
896 J .  Org. Chem., Vol. 41, No. 5, 1976 Communications 

step see French Patent 1 484 542 or Canadian Patent 841 616: P. A. J. 
Janssen. Adv. Biochem. Psychopharm., 8 (1973): T. Oh-Ishi, A. E. Ja- 
cobson, P. S. Wilson, H. J. C. Yeh, and E. L. May, J. Org. Chem., 39, 
1347 (1974); S. I. Sallay, Abstracts, 167th National Meeting of the 
American Chemical Society, Los Angeles, Calif., April 1974, No. MEDl 
44. 

(4) G. Buchi, D. L. Coffen, K. Kocsis, P. E. Sonnet, and F. E. Ziegler, J. Am. 
Chem. Soc.. 88, 3099 (1966). 

(5) All new compounds gave satisfactory combustion analyses. 
(6) Spectra: NMR (CDC13, 100 MHz) 6 7.4-7.0 (5 H), 6.1 (1 H, d), 4.1 (2 H, 

q), 3.6 (1 H, dd), 3.1 (1 H, m), 2.8-2.0 (9 H), 2.0-0.8 (8 H); ir (KBr, HCI 
salt) 2940, 2440, 1725, 1650, 1198, 736, 687 cm-l. 

(7) M. Sekiya and Kelichi Ito, Chem. Pharm. Bu//. (Tokyo), 12, 677 (1964). 
(8) Spectra: NMR (CDC13, 60 MHz) 6 7.3-6.8 (4 H), 6.0-5.4 (2 H). 3.5-2.6 

(2 H), 2.4-1.2 (11 H), 1.0 (3 H, d), 0.5 (3 H, t); ir (KBr, HCI salt) 2900, 
2640, 1493, 1140, 999, 757, 730,698 crn-'. 

(9) Spectra: NMR (CDCI3. 60 MHz) 6 7.3-6.8 (4 H), 3.4-2.2 (10 H), 2.2-2.1 
(4 H). 2.1-1.5 (4 H). 1.2-0.6 (5 H); ir (KBr, HCI salt) 2930, 2670, 1708, 
756, 726 cm-'. 

(IO) A sample of this compund was kindly supplied by Dr. N. F. Albertson, 
who prepared it according to the procedure described by E. M. Fry, J. 
Org. Chem.. 28, 1869 (1963). 

(11) Spectra: NMR (CDC13, 60 MHz) 6 7.3-6.9 (4 H). 3.4L2.6 (3 H), 2.6-1.5 
(9 H). 1.3-1.6 (7 H). 

(12) H. 0. J. Coliier, E. Dineen, C. A. Johnson, and C. Schneider, Brit. J. 
Pharmacol. Chemother. 32, 295 (1968). 
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Improved Procedures for the Reductive Coupling 
of Carbonyls to Olefins and for the 
Reduction of Diols to Olefins 

Summary: Active Tio powder is a superior reagent for cou- 
pling carbonyls to olefins and for reducing diols to olefins. 

Sir: We recently reported that ketones, on treatment with 
a low-valent titanium reagent prepared from LiAlH4- 
TiC13, undergo reductive dimerization to produce coupled 
olefinic products in high yie1d.l Simultaneously, other 
workers found that low-valent titanium reagents prepared 
from Zn-TiC142 or Mg-TiC1s3 effect similar reductive cou- 
plings. Interestingly enough, however, whereas we found 
that both saturated aliphatic ketones and aromatic ketones 
couple to olefins, these other workers reported success only 
with aromatic ketones. Saturated aliphatic ketones were 
observed to undergo only pinacol dimerization to diols 
without subsequent deoxygenation. Although others have 
repeated our reactions: and indeed tetraisopropylethylene, 
one of the more hindered olefins yet synthesized, has been 
made by two groups5v6 using our method, we have neverthe- 
less observed since our publication that the coupling of sat- 
urated aliphatic ketones to produce olefins can be erratic. 
Successful results seem to be dependent on the specific 
batches of reagents used. 

