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Trichlorosilane has been shown to be an efficient reagent 
for reducing simple aliphatic esters to the corresponding 
ethers under free-radical conditions.2 We recently demon- 
strated the applicability of the reagent to the reduction of 
more complex bicyclic lactones and also the existence of 
significant selectivity when additional ester groupings were 
p r e ~ e n t . ~  We now wish to report that under the appropriate 
conditions trichlorosilane can be an effective reagent for 
the reductive deoxygenation of esters of nonprimary ali- 
phatic alcohols. 
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In general we find that for the reaction of a given ester 1 
with trichlorosilane, two products, 2 and 3, are formed 
competitively. Ether 2 is the result of a “normal” reaction 
with HSiC13 while 3 is the product of reductive deoxygena- 
tion. The relative amounts of 2 and 3 are most profoundly 
affected by the nature of R’. As shown in Scheme I for the 
acetates of several alcohols, irradiation with excess HSiC13 
yields largely 2 for a primary acetate, exclusively 3 for a 
tertiary acetate, and a mixture of 2 and 3 for a secondary 

These results are consistent with a reaction 
mechanism which involves radical 16 as a common inter- 
mediate for the formation of 2 and 3, with the proportion of 
16 which undergoes reductive deoxygenation being in- 
fluenced by the stability of radical -R’. Thus tertiary ace- 
tates give the highest proportion of reductive deoxygena- 
tion and primary acetates the lowest. 

Table I 
Reaction of 1-Adamantyl Esters with HSiCl, 

Ester HSiClJ17“ THF/17b % reaction 18/19C 

17ad 8 100 42f/58g 
17a 4 100 30170 
17a 4 24 100 18/82 
17a 4 72 87 6/94 
17a 2 72 58 2/98 
17be 8 100 12h/88 
17b 4 100 3/97 
17b 8 29 7 1/99 

a Moles of HSiCl, per mole of ester. b Moles of THF per 
mole of ester. c Determined by GLC anal sis. d Registry no., 
19066-22-9. eRegistry no., 56830-70-7. ?Registry no., 
6221-75-6. gRegistry no., 281-23-2. hRegistry no., 
56830-71-8. 
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In an effort t o  determine if a judicious choice of reaction 
conditions would render the method preparatively useful in 
instances where .R’ was of intermediate stability (Le., sec- 
ondary esters), several experiments were performed with 
esters of 1-adamantanol. The tertiary 1-adamantyl radical 
has been shown to be slightly more stable than a normal 
secondary radical: and thus 1-adamantyl esters should 
provide a sensitive probe of the results of changes in reac- 
tion conditions. It was expected that one could most effec- 
tively maximize reductive deoxygenation by retarding the 
bimolecular second step of the ether-forming pathway 
(path A). For instance, a decrease in the HSiCl3 concentra- 
tion should retard path A to the benefit of path B. In addi- 
tion, an increase in the steric bulk of the ester (pivalates vs. 
acetates) should have a similar effect. The results summa- 
rized in Table I are in general accord with these predic- 
tions. I t  is seen that either decreasing the amount of 
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HSiC13 or diluting the reaction medium with an inert sol- 
vent (THF) increases the proportion of reductive deoxyge- 
nation. A similar decrease is observed in going from l-ada- 
mantyl acetate (17a) to 1-adamantyl pivalate (17b). At 
lower concentrations of HSiC13 the reaction does not go to 
completion, presumably because the radical chains become 
unproductively shortened. 

HSiC13 
l-Ad-OCOCRB 7 1 -Ad -OCH,CR, + 1 -Ad-H 

17a,b 18a,b 19 
a , R = H  

b, R = CH, 

It should be mentioned that the application of these 
trends to 1-dodecyl pivalate and cyclododecyl pivalate 
gives parallel results as compared to acetates 4 and 7.7 

In conclusion we have reported a new reaction of aliphat- 
ic esters with trichlorosilane, reductive deoxygenation. We 
have shown that the reaction is responsive to experimental 
changes in a predictable manner, and that it can be made 
to be preparatively useful for esters of secondary and terti- 
ary alcohols. It should be pointed out that the high reactiv- 
ity of .Sic13 toward many functional groups2 limits the gen- 
erality of the method in some cases. We can see few exam- 
ples where this reaction would be preparatively superior to 
other literature procedures for reductive deoxygenation,s 
except for the ease of preparation of the esters in question. 

