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Abstract-An extension of the nomenclature for classifying ring closures to include intramolecular reactions of 
enolate anions is described, and the rules governing such cyclizations are enumerated. The syntheses of the 
polyketonic substrates 4-acetyl-2,Gheptanedione (ll), 4-acetyl4methyl-2,7-octanedione (24), and 3-acetyl-3- 
methyl-l,Gdiphenyl-1,bheptanedione (33) were carried out, and their base-induced intramolecular 
aldol condensations studied. With each substrate a favored 6-(enolendo)-exe-trig cycliition to produce cyclo- 
hexenone products was the only ring forming reaction observed, this process predominating in all instances over 
competing disfavored 5-(enolendo)-exo-trig closures, and also over other competing favored cycliitions. The 
identity of the cyclization product 12 derived from 11 was confirmed by aromatizing 12 to 17, and alternately 
synthesizing 17 from 3-bromo-5-methylphenol. 

In a recent general treatment of ring forming reactions* a 
classification system was described and a collection of 
rules were enumerated permitting the prediction of the 
relative facility with which ring closures occur. A num- 
ber of examples illustrating the applicability of these 
rules have been publishede3 In searching for new reac- 
tions and substrates which would test the predictive 
power of these guidelines and the general validity of the 
steroelectronic concepts upon which they were based we 
turned to the intramolecular alkylation of ketone 
enolates.” Especially when the enolate C-C bond is 
endocyclic to the ring being formed in the alkylation, the 
planarity of the enolate system curtails the freedom of 
movement of the chain of atoms between the reacting 
sites. This effect, in addition to the requirements of 
backside displacement of the leaving group and approach 
of the electrophilic halide carbon on a trajectory per- 
pendicular to the enolate plane at the a-carbon atom, is 
an important factor in determining the ability of the 
reactive termini to meet the proper orientation (1). On 
the basis of these considerations the cyclization 2+3 
was predicted to be favored for the formation of a 
cyclohexanone product but disfavored for the construc- 
tion of a cyclopentanone ring. The validity of this pre- 
diction has been demonstrated experimentally. 

In our original investigation of intramolecular enolate 
alkylations,4” cyclizations such as 2*3 (exo-tet with 
respect to the C-Y terminus) were called “endocyclic 
alkylations” in referring to the orientation of the enolate 
C-C bond. We now wish to introduce a more precise and 
less ambiguous terminology’” that is an extension of our 
original nomenclature. “Endocyclic alkylations” such as 
2+3 will now be designated (enolendo)-exe-tet cycliza- 
tions, with 6- and 7-membered ring formation being 
favored and 3-to j-membered closures being disfavored. 
Intra-molecular enolate alkylations involving an enolate 
C-C bond exocyclic to the ring being formed (4+5) 
(“exocyclic alkylations”) will now be referred to as 
(enolexo)-exo-tet closures, all 3- to 7-membered proces- 
ses being favored. 

Scheme 1. 

When such terminology is extended to intramolecular 
aldol condensations (exo-trig with respect to the C = Y 
bond) we similarly identify the ring forming reactions as 
either (enolendo)-exo-trig (6 + 7) or (enolexo)-exo-trig 
(8+9). In these cyclizations once again the steroelec- 
tronic constraints presumably imposed (e.g. 10) lead to 
the conclusion that the 3- to 7-(enolexo)- and 6- and 
7-(enolendo)-exo-trig cases are favored, while 3- to 5- 
(enolendo)-exo-trig closures are disfavored. 

It can be seen that intramolecular aldol condensations 
providing a competition between a S-(enolendo)- and 
6-(enolendo)-exo-trig ring closure, wherein there exists 
the dichotomy between a disfavored Smembered and a 
favored 6-membered ring formation, will constitute a 
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Scheme 2. 

crucial test of the solidity of these postulates. We there- 
fore undertook to synthesize a number of polyketonic 
molecules having the option within the same molecule of 
both S-(enolendo)- and 6-(enolendo)-exo-trig modes of 
ring formation (and perhaps other favored cyclizations as 
well) via aldol condensations. In this manner we sought 
to establish a direct kinetic competition between favored 
and disfavored modes of ring closure so that the ratio of 
products formed would be an indication of the relative 
facility of the competing processes. (In all cases the 
conditions were such that the observed products were 
enones resulting from subsequent dehydration of the 
initial /?-hydroxy carbonyl adducts.) 

RESULTS AND DISCUSSION 

Cyclization of 4-acetyL2,6_heptanedione (11) 
This molecule was chosen for initial study because it 

has the desired competition between S-(enolendo)- and 
6-(enolendo)-exo-trig modes of intramolecular aldol con- 
densation (Scheme 3). There are, however, four possible 
combinations of enolate and carbonyl which can produce 
a 5-membered aldol product, but only two such com- 
binations leading to a 6-membered ring enone. Thus there 
is a 2:l statistical advantage in favor of the 5- 

(enolendo)-exo-trig reaction. In spite of this statistical 
bias, our prediction on the basis of stereoelectronic con- 
siderations (uide supra) was that the favored 6- 
(enolendo)-exo-trig condensation (to produce 12) would 
be the predominant or exclusive process. 

Although a known compound, 11 had previously been 
synthesized from precursors accessible only with much 
difficulty.’ We therefore undertook to synthesize 11 by a 
much more convenient route (Scheme 4). An initial 
attempt to dialkylate 2,4_pentanedione with methallyl 
iodide6 (a labile substance which must be prepared 
shortly before use) produced a mixture, easily separable 
by distillation, of the expected dione 15 and the penul- 
timate synthetic objective, dienone 16.’ Dione 15 was 
found to be converted almost quantitatively into 16 by 
subjecting it to the conditions of the alkylation for a 
longer period of time (48 h instead of 18 h). The same net 
result was eventually achieved in a single step by utiliz- 
ing methallyl chloride in combination with a catalytic 
quantity (10 mole %) of KI (thus generating methallyl 
iodide by exchange in situ), and by carrying out the 
reaction for the longer (48 h) period of time. In this 
fashion there was obtained directly a 50% distilled yield 
of dienone 16. Ozonolysis followed by reductive work up 
and chromatography gave a 66% yield of purified trione 
11. 

