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Varian CFT-20 spectrometer with MerSi as internal standard and 
are reported in parts per million. IR spectra were recorded on a Uni- 
cam SP-200 spectrophotometer. Mass spectra were taken on either 
an AEI-MS 9 or MS 12  spectrometer a t  70 eV. Aluminium oxide for 
chromatography was Merck PF2.54 (type E) and Kieselgel was Merck 
(0.05-0.2 mesh). 

Reduction of Bicyclo[2.2.2]octa-2,5-dione. The dione 1 (1.40 g, 
10 mmol) was dissolved in ethanol (300 ml), the solution was stirred 
a t  room temperature, and sodium borohydride (2.85 g, 7.5 mmol) was 
added. After 3 h the clear solution was acidified with 2096 HCl (100 
ml) and then neutralized with Na&O:,. The solvent was removed by 
evaporation and the residual white solid was heated under reduced 
pressure whereupon a mixture of the diols (1.0 g) sublimed. The 
mixture was preadsorbed on Kieselgel(100 g), added to a column of 
Kieselgel (1000 g), and eluted with a mixture of CHC13-EtOH (9:l 
v/v). Compound 2a (100 mg) eluted first followed by a mixture of 3a 
and 4a (600 mg). The latter mixture was preadsorbed on alumina (15 
g), added to a column of alumina (150 g), and eluted with CHC13- 
petroleum ether (9:l vlv). Compound 3a (300 mg) was eluted first 
followed by 4a ( 150 mg). 

Compound 2a: mass spectrum rnle 142 (16%, M+), 124 (66%, M+ 
- H2O); IR (KRr) 3320 (b), 2920,2858,1445,1360 cm-'; 'H NMR 6 
4.0 (m,  2 H) ,  2.2--1.0 (m, 12 H).  

Anal. Calcd for C A H ~ J O ~ :  C.  67.60; H, 9.85. Found: C, 67.76; H,  
9.79. 

Compound 3a: mass spectrum mle  142 (20%, M+), 124 (4096, M+ 
- H20); IR (KRr)  3280 (h ) ,  2920.2858,1440,1362 cm-'; 'H NMR 6 
4.0 (m: 2 H) ,  2.2--1.0 (m, 12 H) .  

Anal. Calcd for C,H, 1 0 2 :  C .  67.60; H,  9.85. Found: C, 67.70; H,  
10.10. 

Compound 4a: mass spectrum mle 142 (l%, M+), 124 (loo%, M+ 
- H.0); IR (KWr) 3280 (b),  2920,2858,1440,1365 cm-'. 

Anal. Calcd for C+H1,O2: C. 67.60; H,  9.85. Found: C, 67.45; H, 
10.(19. 

A more efficient separation of the mixture of the three diols could 
be effected by high-pressure liquid-liquid chromatography on Porasil 
(4.0 ft X 0.375 in.) using MeOH-CHC1:I (3:97 vlv) as eluent. Under 
these conditions I .0 g of the mixture gave 100 mg of 2a, 300 mg of 3a, 
and 400 mg of 4a. 

Esterification of 2a, 3a a n d  4a. The diol (100 mg, 0.7 mmol) was 
dissolved in dry THF (10 ml) and butyryl chloride (80 mg, 0.74 mmol) 
was added. The solution was stirred for ca 2 h, the reaction being 
monitored by TLC (SiOz) and worked up when the diester was de- 
tected ( R f  -0.9, Et2O). The solvent was removed under reduced 
pressure and the residue was extracted with ether. Removal of the 
ether gave an oil which on preparative TLC (SiO2, Et201 gave the 
monoester (ca. 125 mg, 80%). 

Compound 2b: mass spectrum rnle 212 (l%, M+), 194 (55%, M+ - 
H20) ;  IH NMR 6 5.0 (m, 1 H),  4.0 (m, 1 H),  2.6-0.8 (m, 17 H).  

Compound 3b: mass spectrum m/e  212 (2%, M+), 194 (loo%, M+ 
- H2O); ' H  NMR 6 5.0 (m. 1 H) ,  4.0 (m, 1 H),  3.0-1.0 (m, 17 H).  

