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Table I. Summary of Results of Competitive Reduction Experiments 

no. aldehyde 
-----__L- 

1 3-pheny lpropionaldehyde 
2 3-pheny lpropionaldeh y de 
3 3-phenylpropionaldehyde 
4 cy clohexanecarboxaldehy de 
5 cyclohexanecarboxaldehy de 
6 cyclohexanecarboxaldehy de 

ketone 

6-methoxy-1-indanone 
cyclohexanone 
acetophenone 
6-methoxy-1-indanone 
cyclohexanone 
acetophenone 

a A = percent of conversion t o  primary alcohol. B = percent of ketone recovered 

reaction product consisted of polymeric compounds formed 
from the reactants by side reactions. The reactions carried 
out with 6-methoxy-1-indanone (numbers 1 and 4 in Table 
I) were carried out quantitatively, and the products of 
reaction were found to contain no unreacted aldehyde, 
whereas 90% of the ketone originally present was re- 
covered. 

Measurements of the adsorption of LiBH4 on 5A sieve 
from dilute solution in THF (details are given below) show 
that a t  equilibrium the zeolite contains only about 0.5% 
wt of LiBH4. This low equilibrium capacity suggests that 
the LiBH4 does not penetrate the zeolite cage structure 
and is adsorbed only on the external surface of the zeolite 
crystals. This was confirmed by experiments with 3A sieve 
(smaller effective pore size through which LiBH4 would 
certainly not penetrate), which showed about the same 
equilibrium capacity for LiBH4. The aldehyde/ ketone 
reduction experiments were therefore repeated, using 
similar reducing agents prepared from the 3A zeolite and 
from the 13X zeolite, The pore opening of the 13X sieve 
is large enough to freely admit both aldehyde and ketone 
molecules, as well as those of LiBH4. As  indicated in Table 
I, the reagents prepared from 3A and 13X zeolites showed 
almost the same selectivity in the reduction of aldehyde 
as did the original reagent prepared from the 5A zeolite. 
Clearly therefore the selectivity of the reducing agent does 
not arise, as originally postulated, from a simple molecular 
sieve effect since the evidence suggests that, at least with 
the 5A and 3A sieves, the reaction takes place on the 
external surface of the crystals, rather than in the interior, 
and the external surface is equally accessible to both al- 
dehyde and ketone. Thus, although the potential use- 
fulness of this type of reagent has been demonstrated, 
elucidation of the reaction mechanism will require a more 
detailed investigation. 

Experimental Section 
1. Prepara t ion  of Reagent. Molecular sieve crystals (70 g) 

(diameter - 1 Fm) were dehydrated at  450 "C in a stream of He 
for 2 days and then suspended in 200 mL of dry THF. A solution 
of 1 % LiBH4 in T H F  (5 mL) was added, and the suspension was 
stirred in a dry atmosphere a t  50 "C. Progress of the adsorption 
of LiBH4 was followed by removing a t  intervals a drop of su- 
pernatant solution and testing it with wet pH paper. After about 
8 h, a neutral reaction was obtained, indicating that all LiBH4 
had been adsorbed. 

2. Adsorption Experiments. The adsorption experiments 
were carried out essentially as in (1) above, except that the 
quantities of reagents were modified. Experiments were carried 
out using various quantities of zeolite and LiBH4 in order to 
establish the saturation concentration. The quantity of LiBH4 
remaining in the solution was estimated by titration. A small 
sample of the supernatant solution was removed and hydrolyzed 
by boiling it with water for 10 min in an Erlenmeyer flask. The 
solution was then titrated against standard HCl. The original 
LiBH4 solution (1 mL) was also titrated, after hydrolysis, with 
the standard HC1 solution, and the quantity of LiBH4 adsorbed 
by the zeolite was then found by difference. The same procedure 
was repeated several times, using different quantities of the 1% 
LiBH4 solution in THF,  and it was found that on average 10 g 
of zeolite adsorbed about 0.05 g of LiBH4. 
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zeolite 