Mild basic treatment (1M methanolic KOH, room 
temperature) of 11 resulted in rapid ( < 5 min) consump- 
tion of the starting trione and the direct formation of a 
single cyclization product, the predicted cyclohexenone 
12, in 77% yield. The complete absence of even small 
amounts of cyclopentenone products (whose enone car- 
bony1 absorption would have appeared at approximately 
the same position in the IR spectrum as the acetyl 
absorption of 12 at 1710 cm-‘) was conclusively demon- 
strated by catalytic hydrogenation of the crude cycliza- 
tion product. After thus transforming all enones into 
saturated ketones, the IR spectrum of the hydrogenation 
product showed carbonyl absorption at 1707 cm-’ due to 
acyclic and 6-membered ring ketones only (no cyclo- 
pentanone absorption in the 1740-50cm-’ region). The 
favored 6-(enolendo)-exo-trig reaction in this case was 
thus so much more facile than the disfavored 5- 
(enolendo)-exo-trig closure that the formation of 12 
totally dominated over even the statistically preferred 
production of cyclopentenones (13 and 14). 

Although the formation of enone 12 has been des- 
cribed previously, and its reported spectral characteris- 
tics are in reasonable agreement with those of our cycl- 
ization product, the method by which it was obtained did 
not unambiguously establish its structure.* In order to 
unequivocally determine the identity of our cyclization 
product, we therefore proceeded to aromatize our 

Scheme 3. 
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cyclohexenone, presumably to the substituted phenol 
17”” and then alternately synthesize this phenol 
(Scheme 5). Aromatization was easily accomplished by 
treatment of the cyclohexenone with CuBrlLiBr in 
refluxing CH,CN.” The alternate synthesis of I7 began 
with the tetrahydropyranyl ether 18 of the known 3- 
bromo-5-methylphenol.‘L Metal-halogen exchange,‘* 
reaction with acetaldehyde, and then oxidation of the 
resulting alcohol 19 with btiered pyridinium chloroch- 
romate (CSHSNHCrO,Cl, PCC)” gave the tetrahydro- 
pyranyl-protected phenol 20. Mild acidic removal of the 
protecting group gave an acetylphenol 17 that was iden- 
tical in every respect to the phenol obtained by aroma- 
tizing the cyclization product 12. 

In a further attempt to illustrate the favored nature of 
6-(enolendo)-exo-trig ring closures, even in the face of a 
statistical advantage of the disfavored S-(enolendo)-exo- 
trig process, carboethoxy trione 22 was prepared by 
ozonolysis of acetoacetate 21.14 Subsequent treatment of 
22 with ethanolic KOH at reflux for 5 min (no reaction at 
room temperature as for 11) however, gave a mixture of 
12 and 23 along with a small amount of 17. Although 
cyclohexenones (or phenols derived therefrom) were 
again the sole products, this experiment failed to reveal 
any additional information since it was not possible to 
ascertain conclusively whether cyclization occurred 
before or after the loss of the acetyl or carboethoxy 
groups. If loss of a carboethoxy group occurred before 
ring closure then the appearance of 12 in this case was 
due to the same cyclization of 11 as observed above. If 

the loss of an acetyl group occurred before the cycliza- 
tion reaction then the formation of 23 by a 6-(enolendo)- 
exo-trig reaction took place without any competition 
from the 5-(enolendo)-exo-trig process. The results of 
this additional experiment unfortunately provide no ad- 
ditional confirmation of our hypotheses. 

Cyclization of 4-acetyl-4-methyl-2,7-octanedione (24) 
Emboldened by our initial predictive success, we next 

chose to examine the reactivity of a molecule with a 
much greater multiplicity of cyclization modes. Trione 24 
is capable of producing 5-, 6, or 7-membered aldol 
products in a total of eight ways (Scheme 6). Of these 
eight possibilities only two are produced via the dis- 
favored 5-(enolendo)-exo-trig pathways (25a and 25b), 
while the other six involve favored modes of ring 
closure: two cyclohexenones (26a and 26b) via a 6- 
(enolendo)-exo-trig process, two cycloheptenones (27a 
and 27b) via a 7-(enolendo)-exo-trig cyclization, and two 
cyclopentenyl ketones (Ula and 28b) capable of forming 
via a 5-(enolexo)-exo-trig pathway. Our judgement on the 
basis of stereo-electronic considerations was again that 
little or no 5-(enolendo) aldol product would be formed 
when base induced reaction was attempted, but we were 
unable to make any prognostication concerning the rela- 
tive amounts that might be produced of the favored 
6-(enolendo), 7-(enolendo), and 5-(enolexo) products. 

The synthesis of trione 24 proceeded in straightfor- 
ward fashion beginning with the thermal Diels-Alder 
adduct 2915.16 (Scheme 7). Addition of MeLi to form 
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alcohol 30, followed by oxidation to ketone 31,” 
ozonolysis, and reductive work up (HZ, Pd/C) gave the 
desired 24 in 68% overall yield. 

Treatment of trione 24 with methanolic KOH at reflux 
for 1 h produced, much to our surprise and delight, only 
cyclohexenones 26a/26b and 32a/32b resulting from a 
6-(enolendo)-exo-trig cyclization process. Once again the 
complete absence of 5-(enolendo)-exo-trig products 
(cyclopentenones 2Sa/25b) was demonstrated by hydro- 
genation of the crude cyclization mixture. Examination 
of the mixture of saturated ketones thus produced by IR 
again revealed no evidence indicating the presence of 
cyclopentanones derived from 25a/25b. 

While the monocyclic enones 26 could be separated by 
preparative TLC from the bicyclic compounds 32, these 
pairs could not be further resolved. It was subsequently 
demonstrated that 32 were secondary products derived 
[via a favored S-(enolexo)-exo-trig closure] from the 
primary aldol products 26, since 32a/32b were produced 
when the separated 26a/26b mixture was subjected to the 
same conditions used to cyclize 24 originally. 

There was some evidence to suggest that 26a was the 
major constituent of the 85 : 15 mixture (NMR integration 
of the vinylic protons) of monocylic enones. The mass 
spectrum of the Ma/26b mixture displayed a base peak at 
m/e 82. This abundant fragment can be explained as 
having arisen via an initial McLatferty rearrangement 
fragmentation of 26a (m/e 180) to form 26e (m/e 122), 
followed by the loss of neutral propyne via a retro-Diels- 
Alder-like process” to generate the resonance stabilized 
ion 26e (Scheme 8). Fragmentation of 26b in a similar 
manner leads to ion 2&I which cannot as readily cleave 
via a retro-Diels-Alder type process, and which would 
produce a much less stabilized ion (26f) upon loss of 
propyne. The appearance of the m/e 82 base peak is 
therefore more readily accounted for if 26a is the pre- 
ponderant isomer in the 26a/26b mixture. 

