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composition after 3 day:, at  room temperature. Upon heating some 
decomposition was observed, but after 24 h at  80 "C <50% decom- 
position had occurred. 

For the alkaline stability test a stock solution of 5% NaOH in 
aqueous ethanol was prepared by dissolving 5 g of NaOH in 95 g of 
95% ethanol. The T H P  ether was assumed to be stable under basic 
conditions, but samples of both silyl ethers (50 pL)  were placed in 
NMR tubes containing 0.9 mL of the 5% NaOH in aqueous ethanol 
solution. The spectrum O F  11 showed no change after heating at 80 "C 
for 3 days; however, 10 was found to decompose slowly under these 
conditions as -15Y0 of the silyl ether methyl absorption at  h 0.03 had 
been converted to a new peak at  6 -0.07 after 9 h a t  80 "C. 

Cleavage of the Di- tert-butylmethylsilyl E ther  of Cyclo- 
hexanol( l1)  with BF3. .4 sample of 11 (0.278 g) was placed in a flask 
with 10 mL of methylene chloride. Decane (0.081 g) was added as an 
internal GC standard. The flask was cooled in an ice bath and BF:3 was 
slowly passed over the stirred solution for 30 min. Saturated aqueous 
NaHCOa (15 mL) was added to the mixture and it was allowed to stir 
at room temperature for 5 h. The mixture was placed in a separatory 
funnel and the methylene chloride layer drained off. The aqueous 
layer was then extracted once with 10 mL of diethyl ether and the 
ether extract combined with the methylene chloride lager. After 
stirring the solution was found (by GC) to contain di-tert- butyl- 
methylfluorosilane and Icyclohexanol (94% yield; cyclohexanol was 
further identified by comparison of G U M S  with authentic materi- 
al). 
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Since examination of models suggests that bridgehead enones of the types 17 and 18 may have unusual chemical 
and physical properties, a variety of methods (Schemes 111-VI) have been explored to form the enone 18. Although 
various base-catalyzed elimination reactions (Scheme 111) and pyrolytic elimination reactions (Schemes IV-VI) 
appear to generate the desired enone 18, the tendency of this strained enone to  undergo conjugated addition of 
nucleophiles or thermal rearrangement has thus far prevented us from isolating it. 

An earlier investigation2 of the structure of the C27H380 
compound formed from isophorone and hot aqueous alkali 
had suggested the intermediacy of the dienone 1 (Scheme I) 
with a bridgehead C=C. A stepwise synthesis of this C27 

compound was effected utilizing as one step the base-catalyzed 
dehydrohalogenation of the chloro enone 2 to generate the 
dienone 1 that underwent a rapid Michael reaction. To learn 
whether this ready dehydrohalogenation 1 + 2 was dependent 
on the presence of an allylic chloride (albeit a twisted allylic 
system) in the chloro ketone 2, we have now examined an 
analogous reaction with the saturated chloro ketone 3. This 
ketone 3 was prepared from dimer 43 of 3,5-dimethylcyclo- 
hexenone (5) by reduction to the keto1 6 and subsequent re- 
action with SOC12. Reaction of this chloro ketone 3 with 
NaNH2 in a liquid NHs-THF mixture formed the amino ke- 
tone 8. As in our earlier study,2 it seems most improbable that 
the conversion 3 -+ 8 occurs by either an s N 1  or an s N 2  pro- 
cess. Instead, we presume that a base-promoted dehydroha- 
logenation formed the enone intermediate 7 that was rapidly 
trapped by the conjugate addition of either ammonia or amide 
anion. 

The ability to form, and in many cases isolate, bridgehead 
olefins of the type 10 (Scheme 11) is now well established 
through the efforts of many  investigator^.^ Several systems 
containing a bridgehead C=C that is part of a conjugated 
enone are also k n 0 w n . ~ ~ 3 ~  These include enones 11,58* 12,5d-f 
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13Fd,g and 14.5h The enone systems 11  appear to be relatively 
unstrained, while the systems 12 in part minimize strain by 
some distortion of the C=C accompanied by twisting about 
the C-C bond of the enone system so that the C=C and C=O 
functions are not coplanar.5d The failure of the enones 12 to 
undergo Michael additions is attributable both to this non- 
planarity (and resultant poor conjugation) in the enone system 
and to the fact that the enolate anion 15 formed by Michael 
addition to the enones 12 would be more strained than the 
starting enone.5dsf Other examples of enone systems with 
considerable internal strain energy are the trans cyclic enones 
166 formed by photochemical isomerization. 

In examining molecular models of these various bridgehead 
enone systems, we were impressed by the observation that 
while enones such as 12-14 seemed unlikely to have their C=C 
and C=O functions coplanar, such coplanarity appeared to 
add little strain to enones such as 17 (the parent system of 
intermediates 1 and 7) and 18. The main relief of strain in 
these latter two enones appeared to result from allowing the 
molecules to twist a t  the center of the C=C functions (indi- 
cated with arrows in structures 17 and 18). A twist a t  this lo- 
cation would correspond to the geometry that might be ex- 
pected for the photochemically excited states7 or the radical 
anions derived from these enone systems. Consequently, it was 
of interest to seek preparative routes to enones such as 17 or 
18 to learn whether these systems would exhibit unusual 
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chemical, electrochemical, or photochemical behavior. This 
paper describes our efforts to prepare the bridgehead enone 
system 18. 

A suitable synthetic precursor for the enone 18 appeared 
to be the known ketol 1g8 (Scheme 111) obtained by the Mi- 
chael addition of ethyl acetoacetate to cyclohexenone followed 
by decarboethoxylation and an intramolecular aldol reaction. 
Similar synthetic routes have been employed to obtain the 
relatively unstrained enones ll.5a* When we employed mild 
reaction conditions in the reaction of ethyl acetoacetate with 
cycloheptenone, the diketone 20 was isolated. However, our 
preliminary attempts to convert this diketone 20 to a ketol 
analogous to 19 have produced complex mixtures of aldol 
products. 

Reaction of the ketol 19 with SOC12 formed the chloro ke- 
tone 21. We presume that this conversion 19 -* 21, like the 
comparable preparations of chloro ketones 2 and 3, proceeds 
by the formation and subsequent ionic decomposition of a 
chlorosulfite intermediate. An attempt to prepare the chloro 
ketone 21 by reaction of the ketol 19 with (COC1)2 resulted in 
the formation of the diketo lactone 22 isolated as one of its enol 
forms (e.g., 23). 

Although the chloro ketone 21 failed to react (or formed an 
intermediate that was reconverted to 21) when heated with 
amine bases (Et3N, y-collidine), it reacted rapidly (<15 min 
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at 25 "C) with methanolic NaOMe to form the ketone 24. This 
rapid conversion, 21 -* 24, clearly required the presence of 
base and was not a solvolytic transformation. Thus, it  seems 
very probable that the enone 18 was generated and then rap- 
idly trapped by the conjugate addition of MeOH. Support for 
this viewpoint was obtained by performing the chloro ke- 
tone-NaOMe reaction in the presence of other good nucleo- 
philes (PhSH, MeSH, PhSeH, Me2NH) to produce the sub- 
stituted bicyclic ketones 25-28. 
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Several other observations also suggest that the enone 18 
is an exceptionally reactive Michael acceptor for nucleophiles. 
Hofmann degradation of the solvent-free quaternary am- 
monium hydroxide 30 at 150 "C resulted in sublimation of the 
keto1 19 (presumably form 18 + H20) as the only volatile 
product. Also, the selenoxide 31 (Scheme IV), formed by ox- 
idation of the selenide 27 with rn-C1CeH&03Hg in furan a t  
4-5 "C, underwent thermal decomposition a t  about 20 "C to 
form the hydroxy selenide 32. Although the electrophilic ad- 
dition of benzeneselenenic acid (33, present in equilibrium 
with Ph2Se2 and PhSeOzH) loa to reactive olefins is now known 
to be a common side reaction in selenoxide decomposition,1° 
the analogous electrophilic addition to the electron-poor C=C 
of enones is normally not o b ~ e r v e d . ~  In the present case, we 
believe we are observing such a nucleophilic addition of the 
selenenic acid 33 (or its anion) to the strained enone 18, fol- 
lowed by an intramolecular transfer of a phenylselenide unit 
(see structure 34), a process analogous to the addition of 
benzeneselenenamides to en0nes.l' In any case, the conversion 
31 -+ 32 suggests that we have generated the conjugated enone 
18 and not its unconjugated isomer 35. An additional example 
of the tendency of the enone 18 to undergo conjugate addition 
reactions was found in the reaction of the chloro ketone with 
the sterically hindered alkoxide, KOBu-t, in various reaction 
solvents. We did not find any tert-butyl ether as had been 
observed earlier2 in reaction of the sterically hindered chloro 
ketone 2 with KOBu-t. Instead, reaction of the chloro ketone 
21 with KOBu-t formed a mixture of polymeric materials with 
properties suggesting that one of the enolate anions, 36 (X = 
C1 or t-BuO), had undergone Michael addition to the enone 
18, forming a new enolate anion, 36b, capable of further an- 
ionic polymerization with more enone 18. 

