N-allyl- 
benzylamine (36) and 2-phenylpropanal (E), followed by 
reduction with NaBH, in 66% yield (eq 9). The y,8-un- 

1 .  P d ( 0 ) .  H +  
H A,,, Z . N a B H +  Ph 

Ph 

Ph 36 
16 37 

(9) 

saturated aldehydes are also valuable intermediates. 2,4- 
Dimethyl-2-phenyl-4-pentenal (31), which is the flavor 
fragrance of rose geranium,22 can be readily prepared by 
the palladium-catalyzed reaction of 2-phenylpropanal (15) 
with tris(2-methylally1)amine (38) in 93% yield (eq 10). 
Further, 2,4-dimethyl-4-phenyltetrahydrofuran (40), which 
is a flavor of is prepared simply. Thus, the re- 

(21) Onoue, H.; Moritani, I.; Murahashi, s.-I. Tetrahedron Lett. 1973, 

(22) Terraes, R. F. U S .  Pat. 3996290, 1976; Chem. Abstr.  1977,86, 
121. 

P89394c. 
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Me 
I 

31 38 15 

duction of pentenal3,  which was prepared from 14 and 15 
i n  82% yield, gave alcohol 39 in 90% yield. Oxy- 
mercuration of 39 with H ~ ( O A C ) ~  and subsequent NaBH, 
reduction gave 40 in 88% yield. 

Me 

OHC %Me Ph HO %Me Ph 2 ph-)-& Me 

3 30 40 

( I  ) LiAIH4, ( I  I ) Hg(OAcI2, NaB H, 

Since asymmetric induction at the  quarternary carbon 
is of interest," possibility of the application of the present 
rear rangement  was examined. Only one example of 
asymmetric 3-ma-Cope rearrangement has been reported 
concerning the ti tanium-promoted reaction of (+)-PI-( 1- 
methylallyl)-N-phenyl-2-phenyl-l-propenylamine, which 
gave (+)-2-methyl-2-phenyl-4-hexenal in 15% ee.I6 The 
reaction of optically active N-allyl-(8)-1-phenylethylamine 
(41) with 2-phenylpropanal (15) in t h e  presence of Pd- 
(PPh3)4 (5 mol %) and CF3COzH (2.5 mol %) in benzene 
at 80 O C  followed by hydrolysis gave 3 in 84% yield. The 

Me H Me 1 Pd(O1. H *  02:: 
P h l l l a k N -  H 

41 

+ PhACHO H3°+ - 
3 15 3 15 41 

optical yield of 3 ([aI2lD +9.78' (c 3.82, CHC1,)) was de- 
termined to be 12% ee by t h e  NMR analysis of MTPA 
ester (1-methoxy-1-(trifluoromethy1)phenylacetate) of al- 
cohol 39,% which was derived from the reduction of 3 with 
LiAlH4. Satisfactory asymmetric induction to quarternary 
carbon could no t  be obtained at even lower tempera ture  
(50 "C, [aIzzD +9.29O (c 3.3, CHC13)) at t h e  present stage. 

Conclusion 
3-Aza-Cope rearrangement of N-allylenamines proceeds 

efficiently in the presence of both palladium(0) catalyst 
and acid catalyst. y,&Unsaturated imines can be prepared 
simply from the reaction of allylamines with carbonyl 
compounds. 

Experimental Section 
General Procedures. NMR spectra were recorded on a 60- 

MHz Model PMX-6041 (JEOL) and a 100-MHz JNM-FX-100 
(JEOL) spectrometer. IR spectra were recorded on a Hitachi 215 
spectrometer. GLC analyses was carried out on Shimadzu GC-8A 
flame ionization gas chromatograph by using a 1-m X 3-mm 
analytical column packed with 10% SE 30 on 80-120 mesh 
Uniport HP. Mass spectra were obtained on a Shimadzu 
GCMS-QP1000 by using analytical columns packed with silicon 
OV-17 on Chromosorb W or with SE 30 on Uniport HP. N- 
Allylaniline, diallylamine, and triallylamine were distilled over 
calcium hydride prior to use. N-Methyl-2-methylallylamine,26 
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N-methyl-l-methylallylamine,26 N-methyl-2-b~tenylamine,~~ 
N-(2-b~tenyl)ani l ine,~~ N-allylbenzylamine,26 tris(2-methyl- 
allyl)amine,26 N-allyl-(S)-l-phenylethylamine,26 and 3-phenyl- 
allylamine27 were prepared by the literature procedures. Dry 
benzene was distilled over benzophenone ketyl under argon. 
Pd(PPh3)4,28 Pdz(dba)3-CHC13,29 Pd(OAc)2,30 and Pd(CF3C0z)230 
were prepared by the literature procedures. Trifluoroacetic acid 
was distilled over KMn04. 
Preparation of N-Allylenamines. Into a 50-mL round- 