Cyclization of 3-acetyl-l,6-diphenyl-3-methyl-1,6-hex- 
anedione (33) 

Insertion of phenyl groups in place of the two methyl 
groups at the ends of the main hydrocarbon chain in 24 
markedly restricts the cyclization possibilities of the 
resulting trione 33 (Scheme 6). Although there are still 
two 5-(enolexo)-exo-trig products (36a and 36b), there 
are now no 7-(enolendo) products possible, and only one 
6-(enolendo) and one 5-(enolendo) product (35 and 34, 

respectively) capable of being formed. Our a priori con- 
clusion on stereoelectronic grounds was that little if any 
disfavored 5-(enolendo) cyclization would occur, but we 
were reluctant to speculate on the relative amounts of 
the favored 6-(enolendo) and S-(enolexo) products that 
might be generated. On a strictly statistical basis, 
however, we expected at least to observe the formation 
of some 5-(enolexo) product, since there are twice as 
many pathways to this type of product as to the 6- 
(enolendo) compound 35. 

Diphenyltrione 33 was synthesized in a manner com- 
pletely analogous to that by which the similar trione 24 
was obtained (Scheme 7). Cyclization of 33 in methanolic 
KOH at reflux for 0.5 h then resulted in the formation of 
a single product, the cyclohexenone 35 derived 
exclusively from a 6-(enolendo)-exo-trig aldol cyclization. 

CONCLUSIONS 

With all the polyketonic substrates studied it was found, 
in agreement with our predictions based on stereoelec- 
tronic considerations, that intramolecular aldol conden- 
sation via a favored 6-(enolendo)-exo-trig ring closure 
predominated to the exclusion of the disfaoored 5- 
(enolendo)-exo-trig process, and also to the exclusion of all 
other favored ring forming pathways as well. This was 
especially curious in the case of the faooured 5-(enolexo)- 
exo-trig mode of reaction, which was apparently unable to 
compete effectively against the 6-(enolendo)-exe-trig 
closure, even when it also enjoyed a 2: 1 statistical 
advantage. The explanation for this latter result is still 
uncertain. It is evident, however, that the formation of 
cyclohexenones via a 6-(enolendo)-exo-trig cyclization is 
by far the preferred mode of reaction in an intramolecular 
competition among several modes of aldol condensation, 
at least for the substrates in this study. Generalization of 
these observations to other polyketonic substrates should 
make it relatively simple to recognize transformations 
which stand little chance for success, and thus markedly 
facilitate the conceptualization of multistep synthetic 
schemes and the execution of the syntheses of complex 
organic molecules. 

S-Methyl-3-(2-methyl-2-propenyl)-5-hexen-2-one (16) 
A. Directly from 2,4_pentanedione. A mixture of 20.02g 

(0.20 mol) of AC&H*, 45.28 g (0.50 mol) of CH_FC(Me)CH&I, 

26c 260 

m/e 122 
(53%) 

m/e 82 
(100 %) 

L 26b J 26d 26f 

Scheme 8. 
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60.81 g (0.44mol) of anhydrous K2C03, and 7.3Og (44 mmol) of 
KI in 200 mL of absolute EtOH was retluxed under N2 for 48 h. 
The resulting suspension was cooled, concentrated, and par- 
titioned between H,O and EtzO. The combined ether layers were 
washed with brine;dried, and evaporated to leave 27.34 g (84%) 
of Dale yellow liauid. Distillation separated 16.757a (50%) of 16 
as a col&less, f&rant liquid, b.p. 6i-65” (3.4.-3.5 mm). GC on a 
6ft xO.l25in, 5% SE-30 on Chromasorb W column at 100 
showed only one peak at 3.55min. IR (neat) 1708 (C=O), 3075, 
1645, 900 &C=CH2), 1445, 1380, 1358, 1165 cm-‘: NMR 
(90 MHz, CCL) 8 1.74 (d, J= 2 Hz, 6H, C=CCH,), 2.07 (s, 3H, 
CH,CO), 2.18 (doublet of quartets, J= I4 and 8 Hz, 4H, 
CHAH&HC=O), 2.87 (m, lH, CHC=O), 4.73, 4.80 (broad sin- 
glets, 4H total, C=CH$. MS m/e (rel intensity) 166 (M+, 2), 43 
(CH,CO+, lOO), 151 (M-CH3,3), 123 (M-CH,CO), 15), 111 (21), 
108 (15), 95 (22), 81 (21), 67 (17), 55 (32), 41 (27), 39 (30). Calc. for 
CllH,sO: C, 79.46; H, 10.91. Found: C, 79.16; H, 10.74%. 

B. Via isolation of 3,3-Bis(2-methyl-2-propenyij-2,4-pentane- 
dione (15). A mixture of 500 mL of Me&O, 83.OOg (0.50 mol) of 
KI, and 45.28~ (OSOmol) of CH&(Me)CH&I was retluxed 
under NZ for 14 h. The resulting suspension was filtered, evaporated 
( zs 25”), partitioned between HZ0 and pentane. The pentane 
layers were washed successivelv with 10% Na&O1 and H20, 
dried, and evaporated (I 25”) tb leave 40.56g (45%) of crude 
CH&(Me)CH# as a golden vellow light- and air-sensitive 
liquid. IR (neat) 3080, 1635, 910~(R+CI&), 1380, 1165 (CHZI) 
cm-‘. A mixture of 39.68g (0.218mol) of this crude methallyl 
iodide, 10.01 g (O.lOmol) of A&HZ, and 30.01 g (0.22mol) of 
KzC03 in 1OOmL of absolute EtOH was refluxed under NZ for 
18 h. The resulting suspension was cooled, concentrated, and 
partitioned between aqueous NH&l and Et,O. The combined 
ether layers were then washed with brine, dried, and evaporated 
to leave 17.801 g of yellow liquid. Distillation through a 16 cm 
Vigreux column separated 4.213g (25%) of slightly impure 16, 
b.p. 39-45” (0.29 mm), and then 10.475 g (50%) of 15 as a clear 
liquid, b.p. 71.5-75” (0.29-0.32mm). IR (neat) 1695 (C=O), 3075, 
1650, 908 (R$XH& 1450, 1380, 1360, 1180, IlSScm-‘; NMR 
(CCL) 6 1.65 (broad s, 6H, C = CCH?), 2.09 (s, 6H, CH&O), 2.72 
(s,4H, C=CC&, 4.57, 4.80 (broad-singlets, 4H total: C=CHz); 
MS m/e (rel intensitvl 208 CM+. 0.2). 43 (CHCO’. 100). 193 
(M-C& i.3), 190 &H,O, b.7); 17?(M-CH3, Hzd, 2.3j; 165 
(M-CH,CO, lo), 151 (7), 137 (9), 123 (16), 109 (16), 107 (17), 93 
(17). 81 (18), 67 (9), 55 (22), 49 (37), 42 (46), 41 (47), 39 (53). GC on 
a loft x0.125 in, 5% SE-30 on Chromasorb G column at 200 
showed a single peak for 15 at 2.70 min (16 came at 1.35 min 
under the same conditions). Calc. for CI,H2002: C, 74.%; H, 9.68. 
Found: C, 75.14: H, 9.83%. 