We have expended considerable effort in attempts to 
overcome this problem, and we now report an improved 
procedure. We have found that an active Tio metal powder, 
prepared by Rieke's general method,' smoothly couples 
saturated ketones and aldehydes to olefins. In a represen- 
tative reaction, Tic13 (1.54 g, 10.0 mmol) was slurried 
under nitrogen in 50 ml of dry tetrahydrofuran. Potassium 
pieces (1.25 g, 32 mmol) were added and the mixture was 
refluxed for 45 min. Cyclohexanone (0.25 g, 2.5 mmol) was 
added in 5 ml of THF and the reaction was refluxed 12 hr. 
After cautious quenching of the reaction with ethanol, fil- 
tration through sintered glass and evaporation of solvent 
provided the coupled olefin in 85% yield. We have repeated 
this reaction with different batches of Tic13 from three 

Table I. Reductive Coupling of Some Carbonyl 
Compounds to  Olefins with Active Ti' 

R,C=O + Ti' + R,C=CR, 

Isolated olefin yield. % 

Cyclopentanone (1  ) 
Cyclohexanone (2)  
Cycloheptanone (3) 
Cyclooctanone ( 4 )  
Cyclododecano'ne ( 5) 
Adamantanone (6) 
Cholestanone (7)  
Diisopropyl ketone ( 8 )  
Valeraldehyde (9) 

40 
85 
86 
70 
90 

2 
40 
77 (7:3 trans:cis) 

55 

Table 11. Reduction of Some 1,2 Diols to  
Olefins with Active Ti' 

R , & A F t ,  + Tio -+ R,C=CR, 
HO OH 

Isolated olefin 
yield, % 

HO OH 

HO OH 

HO OH H-w('5' Bu 

85 

-+ 5-decene 7 5Q 

--). 5-decene 80Q 

(60:40 translcis) 

(90: 10 translcis) 

55 

80 

0 

a VPC yields. 

suppliers and have found it to be reproducible. Some of our 
results are given in Table I. 

Perhaps the most interesting entries in Table I are the 
last three. Diisopropyl ketone gives tetraiisopropylethylene 
(40%) in a yield much higher than that reported6p6 using 
LiAlHd-TiC13 as the coupling agent; so it is clear that quite 
hindered ketones can be made in acceptable yield. Al- 
dehydes also couple in good yield, but a mixture of double- 
bond isomers is formed. A control experiment, in which 
pure cis-5-decene was submitted to coupling conditions, in- 
dicated that no isomerization of product occurs after the 
reaction. Intramolecular dicarbonyl coupling to form rings 
is also possible, although, in the case indicated, the yield is 
only moderate. 

Since pinacol dianions are formed as intermediates in 
the coupling rea~t ion , l -~  one would expect Tio to reduce 
other 1,2 diols to olefins, and we have found this to be the 
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case. I t  is not, necessary to preform the dianions since free 
diols reduce directly (presumably the dianions are formed 
in situ by reaction with Tio). Some of our results are given 
in Table 11. 

Several of the examples require special comment, and 
provide information which bears on the reaction mecha- 
nism. Both the meso and d l  diols from 5-decene reduce in 
good yield, but neither reaction is stereospecific. Both the 
trans diequatorial diol 16 and the trans diaxial diol 18 re- 
duce in good yield, although diol 20 is not reduced. 

We wish to reserve a detailed discussion of our mecha- 
nistic studies for a full paper to be published later. We sim- 
ply point out now, however, that all of our data are consis- 
tent with the suggestion that a five-membered ring inter- 
mediate is formed and then collapses in a nonconcerted 
manner. 

Diaxial glycol 18 can form the required intermediate via 
a boat conformer, but glycol 20 cannot and is therefore un- 
reactive. 

x + TiO? 

In summary, we have developed new procedures for the 
reductive coupling of saturated ketoness and aldehydes to 
olefins and for the reduction of 1,2 diols to olefins. These 
reactions may well be of considerable use in synthesis. 

