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A series of stable complex metal hydrides of copper of composition Li,CuH,+l ( n  = 1-5), prepared by the reac- 
tion of LiAIH4 with the corresponding lithium methylcuprates in diethyl ether, has been allowed to react with se- 
lected alkyl halides, enones, and cyclic ketones in both diethyl ether and THF. It has been shown that the different 
hydrides exhibit different regioselectivities toward enones and different stereoselectivities toward cyclic ketones. 
These data support the integrity of each hydride as a single compound rather than a physical mixture. Tetrahydro- 
furan-soluble Li4CuHj has been shown to be the most reactive of the complex metal hydrides of copper toward alkyl 
halides in that this hydride reduced 1-iodo-, 1-bromo-, and 1-chlorodecane in 100,100, and 99% yields, respectively. 
The complex metal hydrides of copper reduce enones predominantly 1,4 (LizCuHs, 96%) or 1,2 (LirCuHs, 95%), de- 
pending on the hydride. In most cases, the complex metal hydrides of copper reduce 4-tert- butylcyclohexanone 
predominantly from the axial side, as in the case of LiAlH4. Other cyclohexanones are reduced by the complex 
metal hydrides of copper similarly to LiAlH4, except with less selectivity. 

Application of copper hydride reagents in organic synthe- 
sis has been a topic of great interest in the past 10 years. Re- 
cently, LiCuHR compounds (where R = 1-pentyne, OBut, and 
SPh) have been prepared and used as selective reducing re- 
agents in order to effect conjugate reduction of a$-unsatu- 
rated carbonyl compounds.l Almost a t  the same time, Li- 
CuHR compounds (where R = alkyl and alkynyl) were eval- 
uated as reagents for the selective removal of halo and mes- 
yloxyl groups from RX. compounds as well as for the reduction 
of a$-unsaturated ketones.2 More recently, the mixture ob- 
tained by the combination of 2LiAlH(OCH3)3 with CuBr or 
NaAlHz(OCH~CH~OCH3)~ with CuBr has been demonstrated 
to possess the ability to reduce conjugated carbonyl com- 
pounds to the corresponding saturated derivatives. The in- 
termediates in these reagents were speculated to be "complex 
copper hydrides", although no evidence was presented to es- 
tablish this point.3 We reported the preparation of the first 
complex metal hydride of copper, LiCuHz, some time ago by 
the reaction of LiAIHl with L ~ C U ( C H ~ ) ~ . ~  More recently, we 
have established the iexistence of some new organocuprates 
by variable-temperature NMR, namely, LiCuz(CH3)3 and 
L ~ ~ C U ( C H ~ ) ~ , ~  (and have shown that these new cuprates be- 
have differently from I,iCu(CH3)2 toward enones6 and orga- 
no halide^.^ In continuation of our present investigations in 
the field of copper chemistry, we have recently been able to 
prepare a series of complex metal hydrides of copper, Li,- 
CumH,+, (whwe n = 1-5 and m = 1-2), which are not only 
stable a t  roorn temperature (except for LiCu2H3 and 
L ~ C U ~ H ~ ) ,  but also some of which are soluble in T H F  (LiCuH2 
and Li4CuHj). 'These hydrides are pure compounds and not 
mixtures, according to x-ray and DTA-TGA datas as well as 
evidence that appears in this study. We now wish to report 
some reactions of the stable new complex metal hydrides of 
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copper (LinCuHn+l) with alkyl halides, enones, and cyclic 
ketones in Et20 and T H F  which should be of considerable 
synthetic interest. 

Results and Discussion 
When CH3Li in diethyl ether was added dropwise to a 

well-stirred slurry of CUI in diethyl ether a t  -78 "C, a clear 
and colorless solution resulted when the CH3Li:CuI ratio was 
2:l. When LiAlH4 in Et20 was added to  this solution, no 
precipitate was observed at  -78 "C; however, when the reac- 
tion mixture was allowed to warm to room temperature, a 
white crystalline solid precipitated. The insoluble solid was 
separated from the ether-soluble LiAlH?(CH& by filtration, 
and the solid was washed with EtzO, dried, and characterized 
by elemental analysis and found to be a complex metal hy- 
dride of copper. In this way, a series of complex metal hydrides 
of copper of composition Li,CuH(,+,) (where n = 1-5) was 
prepared by the reaction of LiAlH4 with the corresponding 
lithium methylcuprates (eq 1 and 2). Specifically, the fol- 
lowing compounds were prepared for this study: LiCuH2, 
LizCuH3, Li3CuH4, Li4CuH5, LijCuHs. 

