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collected for characterization by preparative glpc. Its nmr 
spectrum (CClr) showed characteristic NCH2CH2CH2CH3 ab- 
sorption, Le., complex multiplet,s centered at  2.66, 1.32, and 
0.91 ppm downfield from TMS. I ts  infrared spectrum (pure 
liquid) showed bands a t  2965 (9) , 2940 (s) , 2870 (m), 1680 (m) , 
1610 (w), 1460 (m), 1377 (m), 1193 ( s ) ,  1104 (s), 948 (m), 913 
(m), 874 (w), 831 (w), 806 (w), and 762 (s), cm-I. The band 
a t  1610 cm-' can be identified as Y C - C , ~ ~  and the band at  948 cm-1 
as B C - N . ~ ~  The mass spectrum of the product showed molecular 
ion peaks a t  m l e  257, 259, 261, and 263 in a ratio of 27:25:9: 1 
(calcd: 257, 259, 261, 263 in a ratio of 27:27:9:1). The:other 
major peaks occurred at  m/e 222, 224, 226 (9:6:1 ratio), cor- 
responding to 1.I - C1; 214, 216, 218, 220 (ratio 27:26:9:1), 
corresponding to 31 - C3H7; 180, 182, 184 (9:6:1 ratio), 
corresponding to AI -- CaH6 and C1; 172, 174, 176, 178 (27:27: 
9: 1) corresponding t.0 M - CIHT and C3H6. Although a satis- 
factory combustion ,malysis could not be obtained, the data 
above are consistent wit,h the identification of the product as 
(C4H9)2NCCl=CC12. This compound was formed in this 
reaction in 20'3 yield; phenylmercuric chloride was produced in 
80% yield. 

Reaction of Phenyl( bromochloromethy1)mercury with Triethyl- 
amine at  Room Temperature.-A 25-m1 flask was charged with 
1.34 g (3.3 mmoles) of C B H S H ~ C H B ~ C ~ ' ~  (mp 65-66"), 1.35 g 
(13.2 mmoles) of triethylamine, and 4 ml of dry benzene. After 
the mixture had been. stirred for 10 min, a pale yellow oil sepa- 
rated to the bottom of the flask. After l hr, the oil apparently 
had solidified. The reaction mixture was evaporated under 
reduced pressure, leaving 1.60 g of pale yellow solid, mp 142- 
160" dec. Recrystallization from 1:  1 ether-THF afforded 
1.30 g (48%) of a white, powdery material, which melted a t  
162" with decomposition. This compound was characterized 
as [C6HSHgCHC1N(C!2H~)3]Br by its elemental analysis and its 
spectroscopic properties, and by synthesis of its tetraphenyl- 
bora1.e derivative. 

An.ul. Calcd for C13H2,BrClNHg: C, 30.78; H, 4.17; halo- 
gen, 30.75 mg of sample should give 20.07 mg of AgX; Hg, 
39.54; N ,  2.76. Found: C, 30.61; H,  3.92; halogen, 30.75 
mgof sample gave 20.'75 mg of AgX; Hg, 38.42; N, 2.65. 

The infrared spectrum (KBr pellet) of the compound showed 
absorptions at  3060-3000 (w), 2980 (m), 2950 (w), 1578 (w), 
1480-1450 (s), 1395 (m), 1300 (w), 1278 (w), 1189 (w), 1158 
(s), 1105 (w), LO78 (w), 1054 (w), 1030 (m), 1004 (m), 902 (w), 
795 (m), 738 (s), 708 '[s), and 620 (m), cm-'. I ts  nmr spectrum 
(CDC13) showed phenyl absorption from 7.82 to 6.85, a one- 
proton singlet a t  5.50, a six-proton quartet a t  3.52, and a nine- 
proton triplet a t  1.38 ppm downfield from T?rlS. 

The tetraphenylborate was prepared by treating 0.507 g (1 
mmole) of this product with 0.350 g (1 mmole) of sodium tetra- 
phenylborate in 5 ml of chloroform. After 15 min the reaction 
flask was filled with solid. Filtration afforded 0.83 g of white, 
flakey material, mp 170" dec. Recrystallization from methylene 
chloride and from I: 1 ether-THF gave 0.71 g of white flakes, mp 
164" dec. 