The above observations suggested that, although the enone 
18 could readily be generated by either base-promoted 
dehydrochlorination of the chloro ketone 21 or by thermal 
decomposition of the selenoxide 31 at about 20 "C, the avidity 
with which the enone 18 added nucleophiles would make its 
isolation from such reaction mixtures difficult. A number of 
experiments were performed in which we attempted to trap 
the enone 18 (generated from 21 and a base) as its cycloadduct 
with excess furan, CH2=CHCH=CH2, CHz=CHOEt, or 
PhNs. In all cases where the enone 18 was generated with 
NaOMe, the sole product isolated was the methoxy ketone 24 
in spite of the fact that only 1 mol equiv of NaOMe and a large 

excess of the trapping agent were employed. When the enone 
18 was generated with 1 mol equiv of KOBu-t and excess 
trapping agent, the major product in all cases was the poly- 
meric material described previously. In one case (21 + 
KOBu-t in furan) a small amount of a monomeric material 
was isolated with IR and mass spectral properties suggesting 
that it may be the cycloadduct 37. Thus far, we have been 
unsuccessful in finding reaction conditions that will produce 
a sufficient amount of this product to permit its adequate 
characterization. We also sought to trap the enone 18, gener- 
ated by thermal decomposition of the selenoxide 31 in CH2C12, 
by reaction with Br2 to form a vicinal dibromide. Unfortu- 
nately, this experiment was apparently complicated by reac- 
tion of Br2 with the various selenium-containing byproducts 
to form HBr; the major reaction product was the bromo ketone 
38. Although the attempted trapping experiments described 
are hardly definitive, they do suggest that the enone 18 is not 
an exceptionally reactive component in various cycloaddition 
reactions. 

The foregoing experiments suggested the desirability of 
exploring methods that might generate the enone 18 under 
circumstances where its subsequent reaction with nucleophilic 
reagents could be minimized. Accordingly. we turned our at- 
tention to gas-phase pyrolysis of the keto acetate 39 (Scheme 
V). The slow addition of a solution of this acetate 39 in 
CH2Clz-pentane to a tube packed with glass helices and 
heated with an oven at  580-600 OC resulted in the complete 
consumption of the acetate 39 with the formation of two major 
volatile products, each a CgH120 ketone. Unfortunately, both 
of these products were structural isomers ofthe desired enone 
18. The minor product was demonstrated to have structure 
40 both by its spectrometric properties and by isomerization 
over a Pd-C catalyst to the phenol 42. This phenol 42 was 
identified with an authentic sample and shown to be different 
from the isomeric phenol 43, prepared along with an unsatu- 
rated phenol believed to be 44 by reduction12 of isosafrole (45). 
The major pyrolysis product was shown to be the bicyclic 
ketone 41 both by its spectrometric properties and by oxida- 
tive degradation to the known crystalline diketone 46. 

The precursor of these two pyrolysis products, 40 and 41, 
would appear to be the dienone 18 or its double bond isomer 
46, formed by isomerization in the pyrolysis column. Either 
concerted rearrangements or the homolytic cleavage of a C-C 
bond in each intermediate, 18 and 46, to yield the diradial 
intermediates 47 and 48 would constitute reasonable pathways 
for the formation of the final products 40 and 41. 

Although the photolytic decomposition of the keto lactone 
22 (Scheme VI) produced a very complex mixture, pyrolysis 
in a hot tube (a known procedure for olefin formation)13 
produced a mixture of the two previously described olefins 40 
and 41 along with a third CgH120 ketone, the previously 
described1*" C=C isomer (49) of ketone 41. We presume that 
the enone 49 is formed by an acid-catalyzed isomerization of 
the enone 41 as it passes through the pyrolysis tube. An au- 
thentic sample of the enone 49 was obtained by isomerization 
of the enone 41 over a supported palladium catalyst. The 
hot-tube pyrolysis of the sulfoxide 50,14b3c prepared by oxi- 
dation of the sulfide 25 with m-ClCGH4C03H, produced a 
mixture of volatile products containing PhSH and the enones 
41 and 49. Presumably the acidic by product^'^^ formed in this 
pyrolysis account for the increased amount of the enone 49. 

Thus, our presently completed studies suggest that the 
bridgehead enone 18 can be generated by several olefin- 
forming reactions. However, the isolation of pure samples of 
this enone, 18, for further study has proved to be a remarkably 
elusive goal, suggesting that specialized isolation techniques 
may be required. We plan continued study of possible meth- 
ods for the generation and isolation of this substance as well 
as a study of the formation of less strained (and hopefully 
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more  easily isolated) homologues. 

Experimental Section15 
Preparat ion of t he  Dimeric Keto1 4. The enone 5, prepared as 

previously described,I6 was obtained as a colorless liquid: bp 89-98 
"C (16 mm); n z 5 ~  1.4822 [lit.16 bp 84-86 "C (9 mm)]; NMR (CCl4) 6 
5.6-5.8(1 H,m,vinylCH), 1.7-2.6(8H,m,aliphaticCH),and0.9-1.2 
(3 H, m, CH3). Employing a modification of previous  procedure^,'^ 
a mixture of 100 g (0.806 mol) of the enone 5,300 g of NaOH, and 150 
mL of HzO was refluxed for 40 min and then poured into ice water and 
extracted with E g o .  After the ethereal extract had been washed with 
HzO, dried, and concentrated, the residual brown semisolid was 
triturated with cold hexane to leave 46.5 g of crude yellow solid. 
Recrystallization from hexane afforded 37.0 g (37%) of a mixture of 

ketols 4 (NMR analysis) as pale yellow needles, mp 96-110 "C. 
Fractional recrystallization from hexane separated 16.6 g (17%) of the 
higher melting keto1 4a as colorless needles: mp 119-121 "C (lit. mp 
116-118,17b 120 OC3); IR (CC14) 3470 (OH), 1650 (conjugated C=O), 
and 1627 cm-1 (conjugated C=C); UV max (95% EtOH) 249 nm ( c  
9100); NMR (CCl4) 6 4.93 (1 H, s, OH) and 0.8-2.5 (23 H, m, aliphatic 
CH); mass spectrum mle (re1 intensity) 248 (M+, 3), 191 (100),121 
(21), and 41 (11). 

The hexane solutions from the trituration and the initial recrys- 
tallization were combined, concentrated, and distilled under reduced 
pressure in a short-path still to separate 34.8 g of pale green viscous 
liquid, bp 118-135 "C (0.01 mm), that solidified on standing. Re- 
crystallization from hexane separated 17.6 g of colorless solid,mp 83-86 
"C that contained (NMR analysis) both ketols 4a (minor) and 4b 
(major). A series of fractional crystallizations from hexane separated 
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1.49 g (1.5%) of the pure lower melting ketol 4b as colorless plates: mp 
90-92 "C; IR (CC14) 3470 (OH), 1645 (conjugated C=O), and 1627 
cm-' (conjugated C=C); UV rnax (95% EtOH) 248 nm ( e  8700); NMR 
(CC14) 6 4.89 (1 H,  s, OH) and 0.7-2.7 (23 H,  m, aliphatic CH); mass 
spectrum mle (re1 intensity), 248 (M+, 6), 233 (31,191 (1001, and 121 
(20). 

Anal. Calcd for (216H2402: C, 77.37; H, 9.74. Found: C, 77.36; H, 
9.77. 

Preparat ion of t he  Dihydro Ketol 6. To a refluxing solution of 
580 mg (76 mg-atom) of Li and 100 mL of Et20 in 400 mL of liquid 
NH3 was added, rapidly with stirring, a solution of 5.35 g (21.6 mmol) 
of the ketol 4a and 5.0 mI, of t-BuOH in 95 mL of Et2O. After the 
reaction mixture had been stirred at -33 "C for 45 min, 10 mL of H20 
was added and the NH3 was allowed to evaporate. The residue was 
partitioned between Et20 and HzO and the organic phase was washed 
with aqueous NaC1, dried, and concentrated. A cold (0 "C) solution 
of the residual semisolid in 50 mL of acetone was treated with excess 
aqueous 8 N HzCrO4, and then i-PrOH was added to consume the 
excess oxidant. After the resulting mixture had been neutralized with 
NaHC03, it was concentrated and partitioned between H20 and EtzO. 
The ethereal layer was washed with aqueous NaC1, dried, and con- 
centrated to leave 4.96 g of gray-green semisolid. Recrystallization 
from EtOH afforded 2.50 g of a mixture (IR analysis) of conjugated 
and nonconjugated ketones as a colorless solid. Chromatography on 
silica gel with an EtOAc-hexane eluent (1:6 vlv) separated 1.75 g (32%) 
of the ketol 6 as colorless needles: mp 120-122 "C (lit.3 mp 124 "C); 
IR (CC14) 3550 (OH) and 1700 cm-' (C=O); UV max (95% EtOH) 294 
nm ( e  25); lH NMR (CC14) 6 3.20 (1 H, s! OH) and 0.6-2.8 (25 H, m, 
aliphatic CH); mass spectrum rnle (re1 intensity), 250 (M+ <l ) ,  232 
(31), 217 (13), 193 (IOO),  175 (15), 125 (751,124 (661,111 (931,109 (621, 
108 (54), 107 (34), 83 (21), 69 (41), 55 (521, 43 (381, and 41 (53); 13C 
NMR (CDCl3, multiplicity in off-resonance decoupling) 211.3 (s), 70.8 
(s), 62.6 (d), 50.1 (t), 49.9 ( t ) ,  46.9 (t), 45.4 (t), 43.4 (t), 42.5 (t), 38.2 
(d), 34.2 (s), 32.8 (d), 31.9 (q), 28.3 (d), 24.1 (q), and 22.0 ppm (q). 