Et20 

-78OC 
(n  + 1)CHLi + CUI --+ Li,Cu(CH&+I + LiI (1) 

n + l  Et20 
LinCu(CH3),+1 + (7) LiAlH4 - Li,CuH,+I 

-78 "(' 

+ (y) LiAlHz(CH3)z (2) 

The compound LiCuHz was analyzed as a diethyl ether slurry 
while other compounds were analyzed as a slurry as well as a 
solid. I t  is interesting to note that when the products were 
dried under vacuum they contained no complexed ether. 
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Table I. Analyses and Properties of Complex Metal Hydrides of Copper (Li,CuH,+l) 

Anal. (ratio) Solubility in Thermal decompn 
Chmud Li:Cu:H THF (0 "C) 

LiCuHz 1.07:1.00:2.01 Soluble 
LizCuH3 2.07:1.00:2.95 Insoluble 
Li3CuH4 3.05:1.00:3.97 Insoluble 
LidCuHS 3.95:1.00:4.96 Soluble 
LiSCuHe q5.09:1.00:5.95 Insoluble 

70,300,400 
90,110,120,145,290,440 
110,120,140,308,410,450 
120,145,300,365,430,480-above 500 
140,305,440,400-above 500 

Thermal analysis was carried out on a Mettler Thermoanalyzer I1 under vacuum with simultaneous DTA-TGA recording. 

Table 11. Reactions of Complex Metal Hydrides of Copper with Organohalides and Tosylates in THF at Room 
Temperature for 24 h 

Hydride Registry Registry Product(s) and 
Expt reagent no. Halide substrate no. yieldk) (%) 

1 LiCuHz 53201-99-3 1-Iododecane 2050-77-3 n -Decane (100) 
2 LiCuHz 1-Bromodecane 112-29-8 n-Decane (85) 
3 LiCuHz 1 -Chlorodecane 1002-69-3 n-Decane (37) 
4 LiCuHz 1-Fluorodecane 334-56-5 n-Decane (0) 
5 LiCuH2 n-Octyl tosylate 3386-35-4 n-Octane (64) 
6 LizCuH3 64010-63-5 1-Iododecane n-Decane (100) 

LizCuH1 1-Bromodecane n-Decane (100) 
8 LizCuH3 1-Chlorodecane n-Decane (35) 
9 LizCuH9 1-Fluorodecane n-Decane (0) 

10 Li2CuHa n-Octyl tosylate n-Octane (80) 
11 Li2CuH:j Cyclohexyl chloride 542-18-7 Cyclohexane (0) 
12 LizCuH3 1-Chlorocyclohexene 930-66-5 Cyclohexene (0) 
13 LinCuH:3 3-Chlorocyclohexene 2441-97-6 Cyclohexene (0) 
14 L ~ ~ C U H ~  Chlorobenzene 108-90-7 Benzene (0) 
15 Li3CuH4 64010-64-6 1 -1ododecane n-Decane (100) 
16 Li:&uH4 1-Bromodecane n-Decane (90) 
17 Li&uH4 1-Chlorodecane n-Decane (34) 
18 Li3CuH4 1-Fluorodecane n-Decane (0) 
19 Li3CuH4 n -0ctyl tosylate n-Octane (39) 
20 Li4CuHS 64010-65-7 1-Iododecane n-Decane (100) 
21 Li4CuHj 1-Bromodecane n-Decane (100) 
22 Li4CuH5 1-Chlorodecane n-Decane (99) 
23 Li4CuHS 1-Fluorodecane n-Decane (10) 
24 LidCuHS n-Octyl tosylate n-Decane (99) 
25 Li4CuHS Cyclohexyl chloride Cyclohexane (0) 
26 Li4CuHj 1-Chlorocyclohexene Cyclohexene ( 0 )  
27 Li4CuHs 3-Chlorocyclohexene Cyclohexene (101 
28 LilCuHs Chlorobenzene Benzene ( 0 )  
29 LiSCuHG 64010-66-8 1-Iododecane n-Decane (100) 
30 LiSCuHs 1-Bromodecane n-Decane (100) 
31 LisCuHs 1-Chlorodecane n-Decane (80) 
32 Li5CuHs 1-Fluorodecane n -Decane (0) 
3 :3 LisCuHs n-Octyl tosylate n -Decane (69) 

c 

The molar ratio of hydride reagent to substrate is 1:1, except LiCuHz (2:l) ratio. 