3A, 5A, 13X 
3A, 5A 
3A, 5A 
3A, 5A, 13X 
3A, 5A 
3A, 5A 

Aa 

70 
75 
78 
70 
1 5  
70 

Bb 

90 

90 

One experiment was carried out with a large excess of zeolite 
(30 g Davison 3A sieve with 150 mL of THF and 3 mL of the 1% 
solution of LiBH4 in THF). After 10 h, a sample of the zeolite 
was removed, filtered, and washed with THF and dried in vacuo. 
Both this sample of sieve and a sample of the supernatant solution 
were analyzed for Li by atomic absorption spectrophotometry. 
No detectable amount (CO.1 ppm) of Li was found in the T H F  
solution, whereas the sieve sample contained 199 ppm of Li. This 
experiment confirms that in the presence of an excess of zeolite 
virtually all the LiBH4 is adsorbed. 

3. Reduct ion of 3-Phenylpropionaldehydes in the 
Presence of 6-Methoxy-1-indanone. Reagent (70 g) was 
prepared as in (1) above. To the suspension of the reagent in THF 
were added 0.15 g of 6-methoxy-1-indanone and 0.125 g of 3- 
phenylpropionaldehyde. The mixture was stirred for 6 h in a dry 
atmosphere a t  room temperature. Distilled water (100 mL) was 
added and the mixture stirred for a further period of 1 h. The 
suspension was then fiitered and washed with THF (2 X 100 mL) 
and then diethyl ether (100 mL). T h e  solvents were removed 
under reduced pressure, and the residual liquid was extracted with 
ether. The extract was dried over MgSO, (anhydrous) and then 
evaporated to dryness under reduced pressure. The residual 
produds were separated by chromatography on silica gel to afford 
0.135 g (90%) of unreacted 6-methoxy-1-indanone and 0.09 of g 
3-phenylpropanol in 70% yield IR (CCl,) 3440 cm-' (OH); NMR 
(CC,) 6 7.1 (s, 3), 3.5 (t, 2), 2.63 (m, 2), 1.8 (m, 2); mass spectrum 
parent (70 eV) m / e  136. IR, NMR, and MS were identical with 
those of 3-phenylpropanol obtained directly from reduction of 
3-phenylpropionaldehyde by direct reduction with LiBH4 in THF 
solution. 

The procedure for the reactions with cyclohexanone and 
acetophenone was essentially the same except that in the workup 
the solvents were carefully distilled, using a 4 in. fractionating 
column. Here also 3-phenylpropanol was obtained in 70-80% 
yield with no trace of the corresponding secondary alcohol. 

Acknowledgment. The atomic absorption analyses 
were performed by Dr. K. T. Kan of the Department of 
Civil Engineering, and this assistance is gratefully ac- 
knowledged. 

Registry No. 3-Phenylpropionaldehyde, 104-53-0; cyclohexane- 
carboxaldehyde, 2043-61-0; 3-phenylpropanol, 122-97-4; cyclo- 
hexanemethanol. 100-49-2. 
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The use of phase-transfer catalysis has been an im- 
portant tool in the construction of compounds in organic 
preparations.' Dichloromethane has been commonly 
employed as the solvent in these reactions; however, di- 
chloromethane has also been used as the electrophile in 
phase-transfer catalysis to form bis(aryloxy)methanes,2 

(1) E. V. Dehmlow, Angew. Chem., Int. Ed. Engl., 16, 493 (1977). 

0 1979 American Chemical Society 



Notes J .  Org. Chem., Vol. 44, N o .  22, 1979 3971 

Table I. Preparation of Dioximes (Eq l)d 

Rl  

isolated yield NMR (CH,), 
R2 Q+X-(l o f 1 , %  mp, " c b  PPm 

Me 
E t  ~. 