Experimental Section 
The ir spectra were recorded on Perkin-Elmer 137 and 237 spec- 

trophotometers. NMR spectra were determined on a Jeol MH-100 
spectrometer and are reported in 6 units downfield from Me& 
GLC analyses were performed on a Hewlett-Packard Model 700 
laboratory gas chromatograph equipped with dual thermal con- 
ductivity detectors. A flow rate (He) of 55 ml/min through 6 f t  X 
0.25 in. columns (5% SE-30 on Chromosorb P) was employed. Mi- 
croanalyses were performed by M-H-W Laboratories, Garden City, 
Mich. 

Preparation of Star t ing Materials. Dodecyl acetate (4),9 cy- 
clododecyl acetate (7),1° 1-methylcyclohexyl acetate (l0),l1 and 1- 
adamantyl acetate (17a)I2 were prepared by standard procedures. 

5-n-Butyl-5-nonyl Acetate (13). A solution of 5.0 g (25 mmol) 
of 5-n-butyl-5-nonanol in 25 ml of anhydrous THF was added to a 
stirred suspension of 2.0 g (51 mmol) of KH (8.2 g of a 24.04% sus- 
pension) in 25 ml of dry THF under Nz. The mixture was stirred 
for 2 hr a t  room temperature and then cooled to O', whereupon 4.8 
g (62 mmol) of acetyl chloride in 10 ml of dry THF was slowly 
added. The reaction mixture was stirred a t  0' for 1 hr and at  room 
temperature for 6 hr, and finally heated a t  reflux for 2 hr, where- 
upon it was poured into 500 ml of ice water and extracted with 
ether (3 X 100 ml). The combined organic extracts were washed 
with brine (2 X 50 ml), dried (MgSOd), and concentrated. TWO dis- 
tillations gave 3.89 g (63%) of pure acetate, bp 67-76' (0.15 mm): ir 
(neat) 1749 cm-' (C=O); NMR (CC14) 6 0.91 (t, J = 7 Hz, 9 H, 
-CHS), 1.05-1.57 (broad, 12 H, -CHz-), 1.57-1.88 (broad, 6 H, 
-OCHz-), 1.91 ( s ,  3 H, COCHd. 

Anal. Calcd for C15H3002: C, 74.32; H, 12.47. Found: C, 74.49; H, 
12.63. 

1-Adamantyl Pivalate (17b). To a solution of 7.6 g (50 mmol) 
of 1-adamantanol in 75 ml of anhydrous THF under Nz was slowly 
added 23 ml (55 mmol) of a 2.14 M hexane solution of n-butyllithi- 
um. After stirring the resulting suspension for 30 min at  room tem- 
perature, a solution of 6.7 g (55 mmol) of pivaloyl chloride in 50 ml 
of anhydrous THF was added dropwise and the resulting red-or- 
ange mixture heated at  reflux for 16 hr. To the cooled reaction 
mixture was added 100 ml of H20, the layers separated, and the 
aqueous phase extracted with ether (3 X 5 ml). The combined or- 
ganic layers were washed with saturated NaHC03 (1 X 50 ml) and 
brine (1 X 50 ml), dried (MgSOd), and concentrated. The crude 
product was chromatographed on silica gel, elution with benzene 
providing pure ester which was then distilled to give 7.3 g (62%) of 
viscous oil, bp 67-75' (0.05 mm). The oil solidified on standing: 
mp 25.5-27.0"; ir (neat) 1724 cm-l; NMR (cc14) 6 1.10 [s, 9 H, 

(CHa)&-], 1.61-1.79 (broad, 6 H, -CHzCO-), 1.95-2.24 (broad, 9 
H,-CHCHz-). 

Anal. Calcd for C15H2402: C, 76.23; H, 10.24. Found: C, 76.14; H, 
10.21. 

Reduction Products. Dodecane (6), cyclododecane (9), methyl- 
cyclohexane (12), 5-(n-butyl)nonane (15), and adamantane (19) 
were commercial samples. 1-Adamantyl ethyl ether (18a) was pre- 
pared according to the 1 i t e r a t~ re . l~  Dodecyl ethyl ether (5)14 and 
cyclododecyl ethyl ether have been prepared previously but 
full characterization was not readily available in the literature. We 
have prepared them by standard (Williamson) methods and report 
pertinent physical data below. 

Dodecyl Ethyl E the r  (5): bp 97' (1.25 mm, Kugelrohr); NMR 

-CH3), 1.29 (broad s, 20 H, -CHz-), 3.35 (9, J = 6 Hz, 2 H, 

Anal. Calcd for C14H3,@: C, 78.43; H, 14.10. Found: C, 78.15; H, 
14.12. 