Acknowledgment is made to the donors of the Petrole- 
um Research Fund, administered by the American Chemi- 
cal Society, for the support of this research. 
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Trimethylsilyl2-Nitrobenzenesulfenatg 
(2-Nitrobeneenesulfenic Acid) 

Summary: Trimethylsilyl 2-nitrobenzenesulfenate, pre- 
pared by heating N-benzylidene-2-nitrobenzenesulfinam- 
ide with trimethylsilyl chloride, is a convenient, high yield 
source of 2-nitrobenzenesulfenic acid and 2-nitroben- 
zenesulfenate ion when treated with alcohol and alkoxides, 
respectively. 

Sir: Sulfenic acids are believed to be important intermedi- 
ates in a variety of organic sulfur reactions including bio- 
logical transf0rmations.l However, their high reactivity and 
the lack of mild methods to prepare them has hindered a 
systematic study of their reactions and properties. Of the 
aromatic sulfenic acids, 2-nitrobenzenesulfenic acid (1) has 
been the most studied.2 It  is generally believed to be 
formed in the neutral or alkaline hydrolysis of sulfenyl hal- 
ides,2a,c disulfides,2h and sulfenate The major 
products isolated in these reactions are disulfide (ArSSAr), 
thiolsulfonate (ArSOZSAr), and sulfinic acid (ArS02H).2 
Under certain conditions, orthanilic acid is also ob- 
tained.2a,C,g These products are all believed to involve ini- 
tial formation of the sulfenic acid, 1, with the disulfide and 
thiolsulfonate being formed by reaction of the solvent with 
the intermediate thiolsulfinate [ArS(0)SAr].2-4 As a conse- 
quence of the methods used to generate 1, neither the sul- 
fenic acid nor the thiolsulfinate has ever been isolated. 

0 
II 

ArSOX 
l ,X=H 
2, X = SiMe, 

hi, /ICHCsH6 
N 

3 

Ar = 2-nitrophenyl 

Recently, we reported that the thermolysis of N-alkyli- 
denearenesulfinamides is a useful method for generating 
arylsulfenic acids under mild nonaqueous  condition^.^ We 
wish to report the use of this method to prepare trimeth- 
ylsilyl2-nitrobenzenesulfenate (2) which when treated with 
alcohol provides a convenient high-yield source of 1. The 
reactions of 1 prepared in this way are reported. 

Compound 2 is a bright-orange liquid obtained in 75- 
80% yield by heating 33,6 (mp 103-104°)6 with trimethylsil- 
yl chloride-hexamethyldisilazane (2:l)ld and is the first ex- 
ample of the trapping of an unstable sulfenic acid by these 
reagents. The similarity of the ir and NMR spectra of 2 
with that of methyl 2-nitroben~enesulfenate~ is evidence 
for the proposed structure.s 

When 2 was treated with 4 equiv of ethanol in the pres- 
ence of methyl propynoate, 4 (mp 153-154°)6 was obtained 
in 82% yield confirming that 2 is an unequivocal, high-yield 
source of 1. The formation of 1 from 2 in ethanol-water- 
HCl and ethanol-water mixtures gave orthanilic acid (5 ,  
54-66%) and 6 (mp 53-54O,6 15-20%) as major products. 
Disulfide and thiolsulfonate were minor products. These 
conditions are similar to those in which 1 is believed to be 
formed from sulfenyl halides.2a!b 

0 
II 

0 
It 

Ad3 

H SOjH ArSOCH2CH3 
4 5 6 

The sequence of steps leading from 1 to 5 is unknown, al- 
though the ability of an o-nitro group to exchange its oxy- 
gens with an adjacent sulfur is well known.g Hogg and 
Stewart have recently suggested that thiolate and sulfenate 
ions may be reducing agents in the rearrangement of 1 to 
5.2g Under our conditions, however, this seems unlikely 
since disulfide was a minor product and sulfinic-sulfonic 
acids were not detected. 

Ethyl 2-nitrobenzenesulfinate (61, previously undetected 
in the reactions of 1 in alcohols, is probably formed by nu- 
cleophilic attack of the solvent on the sulfinyl sulfur of the 