Preparat ion of the  Chloro Ketone 3. A solution of 511 mg (2.04 
mmol) of the ketol 6 and 492 mg (4.14 mmol) of SOC12 in 2.5 mL of 
CHC13 (EtOH free) was stirred a t  25 "C for 19 h and then concen- 
trated to leave 621 mg of red solid, mp 89-91 "C. Chromatography on 
silica gel with PhH as the eluent separated 494 mg (92%) of the chloro 
ketone 3 as a pink solid, mp 93.5-94.5 "C. Recrystallization from 
MeOH afforded the pure chloro ketone 3 as colorless plates: mp 
93.5-94.5 "C; IR (CC14) 1725 cm-I (C=O); UV max (95% EtOH) 294 
nm ( e  40); lH NMR (CC14) 6' 3.33 (1 H, d of d, J = 4.3 and 12.6 Hz), 2.55 
(1 H, d,  J = 12 Hz), and 0.5-2.4 (23 H, m, aliphatic CHI; at 100 MHz, 
the CH3 signals in the 'H NMR spectrum were resolved into a doublet 
( J  = 6.1 Hz) a t  6 0.84, a singlet a t  6 0.92, and a doublet ( J  = 5.6 Hz) 
at 6 1.00; mass spectrum m/e (re1 intensity) 232 (25), 217 (171,125 (251, 
124 (loo), 111 (40), 109 (81.), 108 (831, 107 (601, 105 (25),93 (31),91 
(35), 79 (26),77 (24i, 69 (32), 67 (23), 55 (45),43 (29),41(74), and 39 
(27); I3C NMR (CDClC3, multiplicity in off-resonance decoupling) 206.3 
(s), 69.3 (s), 63.4 (d), 54.6 (t),  51.0 (t), 45.8 (t) ,  44.8 (t), 44.7 (t), 43.3 
(t), 41.1 (d), 35.2 (s), 34.2 (d,), 31.6 (q), 29.3 (d), 23.7 (q), and 22.0ppm 
(qi. 

Anal. Calcd for Cl6HZ5ClO: C, 71.49; H, 9.37; C1, 13.19. Found: C, 
71.48; H, 9.38; C1, 13.18. 

Preparation of the  Amino Ketone 8. A cold (-33 "C) mixture of 
NaNH2 [from 340 mg (15 mg-atom) of Na], 1.00 g (3.73 mmol) of the 
chloro ketone 3,125 mL of liquid "3, and 20 mL of THF was stirred 
for 5 h, during which time the NH3 was allowed to evaporate. After 
5 mL of H20 had been added, the reaction mixture was partitioned 
between Et20 and aqueous NaC1. The ethereal layer was extracted 
successively with aqueous 1 M HC1 and with HzO and then dried and 
concentrated to leave 371 mg of colorless viscous liquid containing 
(TLC, silica gel with an EtOAc-hexane eluent, 1:9 vlv) the starting 
chloride 3 (Rf  0.58) and two unknown components (R f  0.0 and 0.74). 
The acidic aqueous extract was made basic (aqueous NaOH) and 
extracted with EtzO. This Et20 extract was dried and concentrated 
to leave 451 mg (49%) of the amino ketone 8 as a liquid that solidified 
on standing, mp 69-71 "C. Recrystallization from pentane afforded 
the pure amino ketone 8 as colorless prisms: mp 72-73 "C; IR (CC14) 
3370 (NH) and 1710 cm-' (C=O); NMR (cc14) 6 0.7-2.9 (m, NH and 
aliphatic CH); UV niax (9596 EtOH) 295 nm ( t  23); mass spectrum mle 
(re1 intensity) 249 (M+, 3), 234 (5), 192 (65), and 124 (100). 

Anal. Calcd for C!16H27NO: C, 77.06; H, 10.91; N, 5.62. Found: C, 
77.03; H,  10.95; N, 5.61. 

Preparation of the Keto Amide 9. A solution of 52 mg (0.21 mmol) 
of the amino ketone 8 and 0.5 mL of Ac2O in 1.0 mL of pyridine was 
stirred a t  25 "C for 11.5 h and then partitioned between Et20 and 
aqueous 1 M HCl. The ethereal solution was washed with aqueous 5% 
NaOH, dried, and concentrated to leave 58 mg (95%) of the crude 
amide 9, mp 134135 "C. Recrystallization from hexane separated the 

pure keto amide 9 as colorless needles: mp 135-137 "C; IR (CCW 3430 
(NH), 1708 (C=O), and 1672 cm-' (amide C=O); UV max (95% 
EtOH) 293 nm ( e  25); 'H NMR (CDC13) 8 5.68 (1 H, br, NH), 3.40 (1 
H, d,  J = 13.2 Hz), and 0.7-2.9 (27 H, m, aliphatic CHI; mass spectrum 
mle (re1 intensity) 291 (M+, 33), 234 (491,232 (551,217 (31), 216 (341, 
192 (68), 189 (77), 166 (57), 124 (loo), 109 (421,108 (451,107 (38),91 
(34), 69 (41), 55 (51), 43 (64), and 41 (82). Although the 13C NMR 
spectrum (CDCl3 solution) of the keto amide 9 was complicated by 
restricted rotation of the amide C-N bond that caused a number of 
I3C signals to appear as two lines, the assignments indicated in the 
following formula are consistent both with off-resonance decoupling 
measurements and with the values observed for the structurally re- 
lated hydroxy ketone 6 and chloro ketone 3. 

CHj& 33.1 

I 

CHJ 

Anal. Calcd for Cl8H29N02: C, 74.18; H, 10.03; N, 4.81. Found: C, 
74.08; H, 10.04; N, 4.79. 

Preparat ion of t he  Ketol 19. Following a previously described 
procedure: a solution of 48.7 g (375 mmol) of ethyl acetoacetate and 
30.0 g (312 mmol) of 2-cyclohexenone in methanolic NaOMe [from 
450 mL of anhydrous MeOH and 7.20 g (313 mg-atom) of Na] was 
refluxed for 72 hand then cooled to 25 "C and treated with a solution 
of 43.7 g (797 mmol) of KOH in 120 mL of HzO. The resulting yellow 
solution was refluxed for 12.5 hand  then concentrated and extracted 
with CHzC12. After the organic extract had been washed successively 
with aqueous 4 M HCl, aqueous NaC1, aqueous NaHC03, and aqueous 
NaCl, it was dried and concentrated. The residual yellow semisolid 
was recrystallized from Et20 to separate 25.3 g (53%) of the ketol 19 
as colorless plates: mp 233-240 "C dec (lit. mp 192-193: 232-239 
OC18); IR (Cc4)  3595,3430 (OH), and 1709 cm-l (C=O); UV max 
(95% EtOH) 280 nm ( e  18); lH NMR (CDC13) 6 3.38 (1 H, s, OH), 
2.1-2.7 (5 H, m, aliphatic CH), and 1.1-2.0 (8 H, m, aliphatic CH); 13C 
NMR (CDC13, multiplicity in off-resonance decoupling) 210.5 (s, 

(t, CHz), 30.5 (t and d, CH2 and CHI, and 20.0 ppm (t, CH2); mass 
spectrum mle (re1 intensity) 154 (M+, 12), 111 (30),97 (loo), 58 (17), 
55 (19), 43 (20), and 41 (24). 

Anal. Calcd for C9H1402: C, 70.10; H, 9.15. Found: C, 70.08; H, 
9.20. 

Preparat ion of the  Diketone 20. A solution of NaOEt [from 5 mg 
(0.2 mg-atom) of Na], 1.10 g (10.0 mmol) of cycloheptenone, and 1.33 
g (10.2 mmol) of ethyl acetoacetate in 5 mL of anhydrous EtOH was 
stirred a t  25 "C for 2 1  h. The solution was then treated with 2 mL of 
an HzO solution containing 3.10 mmol of KOH and the resulting 
mixture was refluxed for 47 h, cooled, and concentrated under reduced 
pressure. After the reaction mixture had been partitioned between 
HzO and CHZC12, the organic phase was washed successively with 
aqueous 1 M HC1, with aqueous NaHC03, and with aqueous NaCl and 
then dried and concentrated. The residual green liquid (1.17 g) con- 
tained (TLC, silica gel coating with an EtOAc-hexane eluent, 1:4 vlv) 
the diketone 20 (Rf  0.16) and several minor unidentified byproducts 
(Ri  0.40, 0.33, and 0.03). Chromatography on silica gel with an 
EtOAc-hexane eluent (1:4 v/v) separated 867 mg (52%) of the dike- 
tone 20 as a colorless liquid; n 2 5 ~  1.4751; IR (CCL) 1720 and 1705 cm-l 
(C=O); UV max (95% EtOH) 280 nm ( 6  47); NMR (CC14) 6 2.35 (6 H, 
br s, CHzCO), 2.08 (3 H,  s, COCH3), and 1.0-2.1 (7 H, m, aliphatic 
CH); mass spectrum mle (re1 intensity) 168 (M+, 8), 111 (loo), 110 
(37),83 (64), 67 (22), 58 (30),55 (59), 43 (82), 42 (24), 41 (36), and 39 
(30).  

Anal. Calcd for C10H1602: C, 71.39; H,  9.59. Found: C, 71.17; H, 
9.68. 