Refluxing a mixture of 9.214g (44.2 mmol) of 15 and 7.602 g 
(55.0mmol) of anhydrous KZC03 in 50 mL of absolute EtOH 
under N2 for 48 h gave, after work-up as above, 6.875 g (93%) of 
pure 16, b.p. 49-53.5” (L4Omm), showing a single peak at 
1.30 tin under the above GC conditions. 

4-Acetyl-2,Meptunedione (11) 
A solution of 5.819 g (35.0 mmol) of 16 in 350 mL of CH2C12 

was cooled in a dry ice/acetone bath and ozone was bubbled in 
until the blue-grey color of excess ozone was observed 
(ca. 80 min). After bubbling Nz into the cold solution to remove 
excess 03, the solution was warmed and diluted with 250 mL of 
hexanes. The CH+& was then evaporated (I 25’) and after 
adding 27.54 g (105 mmol) of Ph3P and enough hexanes to give a 
total volume of ca. 600 ml the resulting solution was retluxed for 
2 h. Cooling and evaporation gave a- solid residue which was 
stirred with Et,0 and filtered f13.82~ solid collected). leavine a 

I ,.~ ~~_ 

clear filtrate which gave 23.03g of pale yellow semisolid upon 
evaporation. This was chromatographed on a 4.5 x 60 cm column 
of silica gel (cn. 4COg), eluting with Et,0 to separate early 
fractions containing 9.73 g of unreacted Ph3P and later fractions 
containing first pure 11 and then 11 contaminated with small 
amounts of Ph3P0. These later fractions were combined (5.771 g) 
and distilled to give 3.915 g (66%) of 11’ as a pale yellow liquid, 
b.p. 75-8?” (0.09mm). IR (neat (1710 C=O), 3010, 2920, 1415, 
1370, 1280. 1240, 1171. 980cm-‘; NMR (9OMHz, CCL,) S 2.13 (s, 

6H, CH3C=O), 2.20 (s, 3H, CH,C=O) 2.65 (doublet of quartets, 
J= 18 and 7 Hz, 4H, CH~HB CHC=O), 3.26 (quintet, lH, 
CHC=O); MS m/e (rel intensity) 171 (M t 1, O.l), 170 (I@, 0.03), 
43 (CH3CO+, lOO), 153 (M c 1 - HzO, 2.2), 152 (M- H20, l.l), 128 
(M+ 1 - C&CO, 18), 127 (M-CHICO), 110 (38), 95 (26). 85 (31), 
71 (71), 58 (CjHeO+, 33). Trione 11 darkened very rapidly upon 
standing even under Nz in the cold. Careful rechromatography 
and redistillation gave 11 as a water-white liquid. b.p. 73-75.5” 
(0.07 mm), but did not prevent subsequent di&olorason of this 
material. 

5-Acetyl-3-methyl-2-cycfohexen-l-one (12) 
A solution of 1.191 g (7.0 mmol) of 11 in 7.0 mL (7.0 mmol) of 

1.0 M KOH in MeOH was stirred at room temperature for 5 min. 
TIC (silica gel, 1: 1 PhH/EtOAc) showed essentially no starting 
material (I* vapor) and only a single UV visualized product. 

After quenching into saturated NH&l and extracting with 
EtzO, the combined ether layers were washed with brine, dried, 
and evaporated to leave 819 mg (77%) of 12 as a pale yellow oil. 
Preparative tic (silica, gel, 1: 1 PhH/EtOAc) of 156.3 mg of this 
material gave 137.7mg (64%) of purified 12.* IR (neat) 1710 
(C=O), 1670 (cyclohexenone C=Oj, 1630 (enone C=C), 3040 
(C=CH). 1440. 1389. 1365. 1310. 1260. 1180. 1030. 902. 825cm-‘: 
&R @MHZ, CCL) 6 2.02’ (S, 3H, C=CCH& 2.‘19 (S, 3H, 
CH&=O), 2.0-3.4 (m, SH, aliphatic CH), 5.79 (broad s, IH, 
C=CH); MS m/e (rel intensity) 153 (Mt 1, t.7), 152 (M’, 0.7), 43 
(CH3CO’, lOO), 110 (3), 109 (M- CH,CO, 20), 95 (7), 91 (1.6), 82 
(21), 81 (22), 79 (13). 65 (4.6), 54 (14), 53 (21). 41 (29.5), 39 (51). 

A solution of 152 mg (l.Ommol) of crude 12 (from the above 
cyclization reaction) in 10mL of MeOH containing 1OOmg of 
10% Pd on carbon was hydrogenated at room temperature and 
1 atm until 26.8 mL of Hz (22.4 mL = 100%) had been taken up 
(ca. 20min). Filtration through Celite and evaporation gave 
149 mg (97%) of pale yeliow liquid. IR (neat) 1707 cm-’ (acyclic 
and/or cyclohexanone C=O), no cyclopentanone C=O in the 1740- 
1750cm-’ region; NMR (Ccl,) 6 2.13 (s. CH,CO), no C=CH in 
the 5.0-6.0 region. 

3-Acetyl-5-methy$henol (17) 
A. From 12. A solution of 66.0 mg (0.43 mmol) of 2, 192 mg 

(0.86 mmol) of CuBr2, and 37.3mg.(0.43mmol) of anhydrous 
LiBr in 5.0mL of dry MeCN” was refluxed under N2 for 1.0 h 
(dark green --) pale yellow). The resulting solution was partitioned 
between HZ0 and Et,0 and the combined ether layers washed 
with brine, dried, and evaporated to leave 75 mg (116%) of crude 
I7 as a pale brown solid. kecrystallization from PhH gave 30 mg 
(46%) of 17, m.p. 118-120.5” (lit. m.p. ll8-121”: 122-1239. IR 
(CHC13) 3560 (free OH), 3300 (associated OH), 1674 (ArC=G), 
1590, 1445, 1360, 1325, 1163, 960,880,855 cm-‘; NMR (CIX&) 6 
2.35 (s. 3H. CH&, 2.60 (s, 3H, CHXOAr), 6.98 (broad s. lH, 
ArH); 7.23 (broad s, lH, OH; position variable), 7.35 (broad s, 
2H, ArH); MS m/e (rel intensity) 150 (M’, 60), 135 (M-CH,, 100) 
107 (M-CH,CO, 57), 79 (12), 78 (9), 77 (39), 63 (8), 53 (14). 51 (l9), 
43 (CH3CO+, 53), 39 (27). 

