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in three steps the same phenethylamide 14b generated 
previously in four steps by Scheme 11. Other examples of 
this double-joining reaction should be equally feasible. 

The work described herein thus offers a conceptually 
new route to benzylisoquinoline alkaloids. The generality 
of the reaction of 2-lithiooxazoles and oxazolines with 
aromatic aldehydes as carbon electrophiles has been sub- 
stantiated, and the hydrogenolytic dismantling of these 
heterocyclic rings has been demonstrated to be a process 
of routine app1i~ability.l~ 
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Remarkable Solvent Control of Functional Group 
Selectivity in Complex Metal Hydride Reductions 

Summary: Lithium aluminum hydride in ethyl ether re- 
duces alkyl tosylates to the corresponding alkanes rapidly 
and selectively in the presence of alkyl iodides and brom- 
ides without concurrent attack on halogen, whereas in 
diglyme the reactivity order is reversed, alkyl iodides and 
bromides being reduced selectively without significant 
attack on alkyl tosylates. 

Sir: Since the discovery of sodium borohydride' and 
lithium aluminum hydride2 (LiAlHJ, a number of modi- 
fied and highly selective reducing agents have evolved, 
largely by the introduction of various substituents in the 
parent complex Unfortunately, very little attention4 
has been devoted to the study of using solvents to control 
the reactivity as well as the functional group selectivity 
of complex metal hydrides. The lack of such data is mainly 
attributed to the high reactivity associated with the com- 
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Table I. Reaction of Lithium Aluminum Hydride with 
n-Octyl Derivatives in Representative Ethereal 

Solvents at 25 ' CY 

% reductionb 
sol- 0.25 0.5 1.0 6.0 24.0 

compd vent  h h h h h 
n-octyl tosylate EE 88 96 98 

THF 79 85 96 
MG 60 69 78 100 
DG 39 61 72 91 

n-octyl iodide EE 9 22 90 
THF 99 100 
MG 94 99 99 
DG 97 98 98 

THF 84 97 99 
MG 84 97 100 
DG 92 100 

8 16 53 77 n-octyl bromide EE 

n-octylchloride EE 0 0 0 4 20 
THF 0 0 4 37 73 
MG 0 4 9 35 70 
DG 0 7 1 5  58 87 

a Solutions were 0.25 M in both LiAlH, and compound. 
Monitored by GLC by measuring the  n-octane formed, 

with n-nonane as the internal standard.  

plex metal hydrides, which severely limits the choice of 
possible solvents for such  exploration^.^ As a part of an 
extensive study of the reactivity of various complex metal 
hydrides toward alkyl halides and t~sy la t e s ,~  it was of 
interest to explore the influence of solvents on the re- 
activity of hydride reagents. 

Lithium aluminum hydride was chosen as the test 
reagent. The rates of reduction of n-octyl derivatives 
(tosylate, iodide, bromide, and chloride) with lithium 
aluminum hydride in representative ethereal solvents of 
different solvating power (ethyl ether, THF, monoglyme, 
and diglyme) were examined. Reactions were run with 
clear solutions of the reagent in the respective solvents 
under identical reaction conditions (0.25 M each in LiA1H4 
and RX, 25 "C). The results are summarized in Table I. 

Lithium aluminum hydride in ethyl ether (EE) reduced 
n-octyl iodide sluggishly, requiring 24 h for 90% reduction. 
Changing the solvent to tetrahydrofuran (THF) dramat- 
ically enhanced the rate, the reduction being essentially 
complete in 0.25 h! In monoglyme (MG) and diglyme (DG) 
the rates of reduction of n-octyl iodide were still faster. 
A similar order of solvent influence (DG > MG > THF 
>> EE) on the reactivity of LiAlH4 toward alkyl bromides 
and chlorides was realized. 

In contrast, the solvent influence on the rates of re- 
duction of alkyl tosylates follows the order EE > THF > 
MG > DG, which is exactly the reverse of the order ob- 
served for alkyl halide reductions. Thus, in ethyl ether 
n-octyl tosylate was rapidly (0.5 h) and quantitatively 
reduced to n-octane. In diglyme, the corresponding re- 
action was sluggish, requiring 12 h for completion. 