Preparat ion of t he  Chloro Ketone 21. A mixture of 7.85 g (51.0 
mmol) of the ketol 19,14.5 g (102 mmol) of anhydrous NazHP04, and 
12.1 g (102 mmol) of SOClz in 100 mL of CHzClz was stirred a t  25 "C 
for 38 h and then the pale yellow suspension was partitioned between 
H20 and CH2C12. The organic solution was dried and concentrated 
to leave 8.93 g of yellow-orange semisolid that was chromatographed 
on silica gel. The fractions eluted with EtzO-hexane (3:7 v/v) con- 
tained 3.16 g (36%) of the chloro ketone 21: mp 126.5-127.5 "C; TLC 
Ri 0.41 (silica gel coating with an Et2O-hexane eluent, 3:7 v/v). Rec- 
rystallization from Et20 afforded the pure chloro ketone 21 as col- 

C=O), 70.6 (s, COH),55.1 (t,CHz),45.5 (t, CH2),41.1 (t, CHz), 40.2 



3658 J .  Org. Chem., Vol. 43, No.  19, 1978 House, Kleschick, and Zaiko 

orless plates: mp 126.5-127.5 "C; IR (CCL) 1713 and 1722 cm-l 
(C=O);  UV max (95% EtOH) 283 nm (6 22); 'H NMR (CCl4) ii 2.82 
(2 H, s, CHz) and 1.2-2.7 (11 H, m, aliphatic CH); 13C NMR (CDC13, 
multiplicity in off-resonance decoupling) 207.1 (s, C 4 ) ,  67.2 (s, CCI), 

30.1 (t, CHz), and 20.9 ppm (t, CH,); mass spectrum mle (re1 inten- 
sity) 174 (M+, l l ) ,  172 (M+, 36), 137 (loo), 136 (26), 121 (21), 95 (54), 
94 (56), 93 (39), 81 (261, 79 (32), 67 (30), 55 (22), 41 (23), and 39 
(28) .  

Anal. Calcd for CgH 13C10: C, 62.61; H, 7.59; C1, 20.53. Found: C, 
62.70; H, 7.61; C1, 20.53. 

In a more satisfactory procedure, 8.21 g (69.0 mmol) of SOC12 was 
added, dropwise and with stirring during 15 min, to a solution of 9.25 
g (60.0 mmol) of the ketol 19 and 7.03 g (69.5 mmol) of Et3N (distilled 
from LiAlH4) in 270 mI, of EtzO. The reaction mixture, which warmed 
to boiling with separation of a white precipitate, was filtered and 
concentrated to leave the crude product as a red solid. Chromatog- 
raphy on silica gel with an EtzO-hexane eluent (3:7 v/v) separated 7.40 
g of the crude chloro ketone 21 as a yellow solid, mp 114-122.5 "C. 
Recrystallization from Et20 afforded 6.44 g (62%) of the previously 
described pure chloro ketone 21 as colorless plates, mp 126.5-127.5 
"C. 

Reaction of t he  Chloro Ketone 21 With NaOMe. A solution of 
NaOMe, from 32.9 mg (1.43 mg-atom) of Na and 5 mL of anhydrous 
MeOH, was added, dropwise and with stirring during 50 min, to a 
refluxing solution of 178 mg (1.03 mmol) of the chloro ketone 21 in 
30 mL of anhydrous MeOH. The resulting solution was refluxed for 
9 h and then cooled, neutralized with aqueous NH4C1, concentrated, 
and partitioned between Et20 and HzO. After the organic layer had 
been dried and concentrated, the residual yellow liquid [166 mg 
containing (TLC, silica gel coating with an EtOAc-hexane eluent, 1:4 
v/v) the methoxy ketone 24 Rf  0.181 was chromatographed on silica 
gel with an EtOAc-hexane eluent (2:l v/v) to separate 158 mg (91%) 
of the methoxy ketone 24 as a colorless liquid, n Z 5 ~  1.4887. The 
product exhibited a single GLC peak (silicone DC-710 on Chromosorb 
P) corresponding to the methoxy ketone 24 (retention time 34.6 min) 
under conditions where the retention time for the chloro ketone 21 
was 29.4 min. The spectral properties of the methoxy ketone 24 follow: 
IR (CC14) 1712 (C=O)l and 1098 cm-l (COC); UV max (95% EtOH) 
278 nm (c  21) with weak end absorption ( c  103 a t  211 nm); lH NMR 
(CC14) 6 3.19 (3 H, s, OCHs) and 0.8-2.7 (13 H, m, aliphatic CH); 13C 
NMR (CDC13, multiplicity in off-resonance decoupling) 210.9 (s, 
C=O), 74.9 (s, C-0),  51.3 (t, CH2), 48.4 (q, OCH3), 46.1 (t, CHz), 37.6 
(t, CHz), 35.9 (t, CHz), 31.1 (t, CHz), 30.4 (d, CH), and 19.7 ppm (t, 
CH,); mass spectrum m/e (re1 intensity) 168 (M+, 5), 125 (60), 111 
(100),97 (18),72 (16), 43 (181, and 41 (29). 

Anal. Calcd for C10H1602: C, 71.39; H, 9.59. Found: C, 71.43; H, 
9.62. 

To demonstrate the rapidity of the reaction of the chloro ketone 
21 with NaOMe, a solution of 91.8 mg (0.53 mmol) of the chloro ketone 
21 in 3 mL of anhydrous MeOH was treated with 0.15 mL of a MeOH 
solution containing 0.65 mmol of NaOMe and the resulting solution 
was stirred at 25 "C for 15 min. After the solution had been neutralized 
by the addition of 1 mL of saturated aqueous NH4C1, the MeOH was 
evaporated under reduced pressure and the residue was partitioned 
between Et20 and H20. The ethereal layer was dried and concen- 
trated to leave 80.1 mg (90%) of the methoxy ketone 24 that was 
identified with the previously described sample by comparison of IR 
and NMR spectra. To demonstrate the need for NaOMe in this re- 
action, a solution of 101 mg (0.59 mmol) of the chloro ketone 21 in 3 
mL of MeOH was stirred a t  25 "C for 15 min and then concentrated 
under reduced pressure. The recovered chloro ketone 21, mp 127- 
127.5 "C, amounted tci 100 mg (99%) and was identified with an au- 
thentic sample by comparison of IR spectra. However, when a solution 
of 51.6 mg (0.30 mmol) of the chloro ketone 21 in 10 mL of MeOH was 
refluxed for 9 h and then concentrated, 37.9 mg (76%) of the methoxy 
ketone 24 (identified by comparison of IR, NMR, and TLC data) was 
isolated. 

Our attempts to effect the dehydrochlorination of the chloro ketone 
21 by reaction with EtsN in Et20 for 24 h or by reaction with a sus- 
pension of KH (prewashed with pentane) in THF a t  -3 "C for 40 min 
or a t  23 "C for 18 h resulted in the recovery of 79-94% of the un- 
changed chloro ketone 21. Similarly, after a solution of 51 mg (0.29 
mmol) of the chloro ketone 21 and 58 mg (0.57 mmol) of Et3N in 2 mL 
of heptane had been refluxed (98 "C) for 15 h, all of the starting chloro 
ketone 21 (IR and TLC analyses) was recovered. After a mixture of 
61 mg (0.36 mmol) of the chloro ketone 21 and 2 mL of 2,4,6-collidine 
had been refluxed for '22 h, the neutral product (55 mg separated in 
the usual way) again contained (TLC analyses) the starting chloro 
ketone 21. Chromatography separated 50 mg (82%) of the pure chloro 
ketone 21, mp 126-12'i "C. 

56.7 (t, CHz), 45.1 (t, CHz), 43.3 (t, CHz), 42.7 (t, CHz), 31.4 (d, CH), 

A solution of NaOMe, from 32.3 mg (1.40 mg-atom) of Na and 0.5 
mL of MeOH, was added, dropwise and with stirring during 2 min, 
to a solution of 183 mg (1.06 mmol) of the chloro ketone 21 in 35 mL 
of furan. The resulting mixture, from which a precipitate began to 
separate within a few seconds, was stirred for 25 "C for 16.5 hand then 
concentrated and partitioned between Et20 and HzO. The organic 
layer was dried and concentrated to leave 154 mg (87%) of the me- 
thoxy ketone 24 (IR and NMR analysis) with no other product being 
detected. In a similar experiment NaOMe [from 32.1 mg (1.40 mg- 
atom) of Na and 0.5 mL of MeOH] was added to a solution of 175 mg 
(1.01 mmol) of the chloro ketone 21 in 35 mL of butadiene. The re- 
sulting mixture was stirred under reflux for 2 h, allowed to stand 
overnight, and then subjected to the previously described isolation 
procedure to separate 158 mg (93%) of the methoxy ketone 24. When 
the same procedure was repeated with 1.07 mmol of the chloro ketone 
21 and 1.02 mmol(0.95 equiv) of NaOMe, the product again contained 
(GLC, IR, NMR) mainly the methoxy ketone 24 accompanied by a 
small amount of the starting chloro ketone 21. In a similar procedure, 
192 mg (1.11 mmol) of the chloro ketone 21 in 50 mL of EtOCH==CHZ 
was treated with 0.26 mL of a MeOH solution containing 1.11 mmol 
of NaOMe and stirred a t  25 "C for 5 h. After following the previously 
described isolation procedure, an aliquot of the crude product (194 
mg of pale yellow liquid) was mixed with a known amount of n- 
CsHIvPh (an internal standard) for GLC analysis (silicone DC-710 
on Chromosorb P ,  apparatus calibrated with known mixtures). The 
product contained methoxy ketone 24 (86% yield, retention time 28.4 
min) and n-CsH1.iPh (20.9 rnin); the product was identified with an 
authentic sample of the methoxy ketone 24 by comparison of IR and 
NMR spectra, GLC retention times, and TLC Rf values (Rf  0.39, silica 
gel coating with an EtOAc-hexane eluent, 4:6 v/v). 