bottomed flask attached to a water separator filled with hexane 
were placed secondary allylamines (20-40 mmol), carbonyl com- 
pounds (20-40 mmol), benzene or xylene (30-40 mL), and p -  
toluenesulfonic acid monohydrate (10 mg). After the solution 
was heated at reflux for 20-40 h, the reaction mixture was distilled 
under reduced pressure to remove the solvent and unreacted 
starting materials. Distillation of the residue afforded N-al- 
lylenamines (36-88 % ). 

N-Allyl-N-phenyl-2-phenyl-1-propenylamine (1): 88% 
yield; bp 104-120 "C (0.3 mmHg); 'H NMR (CDC13) 6 1.95 (d, 
J = 1.5 Hz, 2.5 H), 2.09 (d, J = 1.5 Hz, 0.5 H), 4.11 (dt, J = 4.5, 
1.5 Hz, 2 H), 4.96-5.43 (m, 2 H), 5.96 (ddt, J = 18, 10, 4.5 Hz, 
1 H), 6.33 (d, J = 1.5 Hz, 1 H), 6.57-7.63 (m, 10 H). 
N-Allyl-N-(2-methyl-l-propenyl)aniline (4): 85% yield; 

bp 109-115 "C (9 mmHg); mass spectrum (70 eV), m / e  187 (M'); 
'H NMR (CDCl,) 6 1.58 (9, 3 H), 2.15 (s, 3 H), 3.95 (dt, J = 5, 
2 Hz, 2 H),4.90-5.43 (m, 2 H), 5.53-6.26 (m, 2 H), 5.72 (m, 1 H), 
6.30-7.37 (m, 5 H). 
N-Allyl-N-phenyl-3-cyclohexenylidenemethylamine (6): 

51% yield; bp 108-109 "C (0.23 mmHg); 'H NMR (CDC13) 6 
1.84-2.97 (m, 6 H), 3.904.14 (m, 2 H), 4.88-5.44 (m, 2 H), 5.44-6.30 
(m, 4 H), 6.30-7.40 (m, 5 H). 
N-Allyl-N-phenyl-1-cyclohexenylamine (9): 36% yield; 

bp 101-106 "C (0.5 mmHg); 'H NMR (CDC13) 6 1.14-2.64 (m, 8 
H), 3.73 (dt, J = 5,  1.5 Hz, 0.4 H), 4.00 (dt, J = 5, 1.5 Hz, 1.6 H), 
4.91-5.37 (m, 2 H), 5.37-6.24 fm, 1 H), 6.4-7.4 (m, 5 H). 
N-Allyl-N-phenyl-2-methyl-1-cyclohexenylamine (12): 

42% yield; bp 80 "C (0.06 mmHg); 'H NMR (CDC13) 6 1.4-2.5 
(m, 8 H), 1.55 (s, 3 H), 3.88 (ddd, J = 4.9, 1.4, 1.4 Hz, 2 H), 5.04 
(ddt, J = 9.5, 2, 1.4 Hz, 1 H), 5.12 (ddt, J = 17, 2, 1.4 Hz, 1 H), 
5.89 (ddt, J = 17, 9.5, 4.9 Hz, 1 H), 6.41-7.13 (m, 5 H). 
N-Methyl-N-( l-methylallyl)-2-phenyl- 1-propenylamine 

(29): 70% yield; bp 115 "C (6 mmHg); 'H NMR (CC14) 6 1.19 
(d, J = 6.5 Hz, 3 H), 1.92 (d, J = 1 Hz, 0.6 H), 2.03 (d, J = 1 Hz, 
2.4 H), 2.21 (s, 0.2 H), 2.52 (9, 0.8 H), 3.40 (dq, J = 6.8, 6.5 Hz, 
1 H), 4.76-5.30 (m, 2 H), 5.50-6.16 (m, 1 H), 7.10 (br s, 5 H). 
N-Methyl-N-(2-methylallyl)-2-phenyl-l-propenylamine 

