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mophilone in 5 ml of dry ether. The reaction mixture was stirred 
for 1 hr a t  room temperature, refluxed for 2 hr, then cooled in an 
ice bath and cold water was added until no further reaction oc- 
curred. After filtration, the solution was extracted with ether and 
the latter extract was washed with aqueous bicarbonate, then brine 
and finally dried and concentrated to give 0.179 g of a pale yellow, 
mobile liquid. Chromatography of the latter on 10 g of activity I 
neutral alumina gave 0.074 g of a hydrocarbon fraction in the pe- 
troleum ether eluent and 0.102 g of a ketone fraction in the ethyl 
ether eluent. GLC analysis (5% Carbowax column) of the hydro- 
carbon fraction showed two major components (50 and 30%, re- 
spectively), while GLC analysis of the ketone fraction (3% SE-30) 
showed one major component (70%). Preparative GLC (5% Ucon 
polar) gave 7ol(H)-eremophila-9,ll-diene (4) as the major compo- 
nent (>98% purity by GLC): vmay (CC14) 1640, 882 cm-l; 6 (CC14) 
0.94 (3 H, d,  J = 6 Hz), 1.03 (3 H,  s), 1.82 (3 H, s), 4.78 (2 H, br s), 
5.40 (1 H, m); ORD (c 0.06, CH30H), plain negative curve [+I589 
-80.2'; mol wt by mass spectrometry (peak-to-peak distance mea- 
surement using 1,2-dichlorooctafluorocyclohexene-l as reference) 
204.186 (calcd for CljH24, 204.188). 

Anal. Calcd for CljH24: C, 88.16; H, 11.84. Found: C, 88.00; H, 
11.90. 

A comparison of the ir and NMR spectra of 7a(H)-eremophila- 
9-11-diene (4) with those of eremophilene (3) showed that they 
were not identical and a direct comparison with an authentic sam- 
ple of eremophilene by GLC showed their nonidentity (5% Car- 
bowax column).6 However, hydrogenation (Pt, EtOH) of both 
dienes gave the same saturated hydrocarbon as determined by 
GLC (5% Carbowax column) and mass spectral analysis. The 
major component of the ketone fraction was collected by prepara- 
tive GLC (3% SE-30 column) and was identified as cis-dihydroere- 
mophilone7 by GLC, ir, ORD, and NMR: 6 (cc14) 0.93 (d, J = 5 
Hz), 1.15 (3 H, s), 1.87 (3 H, s), 4.85 (2 H, br s). 
7a(H)-Eremophil-9-en-ll-ol (7). To 0.436 g of eremophilone 

(containing -15% isoeremophilone) in 15 ml of anhydrous ether, 
0.406 g of m-chloroperbenzoic acid (85% active) was added and the 
solution was stirred at  room temperature for 24 hr. After addition 
of water, the solution was extracted with ether and the combined 
ether extracts were washed with aqueous sodium bicarbonate, then 
brine and finally concentrated to give 0.45 g of a colorless liquid. 
GLC analysis (3% SE-30 column) showed one major peak (80%). 
No starting material remained. Chromatography on neutral alumi- 
na (activity 11-111) gave eremophilone 11-oxide (95% purity by 
GLC) in the benzene eluent: 6 (CC14) 0.97 (3 H, s), 0.99 (3 H, d,  J = 
5.5 Hz), 1.27 (3 H,  s), 6.46 (1 H, t, J = 3.8 Hz); complete disappear- 
ance of band at  896 cm-I in ir. 

To 50 mg of lithium aluminum hydride in 20 ml of anhydrous 
ether was added a solution of 400 mg of eremophilone 11-oxide in 5 
ml of dry ether and the solution was stirred at  room temperature 
for 1 hr and then refluxed for 2 hr. The solution was then cooled, 
moist ether was added, and, after filtration, the ether layer was 
dried and concentrated to give 0.375 g of a colorless, viscous liquid, 
the GLC (3% SE-30) of which showed a complex mixture contain- 
ing two major components (50:30). This crude product (0.242 g) 
was dissolved in 10 ml of anhydrous ether containing 0.133 g of an- 
hydrous aluminum chloride and this was added to a solution of 
0.076 g of lithium aluminum hydride and 0.399 g of anhydrous alu- 
minum chloride in 15 ml of anhydrous ether. The reaction mixture 
was stirred at  room temperature for 1 hr and then refluxed for 2 
hr. After the usual work-up, 0.201 g of a viscous liquid was ob- 
tained, the GLC (3% SE-30) of which showed a complex mixture 
with one component (51%). Chromatography on 10 g of neutral 
alumina (activity 11-111) gave in the benzene-ether (96:4) eluent 16 
mg of 7a(H)-eremophil-9-en-ll-o1 (7, 97% by GLC on 3% SE-30 
and 15% Carbowax 2014 columns). This product was not identical, 
by ir and NMR comparisons, with eremoligenol (6):'O urnax (CCld 
3600, 3460, 1665 cm-l; 6 (cc14) 0.93 (unresolved doublet, J N 6 
Hz), 1.04 (3 H, s), 1.22 (3 H, s), 1.27 (3 H, s), 5.40 (1 H, m); mol wt 
by mass spectrometry (peak-to-peak distance measurement using 
1,2-dichlorooctafluorocyclohexene-1) 222.187 (calcd for Cl~iH260, 
222.198). 