The mixture obtained by the dropwise addition during 60 min of 
KOBu-t [from 55.4 mg (1.42 mg-atom) of K and 5 mL of t-BuOH] to 
a refluxing solution of 177 mg (1.03 mmol) of the chloro ketone 21 in 
30 mL of t-BuOH was refluxed for an additional 2 hand then cooled, 
neutralized with aqueous NH4C1, concentrated, and partitioned be- 
tween HzO and CHzClZ. The organic layer was dried and concentrated 
to leave 169 mg of a viscous liquid (contains halogen) that appeared 
to be a mixture of polymeric materials: IR (CHC13) 1690 cm-' (C=O); 
NMR (CDC13) 6 1.0-2.8 (m, aliphatic CH including a t-BuO singlet 
a t  6 1.27). Very similar crude product mixtures were obtained when 
a solution of the chloro ketone 21 in t-BuOH was added to t-BuOK 
in t-BuOH and then stirred at 25 "C and when a solution of the chloro 
ketone 21 in DME was added to a solution of alcohol-free KOBu-t in 
DME and then stirred a t  2-4 "C for 30 min. Comparable crude 
products were also obtained when the chloro ketone 21 was allowed 
to react at 25 "C with 2 mol equiv of KOBu-t in CH*=CHOEt or with 
a mixture of 1 mol equiv of PhN3 and 2 mol equiv of KOBu-t in THF. 
After a solution of 173 mg (1.00 mmol) of the chloro ketone 21 in 20 
mL of anhydrous furan had been treated with 271 mg (2.42 mmol) of 
alcohol-free KOBu-t, the resulting suspension was stirred at 25 "C 
for 4.5 hand then partitioned between CHZC12 and HzO. The organic 
phase was dried and concentrated to leave 147 mg of viscous liquid 
containing (TLC, silica gel coating with an Et20-hexane eluent, 3:7 
v/v) mainly the previously described high molecular weight material 
( R f  0-0.1) accompanied by a small amount of a more rapidly eluted 
component (R f  0.25). Chromatography on silica gel separated 3.7 mg 
(1.8%) of this component, which may be the adduct 37, as a colorless 
liquid: IR (CCl4) 3070 (vinyl CH) and 1705 cm-l (C=O); mass spec- 
trum m/e (re1 intensity) 204 (M+, lo), 161 ( 2 7 ) ,  136 (32, M+ - furan), 
119 (32), 118 (41), 108 (55), 94 (23), 91 (30), 82 (loo), 81 (20), 79 (23), 
68 (38),57 (24),56 (20),  55 (25),43 (26),41 (44),40 (361, and 39 (62). 
Our attempts to obtain larger amounts of this material have thus far 
been unsuccessful. In an attempt to trap the enone 18 as an a,P-epoxy 
ketone, a solution of 104 mg (0.602 mmol) of the chloro ketone 21 in 
5 mL of t-BuOH was treated with 40 mg (3.8 mmol) of aqueous 30% 
HzOz and 0.61 mL (4.6 mmol) of aqueous 7.3 M NaOH. After the re- 
sulting suspension had been stirred at 25 "C for 1 h, it was partitioned 
between Et20 and aqueous NH4Cl. The organic solution was dried 
and concentrated to leave 79.6 mg (86%) of the crude ketol 19, mp 
232-240 "C dec, that was identified with an authentic sample by 
comparison of IR spectra and TLC Rf values. 

Preparation of the  Sulfide 25 and the  Sulfoxide 50. To a solution 
of 193 mg (1.12 mmol) of the chloro ketone 21 and 429 mg (3.9 mmol) 
of PhSH (freshly distilled) in 5 mL of anhydrous MeOH was added, 
dropwise and with stirring during 5 min, 1.2 mL of a MeOH solution 
containing 5.12 mmol of NaOMe. The resulting solution, from which 
a white precipitate began to separate after two-thirds of the NaOMe 
solution had been added, was stirred a t  25 "C for 2 h and then con- 
centrated under reduced pressure and partitioned between Et20 and 
HzO. The Et20 solution was dried and concentrated to leave 261 mg 
of liquid product that solidified on standing and contained (TLC, 
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silica gel coating with an EtOAc-hexane eluent, 1:9 v/v) an unknown 
component (Rf  0.41), the keto sulfide 25 ( R f  0.32), and the methoxy 
ketone 24 (R, 0.09). Chromatography on silica gel with an EtOAc- 
hexane eluent (1:9 v/v) separated 247 mg (89%) of early fractions 
containing the keto sulfide 25, mp 66-67 "C. This product crystallized 
from an EtzO-pentane mixture as colorless plates with the same 
melting point; IR (CC14) 1709 cm-' (C=O); UV rnax (95% EtOH) 222 
(c 11 OOO) and 267 nm ( e  1300); 'H NMR (CC14) 6 7.2-7.8 (5 H, m, aryl 
CH) and 1.2-2.9 (13 H, m, aliphatic CH); mass spectrum m/e (re1 
intensity) 246 (M+, 85), 137 (77), 110 (76), 109 (51), 96 (71), 95 (loo), 
93 (49), 67 (41), 55 (21), and 41 (29); 13C NMR (CDC13, multiplicity 
in off-resonance decoupling) 209.9 (s, C=O), 137.3 (d, 2 C atoms), 
129.3 (s), 128.9 (d, 2 C atoms), 128.3 (d), 53.0 (t), 49.2 (s), 45.6 (t), 39.3 
(t), 38.4 (t), 30.9 (d and t, 2 C atoms), and 20.1 ppm (t). 

Anal. Calcd for C15H18OS: C, 73.13; H, 7.36; S, 13.01. Found: C, 
73.01; H, 7.39; S, 12.96. 

To a cold (-70 "C) solution of 547 me (2.22 mmol) of the keto sul- 
fide 25 in 55 mL of CHZC12 was added, dropwise and with stirring 
during 7 min, a solution of 384 mg (2.22 mmol) of freshly purifiedIg 
m-ClCeH4C03H in 16 mL of CHzClZ. After the resulting mixture has 
been stirred a t  -70 "C for 10 min, it was partitioned between Et20 
and aqueous NazS03. The organic layer was washed with aqueous 
NaHC03, dried, and concentrated to leave 578 mg of a colorless solid 
that contained (TLC, silica gel coating with an EtOAc-hexane eluent, 
7:3 v/v) the sulfoxide 50 ( R f  0.31) and two minor unidentified in- 
purities ( R f  0.69 and 0.18). This material was chromatographed on 
silica gel with an EtOAc-hexane (7:3 v/v) eluent to separate 554 mg 
(95%) of the sulfoxide 50 (a mixture of stereoisomers) as a viscous 
liquid that crystallized on standing: mp 129-138 "C; IR (CC14) 1713 
(C=O) and 1053 cm-' (S=O); NMR (CDC13) 6 7.3-7.7 (5 H, m, aryl 
CH) and 1.0-3.1 (13 H, m, aliphatic CH); UV max (95% EtOH) 251 
nm ( c  4700) with end absorption ( c  9060 a t  211 nm); mass spectrum 
m/e (re1 intensity) 262 (M+, 9), 218 (21), 138 (41), 137 (loo), 126 (37), 
109 (88) ,  95 (87) ,  93 (62), 82 (40), 81 (46), 79 (34), 78 (30), 77 (40), 67 
(48): 55 (37), and 41 (32). 

Anal. Calcd for C1bI11802S: C, 68.67; H, 6.91; S, 12.22. Found: C, 
68.61; H, 6.94; S, 12.18. 

Preparation of the Sulfide 26. After a cold (4 "C) solution of 1.73 
g (10.0 mmol) of the chloro ketone 21 and 2.00 g (41.6 mmol) of MeSH 
in 25 mL of MeOH had been treated with 10.3 mL of an MeOH solu- 
tion containing 54.3 rnmol of NaOMe, the resulting mixture was 
warmed to 25 "C and allowed to stand for 10 h. The resulting mixture 
was concentrated and partitioned between Eta0 and HaO. After the 
organic layer had been dried and concentrated, the residual yellow 
liquid (1.79 g) was chromatographed on silica gel with an EtOAc- 
hexane eluent (1:9 v/vj to separate 1.59 g (86%) of the keto sulfide 26 
as a pale yellow liquid: n Z 5 ~  1.5372; IR (cC14) 1710 cm-' (C=O); UV 
max (95% EtOHi 240 ((shoulder, e 181) and 287 nm ( e  30); 'H NMR 
(CC14) 6 2.1-2.6 (6 H, mi, aliphatic CH) and 1.2-2.1 (10 H, m, aliphatic 
CH including a CH3S singlet at  6 2.02); mass spectrum m/e (re1 in- 
tensity) 184 (M+, 74), 137 (75j, 109 (39), 95 (100),93 (66),67 (501, and 
41 (34); 13C NMR (CDCl3, multiplicity in off-resonance decoupling) 
209.4 (s), 52.1 (t) ,  45.7 (t) ,  44.5 (s), 38.2 (t),  37.7 (t) ,  30.8 (t and d,  2 C 
atoms), 19.7 ( t ) ,  and 9.5 ppm (q) .  

Anal. Calcd for C1oH16OS: C, 65.17; H, 8.75; S, 17.40. Found: C, 
65.06; H, 8.77; S, 17.36. 