(30): 60% yield; bp 95-99 "C (1 mmHg); 'H NMR (CDC13) 6 1.75 
(br s, 3 H), 1.97 (d, J = 1 Hz, 0.6 H), 2.08 (d, J = 1 Hz, 2.4 H), 
2.66 (s, 3 H), 3.37 (br s, 2 H), 4.71-5.01 (m, 2 H), 5.86 (9, J = 1 
Hz, 0.2 H), 6.15 (q, J = 1 Hz, 0.8 H), 7.21 (br s, 5 H). 
N-2-Butenyl-N-methyl-2-phenyl-l-propenylamine (32): 

(32): 88% yield; bp 106-110 "C (3 mmHg); 'H NMR (CC14) 6 
1.55-1.83 (m, 3 H), 1.89 (d, J = 1 Hz, 0.6 H), 2.01 (d, J = 1 Hz, 
2.4 H), 2.27 (s, 0.6 H), 2.56 (s,2.4 H), 3.08-3.47 (m, 2 H), 5.10-5.67 
(m, 2 H), 5.73 (q, J = 1 Hz, 0.2 H), 5.97 (4, J = 1 Hz, 0.8 H), 
6.87-7.5 (m, 5 H). 
N-2-Butenyl-N-phenyl-2-phenyl-l-propenylamine (33): 

59% yield; 'H NMR (CClJ 6 1.69 (m, 3 H), 1.91 (d, J = 1 Hz, 
2.4 H), 2.05 (d, J = 1 Hz, 0.6 H), 4.00 (m, 2 H), 5.15-5.67 (m, 2 
H), 5.98 (9, J = 1 Hz, 0.2 H), 6.20 (4, J = 1 Hz, 0.8 H), 6.40-7.60 
(m, 10 H). 
The Pd(0)/CF3C02H-Catalyzed Rearrangement of N -  

Allylenamines: General Procedure. A 25-mL flask with side 
inlet was flushed with argon. In the flask were placed N-allyle- 
namines (1.00 mmol), Pd(PPh3)4 (58 mg, 0.05 mmol), dry benzene 
(3 mL), and CF3COzH (1.9 wL, 0.025 "01). The reaction mixture 
was stirred at 50-100 "C for 20 h. After the solvent was removed 
under reduced pressure, the residue was subjected to short column 

(23) Van der Weerdt, A. J. A,; Plomp, R.; Apeldoon, W. Eur. Pat. 

(24) Martin, S. F. Tetrahedron 1980, 36, 419. 
(25) Dale, J. A.; Dull, D. L.; Mosher, H. S. J. Org. Chem. 1969, 34, 

(26) Willson, F. G.; Wheeler, T. S. Organic Synthesis; Wiley: New 

49543, 1982; Chem. Abstr. 1982, 97, P60836q. 

2543. 

York, 1941; Collect. Vol. I, p 102. 

(27) Murahashi, %-I.; Tanigawa, Y.; Imada, Y.; Taniguchi, Y. Tetra- 

(28) Coulson, D. R. Inorg. Synth. 1972, 13, 121. 
(29) Ukai, T.; Kawazura, H.; Ishii, Y.; Bonnet, J. J.; Ibers, J. A. J. 

(30) Stephenson, T. A.; Morehouse, S. M.; Powell, A. R.; Heffer, J. P.; 

hedron Lett. 1986, 27, 221. 

Orgganomet. Chem. 1974, 65, 253. 

Wilkinson, G .  J. Chem. SOC. 1965, 3632. 
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chromatography on A1203  with ether-hexane as an eluent followed 
by Kugelrohr distillation to give 6,t-unsaturated imines. 