Anal .  Calcd for C37HdlClNBHg: C, 59.52; H,  5.54; C1, 
4.75; X, 1.88. Focnd: C, 58.91; H, 5.59; C1, 4.72; K', 
2.12. 

The infrared specti:um (KBr) of this derivative showed ab- 
sorptions at  3070-2960 (w), 1580 (w), 1475 (s), 1430 (m), 1390 
(w), 1270 (w), 1190 (m), 1158 (m), 1069 (w), 1032 (w), 1000 
(w), 925-890 (w), 855 (w), 778 (w), 743 (s), 711 (s), and 605 (m) 
cm-'. 

Reaction of Phenyl( trichloromethy1)mercury with Triethyl- 
amine in Acetone Solution.-A dry, 50-ml, three-necked flask 
fitted with a reflux condenser and a magnetic stirring assembly 
was charged with 10 mmoles of CbH5HgCC13. Ten milliliters of 
anhydrous acetone and 12 mmoles of triethylamine were added 
and the reaction mixture was heated at  reflux with stirring. 
Within 5 min a white precipitate formed, but this redissolved 
within 1 hr. The reaction mixture was heated for 22 hr; a t  that 
time the solution was yellow-orange in color and thin layer 
chromatography'* showed that the starting mercurial had been 
consumed completely. The reaction mixture was distilled a t  
0.02 mm (pot temperature up to 80') into a receiver a t  -78". 
The clear distillate was analyzed by glpc (chlorobenzene internal 
standard) ; triethylamine, acetone, and chloroform (80%) were 
found to be present. At best only a trace (<l'%) of dimethyl- 

(15) D. Seyferth and H. D. Simmons, Jr., J .  Orgonometal. Chem., 6 ,  306 
(1966). 

(trichloromethy1)carbinol was present. The distillation residue, 
a brown oil, contained some white crystals which were identified 
as diphenylmercury by thin layer chromatography. 

The CaH5HgCC13 + (CzH5)aN + acetone reaction is more 
complicated than is apparent a t  first sight. Firstly, dimethyl- 
(trichloromethy1)carbinol is formed in only trace yield, whereas 
in the displacement of CCla- from CeHsHgCCls by sodium iodide 
in acetone, this alcohol is formed in substantial yield.g Further- 
more, in another experiment which was interrupted at  a stage 
just before precipitation of the white solid mentioned above by 
distillation of all volatiles under vacuum at  room temperature, 
it was established that triethylamine consumption had been less 
than 20%, but that the chloroform yield already was 50%. 
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We wish to  report an example of the reduction of 
ketones to alcohols by diimide (NH=NH). Even 
more surprising, one ketone (1) retained a carbon- 
carbon double bond which is generally reduced by 
diimide. l t 2  Carbonyl-group reduction by this reagent 
has been reported to occur with ben~aldehyde,~ but 
ketones were found to be unreactive. 

While the reactions of benzophenone were being 
compared with those of 5H-dibenzo [a,d]cyclohepten- 
5-one (1) and lO,ll-dihydro-5H-dibenzo [a,d]cyclo- 
hepten-5-one (2), i t  was noted that tosylhydrazone 
formation did not occur with these ketones under con- 
ditions which caused benzophenone to react. The 
preparation of these tosylhydrazones has recently 
been reported without experimental  detail^.^ When 
the reaction was forced (refluxing ethanol for 15 hr), 
a nitrogen-free product was obtained in each case; no' 
tosylhydrasone was isolated. The infrared spectrum 
of the product from ketone 1 showed sulfone bands 
(1310 and 1140 cm-l) and the nmr spectrum (Ex- 
perimental Section) suggested structure 3 for the sul- 
fone. An independent synthesis of compound 3 from 
5-chloro-5H-dibenzo [a,dJcycloheptene and sodium p- 
toluenesulfinate confirmed this assignment. Similarly, 
the product from ketone 2 was found to be the corre- 
sponding sulfone, 1O,ll-dihydro-5H-dibenzo [a,d]cyclo- 
hepten-5-yl p-tolyl sulfone (4). 