Preparat ion of t he  Amino Ketone 28. To a refluxing (7 "C) so- 
lution of 1.73 g (10.0 mmol) of the chloro ketone 21 in 300 mL of 
MeZNH (freshly distilled from Na) was added, dropwise and with 
stirring during 3 min, 2.35 mL of a MeOH solution containing 10.2 
mmol of NaOMe. After the resulting solution had been refluxed for 
2 h, the MeZNH was allowed to evaporate and the residue was parti- 
tioned between Eta0 and aqueous 1 M HC1. The aqueous phase was 
made basic (pH 10) with NaOH and extracted with EtlO. After this 
final ethereal extract had been dried and concentrated, the residual 
pale green liquid was distilled to separate 1.67 g (92%) of the amino 
ketone 28 as a colorless liquid: bp 79-80 "C (0.05 mm); n Z 5 ~  1.5049; 
IR (CC14) 1709 cm-I (C=O); UV max (95% EtOH) 215 (t 709) and 279 
nm (shoulder, E 60); '€I NMR (CDC13) 6 1.2-3.3 (19 H, m, aliphatic 
CH including a 6 H singlet for the MezN group a t  6 2.35); mass spec- 
trum m/e (re1 intensity) 181 (M+, 58), 139 (20), 138 (loo), 124 (84), 
110 (21), and 85 (29); l:C NMR (CDC13, multiplicity in off-resonance 
decoupling) 211.4 (s, C=O), 57.5 (s), 46.7 (t), 46.0 (t), 37.3 (q, 2 C 
atoms), 36.5 (t,  ?), 32.5 (t, ?), 31.1 (t, ?), 30.2 (d, ?), and 19.3 ppm 
I t )  \-,. 

Anal. Calcd for C ~ ~ H ~ S N O :  C, 72.88; H, 10.57; N, 7.73. Found: C, 
72.77; H, 10.59: N. 7.69. 

Preparation of the Ammonium Salts 29 and 30. A solution of 186 
mg (1.03 mmol) of the amino ketone 28 and 388 mg (2.73 mmol) of Me1 
in 3 mL of Et20 was stirred a t  25 "C for 48 h and then filtered to 
separate 312 mg (94Oh:l of the methiodide 29 as a colorless solid, mp 

2OW.10 "C dec. Recrystallization from EtOH-H20 afforded the pure 
methiodide 29 as colorless plates: mp 2&209 "C dec; IR (KBr pellet) 
1699 cm-I (C=O); UV (95% EtOH) shoulder a t  285 nm ( e  25) with 
end absorption ( e  10 700 a t  218 nm); NMR (MezSO-de) 6 1.3-3.4 (22 
H, m, aliphatic CH including a MeSN+ singlet a t  6 3.07). 

Anal. Calcd for C ~ Z H ~ ~ I N O :  C, 44.59; H, 6.86; I, 39.26; N, 4.33. 
Found: C, 44.55; H, 6.88; I, 39.18; N, 4.35. 

A mixture of 64.2 mg (0.199 mmol) of the methiodide 29, 140 mg 
(0.604 mmol) of AgzO, and 1.5 mL of HzO was stirred a t  25 "C for 12 
h and then filtered. The filtrate was concentrated under reduced 
pressure and the residual crude ammonium salt 30 was heated to 150 
"C for 4 h in a sublimation apparatus a t  20-mm pressure. The subli- 
mate that was collected amounted to 13.5 mg (44%) of the ketol 19, 
mp 233-240 "C dec, that was identified with the previously described 
sample by comparison of IR spectra. 

Preparat ion of the Keto Selenide 27. Following previously de- 
scribed directions,20 a solution of 2.34 g (7.50 mmol) of PhSeSePh in 
100 mL of anhydrous MeOH was treated, portionwise, with 790 mg 
(20.9 mmol) of NaBH4 and the resulting solution was stirred at  25 "C 
for 2.5 h. Then 1.73 g (10.0 mmol) of the chloro ketone 21 was added 
and the resulting solution was stirred while 10 mL of a MeOH solution 
containing 43.4 mmol of NaOMe was added dropwise during 2 min. 
The resulting mixture was stirred a t  25 "C for 1.5 h and then con- 
centrated under reduced pressure and partitioned between Et20 and 
Hz0. The ethereal solution was dried and concentrated to leave 3.04 
g of crude yellow liquid product containing (TLC, silica gel coating 
with an EtOAc-hexane eluent, 1:9 v/v) the selenide 27 ( R f  0.30) and 
a minor, unidentified impurity (Rf  0.65). Chromatography on silica 
gel with an EtOAc-hexane eluent (1:9 v/v) separated 2.54 g (87%) of 
the keto selenide 27 as a pale yellow liquid, n 2 , j ~  1.6043. The selenide 
27 crystallized on standing as yellow plates: mp 49.5-51 "C; IR (CC14) 
1709 cm-1 (C=O); UV max (95% EtOH) 220 ( e  12 100) and 280 nm 
( e  610); lH NMR (CC14) 6 6.9-7.7 (5 H ,  m, aryl CH) and 1.0-3.2 (13 
H, m, aliphatic CH); mass spectrum m/e (re1 intensity) 296 (M+, 7 ) ,  
294 (M+, 22), 292 (M+, 17), 291 (M+, 5), 290 (M+, 6j, 157 (52). 137 
(loo), 109 (54), 95 (95), 93 (73), 81 (35), 77 (45). 67 (65). 55 (47), and 
41 (45); 13C NMR (CDC13, multiplicity in off-resonance decoupling) 
210.0 (s, C=O), 137.8 (d, 2 C atoms), 128.4 (d. 3 C atoms), 125.4 (s), 
53.9 (t),  46.2 (t), 45.6 (s), 40.1 (t),  39.1 (t).  31.4 (di ,  30.8 (t),  and 20.6 
ppm (t). 

Anal. Calcd for ClsHlaOSe: C, 61.43; H. 6.19. Found: C. 61.48: H, 
6.28. 

Preparat ion of the Keto Acetate 39. A solution of 1.54 g (10.0 
mmol) of the ketol 19 and 5 mL of AczO in 10 mL of anhydrous pyri- 
dine was stirred for 25 "C for 176 h with additional 2.5-mL portions 
of AczO being added after 42.5 and 151 h. The resulting mixture was 
partitioned between Eta0 and HzO and the ethereal layer was washed 
with aqueous 1 M HC1 and then dried and concentrated to leave 1.25 
g of the crude acetate 39 as a yellow solid, mp 59.5-66 "C. Recrystal- 
lization from pentane separated 1.09 g (56%) of the pure keto acetate 
39 as colorless plates: mp 65.5-67 "C; IR (CC14) 1737, 1730 (ester 
C=O), and 1713 cm-I (C=O); UV (95% EtOH) shoulder at  250 nm 
( t  45) with weak end absorption ( E  140 at  207 nm); NMR (CC14) 6 2.85 
(2  H ,  br s, CHzCO) and 1.1-2.8 (14 H, m, including a CH3CO singlet 
at  6 1.93); mass spectrum mle (re1 intensity) 196 (M+, 2), 136 (42), 111 
(34), 108 (76), 97 (63), 95 (51),94 (39),93 (63),92 (44),82 (42i ,  79 (401, 
67 (45), 55 (61), 53 (33), 43 (loo),  41 (54), and 39 (55). 

Anal. Calcd for CllH1603: C, 67.32; H, 8.22. Found: C, 67.36; H, 
8.25. 

Preparation of the Diketo Lactone 22. A solution of 1.54 g (10.0 
mmol) of the ketol 19 and 1.28 g (10.1 mmol) of freshly distilled 
(COC1)z in 25 mL of CHC13 (alcohol free) was protected from moisture 
and stirred at  25 "C for 47 h. Evaporation of the volatile materials left 
a red-brown solid containing (TLC, silica gel coating with an 
EtOAc-hexane eluent, 2:3 v/v) the diketo lactone 22 ( R f  0.18) and 
three unidentified components ( R f  0.59, 0.33, and 0.05). The crude 
product was chromatographed on silica gel with EtOAc-hexane 
mixtures as the eluent to separate 856 mg of the product 22 as a tacky 
orange solid. Recrystallization from an Et20-CHCl:I mixture sepa- 
rated 728 mg (35%) of the pure diketo lactone 22 (obtained as the enol 
23) as orange plates: mp 180.5-181.5 "C; IR (CHC13) 3490 (br, OH), 
1788,1777,1768,1760 (lactone C=O), 1687 (conjugated C=O), and 
1621 cm-' (C=C); UV max (CHzCN) 270 ( c  7170) and 335 nm ( 6  

3260); 'H NMR (CDC13) 6 7.91 (1 H, s, OH) and 1.0-3.0 (11 H, m, al- 
iphatic CH); mass spectrum mle (re1 intensity) 208 (M+, 4j, 164 (451, 
137 (74), 136 (loo), 135 (21) ,  95 (22), 69 (34),55 (3Oj, 41 (541, and 39 
(36); I3C NMR (CDC13, multiplicity in off-resonance decoupling) 196.0 
(s), 164.8 (s), 144.8 (s), 127.2 (s), 83.1 (sj, 43.8 (t), 37.8 ( t ,  2 C atoms), 
31.0 (t), 29.7 (d),  and 21.3 ppm (t). 