For the preparation of the corresponding y,6-unsaturated 
carbonyl compounds, a solution of 6,t-unsaturated imines (1.0 
mmol) in benzene (3 mL) was stirred with a 2 N hydrochloric acid 
solution (3 mL) a t  room temperature for 1 h. It was extracted 
with ether (5 mL x 3). The combined extracts were washed with 
a NaHC03 solution and brine and dried over MgS0,. After 
removal of the solvent under reduced pressure, Kugelrohr dis- 
tillation or column chromatography on Si02 gave y,b-unsaturated 
carbonyl compounds. 
N-(2-Methyl-%-pheny1-4-pentenylidene)aniline (2): bp 

150-152 "C (2 mmHg) (Kugelrohr); IR (neat) 1650 (C=N) cm-'; 
'H NMR (CDC13) 6 1.53 (s, 3 H), 2.79 (d, J = 7 Hz, 2 H), 4.75-5.23 
(m, 2 H), 5.69 (ddt, J = 17, 9, 7 Hz, 1 H), 6.85-7.50 (m, 5 H), 7.26 
(s, 5 H), 7.76 (s, 1 H). 

bp 136-140 "C (31 
mmHg) (Kugelrohr); IR (neat) 1730 (C=O) cm-I; 'H NMR 
(CDC13) 6 1.42 (s, 3 H),  2.65 (d, J = 7 Hz, 2 H), 4.79-5.22 (m, 2 
H), 5.60 (ddt, J = 17, 9, 7 Hz, 1 H), 7.23 (s, 5 H), 9.43 (9, 1 H). 
Anal. Calcd for C12H14O: C, 82.72; H, 8.10. Found: C, 82.38; 
H,  8.15. 
N-(2,2-Dimethyl-4-pentenylidene)aniline (5): bp 100-118 

"C (6 mmHg) (Kugelrohr); IR (neat) 1645 (C=N) cm-'; 'H NMR 
(CDC1,) 6 1.17 (s, 6 H), 2.27 (d, J = 7 Hz, 2 H), 4.76-5.33 (m, 2 
H), 5.89 (ddt, J = 17, 9, 7 Hz, 1 H), 6.46-7.53 (m, 5 H, Ar H), 7.63 
(s, 1 H, CH=N). Anal. Calcd for C13H17N: C, 83.37; H, 9.15; 
N, 7.48. Found: C, 82.83; H, 9.14; N, 7.31. 

N - [  (l-Allyl-3-cyclohexenyl)methylene]aniline (7): bp 
115-120 "C (2.0 mmHg) (Kugelrohr); IR (neat) 1650 (C=N) cm-'; 
'H NMR (CDCl,) 6 1.33-2.47 (m, 8 H), 4.78-5.25 (m, 2 H), 
5.41-6.32 (m, 3 H), 6.71-7.48 (m, 5 H), 7.57 (s, 1 H). Anal. Calcd 
for CI6HlgN: C, 85.28; H, 8.50; N, 6.22. Found: C, 85.21; H, 8.54; 
N, 6.09. 

1-Allyl-3-cyclohexene-1-carboxaldehyde (8): bp 110-112 
"C (48 mmHg) (Kugelrohr); IR (neat) 1730 (C=O) cm-'; 'H NMR 
(CDCl,) 6 1.40-2.64 (m, 8 H), 4.83-6.06 (m, 5 H), 9.46 (s, 1 H). 
Anal. Calcd for C10H14O: C, 79.96; H, 9.39. Found: C, 79.95; 
H, 9.26. 

bp 125 "C (1 
mmHg) (Kugelrohr); IR (neat) 1655 (C=N) cm-'; 'H NMR 
(CDCl,) 6 0.9-2.9 (m, 11 H), 4.76-5.52 (m, 2 H), 5.52-6.46 (m, 1 
H), 6.5-7.6 (m, 5 H). 

2-Allylcyclohexanone (11): bp 95 "C (6 mmHg) (Kugelrohr); 
IR (neat) 1710 (C=O) cm-'; 'H NMR (CC,) 6 0.9-2.9 (m, 11 H), 
4.72-5.28 (m, 2 H), 5.28-6.12 (m, 1 H). Anal. Calcd for CgH@ 
C, 78.21; H, 10.21. Found: C, 78.31; H, 10.13. 
2-Allyl-2-methylcyclohexanone (13): bp 129 "C (23 mmHg) 