Compound 4b,c: These compounds were distinct on TLC but were 
not separated from each other. The mixture had mass spectrum rnle 
212 (l%, M+), 193 (10O0h. hl+ - HJO); ' H  NMR 6 5.0 (m, 1 H),  4.0 (m, 
1 H) .  1.0-3.0 (m, 17 HI. 

Oxidation of the Diols to the  Monoketones. The diol 4a (100 mg, 
0.07 mol) was drssolved in acetone (1.5 ml) and Jones reagent (0.01 
N) was added dropwise, the reaction mixture being monitored by TLC 

2 v/v) after each addition. After complete 
disappearance of the starting material the reaction mixture was 
separated by TIL. using the above conditions. TLC showed two 
compounds, the monoketones 5a and 5b. The mixture of 5a,b had 
mass spectrum m / e  140 (M+) ,  122 (M+ - H2O); IR (CDCI:3) 3600, 
:3400,2900, and 1740 cm--'.  Oxidation of the mixture of monoketones 
with .Jones reagent gave the diketone 1. Similar oxidation of 2a gave 
only the monoketone 5a (TLC), and oxidation of 3a gave only the 
monoketone 5b iTLC). Both 5a and 5b were separately converted into 
1 by further oxidation. 

Reduction of the  Keto Acids 6a and  6b. The keto acid (9.5 g, 52.2 
mmol) was dissolved in ethanol (150 ml), the solution was made al- 
kaline with 10% NaOH solution, sodium borohydride (6.0 g, 15.8 
mmol) was added in several portions, and the mixture was refluxed 
for 3 h. The solution was neutralized with 10% HC1 solution, the 
ethanol was removed under reduced pressure, and the residual mix- 
ture was extraci,ed with chloroform. The chloroform solution was 
dried (MgSoa) and the solvent removed by evaporation to give the 
corresponding alcohols (6a - 7a; 6b - 7b + 8b). 

Compound 7a: 8.1 g, 85%; mp 143-144 "C ( l i t i  143-144 "C); mass 
spectrum m/e  170.0951 ( C H H I J O : ~  requires 170.0943); 'H NMR 6 8.40 
(s, 2 H,  OH, C02H) .  3.85 (m, 1 H, H-5), 2.8-1.6 (m, 11 H); 13C NMR 

180.04 (COzH), 68.46 (C-5), 41.47 (C-2),33.68 (C-6). 31.16 (C-4), 28.55 
(C-1),25.01 (C-7), 22.80 (C-81, 21.28 ppm (C-3). 

Compound 7b (recrystallization from acetone): 66%; mp 167-168 
"C; mass spectrum rnle 184.1087 (C1OHlfiO:l requires 184.1099), 93 
(100%); IR (CHCl:,) 3500, 1710 cm-I; 'H NMR 6 6.50 (s, 2 H,  OH, 
COgH), 3.85 (m, 1 H,  H-5), 2.8-1.6 (m, 11 H) ,  1.30 (s, 3 H, CH.3); I jC 

(C-1, 4), 30.01 (C-3), 26.28 (Me), 22.76 (C-8), 20.07 ppm (C-7 ) .  
Compound 8b (separated from 7b by conversion of 7b to the lactone 

Sb (see below): 9%; mp 182-183 " C ;  mass spectrum rnle 184.1089 
(CloHl(jO:j requires 184.1099), 93 (100%); IR (CHC10 3500, 1710 cm-'; 
'H NMR 6 6.50 (s, 2 H, OH, COzH), 3.85 (m, 1 H,  H-5), 2.8-1.6 (m, 11 

(C-2), 35.53 (C-6), 34.31 ( C - 3 ) ,  33.11, 32.78 (C-l,41, 26.28 (Me). 20.91 
(C-7),17.61 ppm (C-8). 

Lactonization of 7a and  7b. The alcohol (:300 mg, I76 mmol) was 
dissolved in dry toluene (benzene for 7b) (30 ml). a small amount of 
p-toluenesulfonic acid (ca. 10 mg) was added, and the mixture was 
heated to reflux under N? for 2 h. Ether (20 ml) was then added to the 
cooled solution, and the mixture was then extracted with 10% aqueous 
NaHCOs (2 X 5 ml), and then washed with water until the washings 
were neutral. The organic layer was dried IMgSO,) and evaporation 
of the solvent gave the lactone. 