Anal. Calcd for CllH1204: C, 63.45; H, 5.81. Found: C, 63.50; H, 
5.83. 
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Formation and Decomposition of the Selenoxide 31. A cold (4 
"C) solution of 171 mg (0.58 mmol) of the selenide 27 and 101 mg (0.58 
mmol) of purified"' m-ClC6H&03H in 12 mL of anhydrous furan was 
stirred a t  4-5 "C for 30 min and then warmed to 25 "C and stirred for 
2 h. During this warming the solution acquired a distinct yellow color 
at  -20 " C .  After the reaction mixture had been partitioned between 
aqueous 10% NazC03 and CHZClz, the organic layer was washed with 
aqueous NaCl, dried, and concentrated. The residual yellow liquid 
(184 mg) contained (TLC, silica gel coating with an EtOAc-hexane 
eluent, 1:4 v/v) PhzSep (R f  0.72), the starting selenide 27 (R f  0.52), the 
hydroxy selenide 32 ( R f  0.19), and a minor unknown component ( R i  
0.04). Chromatography on silica gel with an EtOAc-hexane eluent 
(1:9 v/v) separated 31 mg of PhzSez, mp 59-61 "C (lit.9 mp 60-62 "C, 
identified with an authentic sample by comparison of IR spectra and 
mixture melting point determination), 9.6 mg of the starting selenide 
27 (IR and mass spectral analysis), and 78.5 mg (44%) of the hydroxy 
selenide 32 as a colorless solid, mp 94-96 "C. Recrystallization from 
a PhH-hexane mixture separated the pure hydroxy selenide 32 as 
colorless plates: mp 97-98 "C; IR (CC14) 3500 (br, assoc. OH) and 1700 
cm-1 (C=O); UV max (95% EtOH) 227 ( e  8100) and 325 nm ( e  960); 
'H NMR (CDC13) 6 6.9-8.0 (5 H, m, aryl CH), 3.5-3.9 (1 H, m, 
COCHSe), and 1.0-3.3 (12 H, m, OH and aliphatic CHI; mass spec- 
trum m / e  (re1 intensity) 310 (M+, 75), 308 (Mt, 391,214 (61), 212 (34), 
171 (59). 169 (45), 159 (53), 158 (71), 157 (loo), 156 (56), 155 (83), 154 
(til), l,53 (50), 117 (44), 97 (77) ,  95 (34), 91 (42), 79 (40), 78 (55), 77 (811, 
69 (39), 65 (44), 55 (62), 51 (51), 50 (44),43 (75), 41 ( 5 5 ) ,  and 39 (53); 
Ik3C NMR (CDC13, multiplicity in off-resonance decoupling) 206.5 (s, 
C=O). 134.3 (d, 2 C atoms), 128.7 (d, 3 C atoms), 127.8 (s), 70.6 (s, 
COH), 66.1 (d, CHSe), 41.3 (t), 39.1 (t) ,  38.0 (t), 30.5 (t), 29.5 (d), and 
19.5 ppm (t). Comparison of the position of the I3C NMR signal for 
the substituted bridgehead carbon atom (70.6 ppm) with the position 
of the corresponding signals for the keto1 19 (70.6 ppm) and the keto 
selenide 27 (45.6 ppmi indicates that our product has the structure 
32 and is not the isomeric tu-hydroxy-p-phenylseleno ketone. 

Anal. Calcd for CljHl802Se: C,  58.26; H ,  5.87. Found: C, 58.33; H, 
5.93. 

In a similar experiment, 590 mg (2.01 mmol) of the selenide 27 was 
oxidized with 361 mg (2.09 mmol) of purifiedlg m-ClC6H4C03H in 
50 mL of CHzC12 at 1-3 "C for 1 h and then 427 mg (2.67 mmol) of Bra 
was added to the cold solution. After the resulting solution had been 
warmed to 25 "C and stirred for 1 h, it was washed with aqueous lG?! 
NazCOR and then dried and concentrated. The residual orange liquid 
(654 mg) contained (TLC, silica gel coating with an EtOAc-hexane 
eluent, 1:9 v/v) the bromo ketone 38 ( R f  0.34) and two minor un- 
identified components ( R j  0.78 and 0.44). Chromatography on silica 
gel with an Et0Ac.-hexane eluent (7:93 v/v) separated 240 mg (55%) 
of the bromo ketone 38, mp 79-80.5 "C. Recrystallization from hexane 
afforded the pure bromo ketone 38 as colorless plates: mp 84.5-85.5 
"C; IR (CC14) 1722 cm-' (C=O); UV rnax (959bEtOH) 224 ( e  426) and 
283 nm ( c  65); 'H NMR (CC14) 6 2.8-3.2 (2 H, m, CHzCO), 2.0-2.8 (6 
H, m, aliphatic CH), and 0.7-2.0 (5 H ,  m, aliphatic CH); mass spec- 
trum m/e (re1 intensity) 21.8 iMt, 2), 216 (M+, 2), 137 (100),109 (231, 
95 (X), 93 (30), 67 (31), 65 (20), 55 (20), 41 (20), and 39 (25); 13C NMR 
(CHCl:j, multiplicity in off-resonance decoupling) 206.9 (s), 62.3 (s), 
58.0 ( t) ,  45.1 (t),  44.5 ( t ,  2 C atoms), 32.0 (d), 30.0 (t), and 21.6 ppm 
i t ) .  

Anal. Calcd for CgH13BrO: C,  49.79; H, 6.04; Br, 36.81. Found: C, 
49.80; H, 6.04; Br, 36.75. 

Vapor-Phase Pyrolysis Studies. A. With the Keto Acetate 39. 
A solution of 1.55 g (7.90 mmol) of the acetate 39 in 10 mL of CHzClZ 
and 40 mL of pentane was added, dropwise during 2.5 h, to the top 
of a 20-cm vertical glass column packed with glass helices and sur- 
rounded by an oven heated to 580-600 "C. During this addition a slow 
stream of Nz was passed through the column and the effluent solvent 
and volatile pyrolysis products were collected in traps cooled with a 
dry ice-i-PrOH mixture. After the effluent liquid had been concen- 
trated, an aliquot of the crude pyrolysate (910 mg of red liquid) was 
mixed with a known weight of n-C8H17Ph (an internal standard) for 
GLC analysis (silicone DC-710 on Chromosorb P, apparatus cali- 
brated with known mixtures). The material contained the keto olefin 
41 (retention time 18.6 min, 42% yield), the dienone 40 (22.9 min, 16% 
yield), n-C8HITPh (54.0 min), and a series of minor unidentified 
components (1.3,1.5,1.7,2.0,2.1, 2.6,3.3,4.3,5.4,6.9,9.4,11.4,14.4, 
and 15.0 rnin). A collected (GLC) sample of the keto olefin 41 was 
obtained as a colorless liquid: n z 5 ~  1.5047; IR (CC14) 1729 (C=O), 1650 
(C=C), and 897 cm-' (C=CH2); UV max (95% EtOH) 283 nm ( e  239); 
NMR (CC14) 6 4.6-5.1 (2  I<, m, vinyl CH), 2.6-2.9 (1 H, m, CHCO), 
and 1.4-2.6 (9 H, m, aliphatic CH); mass spectrum mle (re1 intensity) 
136 (M+, 12), 93 (25),92 (LOO), 91 (24), 79 (37), 77 (16), 41 (15), and 
39 (20). 

Anal. Calcd for CgH120: C, 79.37; H, 8.88. Found: C, 79.35; H, 

8.90. 
A collected (GLC) sample of the dienone 40 was obtained as a col- 

orless liquid: n Z 5 ~  1.4995; IR (Cc4)  1671 (C=O), 1639 (C=C), and 
924 cm-1 (CH=CHz); UV max (95% EtOH) 237 nm ( e  9830); NMR 
(CDCl3 at  100 MHz) 6 5.9 (1 H, m, vinyl CH), 1.9-2.7 (8 H, m, aliphatic 
CH including a CH3 singlet a t  d 1.98), and a pattern characteristic of 
a -CH=CHz group with signals (total 3 H) a t  6 5.82 (d of d of d,  J 
= 6.9,10.8, and 18.6 Hz), 5.08 (d of d of d,  J = 1.4, 1.5, and 18.6 Hz), 
and 5.06 (d of d of d, J = 1.5,1.6, and 10.8 Hz); mass spectrum m/e (re1 
intensity) 136 (M+, l l ) ,  107 (14), 94 (30), 93 (34), 82 (100),79 (17), 77 
(14), 54 (32), 53 (16), 44 (20), 41 (29), and 39 (40). 

Anal. Calcd for CgH120: C, 79.37; H, 8.88. Found: C, 79.29; H ,  
8.92. 

B. With the Keto Lactone 22. A solution of 217 mg (1.04 mmol) 
of the lactone 22 in 10 mL of CHzClz was added, dropwise during 50 
min, to the previously described pyrolysis apparatus with the oven 
heated to 600-620 "C. The crude liquid pyrolysate was 172 mg of red 
liquid. After an aliquot of this crude product had been mixed with 
n-CsH17Ph (an internal standard), GLC analysis (silicone DC 710 on 
Chromosorb P, apparatus calibrated with known mixtures) indicated 
the presence of the enone 49 (retention time 18.5 min, 9% yield), the 
enone 41 (23.8 min, 8% yield), the dienone 40 (31.5 min, 7% yield), 
n-CsH17Ph (76.2 min), and a number of minor, unidentified materials 
(1.1, 1.2, 1.7, 2.0, 2.6, 3.2, 4.4, 5.5, 6.6,7.5, 8.4,9.1, 13.4, and 35.3 min). 
Collected (GLC) samples of ketones 40 and 41 were identified with 
previously described samples by comparison of IR and mass spectra 
and GLC retention times. A collected (GLC) sample of the enone 49 
was identified with a subsequently described sample by comparison 
of IR and mass spectra and GLC retention times. 