(Kugelrohr); IR (neat) 1710 (C=O) cm-'; 'H NMR (CDCl,) 6 1.06 
(s, 3 H), 1.39-2.85 (m, 10 H), 4.77-5.23 (m, 2 H), 5.37-6.04 (m, 
1 H). Anal. Calcd for ClOHl6O: C, 78.90; H, 10.59. Found: C, 
78.63; H,  10.67. 
2-Methyl-2-phenyl-4-hexenal(l7): bp 104-108 "C (6 mmHg) 

(Kugelrohr); IR (neat) 1725 (C=O) cm-'; 'H NMR (CDCl,) 6 1.39 
(s, 3 H), 1.58 (dm, J = 5.5 Hz, 3 H), 2.58 (dm, J = 6 Hz, 2 H), 
5.11 (dtm, J = 15, 6 Hz, 1 H), 5.47 (dqm, J = 15, 5.5 Hz, 1 H), 
7.21 (9, 5 H), 9.41 (9, 1 H). Anal. Calcd for C13H16O: C, 82.93; 
H, 8.57. Found: C, 82.65; H, 8.54. 

bp 124 "C (30 
mmHg) (Kugelrohr); IR (neat) 1730 (C=O) cm-'; 'H NMR 

4.50-4.92 (m, 2 H), 7.26 (s, 5 H), 9.49 (s, 1 H). Anal. Calcd for 
C13H160: C, 82.93; H, 8.57. Found: C, 82.87; H, 8.66. 

Direct Synthesis of +Unsaturated Imines and  y,G-Un- 
sa tura ted  Carbonyl Compounds from Allylamines and  
Carbonyl Compounds. A solution of allylamines (4.80 mmol), 
carbonyl compounds (4.80 mmol), Pd(PPh,), (166 mg, 0.14 mmol), 
and CF3C02H (5.5 ILL, 0.07 mmol) in dry benzene (15 mL) was 
heated a t  80 "C for 20 h under argon. Water generated was 
removed by azeotropic distillation with benzene. After removal 
of the solvent, the reaction mixture was subjected to column 
chromatography on Al,O,. Rapid elution with hexane gave 6, t -  
unsaturated imines. 

The preparation of y,6-unsaturated carbonyl compounds was 
carried out as follows: A solution of 6,eunsaturated imines in ether 
was treated with a 2 N HC1 solution for 1 h with vigorous stirring. 

2-Methyl-2-phenyl-4-pentenal (3): 

N-(2-Allylcyclohexylidene)aniline (10): 

2,4-Dimethyl-2-phenyl-4-pentenal (31): 

(CDC13) 6 1.40 (dd, J = 2, 1 Hz, 3 H), 1.44 (s, 3 H), 2.66 (9, 2 H), 

Murahashi e t  al. 

The ether extract was washed with a NaHC0, solution and brine 
and dried over MgSO,. The evaporation of the solvent gave 
y,6-unsaturated carbonyl compounds. 
N-(2-Methyl-2-phenyl-4-pentenylidene)allylamine (20): 

*H NMR (CDCl,) 6 1.45 (s, 3 H), 2.80 (dm, J = 7 Hz, 2 H), 4.09 
(dt, J = 5.4, 1.2 Hz, 2 H), 4.78-6.45 (m, 6 H), 7.31 (s, 5 H), 7.69 
(t, J = 1.2 Hz, 1 H). 

2,2-Diethyl-l-pentenal(23): IR (neat) 1730 (C=O) cm-l; 'H 
NMR (CDCI,) 6 0.72 (tm, J = 6.4 Hz, 6 H), 1.47 (qm, J = 6.4 Hz, 
4 H), 2.18 (dm, J = 6.2 Hz, 2 H), 4.58-5.21 (m, 2 H), 5.60 (ddt, 
J = 18, 8.2, 6.2 Hz, 1 H), 9.33 (s, 1 H). 

2-Methyl-2,5-diphenyl-4-pentenal (26): IR (neat) 1725 
(C=O) cm-'; 'H NMR (CDCl,) 6 1.44 (s, 3 H), 2.77 (d, J = 6.8 
Hz, 2 H), 5.90 (dt, J = 16, 6.8 Hz, 1 H), 6.41 (d, J = 16 Hz, 1 H), 
7.21 (s, 5 H), 7.28 (s, 5 H), 9.51 (s, 1 H). 