Interestingly, LiCuHz and LidCuHS were found to be sol- 
uble in THF, and LidCuHS was found to  be stable in THF at 
room temperature. All of the complex metal hydrides of 
copper, except LiCuzH3, were found to  be stable at room 
temperature in the solid state or as a slurry in diethyl ether. 
The  thermal stability of these compounds is in the order: 
LisCUH6 > Li4CuH5 > Li3CuH4 > LizCuH3 > LiCuHz > 
LiCu2H3. The hydride, Li&UH6, is stable to 140 "C under 
vacuum and is stable a t  room temperature for over 1 month. 
Elemental analysis, solubility, and thermal stabilities of these 
complexes are given in Table I. 

In order to  study the reactions of these hydrides with var- 
ious organic substrates, either a diethyl ether slurry or a THF 
solution of the hydride of known concentration was prepared 
and added to the organic substrate in either diethyl ether or 
THF. 

Reactions of Organohalides and Tosylates. Decyl halides 
I:X = I, Br, C1 and F) and n-octyl tosylate were allowed to react 
with each of the stable complex metal hydrides of copper (i.e., 

LiCuHz, LizCuH3, Li3CuH4, Li4CuH5. and Li5CuH6). In 
preliminary experiments, both THF and diethyl ether were 
evaluated as solvents with the results indicating that THF is 
the better solvent. For example, the reaction of LizCuHB with 
1-iododecane produced 100% n-decane in THF within 1 h of 
reaction time at room temperature 

THF 
Li,CuH,+I + CloHzlI --+ CloHzz (100% yield) (3) 

but only 72% n-decane was formed in diethyl ether solvent in 
a comparable experiment over the same period of time. A 
further difference in the two solvents was indicated in close 
observations of the reactions of 1-iododecane with LizCuHB. 
In THF, precipitation of a black solid (Cu") took place im- 
mediately when the reagent and substrate were mixed a t  22 
"C, whereas in diethyl ether the black solid formed more 
slowly. The results of these studies are summarized in Table 
11. Each of the five complex metal hydrides of copper react 
with 1-iododecane to give 100% n-decane. The reactivity of 
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Table 111. Reactions of Complex Metal Hydrides of Copper with 2,2,6,6-Tetramethyl-trans-ii-hepten-3-0ne a t  Room 
Temperature 

Expt reagent condition recovered, % 1,4 1 2  
Hydride Reaction Enone Products, % 

34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

EtzO, 24 h 
THF, 24 h 
EtZO, 48 h 
THF, 48 h 
EtZO, 48 h 
THF, 48 h 
EtZO, 24 h 
THF, 24 h 
EtzO, 48 h 
THF, 48 h 

the substrate toward the hydride reagent has been found to 
decrease in the order of 1 > Br > OTs > C1> F. For example, 
reactions of LiCuHp in T H F  with 1-iododecane, l-bromode- 
cane, n-octyl t osylate, 1-chlorodecane, and 1-fluorodecane 
produced products in 100, 85, 64, 37, and 0% yield, respec- 
tively. This order was followed throughout for the five hydride 
reagents, except for a small deviation involving Li5CuHe. 
Li4CuHs was found to be the most reactive hydride, presum- 
ably due to its solubillity in THF. This hydride reacted with 
1-iododecane, 1-broniodecane, 1-chlorodecane, and n-octyl 
tosylate to give quani itative yields of the reduction product 
in each case. Only 10% reaction was observed between 
Li4CuH;i and 1 -fluorodecane after 24 h a t  room temperature 
(with the reagent still active after the 24-h reaction period); 
however, the other hydrides did not react a t  all with l-fluo- 
rodecane. Reactions involving LizCuH3 and Li4CuH5 were also 
carried out with other chlorides, namely, cyclohexyl chloride, 
1 -chlorocyclohexene, 3-chlorocyclohexene, and chlorobenzene; 
only in the case of the reaction of LidCuH5 with 3-chlorocy- 
clohexene was any reaction observed (10%). 