Compound Sa (purified by sublimation (1:i mm). recrystallization 
from petroleum ether-benzene): 80 mg, 37?4>; mp 205-206 O C  (lit." 
204.5-205.5 " C ) ;  mass spectrum mle  152.0843 ( C ~ H I ? O ?  requires 
152.0837); IR (CHC1:l) 1760 cm-I; 'H NMR 6 4.5 (m. 1 H, H-5), 3.2-1.6 
(m, 11 H); ';,C NMR 77.97 (C-2), 40.93 (C-51, 35.26 iC-3),28.12 (C-S), 
26.36 (C-4), 23.78 (C-l) ,  21.87, 21.52 ppm (C-7.8) .  

Compound Sb (purified by sublimation): 195 mg. 7190; mp 124-125 
" C ;  mass spectrum rnle 166.0994 iCIOH1402 requires 166.09921; IR 
(CHC1:j) 1760cm-I; 'H  NMR 6 4.65 (m, 1 H, H-21, 3.2-1.6 (m,  11 HI, 
1.2 (s, 3 H, Me); IiiC NMR 76.67 (C-2),43.00 (C-51, 35.39,34.95 (C-3,6), 
30.69 (C-4), 27.01 (C-I ) ,  21.59 ( C - S ) ,  20.51 ( C - 7 ) .  18.12 ppm (Me).  
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As part of the development  of an alternate synthesis of 
selenobiotin (Figure 1),l we wished to explore the possibilities 
of a-alkylation of selenoxides lacking p hydrogen: whether  
they would be stable,  and if t h e y  would reac t  similarly to 
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Figure 1. selenobiotin 

sulfoxides in a-alkylation reaction.2 A simplified model 
compound on which t o  try this reaction appeared to be 2- 
selenaindan (l),  and so we attempted the first step of Scheme 
Ia. Since even oxidation at  low temperatures with ozone failed 

Scheme I 

1 2 

to result in anything but intractable yellow oils with IR and 
NMR spectra indicating that we had obtained a product or 
products not including the one in which we were interested 
a t  the time, we directed our experimental efforts into other 
areas. 

Our interest was renewed in this reaction when a report 
appeared3 that oxidation of 1 with H202/CH3C02H yielded 
2-selenaphthalide (3), Scheme Ib. Physical and spectral 
properties were attributed to 3, however, which were different 
from those attributed to 3 synthesized by nonoxidative 
routes.4 Furthermore, the controlled oxidation of 1 with a 
stoichiometric amount of cold H202 led to a solution of 2 
(which is not stable enough to be isolated), which was then 
converted to benz0[3]selenophene.~ It was of interest to us to 
identify the solid reported by Magdesieva and Vdovin as the 
major product of a nonstoichiometric oxidation of 1. 

We repeated the oxidation of 1, using the reported3 H202/ 
CH3COOH reagent, and continued to obtain as the major 
product a viscous yellow oil which did not crystallize, and 
which presented the same spectroscopic appearance and 
difficulty in purification which we had previously encountered 
with ozone oxidation. During all stages of purification, this oil 
slowly deposited elemental selenium, which has been reported 
to be characteristic of benzyl diselenides.+j Spectral and TLC 
evidence indicated that, while the oil was readily purified to 
better than 90% one component, a purity of greater than 98% 
was inaccessible by the methods we attempted [the high- 
purity, highly viscous light-yellow oils (which were used for 
all recorded spectra determinations) did not crystallize under 
a vacuum, protected from light]. NMR measurements gave 
the same two peaks (6 4.28, singlet, CH2; 6 7.50, multiplet, 
aromatic CH) reported by Magdesieva and Vdovin,3 in the 
ratio of 4:2. Also, however, there is observed an additional peak 
at  6 10.1, singlet, relative intensity 1, characteristic of aromatic 
aldehydes7 The infrared spectrum of our oil, and the product 
reported by Magdesieva and Vdovin, possesses a peak a t  1695 
cm-l, characteristic of an aromatic aldehyde.8a Additional 
absorptions not reported by Magdesieva and Vdovin, of 2835 
and 2740 cm-l, also characteristic of aldehydes,Bb were found 
in the IR spectrum of our oil. 