Preparation of N-Benzyl-2-methyl-2-phenyl-4-pentenyl- 
amine (37). A solution of N-allylbenzylamine (36) (704 mg, 4.79 
mmol), 2-phenylpropanal (15) (642 mg, 4.79 mmol), Pd(PPh,), 
(166 mg, 0.144 mmol), and CF,CO2H (5.4 pL, 0.072 mmol) in dry 
benzene (15 mL) was heated at 80 "C for 20 h under argon. Water 
generated was removed by azeotropic distillation with benzene. 
After removal of the solvent, the reaction mixture was subjected 
to column chromatography on Al2O3. Rapid elution with hexane 
gave the 6,eunsaturated imine (1.09 g, 86%). A solution of the 
imine in dry MeOH (10 mL) was treated with NaBH, (157 mg, 
4.14 mmol) for 1 h in an ice bath. After the usual workup, column 
chromatography on SiOz (hexane-ethyl acetate) gave 37 as a 
colorless liquid: 845 mg (66%); R 0.50 (ethyl acetate-hexane, 
2:8); IR (neat) 3320 (N-H), 1640 (&C) cm-'; 'H NMR (CDCl,) 
6 1.03 (br s, 1 H), 1.34 (s, 3 H), 2.28 (dd, J = 14, 6.4 Hz, 1 H, CH, 
(allyl)), 2.56 (dd, J = 14, 6.8 Hz, 1 H), 2.63 (d, J = 15.2 Hz, 1 H), 
2.82 (d, J = 15.2 Hz, 1 H), 3.66 (s, 2 H), 4.73-5.18 (m, 2 H), 5.57 
(dddd, J = 15.7, 8.8, 6.8, 6.4 Hz, 1 H), 7.19 (9, 5 H), 7.24 (s, 5 H). 

Preparation of 2,4-Dimethyl-4-phenyltetrahydrofuran 
(40). Aldehyde 3 (429 mg, 2.47 mmol) in dry ether (2 mL) was 
added dropwise to the solution of LiA1H4 (27 mg, 0.70 mmol) in 
dry ether (3 mL) over 10 min under argon. The reaction mixture 
was quenched with water. The ether extract was washed with 
a 10% H2S04 solution (2 mL) and dried over MgS0,. Removal 
of the solvent under reduced pressure gave a pale yellow liquid 
of 2-methyl-2-phenyl-4-pentenol(39): 390 mg (90%); bp 110 "C 
(6 mmHg); IR (neat) 3350 (0-H) cm-l; 'H NMR (CDCl,) 6 1.29 
(s, 3 H), 1.56 (br s, 1 H), 2.19 (ddm, J = 13.2, 6.8 Hz, 1 H), 2.60 
(ddm, J = 13.2, 5.6 Hz, 1 H), 3.47 (d, J = 12.4 Hz, 1 H) 3.76 (d, 
J = 12.4 Hz, 1 H), 4.75-5.20 (m, 2 H), 5.55 (dddd, J = 16.8, 7.6, 
6.8, 5.6 Hz, 1 H), 7.23 (s, 5 H). 

To the solution of mercuric acetate (500 mg, 1.57 mmol) in water 
(1.5 mL) and THF (1.2 mL) was added a solution of alcohol 39 
(85 mg, 0.48 mmol) in dry THF (1.0 mL) with stirring. After the 
solution was stirred for 15 h, a solution of 0.5 M N&H4 in aqueous 
3.0 M NaOH solution (1.6 mL, 0.8 mmol) was added. The mixture 
was extracted with ether (5 mL x 3), and the combined extracts 
were dried over Na2S04. Column chromatography on Si02 (3 g, 
3.0 X 1.2 cm) with ethel-hexane as an eluent gave 40 as a colorless 
liquid: 75 mg (88%); Rt 0.58-0.74 (ethyl acetate-hexane, 3:7); 
'H NMR (CDCl,) 6 1.27 and 1.32 (d, J = 5.8 Hz, 3 H), 1.40 and 
1.42 (s, 3 H), 1.57-2.57 (m, 2 H), 3.74-4.47 (m, 1 H), 3.90 (br s, 
2 H), 7.17 and 7.20 (s, 5 H). 