Reactions of 2,2,6,GTetramethyl- trans-4-hepten-3-one 
(Enone I ) .  Enone I was chosen as a representative enone for 
this study. It has been reported that enone I can be reduced 
quantitatively to the 1.2-reduction product I11 by LiAlH4 or 
to the 1,4-reduction product I1 by H2AlI. I t  has also been 
shown that reaction in  T H F  results in better regioselectivity 

But 
+ Li,CuH,+, \ ,c=c 

H ‘C-Bd 
II  
0 

(1) 

0 
I1 

+ BU -CH-CHzC-Bu‘ 
( 1.4-reduction product) 

(11) 

OH 
(1,e-reduction product) 

(111) 

than in Et20 s ~ l v e n t . ~  Reactions of each hydride, Li,CuH,+I, 
were carried out in T I l F  and Et20 solvent a t  room tempera- 
ture in order to compare the regioselectivity in each solvent 
(eq 4). The results are shown in Table 111. 

A comparison of hydride reactivities (i.e,, percent enone 
recovered) and regioselectivity (Le., the distribution of 

20 
0 
0 
0 

70 
50 
0 
0 

58 
25 

60 
11 
93 
88 
5 
5 
5 
5 
4 
4 

20 
85 
6 

12 
25 
45 
90 
95 
33 
71 

1,4:1,2-reduction products) demonstrates the characteristic 
differences of the different hydrides. Li2CuH3 and Li4CuH5 
both have high reactivities, but exhibit entirely different re- 
gioselectivities. Li4CuH5 behaves very much like LiAlH4, 
whereas LizCuHs produces the exact opposite regioselectivity, 
behaving as a good conjugate reducing agent. Li3CuH4 and 
Li&uH,j behave similarly both in reactivity and regioselec- 
tivity, whereas LiCuH2 behaves very strangely, producing 
predominant 1,4-reduction in ether (60:20) and predominant 
1,2-reduction in T H F  (11:85). These data also provide more 
evidence that these complex metal hydrides of copper are not 
physical mixtures of each other or combinations of LiCuHz 
and LiH, since each stoichiometric compound behaves so 
differently. 

Reactions of 4-tert-Butylcyclohexanone, 3,3,5-Tri- 
methycyclohexanone, a n d  2-Methycyclohexanone. The 
stereoselective reduction of cyclohexanones by metal hydrides 
has been studied intensively in recent years. LiAlH4 is con- 
sidered to be the least sterically hindered hydride, since it 
produces 90, 76, and 20% axial attack on 4-tert-butylcyclo- 
hexanone, 2-methylcyclohexanone, and 3,3,5-trimethylcy- 
clohexanone, reapectively.10 The more sterically bulky hy- 
drides are subject to “steric approach control” in their ap- 
proach to any particular cyclohexanone; therefore, the amount 
of equatorial attack can be considered an indication of the 
effective bulk of the hydride. Results of the hydride reactions 
with the cyclohexanones are given in Table I\’. Reactions of 
4-tert- butylcyclohexanone were carried out in both T H F  and 
Et20 solvents (eq 5 ) .  I t  appears that the hydrides in T H F  

H OH 
I I 

produce more equatorial attack than in Et20 except in the 
case of LizCuH3. The hydride, LiCuHz, in T H F  provided 78% 
equatorial attack, which is very unusual compared to LiAlH4 
(10% equatorial attack), but gave only 18% equatorial attack 
in ether solvent. This result suggests a higher effective bulk 
for LiCuHz in THF as compared to ether. The results of Table 
IV show that the amount of axial alcohol increased in the 
order: LiCuH2 < LizCuH3 < Li3CuH4 < Li4CuH5 < 
LisCuH6. 

Reaction of 3,3,5-trimethylcyclohexanone and 2-methyl- 
cyclohexanane with LiCuHn in T H F  and Et20 and Li4CuH5 
and Li&u& in just T H F  have also been carried out. In both 
cases involving LiCuHz, the solvent affects the selectivity in 
the same way as seen in 4-tert- butylcyclohexanone, i.e., 
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Table IV. Reactions of Complex Metal Hydrides of Copper with 4- tert-Butylcyclohexanone, 3,3,5- 
Trimethylcyclohexanone, and 2-Methylcyclohexane a t  Room Temperature 

Hydride Substituted Registry Reaction Ketone Relative yield, % 
Expt reagent cyclohexanone no. condition recovered ax-OH eq-OH 