In addition, we repeated one of the reported syntheses of 

3,4h and verified that the IR and NMR features obtained for 
2-selenaphthalide are different from those for the yellow oil, 
and those reported by Magdesieva and Vdovin3 (Table I). 

[It is interesting to note that only the relative electronega- 
tivities of 0, S, and Se (last column of Table I) need to be in- 
voked to explain the relative chemical shifts of both the ali- 
phatic and aromatic protons in the authentic 2-X-phthalides. 
It would not be possible to accommodate the reported relative 
chemical shift of the Magdesieva and Vdovin2 compound on 
an electronegativity argument alone.] 

On the basis of the spectral data reported in Table I, which 
are identical except for the aldehyde hydrogen peak in the 
NMR (6 l O . l ) ,  we postulated that oxidation of 1 yields 4, not 
3. The reported elemental analysis3 supports equally well 
structure 3 or 4 (compound 3, CsHGOSe, requires 48.75 C and 
3.07 H; compound 4, C1+jH1402Se2, requires 48.26 C and 3.54 
H; Magdesieva and Vdovin report 48.6 C and 3.5 H3). We have 
confirmed that 2,2'-diformyldibenzyl diselenide (4) is indeed 
a product of nonstoichiometric oxidation of 1 by the synthesis 
indicated in Scheme 11. 

Scheme I1 
0 
II 

5 

CH=CHCO,CH,CH, 

CH3 
6 

7 8 

9 10 

4 

Several alternate mechanisms can account for these results 
on the basis of limited extrapolations of well-documented 
reactions of selenium and sulfur compounds. Scheme I11 
represents a possible route via a seleno-Pummerer rear- 
rangement.jJ2 Scheme IV invokes a selenoxide-selenenate 
rearrangement analogous to similar rearrangements of sul- 
foxides in solution,13 in thermal reactions,14 and in the mass 
~pectrometer. '~ Corresponding rearrangements have been 
suggested for reactions of selenoxides in solution,16 and ob- 
served in mass spectr0metry.l' 

The absence of aliphatic hydrogens (3 to the selenoxide, and 
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Table  I 
0 
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Registry n o .  X 

87-41-2  0 

1194-57-6  S 
4938-13-0  Se 

Magdesieva and  

Yellow oil; c o m p d  4 
Vdovin c o m p d  

& A ~ H  
(center of 

6CH,  mult iplet)  

5.27 (s) 7.70 ( m )  
[ 5.32 (s)] C 
4 . 3 3  7 .45  ( m )  
4 .55  (s) 7 .58  ( m )  
4 . 2 8  ( s ) d  7.50  ( m ) d  

4 . 2 8  (s)e 7.50 (m)"  

[ 7 . 6 5  ( m ) ]  C 

Ele c t ro  ~ 

V C = O ,  negativity 
6 -C(=O)H c m - '  of x a  

~~ 

f 1 7 6 1 b  3 .50  

f 1 6 8 6 b  2 .44  
f 1 6 6 8  2.48 

1 6 9 5 d  

10.1 (s)e 1 6 9 5 e  

a Reference 9 .  b Reference 10. C Reference 11. d Reference 3. e Measured in  same solvents and  a t  same concentrat ions re  
por ted  by Magdesieva and  Vdovin.' f N o  NMR absorpt ion in t h e  region 6 9-11. 

Scheme I11 
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Scheme IV 

the geometrical restrictions of the phthalide molecules, make 
unlikely an elimination of the kind so elegantly exploited 
synthetically by Sharpless,ls and result in a reactivity ap- 
parently unique to this ring system.5 The similar compound, 
dibenzyl selenoxide, is stable even when heated to its melting 
point.lg 

Experimental Section 
All temperature readings were uncorrected. IR spectra were de- 

termined on a Perkin-Elmer Model 457 spectrophotometer on dilute 
solutions in KBr pellets. NMR spectra were recorded on a Varian A-60 
or HA-100D spectrophotometer in 8% w/w solutions in CC14, unless 
otherwise specified. Mass spectra were determined on a Du Pont 
24-491B mass spectrometer. Sodium selenide was purchased from 
Alfa Inorganics, Inc., Beverly, Mass. Those melting points taken in 
sealed evacuated capillaries are designated (sec). 