C ~ C I O - C ~ H , ,  
Ph 
Ph 
Ph 
Ph 
Ph 
p-toly l 
2,4-C1,C6H, 
3,4-C1,C6H, 
2, 5-Cl2C,H, 

cyclo-C,H, 
4-NO2C,H, 
3-N0,C6H, 

2-thienyl 

4-MeOC6H, 
2,4-( MeO) ,C,H, 

Et,NCH,CH, 
4-C1C,H4 

Me 
Et  

Me 
Me 
Me 
Me 
Ph 

Me 
Me 
Me 
Me 

Me 
Me 
Me 
Me 
Me 
Me 

C W ) ,  

cyclo-C,H, 

A 
A 
A 
A 
B 
C 
D 
A 
A 
A 
A 
A 
A 
A 
D 
D 
D 
D 
D 
A 

5 3  
50  
79  
85 
1 

100 
100 
81 
90 
81 
9 1  
81 
8 9  
57  
9 5  
97 
90 
70 
50 
55  

43-44 
[ 5 5  (0.065 mm)]  
48-50 
99-101 
99-101 
99-101 
99-101 
85-87 
151-152 
140-14 1 
120-1 21  
107-108 
114-116 
69-71 
162-164 
147-150 
79-82 
174-175 
176-180 
[130  (0.11 ")IC 

5.52 
5.55 
5.50 
5.83 
5.83 
5.83 
5.83 
5.83 
5.42 
5.80 
5.83 
5.80 
5.80 
5.52 
5.95 
5.95 
5.85 
5.70 
5.71 
5.60 

A, tetra-n-butylam.monium hydrogen sulfate; B, n-propyltriphenylphosphonium bromide; C, cetyltrimethylammonium 
bromide; D, methyltrialkylammonium chloride (alkyl = C,-C,,; available as Ado en  464 from Ashland Chemical Co.). 

diagnostic spectra were obtained for each new compound. 
The boiling point value is listed within brackets. Kugelrohr boiling point. ' Satisfactory elemental analysis and 

methylene  diester^,^ and d i t h i o e t h e r ~ . ~  
We wish to report the formation of methylene dioximes 

1, a previously unknown class of molecules, from keto 
oximes using a qua te rna ry  ammonium salt (Q'X-) with 
50% aqueous solutions of sodium hydroxide,  with di- 
chloromethane used as both solvent and electrophile (eq 
1). The probable route  of formation of 1 is by  successive 

NaOH, H20,  $*X- 
2RIR&=NOH + CI12C12 o-5 oc 

(R;R2C=N0)&H2 (1) 
1 

alkylations of d ich loromethane  b y  the conjugate base of 
the oxime. We prepared the methylene  dioximes listed 
in Table I in isolated yields of 5O-lOO%. The yield of the 
methylene dioxime derivative for ace tophenone  oxime 
varied dramat ica l ly  with Q'X-. This variation is in 
ag reemen t  with the reaction5 of thiophenoxide with 1- 
bromooctane in benzene-water, in which the qua te rna ry  
phosphonium salts are less effective than the quaternary 
ammonium salts as phase-transfer catalysts. 

Hypothetical alternate products 2 and 3 are eliminated 
on the basis of ultraviolet spectra. Nitrones, similar t o  

0- 0- N=o y=o 
I I - .  

RiC - C H2 CR1 I +  It- / R l  
R 

R, ' > C = N C H z N  -C 'R 1 I I 
R z  RZ 

3 
2 

2 (R  = alkyl), absorb near 230 nm (6 9000).6 Nitroso 
compounds, similar to 3 (R  = alkyl), absorb near 300 nm 
( 6  100) and 665 nm (6 2 O I a 7  Methylene  dioxime 4 has 
absorptions at  263 nm (t 102) and 270 nm (t 87). 