C~clodocecyl  Ethyl Ether  (8):16 bp 95' (0.65 mm, Kugelrohr) 
[lit.15 117-119' (3 mm)]; NMR (cc14) 6 1.12 (t, J = 7 Hz, 3 H, 
-CH3), 1.36 (broad s, 22 H,  -CH2-), 3.32 (m, unresolved, 1 H, 

Anal. Calcd for C14H280: C, 79.18; H, 13.29. Found: C, 79.40; H, 
13.48. 

1-Adamantyl Neopentyl E the r  (18b).16 According to the gen- 
eral method of Pettit,17 a solution of 0.375 g (0.01 mol) of NaBH4 
in 25 ml of anhydrous diglyme was placed in a three-neck 250-ml 
flask and cooled to 0' (ice bath) under a nitrogen atmosphere. To 
this was added over 20 min a solution of 1.19 g (0.005 mol) of 1- 
adamantyl pivalate and 21.25 g (0.15 mol) of freshly distilled boron 
trifluoride etherate in 50 ml of anhydrous THF. Stirring was con- 
tinued for 1 hr a t  0' and then an additional 1 hr a t  reflux where- 
upon the reaction mixture was cooled and quenched by the careful 
successive addition of 2 N HCl (25 ml) and water (50 ml). The 
layers were separated, the aqueous layer extracted with ether (3 X 
50 ml), and the combined organic layers dried (MgS04) and con. 
centrated. The residue (containing diglyme) was dissolved in 50 ml 
of petroleum ether and washed with wat,er (3 X 25 ml), dried 
(MgS04), and again concentrated to give 0.843 g of crude product. 
GLC and NMR analysis showed the product to contain the desired 
ether, starting ester, and 1-adamantanol in the approximate ratio 
of 1:2:1. Chromatography (100 g of silica gel, benzene elution) af- 
forded 0.212 g of ether (19961, homogeneous by GLC and TLC. The 
analytical sample was prepared by Kugelrohr distillation (85', 
bath, 0.05 mmHg): NMR (CC4) 6 0.84 [s, 9 H,  -C(CH&], 1.50- 
1.75 (broad, 12 H, -CHz-), 2.00-2.50 (broad, 3 H, -CH-), 2.95 (s,2 
H, -OCHz-). 

Anal. Calcd for C15H260: C, 81.02; H, 11.79. Found: C, 81.08; H,  
11.94. 

When this reaction was performed using LiAlH4-boron trifluo- 
ride etherate,'? the only observable product was 1-adamantanol 
plus a considerable amount of unreacted ester. 

General  Photolysis Procedure. The following experiment for 
the reaction of I-adamantyl acetate with HSiC13 is typical. Other 
experiments were performed similarly with the molar ratios of 
HSiC13 and THF to starting ester being as indicated in Table I or 
ref 4. 

A solution of 0.500 g (2.58 mmol) of 1-adamantyl acetate, 1.39 g 
(1.04 ml, 10.3 mmol) of HSiC13, 0.192 g (0.244 ml, 1.29 mmol) of di- 
tert-butyl peroxide, and 4.4 g (5.0 ml, 61.5 mmol) of anhydrous 
THF (doubly distilled from LiAlH4) was placed in a Pyrex tube 
(ca. 14 mm id.)  and degassed with three to eight freeze-pump- 
thaw cycles (0.01 mm). After sealing, the tube was irradiated for 5 
hr a t  a distance of 12 mm from an Hanovia 450-W medium-pres- 
sure ultraviolet lamp. The resulting clear solution was diluted with 
50 ml of CHzClz and then the excess HSiC13 was destroyed by the 
careful addition (O', stirring) of 10 ml of water and 2.5 ml of 10% 
NaOH solution. The aqueous layer was extracted with CHzClz (3 X 
25 ml) and the combined organic layers washed with brine (50 ml) 
and dried (MgS04). Gas chromatographic (150') analysis 
(standardized) of this dilute solution showed two peaks at  79 and 
184 sec, respectively corresponding to adamantane (82%) and ada- 
mantyl ethyl ether (18%). Concentration of the organic material af- 
forded 350 mg of crude product, which by NMR analysis was of 
the composition indicated above. 

GLC data for the compounds from other experiments, which 
were conducted in a similar fashion, are as given: 1-dodecyl acetate 
(175', 264 sec), 1-dodecyl ethyl ether (165 sed,  dodecane (66 sec); 
cyclododecyl acetate (175', 220 sec), cyclododecyl ethyl ether (171 
sec), cyclododecane (97 sec); 1-methylcyclohexyl acetate (loo', 168 

(CC14) 6 0.89 (t, J = 6 Hz, 3 H, -CH3), 1.15 (t, J = 7.5 Hz, 3 H, 

-CH20-), 3.39 (4, J = 7.5 Hz, 2 H, -0CHy).  