44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

LiCuHz 
LiCuHs 
LizCuH3 
LiaCuHs 
Li3CuH4 
Li4CuHs 
Li4CuHs 

LiSCuHB 
LiCuH2 
LiCuH2 
Li4CuHj 
Li5CuH6 
LiCuHz 
LiCuH2 
Li4CuHj 
LisCuHc, 

L i 5 C u H 6 

4-tert- Butyl 
4-tert-Butyl 
4-tert-Butyl 
4-tert- Butyl 
4-tert-Butyl 
4-tert-Butyl 
4-tert-Butyl 
4-tert- Butyl 
4-tert-Butyl 
3,3,5-Trimethyl 
3,3,5-Trimethyl 
3,3,5-Trimethyl 
3,3,5-Trimethyl 
2-Methyl 
2-Methyl 
2-Methyl 
2-Methyl 

98-53-3 Et20,48 h 
THF, 48 h 
Et20,48 h 
THF, 48 h 
THF, 72 h 
Et20,72 h 
THF, 72 h 
EtzO, 72 h 
THF, 72 h 

873-94-9 Et20, 24 h 
THF, 24 h 
THF, 24 H 
THF, 24 h 

583-60-8 Et20,24 h 
THF, 24 h 
THF, 24 h 
THF, 24 h 

0 
0 

17 
20 
0 

16 
40 
50 
55 
0 
0 
1 
0 
0 
0 
0 
0 

18 
18 
43 
22 
31 
11 
15 
9 

14 
86 
98 
82 
91 
42 
50 
35 
33 

82 
22 
57 
78 
69 
89 
85 
91 
86 
14 
2 

18 
9 

58 
50 
65 
67 

Table V. Comparison of Reactivities of LiAlH, and Li,CuH, in Equal Molar Ratio in THF at Room Temperature 
~~~~ ~~~~ ~~ 

Reaction 
Expt Hydride Substrate time 

61 LiAIH, 
62 

63 

64 Li,CuH, 

15  rnin 
1 5  rnin 

l h  
15  min 

l h  
15 min 
15  rnin 
15  rnin 
l h  

24 h 

98 
85 
95 

0 
0 

100 
99 

0 
3 

99 

Enone Products, % --__ recovered, 
% 1,4 1,2 

x n c=o 
65 LiAlH, 15 min 0 0 100 rr7, 

x 
H C=O 

66 Li,CuH, 15 rnin 0 5 95 

Ketone 
recovered, Relative yield, 5% 

% ax-OH eq-OH 

67 

68 

LiAlH, 

Li,CuH, 

98236% (THF/EtZO) equatorial attack in the reduction of 
3,3,5-trimethylcyclohexanone. LiCuHz appears to be more 
selective (higher effective bulk) than the other complex metal 
hydrides of copper toward all of the cyclohexanones stud- 
ied. 

We have made a comparison of the reactivity of Li4CuH5 
to that of the well-known LiAlH4 in order to obtain some idea 
of the strength of the new complex metal hydrides of copper 
as reducing agents. I t  would appear from the results in Table 

15  rnin 

15 rnin 

0 

0 

8 

45 

92 

55 

IV that the complex metal hydrides of copper in general, and 
specifically LidCuH5, are weaker reducing agents than LiAlH4 
(experiments 49-50). However, the results in Table IV were 
obtained for Li4CuH5 prepared in diethyl ether (expt 49). The 
solid Li4CuH5 was separated from the ether-soluble 
LiAIHz(CH& by filtration or centrifugation followed by total 
drying of the solid and reslurrying in ether. When THFwas 
described as the solvent (expt 50) the Li4CuH5 was prepared 
in ether; however, the reaction mixture was filtered, producing 
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a mushy, wet solid, and when T H F  was added to this mixture 
all of the solid immlediately dissolved. These observations 
suggest that the product Li4CuHs when prepared contains 
some complexed ether which can be replaced by the more 
basic solvent THF, all owing the complex to dissolve. However, 
if the product lLi4CuH~ is completely dried under vacuum, the 
complexed ether is removed, leaving the product in a more 
stable crystal lattice which exhibits much less solubility in 
THF. Table V shows the results obtained in a comparison of 
dissolved LidCuHS with LiAlH4 in THF. As can be seen from 
the data, particularly a comparison of reductions of decyl 
chloride, Li4CuHg is a more powerful reducing agent than 
LiAlH4. I t  is also noteworthy that the stereochemistry of re- 
duction of tert - butylcyclohexanone by Li4CuHj as a slurry 
(Table IV, experiment 50; 15:85, axial-0H:equatorial-OH) 
compared to lJi4Cu115 in solution (Table V, 4555,  axial- 
0H:equatorial-OH) is quite different. 

In conclusion, results of reactions of new complex metal 
hydrides of copper wii,h organic substrates have demonstrated 
their individual integrities and unique properties as reducing 
agents. In the case of alkyl halides, the new copper hydrides 