H C  / C H 3  ' c : =  NO c H ~ O N  = c 
H3C' 'CH3 

4 

(2) E. V. Dehmlow and J. Schmidt, Tetrahedron Lett., 95 (1976). 
( 3 )  K. Holmberg and B Hansen, Tetrahedron Lett., 2303 (1975). 
(4) A. W. Herriott and D. Picker, Synthesis, 447 (1975). 
(5) A. W. Herriott and I). Picker, J. Am. Chem. Soc., 97, 2345 (1975). 
(6) J. Thesing and W. Sirrenberg, Chem. Ber., 92, 1748 (1959). 
(7) R. M. Silverstein and G. C. Bassler, "Spectrometric Identification 

of Organic Compounds", 2nd ed., Wiley, New York, 1967, p 162. 

Experimental Section 
Melting points are uncorrected. UV spectra were taken with 

a Cary 14 recording spectrophotometer. Infrared spectra were 
recorded with Perkin-Elmer Model 237, 257, and 457 spectro- 
photometers. NMR spectra were obtained with Varian EM-360, 
T-60, and XL-100 spectrometers. Mass spectra were taken with 
LKB-9000 and AEI-MS-30 mass spectrometer systems. 

S t a r t ing  Materials. The oximes were prepared from the 
corresponding carbonyl compounds by standard procedures. The 
catalysts were obtained from Aldrich Chemical Co. Dichloro- 
methane was used without purification from Fisher Scientific Co. 

General Procedure  for  Methylene Dioxime Formation. 
The preparation of bis(m-nitroacetophenone) 0,O'-methylene- 
dioxime serves as a typical example. To a solution of m-nitro- 
acetophenone oxime (5.60 g, 30.0 mmol) and tetra-n-butyl- 
ammonium hydrogen sulfate (0.60 g, 2.0 mmol) in 110 mL of 
dichloromethane at  0 "C was added dropwise 4 mL of a 50% 
aqueous sodium hydroxide solution. The reaction mixture was 
stirred a t  25 "C for 16 h and diluted with 100 mL of water. The 
aqueous portion was separated and extracted with methylene 
chloride. The organic layers were combined and washed with 
water until the aqueous portion was neutral. After a final brine 
wash, the organic portion was dried (NaZSO4), filtered, and 
concentrated under reduced pressure. The product was re- 
crystallized from ethanol, affording 5.4 g (97%) of the desired 
dioxime: mp 147-150 "C; UV max (CHClJ 253 nm (e 33 550), 
235 (25890); IR (CHCl,) 1620 (C=NO, w), 1525, 1355 (aromatic 
NOz), 1015 cm-' (OCHzO); NMR (CDC13) S 8.6-7.4 (8, complex 
m, aromatic H), 5.95 (2, s, OCH20), 2.35 (6, s, CHJ; mass spectrum 
(70 eV), m / e  372 (m'). Anal. Calcd for C17H16N406: c ,  54.8; H,  
4.3; N, 15.0. Found: C, 55.0; H,  4.3; N, 15.0. 
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Diphenylethylenes and diphenylethanes appear rather 
frequently in the chemical literature, particularly within 
realms of medicinal interest, either in the open-chained 
forms or as closed-ring analogues.’ In many cases, the 
syntheses of particular diphenylethylene derivatives and 
their dihydro analogues were carried out independently 
by parallel reaction schemes with different starting ma- 
terials;2 thus it would appear that, at least in some cases, 
the synthesis of diphenylethane derivatives could have 
been facilitated if an efficient method were available for 
the reduction of the corresponding diphenylethylenes. 