C .  With the Sulfoxide 50. A solution of 275 mg (1.05 mmol) of the 
sulfoxide 50 in 10 mL of CHZC12 was added, dropwise during 45 min, 
to the previously described pyrolysis apparatus with the oven heated 
to 400-420 "C. An aliquot of the crude pyrolysate (511 mg of red liq- 
uid) was mixed with n-CsHITPh for GLC analysis (silicone DC 710 
on Chromosorb P). The crude product contained PhSH (retention 
time 5.5 min), the enone 41 (19.4 min, 3% yield), the enone 49 (15.3 
min, 13% yield), an unidentified component [or mixture of compo- 
nents, IR (CC14) 1717 cm-', 29.8 min, -10% yield], n-CsH17Ph (59.8 
min), and a number of minor unidentified components (1.5,2.0,2.3, 
4.3, 9.8, and 11.7 min). Collected (GLC) samples of PhSH and the 
enone 41 were identified with authentic samples by comparison of IR 
and mass spectra and GLC retention times. A collected (GLC) sample 
of the enone 49 was obtained as a colorless liquid: IR (cc14) 1726 
(C=O) and 1650 cm-' (weak, C=C); NMR (CDC13, obtained a t  100 
MHz) 6 6.07 (1 H, d of d of q, J = 7.1, 1.9, and -1.7 Hz, vinyl CHI, 
2.7-3.0 (2 H, m, bridgehead CH), 2.16 (2 H, d, J = 2.9 Hz, CHTCO), 
and 1.1-2.1 [7 H, m, aliphatic CH including a CH3 doublet ( J  = -1.7 
Hz) at  6 1.821; mass spectrum m/e (re1 intensity) 136 (M+, 12), 94 (751, 
93 (12), 91 (14), 79 (loo), 77 (16), 41 (ll), and 39 (14); calcd for CgH120, 
136.0888; found, 136.0908 [lit.14a IR 1715 cm-l; NMR 6 6.02 (d of q, 
J = -2 and -6.5 Hz), 2.84 (br, 2 H), and 1.62 (d, J = -2 Hz)]. 

To obtain an authentic sample of the enone 49 a mixture of 204 mg 
(1.5 mmol) of the enone 41,160 mg of 5% Pd/C catalyst, 2 mL of HzO, 
and 18 mL of DME was refluxed for a total of 268 h with the reaction 
being stopped periodically to examine the progress of the isomeriza- 
tion. After the mixture had been filtered and then partitioned between 
Et20 and aqueous NaC1, and organic solution was dried and con- 
centrated. The crude liquid product (834 mg) contained (GLC with 
added internal standard) the enone 49 (26% yield) and the starting 
enone 41 (27% recovery). Collected (GLC) samples of both enones 41 
and 49 were identified with previously described samples by com- 
parison of IR and mass spectra and GLC retention times. The col- 
lected sample of enone 49 exhibited a UV maximum (95% EtOH) a t  
295 nm ( e  47) [lit.14a UV 294 nm (E 153)]. 

Degradation of the Keto Olefin 41. To the mixture obtained from 
3.9 mg of Os04 and 30.9 mg (0.227 mmol) of the keto olefin 41 in 0.75 
mL of purified dioxane and 0.25 mL of HzO was added, portionwise 
and with stirring during 35 min, 102 mg (0.477 mmol) of NaIO4. After 
the resulting suspension had been stirred a t  25 "C for 3 h, it was 
partitioned between HnO and CHzClZ. The organic layer was dried 
over Na2S04, concentrated, redissolved in an EtzO-PhH mixture (1:l 
v/v), filtered through alumina, and again concentrated to leave 30.7 
mg of the crude diketone 46. Recrystallization from a PhH-hexane 
mixture afforded 20.8 mg (66%) of the pure diketone 46 as colorless 
plates: mp 195.5-196.5 "C (lit. mp 188-190,21 191,22 190-191 "CZ3); 
IR (CC14) 1742 and 1721 cm-' (C=O) [lit.21 IR (CC4) 1745 and 1720 
cm-l]; UV max (cyclohexane) 298 ( c  103), 307 ( e  1031,318 ( e  101), and 
329 nm ( e  73) [lit.21 UV max (cyclohexane) 300 ( e  100), 320 ( e  100), and 
330 nm ( e  75)]; mass spectrum m/e (re1 intensity) 138 (Mt,  73), 110 
(12), 109 (11),95 (16), 82 (11),81(17), 68 (37), 67 (83),55 (100),41(19), 
and 39 (18). 
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I s o m e r i z a t i o n  of t h e  D ienone 40. A mix tu re  of  17.1 m g  (0.126 
mmol)  o f  the dienone 40,24 m g  o f  5% Pd o n  C, 0.4 mL of  HzO, and 3.6 
mL o f  DME was ref luxed for  78 h, a t  which t ime isomerization o f  40 
was practical ly complete [TLC analysis o n  silica gel w i t h  a n  EtOAc-  
hexane eluent (1:4 v/v); 40, Rf 0.47; 42, Rf 0.571. T h e  mix tu re  was di- 
lu ted  w i t h  EtzO, filtered, washed w i t h  aqueous NaC1, dried, and 
concentrated to  leave 31.1 m g  o f  crude liquid product. After an aliquot 
of the crude product  h a d  been mixed w i t h  a known weight o f  
PhCHzCHzPh (an internal standard), GLC analysis (silicone DC-710 
o n  Chromosorb P, apparatus cal ibrated w i t h  a known mixture)  in- 
dicated the presence o f  Lhe phenol 42 (retention t ime 30.2 min, 30% 
yield), PhCH2CHzPh (81.1 min), and a number of  minor  unidenti f ied 
byproducts. A collected (GLC) sample of the phenol 42 was obtained 
as a colorless solid, mp 50-51 "C (l i t .  mp 51,24 52-54,25 54,26 55 "Cz7), 
tha t  was identi f ied w i t h  a n  authentic sample (Aldr ich Chemical Co.) 
by comparison o f  IR and mass spectra and GLC retention times. The 
sample was clearly d i f ferent  f r o m  the isomeric phenol  43. 

Following a previously described procedure,12 5.04 g (31.1 mmol)  
o f  isosafrole (45) was added, dropwise and wi th  st irr ing during 30 min, 
t o  a ref luxing dispersion o f  4.66 g (202 mg-atom) o f  N a  in 35 mL of  
xylene. T h e n  45 mL of  anhydrous EtOH was added, dropwise and 
w i th  st irr ing during 4 h, ;and the resulting mixture was steam-distilled 
t o  remove volatile neutral components. The residual aqueous solution 
was acidif ied and extracted w i t h  CH2C12. T h e  organic extract was 
dr ied and concentrated and the dark residual liquid (3.38 g) was 
dist i l led t o  separate 1.69 g o f  colorless liquid, bp 106-109 O C  (8 mm), 
that  contained [TLC on silica gel coating, EtOAc-hexane eluent (3:17 
v/v)] the phenol 43 (R f  0.41) and a component believed t o  be phenol 
44 ( R f  0.36). Chromatography o n  silica gel w i t h  a n  EtOAc-hexane 
eluent separated early fractions containing 1.04 g (25%) o f  the phenol 
43 as a colorless liquid: nz5D 1.5199 [lit. bp 110 (10 mrn),l2 117-118 "C 
(11 mm)28]; IR CCClb) 3590 and 3380 cm- l  (OH); NMR (CC11) 6 
6.2-7.4 ( 5  H, m, O H  and ary l  CH), 2.43 (2 H, t, J = 7 Hz, benzylic 
CHz), 1.2-2.1 (2 H, m, CH2), and 0.85 (3 H, t, J = 7 Hz,  CH3); mass 
spectrum rnle (re1 intensity) 136 (M+, 391,121 (161,108 (43), 107 (loo), 
77 (21), and 39 (13). 

Later  chromatographic fractions contained 462 m g  (11%) o f  a 
component believed to  be phenol 44 as a colorless liquid: n2jD 1.5748; 
IR (CC14) 3590, 3400 (OH), and 965 cm-1 (trans-CH=CH); NMR 
(CC14) 6 6.5-7.4 (7 H, m, OH, v i n y l  and ary l  C H )  and 1.78 (3 H, d, J 
= 5 Hz,  CH3); mass spectrum rnle (re1 intensity) 134 (M+, loo), 133 
(71), 107 (30), 105 (281, 91 (221, 77 (24), 51 (20), 40 (25), and 39 
(22). 

Anal. Calcd for CgHloO: C, 80.56; H, 7.51. Found: C, 80.31; H, 
1 . 1 1 .  

R e g i s t r y  No.-& 66921-72-0; 4, 17348-81-1; 5,  1123-09-7; 6, 

- c  

66921-73-1; 8, 66921-74-2; 9,66921-75-3; 19, 20498-02-6; 20,66921- 
76-4; 21,66921-77-5; 23,66921-78-6; 24,66921-79-7; 25,66921-80-0; 
26, 66921-81-1; 27, 66921-82-2; 28, 66921-83-3; 29, 67011-17-0; 30, 
66921-84-4; 32, 66921-85-5; 37, 66921-86-6; 38, 66077-98-3; 39, 
66921-87-7; 40,66921-88-8; 41,66921-89-9; 42,698-71-5; 43,621-27-2; 
44,66921-90-2; 45,120-58-1; 46,66921-91-3; 49,53922-17-1; 50 isomer 
I, 66921-92-4; 50 isomer 11,67009-05-6; ethy l  acetoacetate, 141-97-9; 
2-cyclohexenone, 930-6r3-7; cycloheptanone, 1121-66-0; diphenyl  di- 
selenide, 1666-13-3. 
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