B. Alternate synthesis of 17. A solution of 996 mg (5.3 mmol) 
of 3-bromo-5-methylphenol” and 1.632 g (19.4 mmol) of dihy- 
dropyran in 6.0mL of EtOAc was stirred at room temperature 
with 0.4 mL of HCl-saturated EtOAc for 24 h.ZO The resulting 
solution was washed successively with 2% NaOH, H20, and 
brine, dried, and evaporated to leave 1.839g (127%) of yellow 
liquid. Distillation gave 1.373 g (95%) of clew-viscous liquid, b.p. 
95-109” (0.125 mm), which moved to be the desired THP ether 
18, contaminated with what;s probably oligomeric dihydropyran. 
IR (neat) 2950, 2875, 1600, 1575, 1450, 1360, 1270, 1210, 1165. 
1130, 1035, 990. 920, 840 cm-‘; NMR (CCL,) S 1.0-2.0 (broad m, 
>6H, aliphatic CH), 2.27 (s, 3H, CHXOAr), 3.1-4.1 (m, >2H, 
CH20R). 5.28 Ibroad s, 1H. CH(OR)& 6.68 (m. 1H. ArH). 6.84.6.93 
(m, 2H, ArH).-Distillation of imp&-l8 thrbugh an 11 cm Vigreux 
column failed to remove the impurity, giving material, b.p. 91..5- 
96.5” (0.04 mm), that was essentially identical to that from simple 
distillation. Using less dihydropyran (only 2 equiv) also failed to 
prevent contamination by this impurity. Rather than attempt 
further purification, impure 18 was used in the next steps and any 



Rules for ring closure 2945 

impurities then removed in the linal purilication (yields given are 
therefore only approximate and probably lower than in reality). 

A solution of 1.095 g (I 4.04 mmol) of impure 18 in 10 mL of 
dry THF was treated at s -65” with 4.70 mL (8.08 mmol) of 1.72 
M t-BuLi in pentane,‘2 added dropwise over ca. 15min. The 
resulting bright yellow solution was stirred at 5 -65” for 2.0 h and 
then treatedwith 368 mg (8.16 mmol) of MeCHO in 5.0 mL of THF 
added over co. 20 min. After stirrina at s -65” for another I5 min 
the resulting almost colorless sol&on was warmed to room 
temperature and partitioned between ice water and EtzO. Washing 
of the combined ether layers with brine, drying, and evaporation 
gave 1.087 g(114%) of impure 19 as a viscous yellow oil also 
containing some MeCCH(OH)Me. IR (neat) 34OOcm-’ (OH); 
NM (CCL) 8 1.33 (d, J = 6.5 Hz, 3H, SCHOH), 1.2-2.2 (broad 
m, >6H, aliphatic 0.2.27 (s. 3H. ArCH3.2.5-3.1 (broad m. 1H. 
OH), 3.1a.i (broad m, ca. 2H, CHzOR),4.95 (9, J = 6.5 Hz; 1H: 
CHXHOH), 5.29 [broad s, lH, CH(OR)z], 6.62 (broad s, 3H, ArH). 
A n$&re of 566 mg (~2.02 mmol) of this impure 19, 871 mg 
(4.04mmoI) of C~HSNHC~OO,CI” and 66.4mg (0.81 mmol) of 
anhydrous NaOAc in 9.0mL of CHXh was stirred at room 
temperature for 4.0 h under NZ. The resulting dark mixture was 
diluted with EtzO, tiltered through Florisil (residue washed with 
Et20 and also filtered), dried, and evaporated to leave 44Oma 
(193%) of crude 20. IR(neat) 1688 cm-’ &GO), little if any OH 
Solvolysis of this THP ether in MeOH with 19.2 mg (0.1 mmol) of 
p-MeC&SO3H * Hz0 at room temperature for 25 h gave, after 
Et20 extraction, drying, and evaporation, 221 mg (~73%) of dark 
brown solid. Recrystallization from PhH/hexanes (decolorized 
with carbon) gave -111 mg (~36%) of phenol 17 as pale yellow 
needles. m.o. 113-117.5”. The IR. NMR. and mass soectra of this 
materid were identical to those of 17 obtained from cyclohexenone 
12. The melting point was also undepressed upon admixture with 
previously obtained 17. 

A solution of 477 mg (2.0 mmol) of 2114 in 20 mL of EtOAc was 
ozonized at dry ice temperature until the color of excess O3 was 
observed. After bubbling N2 through the solution and warming to 
room temperature 200 mg of 10% Pd on carbon was added and 
the mixture was hydrogenated at room temperature and 1 atm 
until no more HZ was taken up (5.7 h, 69 mL, 77% of theoretical). 
Filtration through Celite, drying, and evaporation gave 514mg 
(106%) of clear liquid. A 398mg sample of this material was 
chromatographed on a 2.2 x 30.5cm column of silica gel (ca. 
25 g), eluting with Et20, to give fractions containing 254 mg (68%) 
of 22 as a pale yellow liquid. IR (neat) 1715 (C=O), ca 1735 
(shoulder, t&R), 2970, 2930, 1410, 1370, 1215, 1175, 1105, 
1030 cm-‘; NMR (CCL) 8 1.22 (t, J = 7 Hz, 3H, CH,CH& 2.10, 
2.12 (overlapping singlets, 9H total, CH,C=O), 3.19 (s, 4H, 
CH2C=O), 4.08 (q, J = 7Hz, 2H, CH&); MS m/e (rel in- 
tensity) 243 (M t 1,0.09), 242 (M’, 0.05) 43 (CH3CO+, lOO), 225 
(0.25) 199 (M-CHFO, 5.6) 157 (B), 139 (4) 111 (40), 83 (3.2). 
Calc. for CrzHisO~: C, 59.49; H, 7.49. Found: C, 59.67; H, 7.51%. 

Attempted base-induced cyclization of 22 
To a solution of %.9mg (04Ommol) of 22 in 1.6 mL of 

absolute EtOH was added 0.4 mL (0.40 mmol) of 1.0 M KOH in 
EtOH and the resulting bright yellow solution refluxed for 5 min 
under N2. After cooling in an ice bath the reaction solution was 
partitioned between saturated NH&l and Et20 and the ether 
layers dried and evaporated to leave 50.5 mg of brown liquid. TIC 
(silica gel, EtzO) showed no starting 22-(Rf 0.37) and three 
product components, RI 0.23, 0.46, and 0.52. The most mobile 
spot corresponds in retention time to phenol 17. Preparative tic 
(silica gel, EtzO) of 49.5 mg of this product mixture separated 
6.6mg of material corresponding to the Rf 0.23 component, 
identified as cyclohexenone 12 by IR, NMR, and mass spectra. 
Another 12.2 mg of material was isolated corresponding to-the Rf 
0.37 component that is believed to be cyclohexenone 23 on the 
basis of spectral evidence: IR (neat) 1670 (enone C=O), 1635 
(enone C=C), 1725 (ester C=O), 2980,1442,1385,1255,1195,1043, 
905,868 cm-‘; NMR (CCb) 8 1.27 (t, J = 7 HZ, 3 H, CHXH+), 
1.99 (broad s, 3H, CH$=C), 2.1-3.4 (m, SH, aliphat=H), 4.09 
(q. J =7 Hz, 2H, CH3CH;IO-), 5.75 (broad s, 1 H, C=CH); MS 