Pd(0)-Catalyzed Asymmetric Reaction of N-Allyl-(S)-1- 
phenylethylamine (41) with 2-Phenylpropanal (15). A so- 
lution of N-allyl-(S)-l-phenylethylamine (41) (161 mg, 1.00 mmol), 
2-phenylpropanal (15) (134 mg, 1.00 mmol), Pd(PPh,), (58 mg, 
0.05 mmol), and CF3C02H (1.9 wL, 0.025 mmol) in dry benzene 
(3 mL) was heated at 80 "C for 20 h under argon. Water generated 
was removed by azeotropic distillation with benzene. The reaction 
mixture was treated with a 2 N HCl solution for 1 h. After 
extraction with ether and washing with a 10% NaHCO, solution 
and brine, a short column chromatography on Florisil with hexane 
afforded a colorless liquid of (+)-2-methyl-2-phenyl-4-pentenal 
(3): 146 mg (84%). Optical rotation of 3 was determined after 
Kugelrohr distillation (83 "C, 2 mmHg): [ L Y ] , ~ ' D  +9.78" (c, 3.82, 
CHCl,). The optical yield of 3 was determined as follows. A 
solution of the aldehyde 3 (102 mg, 0.59 mmol) in ether was 
reduced upon treatment with a solution of LiAlH, (7.4 mg, 0.20 
mg) in ether. After the usual workup, thin-layer chromatography 
on SiO, (AcOEt-hexane, 2:8) gave a colorless liquid of (+)-2- 
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methyl-2-phenyl-4-pentenol (39): 40 mg (39% ): [a]'$, +2.99' 
( e  1.64, MeOH). A mixture of 41 (20 mg, 0.11 mmol), (-)- 
MTPA-C1 (1-methoxy-1-(trifluoromethy1)phenylacetyl chloride) 
(37 mg, 0.15 mmol), CCll (50 KL), and pyridine (20 ML) was stirred 
at room temperature overnight under argon. The reaction mixture 
was quenched with water and extracted with ether. Thin-layer 

chromatography on SiOz (CHC13) gave 2-methyl-2-phenyl-4- 
pentenyl 1-methoxy-1-(trifluoromethy1)phenylacetate (42): 44 
mg (94%); 'H NMR (100 MHz, CDC13) 6 1.32 (s, 1.68 H), 1.36 
(s, 1.32 H), 2.16-2.18 (m, 2 H), 3.20-3.40 (m, 3 H), 4.29 and 4.30 
(d, J = 12 Hz, 1 H), 4.46 and 4.48 (d, J = 12 Hz, 1 H), 4.70-5.06 
(m, 2 H), 5.22-5.72 (m, 1 H), 7.26 (s, 5 H), 7.29 (s, 5 H). 

Acyclic Control of Stereochemistry via a Reiterative ( E  or 
2)-1-Propenyllithium-Derived Cuprate Opening of a Chiral 

Epoxide/Reepoxidation Sequence 

Bruce H. Lipshutz*l and John C. Barton 
Department of Chemistry, University of California, Santa Barbara, California 93106 

Received November 11, 1987 

The 1,3-relationship between syn hydroxyl and syn or anti methyl groups can be established in a homochiral 
fashion by using a regioselective (2)- or (E)-propenyllithium-based cuprate opening of a chiral epoxide, followed 
by stereoselective reepoxidation. The two-step sequence is reiterative. 

As part of our program in polyene macrolide synthesis 
with emphasis on the 36-membered pentaene roflamycoin,2 
we developed a two-pot reiterative protocol3 for arriving 
at  the key poly01 sections in homochiral form.4 The 

OH OH OH OH OH OH OH 

Roflamycoln 

OH OH 

R 

Mycollcln A (R H) 
Mycotlcln B (R = CHI) 

method relies on a higher order (HO) vinyl cuprate opening 
of a chiral epoxide to afford a homoallylic alcohol, followed 
by stereoselective reepoxidation (Scheme I).3 Although 
this approach permits construction of polyacetate-derived 
systems, many macrolides of this type contain one or more 
propionate portions, the Mycoticins being two such rep- 
resentative  example^.^ Since even the relative stereo- 
chemistry of all but two of the polyene macrolides is as 
yet unknown: a synthetic strategy aimed at establishing 
vicinal hydroxy-methyl arrays must be sufficiently flexible 
to respond to either a syn or anti disposition between the 
two groups. We now report that the conceptually 
straightforward use of an (E)- or (2)-propenyllithium-based 
HO cuprate, in place of the simple vinyllithium-derived 
reagent used previously (Scheme 1): allows rapid con- 
struction of these desired stereochemical relationships. 