2-Selenaindan (1) was prepared from a&-dibromo-o-xylene 

(Aldrich Chemical Co.) by the method of Magdesieva and Vdovin:' 
Yields ranged from 34 to 73%, mp 33.5-34.0 "C (sec). 

Oxidation of 2-Selenaindan. A stirred solution of 1 (10.0 g, 0.055 
mol) in glacial acetic acid (100 ml) a t  0-5 "C was treated with a 22% 
solution of hydrogen peroxide (11.5 ml, 0.08 mol) in the course of 0.5 
h. Removal of solvent under reduced pressure a t  35 'C followed by 
steam distillation recovered 1.5 g of unreacted 1. The residual oil was 
dried azeotropically with benzene to leave 8.3 g of a yellow-orange oil 
after solvent removal; the oil lightened to a bright yellow on cooling 
(such thermochromic behavior has previously been noted for disele- 
nides).'" TLC (Chromar 500, Mallinckrodt, Inc.) with benzene eluent 
and iodine development gave Ri 1.00 ( l ) ,  0.47 (visibly yellow), 0.05 
(minor; Se?); in addition, a reddish streak (amorphous Se allotrope) 
developed on short standing, Ri 0.47-0.23, indicative of decomposi- 
tion. Column chromatography on a 2-in. diameter column using 400 
g of neutral alumina, Brockman activity 1 (Fischer Scientific Co., Inc.) 
with benzene eluent separated 2.3 g of 1, followed by 3.9 g (58%) of 
diselenide 4.  Column wash with methanol gave 1.6 g of brown tar 
which displayed no absorptions in the carbonyl region; this material 
was not further investigated. The upper portion of the column was 
gray-black a t  this point, probably owing to precipitated elemental 
selenium. 

Solution of 4 in alcohol and treatment with sodium borohydride 
completely discharged the yellow coloration, which was re-formed on 
air oxidation. 

Repeat of TLC with the yellow oil, under the same conditions as 
described above, gave a lone Rf  0.46, with slight streaking of red se- 
lenium. After 24 h in the dark, TLC gave a single spot, R/ 0.47, with 
considerable streaking attributable to selenium. The oil as obtained 
by column chromatography gave YC=O 1695 cm-' in the IR (film be- 
tween NaCl plates). and the NMR signals noted in the discussion 
section. The aromatic region of the NMR spectrum of 4 greatly re- 
sembles the same reZion of the NMR spectrum of o-tolualdehyde." 
Attempts to crystallize the oil, with or without a variety of solvents 
and solvent mixtures, failed. Solvents tried included ether, which 
reportedly allows recovery of 2-selenophthalide." and alcohols, which 
notably precipitatec, amorphous selenium. 

Repetitive (three times) preparative TLC (Chromar 1000) of 0.5 
g of the oil with benzene eluent gave continuous deposition of red 
selenium and progr(?ssive weight loss of yellow component; a new 
component appearel3 near the solvent front which did not develop 
with iodine (UV visualization: blue) but which had a definite strong 
odor similar to that of benzaldehyde. A similar odor was observed with 
a sample left exposed to light for 1 week, or heated on the steam bath 
for several hours (accompanied by irreversible darkening of the 
oil). 

Preparation of t~~ns-o-Methylc innamic  Acid (5). The Doebner 
condensation product of o-tolualdehyde and malonic acid, 5,  was 
synthesized in 90% yield:?' mp 175-176 O C  (lit." mp 176.6-177.2 "C); 
IR (Nujolj 3000-2800 (broad), 2700-2500 (broad), 1685,1625 cm-'; 
NMR (D20, NaOD) d 2.38 (s, 3 H, CH:j), 6.39 (d, 1 H, C=H) ( J  = 16 
Hz), 7.13 (m, 4 H, aromatic), 7.7  (d, 1 H, C=CH) ( J  = 16 Hz). 