m/e (rel intensity) 182 @A+, 3.3), 109 (M-C02Et, lOO), 137 (7), 95 
(2.5) 82 (60) 81 (20), 54 (16) 53 (13). 43 (6), 41 (13), 39 (18). A 
third fraction of 6.5 mg, corresponding to the Rf 0.52 component, 
appeared to be a mixture of phenol 17 and cyclohexenone 23. An 
earlier experiment involving a longer re8ux period (2.Oh) and 
apparently producing a greater proportion of this more mobile 
component in addition to 12 and 23 gave a purilied RI 0.52 
fraction whose IR spectrum was essentially identical to that of 
phenol 17. 

4 Acetyl-1,2+Trimethyl cyclohexene (31) 
A solution of 40.0 mL (78.1 mmol) of 1.952 M MeLi in Et,0 

under N2 was diluted with another 40 mL of Et20 and cooled-in 
an ice/salt bath to ca. -5”. To it was added, droowise over ca. 
15 rrin while keeping the temperature below 10”; a solution of 
9.357 g (61.5 mmol) of 29”.“’ in 40 mL of Et20. After washing in 
the last traces of 29 with another l0mL of Et20 the reaction 
solution was stirred at ice bath temperature for 0.5 h and was 
then transferred via camda into a mixture of 100 mL of saturated 
aqueous NH&l and 1OOmL of ice. After separating the ether 
layer the aqueous layer was extracted with Et20 and the com- 
bined ether layers were then washed with brine and dried. 
Removal of the solvent left 10.1% g (98.5%) of reasonably pure 
38 as a viscous pale yellow liquid. IR (neat) 3366 (OH), 1095 
(C-O), 1380,93Ocm-‘: NMR (CCW 8 0.78 (s 3H, CH3), 1.08 (d 
J = 7 Hz, 3H, CHJCHOH), 1.0-2.7 [m, 13H, ahphatic CH, includ: 
ing a broad s&&t at 1.58 (CH3C = C) and a broad singlet at ca. 
2.45 (OH, Exchangeable with ho)], 3.42 (q, J= 7Hz, lH, 
CH,CHOH); MS m/e (rel intensity) 168 (M, 9), 107 (lOO), 150 
(M-I&O, 17) 135 (M-HzO, CH3, 50), 123 (M-CHyCHOH, 56), 93 
(39) 81(75), 67 (44), 49 (87), 48 (66), 45 (CHFHOH+, 49), 43 (89), 
41 (82), 39 (47). 

A solution of 10.1% g (60.6 mmol) of this crude 38 in 30 mL of 
dry CH2Cb was added to a suspension of 19.885 g (92.25 mmol) 
of CJHjNHCr03Cl” and 1.5139 (18.45mmol) of anhydrous 
NaOAc in 125 mL of dry CH2C12. -After washing in the lasttraces 
of 38 with 15 mL of CHCl, the resuhinn black mixture was _ _ 
stirred under Nz for 2.0 h at room temperature. The reaction 
mixture was then poured into 150mL of Et20 and the black 
residue remaining in the reaction flask was washed thoroughly 
with Et20. The combined solutions were filtered through Florisil 
and concentrated to leave a green liquid. A small amount of CC& 
was added, depositing a green solid, and the mixture was filtered 
through Celite and concentrated again to leave 9.761 g (97%) of 
reasonably pure 31 as a yellow liquid. Distillation aave 7.830 K 
(78%) of p&lied 31 as a-pale yellow liquid, b.p. 72-77.5O (3.71 
3.8 mm) [lit” b.p. 111’ (26 mm)]. IR (neat) 1704 (C = 0), 1380, 
1360, 1185, 1140, lllScm-‘; NMR (CCb) 8 1.07 (s, 3H, CH3), 
1.1-2.8 [m, 15H, aliphatic CH, including a broad singlet at 1.60 
(CH3C=C) and a sharp singlet at 2.03 (CH,C=O)]; MS m/e (rel 
intensity) 166 (M’, 25). 43 (CH3CO+, 100) 81 (lOO), 151 (M-CH,, 
63) 133 (17) 123 (M-CHFO, 85), 107 (48) 91 (57). 67 (63), 55 
(30) 41 (54) 39 (74). 

4-Acetyl4methyl-2,7-octanedione (24) 
A solution of 332 mg (2.Ommol) of 31 in 10mL of 1: 1 

MeOH/EtOAc was ozonized at dry ice temperature until the blue 
color of excess ozone was detected. Nitrogen was bubbled 
through the resulting cold solution to remove excess O3 and after 
warming to room temperature 10mg of 10% Pd on carbon was 
added. Hydrogenation was carried out at ice bath temperature 
under 1 atm pressure until co. 45 mL (ca. 2 mmol) of H2 had been 
taken up (2.5 h). The resulting suspension was then filtered 
through Celite and evaporated to leave 347 mg (88%) of 24 as a 
pale yellow liquid. Tic (silica gel, 1: 1 EtOAclhexanes) showed 
essentially one component, Rr 0.23. Preparative tic (silica gel, 
EtOAc) gave analytically pure 24; although 24 is not exceedingly 
unstable when thus purilied, attempted distillation gave material 
which rapidly decomposed, even in the cold. IR (neat) 1709 
(GO), 2975, 2940, 1425, 1370, 1180, 1120cm-‘; NMR (90 MHz, 
CCb) 8 1.19 (s, 3H, CH3). 1.70 (m, 2H, CHfiHzC=O), 2.09 (s, 
9H, CH$=O), 2.0-2.7 (m, 3H, CHZ~C=O and Ha of 
CHAH&=O), 2.96 (d, J= 18Hz, lH, Ha of CHAH&=O AB 
quartet); MS m/e (rel intensity) 199 (M+ 1, 3.1, 198 (M+, 0.6) 43 
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(CHICO’, lOO), 181 (M t 1 -HA IS), 180 (M-HrO, 3.6), 155 
(M-CHsCO, 2.5), 138 (ll), 98 (28), 95 (34), 85 (14) 71 (8), 58 
(17) 57 (15), 42 (75), 39 (15). Calc. for C,,H,sOr: C, 66.64: H, 
9.15. Found: C, 66.49; H, 9.06%. 
Cyclization of 24 