The most commonly used reduction procedures for 
simple diphenylethylenes include catalytic hydrogenation 
over palladium or p l a t i n ~ m , ~  which allows rapid reduction 
of the 1,l-diphenylethylenes but reduces the stilbenes less 
r e a d i l ~ ; ~  furthermore, the course of reduction could be 
inhibited by the presence of a bivalent sulfur5 or nitrogen 
atom,6 as in the case of iminostilbenes. Sodium boro- 
hydride in trifluoroacetic acid has been reported to reduce 
1,l;diphenylethylene in good yield, yet it fails to saturate 
the olefinic double bonds in a dibenzo[a,d]cyclohepten- 
5-ylidene der i~a t ive .~  Lithium-ammonia has been used 
successfully in reducing the central double bond of 
phenanthrene;8 metal-ammonia reductions of simple 
1 ,l-diphenylethylenes, however, tend to give large amounts 

(1) See, for examples: (a) A. Cammarata and G. K. Menon, J. Med. 
Chem., 19, 739 (1976); (b) W. C. Cutting, “Cutting’s Handbook of 
Pharmacology”, 5th ed., Appleton-Century-Crofts, New York, 1972. 

(2) (a) E. L. Engelhardt, H. C. Zell, W. S. Saari, M. E. Christy, and 
C. D. Colton, J. Med. Chem., 8, 89 (1965); (b) E. L. Engelhardt, U. S. 
Patent 3014911 (1961); Chem. Abstr., 56, 10112h (1962). 

(3) J. W. Kern, R. L. Shriner, and R. Adams, J .  Am. Chem. Soc., 47, 
1147 (1925). 

(4) When magnesium in methanol is used, the order of ease of reduction 
seems to be reversed though both examples are conveniently reduced. 

(5) H. 0. House, “Modem Synthetic Reactions”, 2nd ed, W. A. Benjamin, 
Menlo Park, Calif.. 1972, p 15. 

(6) M. Freifelder, “Practical Catalytic Hydrogenation: Techniques and 
Applications”, Wiley-Interscience, New York, 1971, p 137. 

(7) G. W. Bribble, R. M. Leese, and B. E. Evans, Synthesis, 172 (1977). 
(8) (a) P. W. Rabideau and R. G. Harvey, J. Org. Chem., 35,25 (1970); 

(b) R. G. Harvey, Synthesis, 161 (1970); (c) P. W. Rabideau and E. G. 
Burkholder, J.  Org. Chem., 43, 4283 (1978). 

of dimeric  product^.^ Numerous other methods of re- 
duction have also shown merit in specific examples, but 
their general applicability has not been demonstrated.l0 

In connection with our work directed toward the syn- 
thesis of some dihydrodibenz[ b,floxepins and dihydro- 
dibenzo[ b,fl thiepins, we have discovered that the use of 
magnesium in methanol can effectively reduce a variety 
of 1,l- and 1,2-diphenylethylenes as well as related 
compounds. Previously, magnesium in methanol (or other 
alcohols) has only been used in the reduction of carbon- 
heteroatom double bonds11J2 and nitrogen oxides,13 and, 
more recently, its success in selective reduction of various 
a,P-unsaturated nitriles has been dem0n~trated.l~ Under 
somewhat modified  condition^,'^ we have found that the 
reduction of diphenylethylenes can proceed in virtually 
quantitative yields, except in cases where the double bond 
is part of an aromatic ring. Results of this study are 
summarized in Table I. 

In addition to its efficiency, economy, and convenience, 
the magnesium in methanol reduction also offers the 
advantage of being applicable to systems incorporating 
nuclear halogen substituents and heteroatoms, such as a 
bivalent sulfur, oxygen, and basic nitrogen, as demon- 
strated by the reduction of 8a in Table I.15J6 

Experimental Section 
Melting points were taken on a Thomas-Hoover capillary 

melting-point apparatus and are uncorrected. The vapor-phase 
chromatographic (VPC) analyses were performed using either a 
2 mm i.d. X 6 ft 3% OV-17 on 60/80 Gas Chromosorb Q silanized 
glass column or a 4 mm i.d. X 6 f t  3% OV-1 on 100/120 Chro- 
mosorb W-H.P. stainless steel column in a Perkin-Elmer Model 
3920B gas chromatograph with a flame ionization detector. All 
percent-composition values are reported as relative peak areas 
without correction for relative detector response. Infrared spectra 
were recorded on a Perkin-Elmer Model 727 grating spectrometer. 
‘H NMR spectra were obtained on a JEOL C6O-HL spectrometer; 
chemical shifts ( 6 )  are reported relative to Me4Si. Mass spectra 
were obtained using a Finnigan Model 4000 quadrupole mass 
spectrometer a t  70 eV, equipped with the INCOS data system; 
when chemical ionization was used, methane was the reagent gas. 