The most reasonable mechanism for the formation 
of sulfone 3 is reduction of ketone 1 to alcohol 5, which 
then reacts with p-toluenesulfinic acid to form the 
product. The reducing agent, diimide, is provided by 

(1) C. E. Miller, J .  Chem. Educ., 44, 254 (1965). 
(2) E. J. Corey, D. J. Pasto, and W. L. Mock, J .  Am. Chem. SOC., 83, 2957 

(1961). 
(3) E. E. vanTamelen, R. S. Dewey, M. F. Lease, and H. W. Pirkle, ibid., 

83, 4302 (1961). 
(4) I. Moritani, 5. Murshashi, M. Nishino, K. Kimura, and H. Tsubo- 

mum, Tetrahedron Letters, 373 (1966). 
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thermal decomposition of t~sylhydrazine.~ This re- 
action has also been shown to produce p-toluenesul- 
finic acid, the other required reactant. Reaction of 
alcohol 5,  obtained by reduction of ketone 1, with p-  
toluenesulfinic acid was shown to produce sulfone 3 
under the original reaction conditions. Alcohol 6, 
obtained by reduction of ketone 2, behaved similarly 
and gave sulfone 4. In  support of this mechanism, it 
was found that ketone 1 is reduced to alcohol 5 when 
heated in alcohol with anthracene-9,l0-biimineJ6 a 
source of diimide. The reduction of ketones in this 
manner may occur when the carbonyl group is suffi- 
ciently inert to  nucleophilic attack by tosylhydrazine to 
permit diimide formation by the thermal process. 

An alternative mechanism considered was formation 
oi the tosylhydrazone, decomposition to  the diazo com- 
pound, conversion to the carbonium ion in the protic 
medium, and sulfone formation with p-toluenesulfinic 
acid. This is ruled out because the tosylhydrazone, 
prepared from 5,5-clichloro-5H-dibenzo [a,d lcyclohep- 
tene, is recovered unchanged when subjected to these 
reaction conditions. 

Experimental Section7 

Reaction of 5H-Dibenzo[a,d]cyclohepten-5-one with Tosyl- 
hydrazine.-A mixture of 5.0 g (0.024 mole) of ketone 1, 7.0 g 
(0.038 mole) of tosylhydrazine, 100 ml of ethanol, and 1 ml of 
acetic acid was heated at reflux for 15 hr. The solid that sepa- 
rated was collected and recrystallized from ethanol-chloroform 
to give 3.4 g (39%) of sulfone 3, mp 210-211'. 

Anal. Calcd for CZZHI~OZS: C, 76.4; H, 5.2; S, 9.3. 
Found: 

The nmr spectrum (DMSO) had peaks at  r 2.6-2.8 m (aro- 
matic), 3.37 s (olefinic), 4.12 s (benzylic), and 7.93 s (methyl) in 
an area ratio of 12:2:1:3. The infrared spectrum (KBr) 
showed strong sulfone bands at 1310 and 1140 cm-'. A mixture 
melting point with an authentic sample, prepared as described 
below, was riot depressed. 

When 5 g (0.024 mole) of lO,ll-dihydro-5H-dibenzo[a,d] cyclo- 
hepten-5-one (2) was used in place of the unsaturated ketone 1, 
1.1 g (137,) of the corresponding sulfone (4 )  was obtained, mp 
187-188'. A mixture melting point with an authentic sample, 
prepared as described below, was not depressed. 

Anal. Calcd for CZ?'HZOOZS: C, 75.9; H, 5.8; S, 9.2. 
Found: 

p-Tolyl 5H-Dibenzo [a,d] cyclohepten-5-yl Sulfone (3) .-A 
1 .O-g (0.0048 mole) portion of 5-hydroxy-5H-dibenzo[a,d] cyclo- 

C, 76.5; H,  5.3; S, 9.3. 

C, 75.9; H, 5.9; S, 9.0. 

( 5 )  R. S. Devey and E. I:. vanTamelen, J .  Am. Chem. Soc., 83, 3729 
(1961). 