A solution of 595 mg (3.0 mmol) of 24 in 12 mL of MeOH was 
treated with 3.0 mL (3.0 mmol) of 1.0 M KOH in MeOH and then 
refluxed for 1 .O h under Nz, at which time all of the 24 had been 
consumed (tic). Saturated NH&l was added and the resultant 
mixture extracted with EtrO. Washing the combined ether layers 
with brine, drying, and evaporation gave 470 mg (87%) of a dark 
orange liquid. TIC (silica gel, EtOAc) showed UV-visualized 
components at Rr 0.44 and 0.56, 0.58 (possibly two overlapping 
components). Preparative tic (silica gel, EtOAc) of 67.8 mg of a 
similar material obtained in another reaction separated 28.2 mg of 
higher Rr material (Fraction A) and 18.1 mg of lower Rf material 
(Fraction B). Fraction A (Rf 0.5&0.58), the major product of the 
cyclization, is believed to be a mixture of cyclohexenones 26a 
and 26b, in a ratio of ca. 85: 15 (NMR integration of vinyl 
protons). Repeated preparative tic (silica gel, 3: 1 hex- 
anes/EtOAc) finally gave analytically pure 26. IR (neat) 1665 
(enone C=O), 1710 cm-’ (ketone C=O); NMR (9OMHz. CCL, 
predominantly of one isomer) S 1.08 (s, 3H, CH,), 1.96 (s, 3H, 
C=CCH& 2.08 (s. 3H. CHX=O). 2.0-2.5 (m. 5H. aliuhatic CH). _. 
2.82 (d, J= 16.5Hz, iH, HA ~iC~~Had=d AB quartet), 5.56, 
5.71 (broad singlets, total lH, C = CH of minor and major 
isomers, respectively, in ca. a 15:85 ratio); MS m/e (rel intensity) 
180 (M+, 2.2), 82 (CsHsO+, 100) 162 (2.6), 137 (M-CH,CO, 14), 
122 [M - CHz=C(CH,)OH, 53)], 110 (7), 95 (IS), 67 (82 - CH,, 9), 
54 (82-CO, 16) 43 (CHrCO+, 77), 41 (18.5) 39 (29). Calc. for 
CrrHrsOr: m/e 180.11503. Found: m/e 180.11356. Fraction B (R, 
0.44), the minor product of the cyclization, is believed to be two 
of the four possible alcohols 32~ and 32b in cu. a 2: 1 ratio (NMR 
integration of vinyl and methyl protons). Repeated preparative 
tic (silica gel, 3: 1 hexanes/EtOAc) fmallv gave analvticallv oure 
32. IR (neat) 3400 (OH), 1660 cmmi (enone C=O): NMR &MHz. 
CCL) S 1.11, 1.17 (two singlets, co. 1: 2 ratio, 3H total, bridgehead 
CH3,1.34, 1.52 (two singlets, ca. 2: 1 ratio. 3H total. carbinol CHI). 
1.73 (broad s, CHsC=C-of minor isomer), 2.06 (narrow doublet, 
J = 1.5 Hz, CHF=of majorisomer), 2.5-3.2(variable, broad s,OIi), 
1.65-2.8 (m, 9H total, including CHsC=C and OH protons, 
aliphatic CH), 5.60, 5.73 (two broad singlets, ca. 2: 1 ratio, lH, 
C=CH); MS m/e (rel intensity) 181 (Mt 1, 1.5), 180 (M+, 0.6), 122 
[M-CH$Z(OI+=CHz, loO], 165 (M- CHs, 0.7) 147 (M-H20, 
CH,,2.2), 137(2.3), 123(31), 121(24), 107(122-CH3,41),91(12),82 
(8), 79 (18), 77 (16), 67 (15), 55 (lo), 53 (14), 43 (79), 41(39), 39 (41). 
Calc. for Cr1H1602: m/e 180.11503. Found: m/e 180.11559. A 
solution of 21.2mg (0.12mmol) of isolated 26a/26b mixture in 
0.94 mL of MeOH was treated with 0.12 mL (0.12 mmol) of 1.0 M 
KOH in MeOH and refluxed for 1.0 h under Nr. Work-up as above 
gave 20.4 mg (96%) of yellow liquid which was shown by tic, IR, and 
NMR analysis to be a mixture of starting 26&b and roughly the 
same 2: 1 mixture of bicylic alcohols 32sl32bas was produced in the 
original cychzation reaction, the alcohols being the major com- 
ponent now. 

A solution of 180mg (l.Ommol) of the crude mixture of 
2&1/26b and 32s/32b (obtained from the above cvclization reac- 
tion) in 10mL of MeOH containing 50mg of 10% Pd on carbon 
was hydrogeneated at room temperature and 1 atm until ca. 
32 mL of Hz (22.4mL = 100%) had been taken un (3.0 h). Fil- 
tration through Celite and evaporation gave 172mg (95%) of 
golden yellow liquid. IR (neat) 1705 cm-’ (acvclic and/or cvclo- 
hexanone GO), uo cyclopentanone C=O in the 1710- 1750 cm-’ 
region; NMR (CCb) S 2.09 (broad s, CHrC=O), no C=CH in the 
5.2-6.2 region. 

4-Acefyl-Q-methyl-1,2-diphenyl-cyclohexene (39) 
To an ice-cold solution of 1.70mL of 1.952 M ethereal MeLi 

(3.32 mmol) in another 12.0 mL of Et20 was added, dropwise 
over ca. 5 min, a solution of 829 ma (3.0 mmol) of 3716 in 6.0 mL 
of EtrO. After washing in traces of j7 with 2.0 mL of Et20 and 
stirring at ice temperature for 0.5 h the resulting solution was 
transferred via cannula into 25mL of cold saturated aqueous 
NH&l. Extraction with EtzO, washing with brine, drying, and 

concentration gave 1.055 g of crude 38 as a pale yellow viscous 
liquid IR (neat) 3360 (OH), 3060,3025, 1595, 1493, 773, 712 (Ph-) 
IlOOcm- (C-O); NMR (CCb) 6 1.00 (s, 3H, CHs), 1.17 (d, 
J = 6.5 Hz, 3H, CHXHOH), 1.4-2.8 (m, 7H. aliuhatic CH. includ- 
ing a broad singixt 1.85, exchangeable with &Or due to alcohol 
OH). 3.50 (m. IH, CHXHOH). 6.97 (s, 10H. ArH): MS m/e (rel ,, -- 
intensity) 292 (M’, ll), 91 (CrH,+, ‘BJO), 274 (M:HzO, 4), 259 
(M-H20, CHs, 5), 247 (M-CHsCHOH, lo), 231 (18), 129 (16), 128 
(17), 115 (24), 105 (20), 77(CsHs+, 27) 65 (12),45(C&CHOH* 34.6). 
44 (20). 43 (33). 