are potentially useful reagents for the reduction to alkanes. 
Li4CuH5, which is soluble in THF, appears to be particularly 
useful. In the case of enones, it appears that either predomi- 
nant 1,2- or 1,4-reduction can be obtained depending on the 
specific hydride used, whereas the new hydrides appear to 
reduce cyclohexanones similarly to LiAlH4 except in some 
cases where the reduction is not as selective. A comparison of 
the rate of reduction for one of the complex metal hydrides 
of copper (Li4CuH5) to LiAlH4 in T H F  shows that Li4CuHj 
is a more powerful reducing agent than LiAlH4 toward alkyl 
halides and possibly toward other substrates as well. The re- 
activity of the hydrides depends to a large extent on the ho- 
mogeneous or heterogeneous nature of the hydride, the re- 
activity being considerably greater when the hydride is soluble 
in the reaction niediurn 

Experimental Section 
Apparatus and Instrumentation. All operations were carried out 

either in a nitrogen-filled glove box equipped with a recirculating 
system" to remove oxygen and moisture or at  the bench using typical 
Schlenk tube techniques.l2 All glassware was flash flamed and flushed 
with nitrogen prior to use. Infrared spectra were recorded in KBr cells 
using a Perkin-Elmer 621 high-resolution infrared spectrophotometer. 
The NMR spectra were determined a t  60 MHz with a Varian Model 
T-60-A NMR spectrometer. GLPC analyses were performed on an 
F and M Model '720 gas chromotograph. Hydrogen analysis was car- 
ried out by hydrolyzing samples with hydrochloric acid on a standard 
vacuum line and collecting the evolved hydrogen with a Toepler 
pump.'* Lithium was determined by flame photometry using a 
Coleman Model 21.15 Iodide was determined by the Volhard proce- 
dure.16 Copper was determined by electrolytic deposition on a plati- 
num electrode.'; 

Materials. Tetrahydrofuran (Fisher certified reagent grade) was 
distilled under nitrogen over NaAlH4 and diethyl ether (Fisher Re- 
agent) over LiAlH4 prior to use. Methyllithium in T H F  and Et20 was 
prepared by the reaction of (CH3)zHg with excess lithium metal. Both 
solutions were stored at  -78 "C until ready to use. Cuprous iodide was 
purified by precipitating from an aqueous KI-CUI solution.13 The 
precipitated solid was washed with water, ethanol, and diethyl ether, 
and then dried at  room temperature under vacuum. 

A solution of 1,iAlHI (Ventron, Metal Hydride Division) was pre- 
pared by stirring a diethyl ether slurry overnight, followed by filtration 
of the slurry through dried Celite analytical grade filter aid. The so- 
lution was standardized by aluminum analysis (EDTA). 

Halide substrates and authentic samples of products were pur- 
chased commercially arid used without further purification: iodo-, 
bromo-, chloro- and fluorodecane (Eastman Organic Chemicals), 
cyclohexyl chloride (Aldrich Chemical Co.), and 1- and 3-chlorocy- 
clohexene (Friton Laboratories). 

n-Octyl tosylat,e was prepared by reaction of n-octanol(7 g, ca. 0.05 
M) in pyridine (16 g) with p-toluenesulfonyl chloride (10.5 g, ca. 0.055 
M) a t  20 "C overnight. The workup was by HCI-ice water hydrolysis 

followed by benzene extraction. The pure product was obtained by 
distillation: bp 155-156 "C (2 mmHg); NMR (CDC13) 6 7.66 (2 H, 
d), 7.25 (2 H, d), 3.94 (2 H, t, CH20), 2.40 (3 H, s, benzyl CHd, 2.0-0.8 
(15 H, m, alkyl). 
2,2,6,6-Tetramethyl-trans-4-hepten-3-one was prepared as pre- 

viously des~r ibed . '~  An authentic sample of 1,4-product, 2,2,6,6-tet- 
ramethyl-3-heptanone, was synthesized by reaction of 2,2,6,6-tetra- 
methyl-trans-4-hepten-3-one with Li/HMPA: bp 108 "C (2 mmHg); 

s, But) ,  and 0.87 (9 H, s, But);  IR 1710 cm-' (C=O), no hydroxyl 
absorption. 2,2,6,6-Tetramethyl-trans-4-hepten-3-ol, 1,2-product, 