(6) E G. Carey and W .  L. Mock, ibid., 84, 685 (1962). 
( i )  The nmr spectrum mas measured on a Varian Associates Model A-60 

spectrometer and the infrared spectrum was measured on a Perkin-Elmer 
Model 137B spectrometer. h4elting points are uncorrected. 

heptene (5) was converted into the chloride by heating the mixture 
for 5 min with thionyl chloride and removing volatile material 
under reduced pressure. A suspension of 4 g (0.02 mole) of 
sodium p-toluenesulfinate dihydrate in 50 ml of ethanol was 
added to the chloride and the mixture was heated for 30 min a t  
reflux before being poured into ice-water. The solid was col- 
lected, washed with water, and dried, giving 1.5 g (90%) of 
sulfone 3, mp 210-211". 

B y  using the same procedure, p-tolyl 1OJ1l-dihydro-5H-dibenzo- 
[a,& cyclohepten-5-yl sulfone (4) was prepared from 5-hydroxy- 
lO,ll-dihydro-5H-dibenzo[a,d] cycloheptene ( 6 ) ;  the yield was 
0.4 g (23%), mp 187-188'. 

Reaction of 5-Hydroxy-5H-dibenzo [a,d] cycloheptene with p- 
Toluenesulfinic Acid.-To a solution of 1.0 g of sodium p- 
toluenesulfinate dihydrate in 25 ml of ethanol and 2 ml of acetic 
acid was added 0.5 g (0.0024 mole) of 5-hydroxy-5H-dibenzo- 
[a,d]cyclohept'ene (5). After the solution had been heated at  
reflux for 30 min, the solid was collected; the yield was 0.70 g 
(85%), mp 210-211'. A mixture melting point with sulfone 3 
was not depressed. 

In a similar manner, 5-hydroxy-l0,11-dihydro-5II-dibenxo- 
[a,cl]cyclohept~ene ( 6 )  gave a 15% yield of p-tolyl l0,ll-dihpdro- 
5H-dibenzo[a,d] cyclohepten-5-yl sulfone (4), mp 187-188". A 
mixture melting point with the authentic sample was not de- 
pressed. 

Reduction of 5H-dibenzo [a,d] cyclohepten-5-one with Anthra- 
cene-g,lO-biimine.-A mixture of 1.0 g (0.050 mole) of ketone 1, 
3.0 g (0.15 mole) of anthracene-9,10-biimine,6 and 50 ml of 
ethanol was heated at  reflux for 1 hr. After cooling to room 
temperature, the anthracene was removed by filtration and the 
filtrate was concentxated and chromatographed on alumina 
(20 9). Anthracene and starting ketone were removed with 
benzene, and alcohol 5 was eluted wit,h ethanol; the yield was 
0.25 g (237,), mp 118-120". A mixture melting point was not 
depressed, and the infrared spectrum was identical with t,ha.t of 
an authentic, sample. 

5H-Dibenzo [a,d] cyclohepten-5-one p-Toluenesulfonylhydra- 
zone.-A 3.7-g (0.02 mole) portion of tosylhydrazinc was added 
to a solution of 5,:i-dichloro-5II-dibenzo [a,d] cycloheptene,* ob- 
tained from 4.0 g (0.020 mole) of ketone 1, in GO ml of acetonitrile. 
The mixture was stirred overnight and the solid was collected. 
Additional material was obtained by concentration of the filtrate, 
and the solid was recrystallized from ethanol-acetonitrile to 
give 5.2 g (70%) of the tosylhydrazone, mp 213-215" dec (lit,.4 
mp 204"). The nmr spectrum is in agreement with the proposed 
structure. 

Anal. Calcd for C?~HIRNZO?S: C, 70.6; 11, 4.8; S ,  7.5; 
S, 8.6. Found: C, 70.9; H, 4.6; N, 7.7; S, 8.6. 

The tosylhydrazone (1.0 g) was recovered quantitatively after 
treatment for 16 hr a t  reflux in 20 ml of ethanol. containing 0.5 ml 
of acetic acid. 

(8) J. J. Looker, .I. Om. Chem., in press. 
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The reduction of enamines derived from both bi- 
cyclic and monocyclic ketones by secondary amines 
has recently been rep0rted.l The only secondary amine 
used in these reductions, however, was hexamethyl- 
enimine. The reduction of enamine intermediates by 
methanolic solutions of either dimethylamine or piperi- 

(1) For part 11, see A. G. Cook, IT. C. hIeyer, I<. E. Ungrodt, and R.  H. 
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