Preparat ion of trans-o-Methylethyl Cinnamate (6) The ethyl 
ester of 17 was prepared via Fischer esterification'," in 95% yield: bp 
114-117 "C (2.2 mm) [lit.24 bp 148 'C (1.2 mmj]; IR (neat) 2995,1715, 
1638 cm-l; NMR (CCl.,) 6 1.32 (t, 3 H, CH:3), 2.4 (s, 3 H, CH:,), 4.2 (4, 
2 H,  CH?), 6.22 (d, 1 H, C=C=H) ( J  = 16 Hz), 7.2'2 (m, 4 H, aro- 
matic), 7.85 (d, 1 H,  C=C=H) ( J  = 16 Hz). 
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Preparation of tram+( Bromomethy1)ethyl Cinnamate (7). 
Wohl-Ziegler brominationz5 of 6 yielded 7. A mixture of 6 (10.0 g, 53 
mmol), N-bromosuccinimide (9.7 g, 55 mol) (Aldrich), dibenzoyl 
peroxide (0.8 g), and carbon tetrachloride (200 ml) was heated under 
reflux until formation of iiuccinimide was complete (3 h). The mixture 
was cooled and the sucscinimide filtered and washed with carbon 
tetrachloride. A prelimin,uy vacuum distillation (short path) afforded 
two fractions: bp 100-130 "C (0.4 mm) (2.5 g) and bp 130-154 "C (0.4 
mm) (10.24 g). The higher boiling fraction was crystallized from 
methanol (75 ml) a t  -65 "C to give a 65% yield (9.3 g) of 7: mp 
33.0-33.5 "C; IR (cc14) 2:995, 1720, 1640 cm-1; NMR (CC14) 6 1.31 (t, 

( J  = 16 Hz), 7.28 (m, 4 13, aromatic), 7.90 (d, 1 H, C=CH) ( J  = 16 
Hz). 

Preparation of o-Formylbenzyl Bromide (8). A solution of 7 
(5.38 g: 20 mmol), methanol (80 ml), and methylene chloride (20 ml) 
was ozonolyzed at  -63 "(2. The blue color from the presence of excess 
ozone indicated that  ozonolysis was complete after 0.25.h. After re- 
duction with dimethyl sulfide (10 ml) was complete (0.5 h) (in a pre- 
parative reaction, this methanol solution ordinarily was used without 
further purification), the solution was diluted with benzene (25 ml). 
The organic phase was washed with water (25 ml) and concentrated 
to give 1.02 g of clear, yellow liquid. Crude 8 was distilled (bulb to 
bulb) to give a 1090 yield (0.4 g) of brown liquid: bp 70-75 "C (0.4 mm); 
IR (neat) 2840, 2770, 1700 cm-'; NMR (cc14) 6 4.9 (s, 2 H, CHz), 7.55 
(m, 4 H aromatic), 10.1 (s, 1 H, CHO). 

Preparation of 2,2-Diformyldibenzyl Diselenide Dimethyl 
Acetal (10). A solution of 7 (4.0 g, 14.8 mmol) and methanol (100 ml) 
was ozonolyzed at  -60 "C. The blue color from the presence of excess 
ozone indicates that ozonolysis was complete after 20 min. Reduction 
with dimethyl sulfide (10 ml) was complete in 0.5 h. 

To the stirred reaction mixture, trimethyl orthoformate (28 ml) and 
p-toluenesulfonic acid (0.8 g) were added at  room temperature. After 
stirring for 48 h, the crude product was neutralized with solid potas- 
sium carbonate and methanol (80 ml) was distilled off a t  atmospheric 
pressure. 

The crude acetal in methanol (21 ml) was added dropwise to a 
freshly prepared solution of bismethoxymagnesium diselenideZ6 (50 
mmol) a t  room temperature. After the resulting dark solution was 
stirred a t  room temperature for 18 h, water (1 1.) was added to the 
reaction mixture and the crude product was extracted with diethyl 
ether (4 X 125 ml). The combined, yellow ether extracts were washed 
with saturated sodium blicarbonate solution (75 ml) and saturated 
sodium chloride solution (75 ml), and dried (MgS04). Concentration 
of the filtered ether extracts afforded a 26% yield (0.94 g) of crude 10, 
which was applied to a hexane-packed column (17 X 9.3 cm) of basic 
I1 alumina (Woelm) and eluted with hexambenzene (3070). A 10.8% 
yield (0.39 g) of 10 was obtained as an oil: IR (neat) 2840,1200,1110, 
1080, 1060 cm-'; NMR (CDC13) 6 3.22 (s, 12 H, OCH3), 4.11 (s, 4 H, 
CHr). 5.54 (s, 2 H, CH), 7.34 (m, 8 H,  aromatic); mass spectrum mle 
(re1 intensity) 490 (39, M-*), 245 (221,165 (loo), 134 (39), 119 (26). 105 
(79). 