was obtained by reaction of 2,2,6,6-tetramethyl-trans-4-hepten-3-one 
with LiAlH4: NMR (CC14) 6 5.5 (2 H, m, olefinic), 3.57 (1 H, d, OCH), 
1.5 (1 H, s, OH), 0.98 (9 H, s, But) and 0.78 (9 H, s, But);  IR 36W3200 
(OH), 1485 and 1470 cm-' (C=C), no carbonyl absorption. 
4-tert-Butylcyclohexanone (Friton), 3,3,5-trimethylcyclohexanone 

(Chemical Sample Co.), and 2-methylcyclohexanone (Fisher) were 
purified by vacuum distillation or sublimation. 

Preparat ion of Li,CuH(,+I) by the  Reaction of Li,Cu- 
(CH3),+1 with (n + 1/2)LiAlH* in Diethyl Ether. T o  a well-stirred 
slurry of cuprous iodide in diethyl ether at -78 "C was added dropwise 
CH3Li in diethyl ether in various ratios (MeLi/CuI = 2:1,3:1,4:1,5:1, 
or 6:l). A clear solution resulted in every case within a few minutes. 
These reaction mixtures were stirred at  -78 "C for 0.5 h. To these 
solutions was then added LiAlH4 dropwise with stirring [Li,- 
Cu(CH3),+1/IAiAIH4 = ( n  + l ) : (n  + 1/2)].  No precipitation was ob- 
served at  -78 "C; however, a white crystalline solid formed in every 
case when the reaction mixture was allowed to warm to room tem- 
perature. These reaction mixtures were stirred at  room temperature 
for 1 h, and the solids were centrifuged, separated, washed with fresh 
diethyl ether, and made a slurry in ether as well as in THF (LiCuH2 
and Li4CuHs dissolved in T H F  immediately). The products were 
analyzed before reacting with organic substrates. The supernatant 
solutions which were washed out  in all cases showed A1-H stretching 
a t  1710 cm-' (characteristic of LiAlHz(CH3)zj. 

Reactions of Alkyl Halides, n-Octyl Tosylate, Enone I, and  
Cyclic Ketones with Li,CuH,+I. A 10-mL Erlenmeyer flask with 
a Teflon-coated magnetic stirring bar was dried in an oven and al- 
lowed to cool under nitrogen flush, and then sealed with a rubber 
septum and connected by means of a needle to a nitrogen-filled 
manifold equipped with a mineral oil bubbler. One milliliter of THF 
or Et20 solvent was introduced into the reaction vessel; then reactant, 
e.g., halide substrate (0.5 mL, 0.25 M in THF or  Et201 with internal 
standard, was syringed into the vessel. Finally, the calculated amount 
of the hydride, Li,CuH,+l, in T H F  or Et20 was added. After the 
designated reaction time, the reaction mixture was quenched with 
a minimum of distilled water and the resulting solution dried over 
MgS04. Analysis of the product and yield data was obtained by GLC, 
using 6 ft 10% Apiezon L columns. The following oven temperatures 
and internal standards were used: iododecane, bromodecane, chlo- 
rodecane, and fluorodecane, oven temperature 150 "C, internal 
standard dodecane; n-octyl tosylate, 120 "(', decane; cyclohexyl 
chloride and 1- and 3-chlorocyclohexene, 50 "C. octane; chlorobenzene 
50 "C, toluene. 

A 10 ft 5% carbowax 20M on Chromosorb W column was used to 
separate products of enone I. At 90 "C oven temperature and dode- 
cane as the internal standard, recovered enone. 1,4-product, and then 
1,2-product were eluted in that order. 4-tert-Butylcyclohexanol and 
3,3,5-trimethylcyclohexanol were separated by the same column at 
150 "C with tetradecane and hexadecane, respectively, as internal 
standards. The alcohol products of 2-methylcyclohexanone were 
separated by using a 15-ft 1OYo diglycerol column (80 "C, internal 
standard tetradecane). The order of elution for three cyclic ketones 
was the same-ketone first, axial alcohol second, and equatorial al- 
cohol last. 
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Enolates of ketones, esters, and lactones are oxidized by MoOyPyHMPA (MoOPH) to give a-hydroxy deriva- 
tives. The reaction succeeds with carbonyl compounds having a-methylene or a-methine groups, but enolates from 