In ethereal solvents, lithium aluminum hydride can be 
represented as an "ion p a i P  (eq 1). In solvents such as 

(5) Krishnamurthy, S.; Brown, H. C. J .  Org. Chem. 1980,45,849-856. 
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969-972. (b) Brown, H. C.; Khuri, A,; Krishnamurthy, S. J .  Am. Chem. 
SOC. 1977,99,6237-6242. (c) Ashby, E. C.; Dobbs, F. R.; Hopkins, H. P., 
Jr. J .  Am. Chem. SOC. 1975, 97, 3158-3162. 
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Table 11. Relative Reactivities of n-Octyl Tosylate and 
Alkyl Halides toward Lithium Aluminum Hydride a t  0 ' CF 

~~ ~ ~~~~ 

% yield 

compds used productsb EEC DGd 

n-octyl tosylate and n-octane 100 1 
n-heptyl iodide n-octyl tosylatee 0 9 9  

n-hep tane 2 100 
n-heptyl iodide 98  0 

n-octyl tosylate and n-octane 99  13f 
n-heptyl bromide n-octyl tosylatee 1 87f 

n-heptane <1 85f 
n-heptyl bromide > 9 9  15f 

' Solutions of LiAlH, in ethereal solvents were added to 
equimolar mixtures of tosylate and halide and stirred for  1 
h. Determined by GLC. LiAlHJRX = 1.5. 

LiAlHJRX = 1.0. e Not  determined directly; estimated 
by  difference. Lowering the temperature to -23 C in- 
creased the  selectivity of ROTs/RX to 8/92.  

ethyl ether, the lithium ion of LiA1H4 is poorly solvated. 
However, in solvents such as tetrahydrofuran, monoglyme, 
and diglyme, lithium ion is strongly solvated, forming 
solvent-separated ions, thereby dramatically enhancing the 
nucleophilicity of tetrahydroaluminate, resulting in rapid 
reduction of alkyl halides. The high reactivity of LiA1H4 
toward alkyl tosylates in weakly solvating media such as 
ethyl ether can be attributed to the complexation of the 
lithium ion with the tosylate group, which increases the 
leaving-group ability7 of that group (eq 2). 

S03LI 
I 

C H 3  

The relative reactivity of alkyl tosylates vs. alkyl iodides 
and bromides toward LiA1H4 was determined by compe- 
tition experiments in EE and DG. Results summarized 
in Table I1 clearly indicate that in ethyl ether alkyl tosy- 
lates can be rapidly and selectively (>99%) reduced in the 
presence of alkyl iodides and bromides (12% attack). In 
diglyme it is possible to selectively reduce alkyl iodides and 
bromides without significant attack on alkyl tosylates. 

It was desirable to test the applicability of these ob- 
servations in organic synthetic transformations. Reduction 
of 11-bromoundecyl tosylate, a difunctional molecule, wae 
examined in EE and DG. In EE, the tosylate group was 
selectively reduced, yielding n-undecyl bromide in 83% 
isolated yield (95% by GLC). In DG, the reagent selec- 
tively reduced the bromo substituent, yielding n-undecyl 
tosylate in 78% yield (eq 3). 

In conclusion, this work provides the first clear docu- 
mentation that the solvent can be used as an effective tool 
to modify chemoselectivity and reactivity of the complex 
metal hydride. Further, by judiciously changing the sol- 
vents, it should be possible to use the same reagent to 

(7) (a) Kraus, W.; Chassin, C.; Chassin, R. Tetrahedron 1969, 25, 
3681-3692. (b) Kraus, W.; Chassin, C. Tetrahedron Let t .  1970, 
1113-1116. 
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LiAIH, 
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D G  

H Br- 

OTs f Br- 

83% (3) 
H- OTs 

78% 

selectively reduce various different functional groups. 
Recently, a number of complex borohydrides and alumi- 
nohydrides with various substituents in the complex ion 
have been synthesized. Some of these are soluble in a wide 
variety of solvents. We plan to explore the effectiveness 
of solvents to control the functional group selectivity of 
these new reagents. 
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Synthetic Applications of Phenylselenenyl Chloride 
Additions. A Simple 1,3-Enone Transposition 
Sequence 
Summary: The regiospecific addition of phenylselenenyl 
chloride to allylic alcohols is used as the key step in a 
simple 1,3-enone transposition sequence. 

Sir: In a previous study we examined the scope and lim- 
itations of phenylselenenyl chloride additions to simple 
olefins.' During the course of our investigations we ob- 
served that additions of PhSeCl to allylic alcohols generally 
proceed with high regio- and stereoselectivity. For exam- 
ple, cyclohexenol (2, R = R' = H) reacts with PhSeCl to 
form only one of four possible regio- and stereoisomers2 
(vide infra). In this communication we wish to report that 
(a) the regiospecificity of this addition appears to be quite 
general and that (b) this reaction can be used as the key 
step in the general 1,3-enone transposition sequence shown 
in eq L3 The results of our study are illustrated in Scheme 
I. 
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