Without further purification crude 38 was stirred at room 
temperature in 15 mL of CHzCl2 with 970mg (4.5 mmol) of 
C5HsNHCr03Cl’3 and 74mg (0.9mmol) of NaOAc for 2.0 h 
(some alcohol remaining), and then with another 485 mg of 
CsHsNHCrO&l and 37mg of NaOAc for another 2.0 h. The 
resulting dark brown mixture was diluted with ca. 4 volumes of 
Et,0 and filtered through Florisil. The residue in the reaction 
flask was washed several times with Et20 and the washings also 
filtered. Evaporation of the combined solutions left 977mg of 
reasonably pure 39 as a viscous yellow liquid. that solidified 
slowly upon standing. This was dissolved in 10mL of hexanes 
and cooled in a dry ice bath to give 560 mg (64%) of pale yellow 
powder, m.p. 73.5-76.5”. Concentration and cooling of the mother 
liquor gave another 197mg (23%) of yellow solid, m.p. 65-72”. 
Several recrystallizations from hexanes gave analytically pure 39, 
m.p. 76.1-78.5”. IR (melt) 1700 (C=O), 3050,3025,1595,1495,772, 
712 (Ph-), 1445, 136Ocm-‘; NMR (CCL) S 1.23 (s. 3H. CH& 2.13 
(s, 3H, CH&=O), 1.4-3.2 (m, 6H, aliphatic CH), 7.0 (m,~ lOH, 
ArH): MS m/e (rel intensitv) 290 (M’. 30). 247 (M-CHEO. 100). 
275 &I-CH3; 9); 205 (19), 191 (17j, 169 (i7), 144 (16)- 129 (17j: 
128 (13), 115 (IS), 105 (l3), 91 (53) 77 (14) 43 (CHsCO+: 76). Calc 
for C2,HZ20: C. 86.85; H, 7.64. Found: C, 86.64; H. 7.80%. 

3-Acetyl-3-methyl-l,6-diphenyl-l,6-hexanedione (33) 
Ozonolysis of 145 mg (0.5 mmol) of 39 in 10 mL of EtOAc was 

performed at -78” until the purple color of excess 03 became 
visible. Excess O3 was removed by bubbling Nz into the cold 
solution, and after warming to room temperature 25 mg of 10% 
Pd on carbon was added. The mixture was cooled in an ice bath 
and hydrogenated at 1 atm pressure until 11.6mL of Hz 
(11.2mL= 100%) had been taken up (0.5 h). Filtration through 
Celite and evaporation left 173.6mg (108%) of crude 33 as a 
viscous pale yellow oil. Tic (silica gel, 5% EtOAc in CHrC1r) 
showed one major component, Rr 0.405, contaminated by small 
amounts of other substances. Preparative tic (silica gel, 5% 
EtOAc in CHsClz) gave 126.3 mg (77%) of purified 33. A second 
ptlc (silica gel, 3: 1 hexanes/EtOAc) gave analytically pure 33 as 
a viscous pale yellow liquid. IR (neat) 1685 (ArC=O), 1700 (C=O). 
3070, 1599, 1580, 767, 705, (Ph-), lbS5, 1360, 1226, 1015cm-‘; 
NMR (CC&) S 1.31 (s, 3H, CH3), 1.7-2.1 (pseudotriplet, 2H, 
C&CHzC=O), 2.16 (s, 3H, CHs=O), 2.6-3.0 (pseudotriplet, 2H, 
CHzsC=O), partially overlaps Al3 quartet: 2.99, 3.50 (doublets, 
J = 18 Hz. 2H total. CHX=O). 7.0-7.5 (m. 6H. ArH). 7.6-8.2 (m. 
4H, ortho-ArH); MS m/e (rel intensity)323’(M+‘l, 0.06) lo5 
(PhCO+, 109), 305 (0.24) 279 (M-CHsCO, 2.7) 203 [Mt l- 
PhC(OH)=CHz, 2.81, 158 (ll), 120 [PhC(OH)=CHr+, 241, 77 
(C6HS+. 64), 51(17), 43 (28). Calc. for CZ1H2z03: C, 78.23: H, 6.88. 
Found: C, 78.04; H, 6.70%. 

Cyclization of 33 to 6-methyl-3-phenyl-6-(2-oxo-2-phenylethyl)-2- 
cyclohexen-l-one (35) 

To a solution of 75.2 mg (0.23 mmol) of 33 in 4.0 mL of MeOH 
was added 0.23 mL (0.23 mmol) of 1.0 M KOH in MeOH, and the 
resulting yellow solution was then refluxed under Nz for 0.5 h. 
After cooling in an ice bath the reaction mixture was partitioned 
between Hz0 and EtzO, and the combined ether lavers washed 
with brine, dried, and evaporated to leave 69.0mg (97%) of 
viscous golden yellow liquid. TIC (silica gel, 5% EtOAc in 
CH&) showed only one component, R, 0.57, except for a trace 
of starting material (R, 0.30). Preparative tic (silica gel, 5% 
EtOAc in CHzClr) gave analytically pure 35. IR (CC&) 1690 
(ArC=O), 1665 (enone C=O), 3060, 1610, 1595, 1495, 700 (Ph-), 
2930, 1450, 1353, 1220,898 cm-‘; ‘H NMR (90 MHz, CCL) 6 1.14 
(s, 3H. CH3), 1.7-2.98 (m, 4H, aliphatic CH), 3.10, 3.36 [two 
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doublets, AB quartet, J = 17.5 Hz, 2H total, CHAHBC(Ar) = O], 
6.36 (broad s, IH, C---CH), 7.2-7.8 (m, 8H, ArH), 7.8-8.3 (m, 2H, 
ortho-C6HsC=O); ~3C NMR (CCh) ppm (off-resonance multi- 
plicity: 

4267(s).~ /198.00(s) 
22.47(q)--~ / ~j  /124.10 (d) 

, 

MS role (rel intensity 305 (M + 1, 1.03), 304 (M +, 0.44), 77 (C6H5 +, 
100), 199 (M-PhCO, 1.5), 184 [M-PhC(OH)=CH2, 60], 144 (184-. 
CH3C--==CH, 59), 128 (7), 116 (144-C0, 33), 115 (144-CHO, 48), 
105 (PhCO +, 60), 91 (C7H7 +, 17), 65 (8), 63 (8), 55 (16), 51 (40.6), 
50 (28), 43 (10), 41 (16), 39 (29). (Calc. for C21H2o02: C, 82.86; H, 
6.62. Found: C, 82.57; H, 6.47%. 
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