In all workup procedures, “brine” refers to saturated sodium 
chloride solution. The drying process involved standing the 
solution over MgS04 and filtering i t  prior to  evaporation. 
Magnesium shavings were obtained from Matheson Coleman and 

(9) H. Gilman and J. C. Bailee, J .  Am. Chem. Soc., 65, 267 (1943). 
(10) (a) W. L. Jolly and K. A. Strom, J .  Org. Chem., 36,3649 (1971); 

(b) N. J. Cusack, C. B. Reese, A. C. Risius, and B. Roozpeikar, Tetrahedron, 
32,2157 (1976); (c) L. G. Humber, F. Herr, and M.-P. Charest, J. Med. 
Chem., 14, 982 (1975); Limpricht and Schwanert, Justus Liebigs Ann. 
Chem., 145, 334 (1868); F. Toda and M. Kanno, Bull. Chem. SOC. Jpn., 
49, 2643 (1976); R. Fischer, F. M. Kungle, and J. Schmutz, Swiss Patent 
593 965 (1977); (d) D. D. Phillips, “Organic Syntheses”, Collect. Vol. IV, 
Wiley, New York, 1963, p 313; R. L. Augustine, “Catalytic Hydrogenation”, 
Marcel Dekker, New York, 1965, p 75; L. F. Fieser and W. S. Johnson, 
J .  Am Chem. SOC., 61,168 (1939); J. R. Durland and H. Adkins, ibid., 60, 
1501 (1938); G. Schroeter, H. Muller, and J. Y. S. Huang, Chem. Ber., 62, 
645 (1929). 

(11) L. Zechmeister and P. Rom, Justus Liebigs Am. Chem., 468,117 
(1929). Zechmeister and Rom also reported that chlorobenzene was not 
dehalogenated by magnesium in methanol but iodobenzene and bro- 
mobenzene were; in addition, an example of the addition of four hydrogen 
atoms to an a$-unsaturated ketone was reported. 

(12) (a) V. Hahn, R. Hansal, I. Markovcic, and D. Vargazon, Ark. Kemi, 
2 6 , 2 1  (1954); Chem. Abstr., 50,292f (1956); (b) R. Hansal, D. Vargazon, 
and V. Hahn, Ark. Kemi, 27, 33 (1955); Chem. Abstr., 50, 48941 (1956). 

(13) C. P. Joshua and P. K. Ramdas, Synthesis, 873 (1974). 
(14) (a) J. A. Profitt, D. S. Watt, and E. J. Corey, J .  Org. Chem., 40, 

127 (1975); (b) D. S. Watt and M. L. Raggio, ibid, 41, 1873 (1976); (c) 
R. W. Freerksen, W. E. Pabst, M. L. Raggio, S. A. Sherman, R. R. Wroble, 
and D. S. Watt, J. Am. Chem. SOC., 99, 1536 (1977); (d) P. Camps, R. 
M. Ortuno, and F. Serratosa, Tetrahedron, 32, 2583 (1976); (e) D. J. 
Aberhart and C-T. Hsu, J. Org. Chem., 43,4374 (1978); (fl D. S. Watt, 
Diss. Abstr. B, 33 (10)8 4699 (1970). 

(15) Conditions have not been completely optimized. 
(16) Unpublished results by J. A. Profitt and H. H. Ong. 
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