Registry No.-1, 562-23-2; 2, 22489-11-8; 4, 54868-40-5; 5,  
54814-46-9; 7, 54832-19-8; eremophilone 11-oxide, 54814-47-0; 
LiAlH4,16853-85-3. 
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We wish to report a new, mild conversion of ketones to 
the corresponding methylene derivatives. The conversion 
involves the reduction of tosylhydrazones with catecholbor- 
ane followed by decomposition of the reduction product 
(Scheme I). 
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The conversion of carbonyl compounds to their corre- 
sponding methylene derivatives is one of the key transfor- 
mations in organic synthesis. Not surprisingly, a great deal 
of literature exists concerning this transf0rmation.l The re- 
duction procedures that are generally employed utilize 
strong acids or bases which preclude the presence of sensi- 
tive functional substituents.2 The more recently reported 
reduction procedures involve the less reactive hydride re- 
agents and carbonyl  derivative^.^,^ However, these new 
procedures involve the utilization of large excesses of hy- 
dride.3 We felt that  the reduction of tosylhydrazones with 
catecholborane would be an ideal way to achieve the reduc- 
tion of carbonyl compounds. The tosylhydrazones are read- 
ily prepared, requiring no acid or base catalysis.3a Further- 
more, the use of the mild, commercially available (Aldrich) 
catecholborane negates the need for excess hydride, which 
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should permit the reduction of functionally substituted 
carbonyl corn pound^.^,^ 

A reasonable mechanism for the reduction is outlined in 
Scheme I1 and is based on analogy to known reactions. 
Thus, it  has long been recognized that organoboranes 
which contain an electronegative substituent p to the boron 
atom are prone to elimination, especially in the presence of 
 nucleophile^.^,^ Furthermore, diazenes are unstable and de- 
compose to  yield alkanes in the presence of proton 
s0urces .9 ,~~ 

The reaction appears to be a general one, producing good 
yields of the reduction products. I t  depends only on the 
availability and stability of the tosylhydrazone derivative. 
Owing to the mildness of the reaction, we feel that it should 
be applicable to a variety of substituted ket0nes.j 

Our results are summarized in Table I. 

Table I 
Conversion of Ketones to the Corresponding 

Methylene Derivativesa 

Ketonea Registry no. Productb Registry no. Yield, %' 

2-Octanone 111-13-7 Octane 111-65-9 91 (81)' 
Isophorone '78-59-1 3,5,5-Tri- 933-12-0 41 

methyl- 

hexenee 
cyclo- 

Cyclohexa- 108-94-1 Cyclo- 110-82-7 92 
none hexane 

cyclo- cyclo- 
2-Methyl- 5133-60-8 Methyl- 108-87-2 64 

hexanone hexane 

none nane 
a The ketones were f i r s t  converted to  the corresponding tosyl- 

hydrazones. Products exhibited physical and spectral parameters 
in agreement w i t h  those of authentic samples. G L C  analysis. 

Isolated yield. e Reduct ion occurs w i t h  migrat ion of the double 
bond. 

Norborna- 4137-38-1 Norbor- 279-23-2 63 

Experimental  Section" 
Mater ia ls .  The tosylhydrazones (Table 11) were prepared ac- 

cording t o  the  method described by Hutch ins  e t  al.3a 
G e n e r a l  P r o c e d u r e  f o r  Reduct ions.  T h e  reduct ion o f  2-octa. 

none is representative. T h e  tosylhydrazone of 2-octanone (52.7 
mmol, 15.64 g) was dissolved in 105 ml o f  chloroform a t  
Catecholborane (58 mmol, 6.31 m l )  was added and the  hydrobora- 
t i o n  was allowed to  proceed for 20 min. Sodium acetate trihyd- 
rate l3  (155 mmol ,  21.1 g) was then added and the  reaction mix tu re  
was brought  t o  a gentle re f lux for 1 hr.14 GLC analysis indicated a 

Table I1 
Melting Points of the Tosylhydrazones Utilized 

Ketone Registry no. MP, c 

2 -0ctanone 54 79 8 -7 6 -4 96.548 
Isophorone 21 195 -62-0 14  2 -1 44 
Cyclohexanone 4545 -18 -0 155-1 58 
2 -Methylcyclohexanone 52826 -41 -2 112-114 
Norbornanone 38397-34-1 194-196 

90.8% y ie ld  of  octane w i t h  n o  evidence for alkene formation. T h e  
product  was dist i l led f r o m  the  reaction mixture, bp 124-127'. The 
y ie ld  of octane was 4.78 g (81%). 
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Since the pioneering work by Wittigl and Roberts2 on 
the chemistry of arynes, extensive research has been done 
in this area. A monograph which summarizes much of this 
work has appearedS3 Roberts4 and coworkers have observed 
that t h e  reaction of o-chlorotoluene wi th  potassium amide 
yields 0- and m-toluidine in approximately equal 
amounts .  This result is surprising, since one would expect 
the inductive effect of the methyl group to operate in such 
a way as to make the amount of the ortho isomer which is 
formed much greater than that of the meta isomer. For ex- 
ample, treatment of p -  chlorotoluene with potassium amide 
in liquid ammonia yields m- and p-toluidine in a 3:2 ratio, 