Preparation of 2,2'-Diformyldibenzyl Diselenide (4). A solution 
of 10 (40 mg) and deuterium oxide (2 drops) in deuterioacetone (360 
mg) was added to an NMR tube. Hydrolysis was effected with tri- 
fluorodeuterioacetic acid (1 drop) after approximately 2 h a t  room 
temperature (a  brown, uncharacterized sediment which settled out 
of the tube at  this time w(3s removed from the reaction mixture). The 
resultant solution was used directly for determining the NMR spec- 
trum. This solution was then concentrated, diluted with anhydrous 
diethyl ether (2  ml), and dryed over MgSO4. The filtered ether solu- 
tion crystallized in the freezer and yielded yellow-tan crystals, mp 
50-64 "C. Two recrystallizations from anhydrous diethyl ether af- 
forded yellow-tan crystals of 4: mp 72.5-73.5 "C; IR (neat) 2750,1695 
cm-'; NMR (CLC1:J 6 4.30 (s, 4 H, CHz), 7.50 (m, 8 H, aromatic), 10.1 
(s, 2 H, CHO); mass spectrum m/e (re1 intensity) 398 (6, M+), 199 
(0.3). 119 (100),91 (42), 65 (6) (mp of Magdasieva and Vdovin prod- 
uct," 71.-72 "C). 

2-Selenaphthalide was synthesized from phthalide (Aldrich 
Chemical Co.) by the method of G ~ n t h e r . ~ ~  Samples recrystallized 
from petroleum ether were used for IR and NMR spectral determi- 
nations. 

2-Thiaphthalide was synthesized from phthalide (Aldrich 
Chemical Co.) by the method of Prey.lo Samples purified by benzene 
elution from alumina columns gave mp 55.5-56.5 "C (reported 55-60 
and 60 "C).*: 

Registry No.-1, 35951-68-9; 2, 58534-05-7; 4, 60633-89-8; 5 ,  

3 H, CH3), 4.22 (q,  2 H, CHz), 4.5 (s, 2 H, CHz), 6.30 (d, 1 H, C=CH) 

939-57-1; 6, 24393-48-4; 7, 60633-90-1; 8, 60633-91-2; 10, 60633-92- 
3. 

References and Notes  

(1). S. Bort and A. Marquet; Tetrahedron Lett., 2033 (1976). 
(2). E. A. Lehto and D. Shirley, J. Org. Chem., 22, 989 (1957); R. Viau and T. 

Durst, J. Am. Chem. SOC., 95, 1346 (1973); H. J. Reich and S. K. Shaw. 
ibid. 97, 3250 (1975). 

(3) N. N. Magdesieva and V. A. Vdovin, Khim. Geterotsikl. Soedin., 24 (1972); 
Chem. Heterocycl. Compd., 8, 22 (1972). 

(4) (a) M. Renson and R. Colliene. Bull. SOC. Chim. Belg., 73,491 (1964); (b) 
W. H. H. Gunther, J. Org. Chem., 32, 3929 (1967). 

(5) L. E. Saris and M. P. Cava, J. Am. Chem. SOC., 98, 867 (1976). 
(6) M. A. Lardon, Ann. N.Y. Acad. Sci., 192, 132(1972). 
(7) J. R. Dyer, "Applications of Absorption Spectroscopy of Organic Com- 

pounds", Prentice-Hall, Englewood Cliffs, N.J.. 1965, p 85. 
(8) (a) R. G. J. Miller and H. A. Willis, Ed., "Infrared Structural Correlation Ta- 

bles", Heyden & Sons, Spectrum House, London, 1964, Table 3-PI; (b) R. 
Conely, "Infrared Spectroscopy", Allyn and Bacon, Boston, Mass., 1966, 
p 162. 

(9) A. J. Gordon and R. A. Ford, "The Chemist's Companion", Wiley-lnter- 
science, New York, N.Y., 1972, p 82. 