CHO-), 3.36 (9, J = 7 Hz, 2 H,  -0CHp).  
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sec), 1-methylcyclohexane (74 sec); 5-butyl-5-nonyl acetate (150°, 
209 sec), 5-butylnonane (88 sec); 1-adamantyl pivalate (180°, 261 
sec), 1-adamantyl neopentyl ether (204 sec), adamantane (47 sec). 

Registry No.-4, 112-66-3; 5, 3482-63-1; 7, 6221-92-7; 8, 2986- 
53-0; 10, 16737-30-7; 13, 56830-72-9; 15, 17312-63-9; tr ichlorosi- 
lane, 10025.78-2; 5-n-butyl-5-nonano1, 597-93-3; 1-adamantanol, 
768-95-6; dodecane, 112-40-3; cyclododecane, 294-62-2; 1-methy l -  
cyclohexane, 108-87-2. 
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The use of dicarbanions from P-dicarbonyl compounds 
like P-diketones and P-keto esters in y-alkylations and y- 
acylations has become a common procedure.lV2 The dicar- 
banions 2a-c were investigated in an effort to dimerize 
them into bisacetylacetones (eq 1). 

CHjCOCH,COCH,I - CHJCOCHMCOCHJM’ - 
1 Za, M = M’ = Na 

b, M = Na; M = Li 
c , M = M  = L i  

C H  ,COCH,COCH, 
I 

CH ,COCH,COCH, 

Dimerization of 2,4-pentanedione (1) can lead to three 
possible compounds, 3.4, and 5. 

The 3,3’ dimer or symmetrical tetraacetylethane 3 has 
been made by the self-condensation of the monoanion of 
2,4-pentanedione in an ether solution of i ~ d i n e . ~ , ~  The un- 

symmetrical 1,3’ dimer or 3-acetyloctane-2,5,7-trione, 4, 
was obtained by Gritter and Patmore from copper acetyl- 
acetonate by a free-radical p r o c e ~ s . ~ a , ~  As for the 1,l’ dimer 
or decane-2,4,7,9-tetrone 5 ,  there is no record of such a 
compound in the chemical literature. 

0 0  
I1 II 

0 
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3 
0 0  
II I1 
n 

0 0  
5 

Table I provides a representative account of the at- 
tempts to obtain 5 by Scheme I. When cuprous chloride or 

Scheme I 
CuCl or CoCl, X #  

2 

5 X = Br. I 

cobaltous chloride was used as a catalyst in the reaction be- 
tween 2b and iodine, the reaction proceeded very efficient- 
ly (entries 1-5). That the tan solid, mp 62-63’, obtained 
from the reactions has structure 5 is supported by several 
pieces of data. For example, this compound is enolic to 
FeC13 solution (brown-red color), and its ir and uv spectra 
are similar to those of 1. The 1H NMR spectrum of this 
solid has four proton centers, namely, at  7 8.02 (singlet) 
and 7.84 (singlet), -C(=O)CH3 (6 H), 7.45 (singlet), C(= 
O)CH2CH&(=O) (4 H), 4.64 (singlet), C(=O)CH= 
C(=O) (2 H), and a broad peak at  -4.86 due to enolic pro- 
tons (2 H). The mass spectrum (70 eV) of this material 
showed m/e 198 (M+ ion). Elemental analysis is consistent 
with the formula C10H14O4 (see Experimental Section). 

Dilithioacetylacetone (2c, entry 6) did not undergo oxi- 
dative dimerization under the same conditions. Since 2c 
was generated in liquid ammonia, which was then replaced 
by THF, traces of ammonia could have interfered rather 
than 2c being inherently unreactive. The use of pyridine to 
solublize the cuprous chloride reduced the reaction period 
markedly, in addition to rendering the work-up procedure 
less tedious (entry 5). 

The importance of the cuprous chloride or cobaltous 
chloride catalyst in these reactions as well as the conditions 
of the reactions is illustrated by entries 6-15. In these cases 
where the catalyst was not used, the conditions were 
changed, or other reagents that have been successful in 
coupling m o n ~ a n i o n s ” ~ * ~ - ~  were used with the dianions, no 
coupled product 5 could be isolated. 

This procedure can be applied to other p-dicarbonyl 
compounds. As Scheme I1 illustrates, the method was suc- 
cessfully applied to the syntheses of 1,l’ dimers of benzo- 