methyl ketones give variable results. The hydroxylation process does not afford products of oxidative C-C cleavage 
which might be formed from an a-hydroperoxycarbonyl intermediate. If the initial intermediate from an enolate 
and MoOPH is heated, further oxidation to an a-dicarbonyl compound occurs in poor yield. These results suggest 
an intermediate having the partial structure R'C(=O)RCHOMo04Lz-. Hydroxylation of kinetic enolates derived 
from unsymmetrical cyclic ketones, cyclohexenones, and certain methyl ketones can be achieved. Acyloin regioiso- 
mers are not interconverted under the reaction conditions. Hydroxylation of relatively nonhindered ketones is com- 
plicated by aldol condensation between unreacted enolate and the oxidation intermediate. This problem can be 
minimized by working in dilute solution or by using an inverse addition technique (enolate added to MoOPH). Oxi- 
dation of enolate analogues prepared from oximes or N,N-dimethylhydrazones has been demonstrated, although 
yields are low. Stabilized enolates of 1,3-dicarbonyl compounds are not hydroxylated using the typical procedure, 
and the related dianions afford complex product mixtures. 

Introduction 
The synthetic problem of enolate hydroxylation has been 

the object of numerous s t ~ d i e s . ~ , ~ , ~ - ~  Barton and co-workers 
achieved the direct enolate oxygenation of pregnan-20-one, 
and subsequent hydroperoxide reduction gave the 17a-hy- 
droxy derivative.1a Gardner e t  al. found that modified con- 
ditions using in situ triethyl phosphite reduction of the hy- 
droperoxides gave superior yields.2a,b In the absence of 
phosphite, oxidative a-carbon cleavage may occur (eq 1, 
Scheme I), a reaction which has been studied in several 
analogous  system^.^ The Barton oxidation cannot be used to 
introduce a hydroxyl group at  an enolizable methyl or meth- 
ylene group because a second fragmentation pathway (eq 2, 

Scheme I 

Scheme I) is available to the resulting a-hydroperoxy ketones4 
An a-dicarbonyl compound is formed initially, but further 
oxidation is facile and complex product mixtures are ob- 
tained. 

Practical oxygenation of carboxylate dianions can be 
achieved in a number of examples without in situ peroxide 
reduction by triethyl p h o ~ p h i t e . ~  The carboxylate dianion is 
apparently sufficiently reactive to attack the peroxide 0-0 
bond so that peroxide does not accumulate as oxygen is in- 
troduced. If the dianion is added to excess oxygen, the hy- 
droperoxide can be isolated in moderate yield.5ac Oxidation 
of amide or lactam enolates by the inverse addition method 
is also feasible.6 The same technique can be employed for 
hydroxylation of a-branched esters,6az7 but esters having an 
a-methylene group behave ~ n p r e d i c t a b l y . ~ ~ ~ ~ ~  

A promising method for synthesis of a-hydroxy derivatives 
of unbranched carbonyl compounds involves the epoxidation 
of enol silanes8 An a-trimethylsiloxycarbonyl compound can 
be isolated under nonhydroxylic conditions, and facile hy- 
drolysis to the free alcohol is possible. Acetoxylation of enols 
with reagents such as mercuric acetate or lead tetraacetate 
might also be considered: but hydrolysis of a-acetoxy de- 
rivatives of ketones is often complicated by interconversion 
of acyloin regioisomers as will be shown later in this ac- 
count. 

A preliminary reportlo from our laboratory described the 
direct hydroxylation of enolates with the molybdenum per- 
oxide reagent Mo05.pyridine-HMPA (MoOPH).ll Repre- 
sentative ketone and ester enolates were reacted with MoOPH 
in tetrahydrofuran solution, and hydrolysis of the product 
gave a-hydroxycarbonyl compounds. The details of the oxi- 
dation procedure are the subject of this paper. 
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