(IO) V. Prey, 8. Kerris, and H. Berbalk, Monatsh. Chem., 91, 774 (1960). 
(1 1) "NMR Spectra Catalog", Vol. II, Varian Associates, Palo Alto, Calif., 1963, 

Spectrum No. 496. (Solvent was carbon tetrachloride.) 
(12) (a) H. J. Reich, J. M. Renga, and I .  L. Reich, J. Org. Chem., 39,2133 (1974). 

(b) K .  B. Sharpless, personal communication: K. B. Sharpless, M. Y. Young, 
and K. M. Gordon, studies of several &seleno-Pummerer rearrange- 
ments. 

(13) E. G. Miller, D. R. Rayner, and K. Mislow, J. Am. Chem. SOC., 88, 3139 
(1966). 

(14) (a) D. G. Barnard-Smith and J. F. Ford, Chem. Commun., 29 (1965); (b) W. 
Carruthers, I .  D. Entuistle, R. A. W. Johnstone, and B. J. Millard, Chem. lnd. 
(London), 342 (1966). 

(15) H. Budzikiewicz, C. Djerassi, and D. H. Williams, "Mass Spectrometry of 
Organic Compounds", Holden-Day, San Francisco, Calif., 1967, p 552 
f f .  

(16) (a) T. W. Campbell, H. G. Walker, and G. M. Coppinger, Chem. Rev., 50 ,  
279 (1952); (b) 0. K. Edwards, W. R. Gaythwaite, J. Kenyon, and H. Phillips, 
J. Chem. Soc., 2293 (1928). 

(17) E. Rebane, Acta Chem. Scand., 24, 717 (1970). 
(18) K. B. Sharpless and R. F. Lauer, J. Am. Chem. SOC., 95,2697 (1973); K .  

B. Sharpless. R.  F. Lauer, and A.  Y. Teranishi, ibid., 95, 6137 (1973). 
(19) M. Cinquini. S. Colonna, and R. Grivini, Chem. lnd. (London), 1737 

(1969). 
(20) D. L. Klaymen in "Organic Selenium Compounds: Their Chemistry and 

Biology", D. L. Kaymand and W. H. H. Gunther, Ed., Wiley, New York, N.Y., 
1973, p 88. 

(21) "Sadtler Nuclear Magnetic Resonance Spectra", Research Laboratories, 
Philadelphia, Pa., 1967, NMR Spectrum No. 3936M. 

(22) J. Koo, M. Fish, G. Walker, and J. Blake, "Organic Syntheses" Collect. Vol. 
Ill, Wiley, New York, N.Y., 1963, p 327. 

(23) A. Caje, T. Liss, and D. Smith, J. Am. Chem. Soc., 79, 242 (1957). 
(24) A. V. Aumers, Justus Liebigs Ann. Chem., 413, 265 (1917). 
(25) J. Wang and Y. Jen, Yao Hsueh Hsueh Pao, 9, 591 (1964). (No physical 

(26) W. Gunther, J. Org. Chem., 32, 3929 (1967). 
(27) C. Graebe, Justus Liebigs Ann. Chem., 247, 288 (1888). 

properties are reported.) 

Homogeneous Catalytic Cyclization and Oxidation of 
Diols 

Theodore E. Nalesnik' and Norman L. Holy* 

Department of Chemistry, Western Kentucky University, 
Bowling Green, Kentucky 42101 

Received July 7, 1976 

The 1,4-diketone unit is an important synthon for a variety 
of synthetic quests. Such diones are difficult to prepare di- 
rectly via oxidation of 1,4-diols because other products are 
actually favored.2 Hence, several indirect approaches have 
been developed.3 These routes are stoichiometric and often 
involve several steps. We sought an alternative procedure, one 
that would be catalytic; palladium chloride oxidation of diols 
was chosen because Pd(I1) is a mild oxidizing agent that can 
be made catalytic in an oxygen environment by the addition 
of copper chloride. Also, unlike many other oxidizing agents, 
palladium is not known to effect cleavage of the carbon skel- 
eton in 1,2-diols, so it was considered that Pd(I1) might be 
useful for preparing a variety of diones of differing structural 
relationships. 

The oxidation of simple alcohols with palladium salts has 
been reported by Lloyd.4 He found that primary and secon- 