(1) A. P. Sloan Foundation Fellow, 1984-1988; Camile and Henry 
Dreyfus Teacher-Scholar, 1984-1989. 

(2) Afzal, M.; Nimer, N. D.; Nazar, M. Zeit. Allg. Mikrobiol. 1983,23, 
411. Schlegel, R.; Thrum, H.; Zielinski, J.; Borowski, E. J. Antibiot. 1981, 
34,122. Grigorjev, P.; Schlegel, R.; Thrum, H.; Ermishkin, L. Biochem. 
Biophys. Acta 1985,821, 297. 

(3) Lipshutz, B. H.; Kozlowski, J. A. J. Org. Chem. 1984, 49, 1147. 
(4) Lipshutz, B. H.; Kotauki, H.; Lew, W. Tetrahedron Lett. 1986,27, 

4825. 
(5) Wasserman, H. H.; Van Verth, J. E.; McCaustland, D. J.; Borowitz, 

I. J.; Kamber, B. J. Am. Chem. SOC. 1967,89, 1536. 
(6) Antibiotics, Chemotherapeutics, and Antibacterial Agents for 

Disease Control; Grayson, M., Ed.; Wiley: New York, 1982; p 275-301. 
See also, Pawlak, J.; Nakanishi, K.; Iwashita, T.; Borowski, E. J. Org. 
Chem. 1987, 52, 2896. However, for some recent developments that 
suggest that the all-syn nature of the poly01 portion of Amphotericin B 
may be the exception rather than the rule, see: Pawlak, J.; Nakanishi, 
K.; Iwashita, T.; Borowski, E. J. Org. Chem. 1987,52, 2896. Schrieber, 
S. L.; Goulet, M. T.; Schulte, G. J. Am. Chem. SOC. 1987, 109, 4718. 
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Results and Discussion 
Treatment of readily a~a i l ab le ,~  optically pure (5')-ep- 

oxide 1 with the HO cuprate derived from (2)- or (E)- 
propenyllithium8 regiospecifically affords homoallylic al- 
cohols z9 and 3,9 respectively (Scheme 11). Epoxidation 
of 2 to 4 (R = H), and 3 to 5 (R = H), using the modified 
Cardillo routelo developed earlier3 (procedure A in Scheme 
11), proceeds in a one-pot, four-step sequence to give the 
required syn disposition of the two newly generated chiral 
centers. More efficient oxirane formation could be 
achieved by using the Mihelich procedure,'l which is also 
easier to carry out and leads to identical products 4 (94%) 
and 5 (84%). Interestingly, both routes were essentially 
stereospecific, as judged by capillary GLC analyses12 of the 
crude reaction mixtures. 

With epoxides 4 and 5 in hand, it was anticipated that 
their electrophilic cuprate couplings would follow the 
traditional pathway13 of reaction a t  the least hindered, 
desired position (i.e., next to the methyl group) so as to 

(7) Takano, S.; Goto, E.; Hirama, M.; Ogasawara, K. Heterocycles 
1981, 16, 381. 

(8) Whitesides, G. M.; Casey, C. P.; Krieger, J. K. J. Am. Chem. SOC. 
1971, 93, 1379. 
(9) Mosher esters of both 2 and 3 were prepared and served to confirm 

the optical purity (>98%) of each; cf. Dale, J. A.; Dull, D. L.; Mosher, H. 
S. J. Org. Chem. 1969, 34, 2543. 

(10) Cardillo, G.; Bongini, A.; Orena, M.; Porzi, G.; Sandri, S. J. Org. 
Chem. 1982,47,4626. 

(11) Mihelich, E. D.; Daniels, K.; Eickhoff, D. J. Am. Chem. SOC. 1981, 
103,7690. Use of cumene hydroxperoxide, in place of tert-butyl hydro- 
peroxide gives identical results. 

(12) Analyses were performed on a 60-m J&W DB-S capillary column 
between 200 and 300 "C. 

(13) Posner, G. H. Org. React. (N.Y.) 1975, 22, 253. 
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