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The scope and limitations of a modified Bogert-Cook cyclization was investigated. I t  was found 
that the sequence is applicable only for the unsubstituted and the meta-substituted series. 

La genkralite et les limitations d'une reaction de cyclisation de Bogert-Cook modifiee ont t t e  examinees. 
11 a ete trouve que la sequence est applicable uniquernent aux series de composes non substitues ou 
substitues en m&ta. [Traduit par le journal] 

Can. J. Chem.. 51, 3620 (1973) 

Recently we reported on a sequence (1) which 
could be regarded as a modification of the 
Bogert-Cook (2) reaction (1 -t 2 -+ 3).  For 
obvious reasons this reaction would be more 
useful if it could be extended to compounds in 
which the aromatic nuclei are carrying potential 
functional groups. The present paper gives a full 
account on the unsubstituted example and 
reports on all compounds carrying one methoxy 
group in the aromatic ring. It has been found 
that the sequence is applicable only to the meta- 
substituted and the unsubstituted series. Starting 
with the ortho- and para-substituted Nef adducts 
7a and b led to no useful products. 

Results and Discussion 

The addition of the appropriately substituted 
sodium phenylacetylide to 2,6-dimethylcyclo- 
hexanone in liquid ammonia led to the acetylene 
alcohols l a  and l b  and 7a and 7b.  Apparently 
only one stereoisomer was formed in these Nef 
reactions corroborated by the fact that 7a and 
b were obtained in crystalline form. Although 
o-methoxyphenylacetylene was previously pre- 
pared from benzofurane using a sealed tube (3, 
4), we developed a more practical preparation 
starting with o-methoxyacetophenone. The so 
far neglected traditional method gives a 35% 
yield after purifying the product as the silver salt. 

The Rupe rearrangment of acetylenic alcohols 
l a  and b gave unsaturated ketones 2a and b, 
respectively, in 60% yield. In both reactions a less 
polar unidentified polymer was also formed 

'To whom correspondence should be addressed. 

whose formation could not be avoided under 
various conditions. 

Cyclization of unsaturated ketone 2a to the 
tricyclic product 3a was carried out in poly- 
phosphoric acid in 90% yield. The appearance 
of a saturated carbonyl group (i.r. 1710 cm-') 
and a three-proton singlet at 8.93 T correspond- 
ing to the angular methyl group are evidence for 
the tricyclic structure in 3a. 

From 2b the cyclization in polyphosphoric 
acid led to a crystalline mixture of monoketone 
36 and diketone 46. The latter compound must 
have been formed as a result of atmospheric 
oxidation. Due to the experimental features of 
the reaction it was impossible to  exclude oxygen 
completely. Since the two compounds could not 
be separated by re-crystallization or chromatog- 
raphy the entire sample was subjected to SeO, 
oxidation leading to the pure diketone 4b in 
75% yield. 

For diketone 4b there is an alternative 
structural possibility 6 ;  a similar structure is 
possible for the corresponding monoketone 3b. 
It is well known from the vast information 
concerning aromatic substitutions that the for- 
mation of a 1,2,3-vicinal trisubstituted isomer is 
disfavored in comparison to the 1,2,4-trisub- 
stituted compound (5). Since only one isomer 
was formed in the cyclization, structure 4b 
rather than 6 is assigned to the diketone. This is 
corroborated by the 220 MHz n.m.r. of diketone 
4b. The extracted coupling constants in the 
aromatic region, J , , ,  = 3.0 Hz, J,,, = 0.1 Hz, 
and J , , ,  = 8.8 Hz  are in agreement with the 
accepted meta, para, and ortho values, respec- 
tively (6). Structure 6 would have been expected 
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to  have two coupling constants of 8 Hz and 
another of 3 Hz. The central hydrogen should 
have appeared as a triplet with two ortho 
couplings, contrary to  the actual splitting pattern: 
.t 2.73 (m), 2.62 (d), and 2.40 (d). 

When the o-methoxy substituted phenyl- 
acetylene alcohol 7 a  was refluxed with formic 
acid the product formed contained no carbonyl 

and its n.m.r. showed the absence of the  methoxy 
group. Consequently it was not investigated any 
further. The para-substituted isomer 7b  under 
the same conditions led t o  the formation of 
unidentified polymers only. 

The stereochemistry of tricyclic ketone 3a was 
erroneously assigned in our  previous publication 
as trans (1). This error should now be corrected. 
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3622 CAN. J. CHEM. VOL. 51, 1973 

In order to elucidate the stereochemistry of Experimental 
the ring juncture in 3a an attempt was made to All melting points were taken o n  a Fisher-Johns 
isomerize it to the thermodvnamicallv more melting point apparatus and are uncorrected. The . . 

stable product. The alkaline treatment of 3a led elemeitai analyses were carried out by Pascher Mikro- 
to complex changes. Refluxing in methyl analytical Laboratoriurn, Bonn, West Germany, and 

Schwarzkopf Mikroanalytical Laboratory, Woodside, 
alcohol containing hydrochloric acid led to the N.Y. The i.r. spectra were recorded o n  a Perkin-Elmer 
en01 ether 5 and diketone 4a. In the absence of Model 137B infracord s~ectroohotometer. The U.V. 

oxygen under the same conditions only en01 
ether 5 and n~onoketone 3a were recovered. The 
fact that en01 ether 5 was also formed during 
the attempted isomerization indicates that enoli- 
zation indeed took place thus providing suitable 
conditions for equilibration. This contention 
could be corroborated by demonstrating that 
deuterium was incorporated into ketone 3a at 
positions 9 and IOa when the same reaction was 
carried out in CH,OD. Therefore, it can be 
concluded that the thermodynamically more 
stable isomer was formed during the cyclization, 
and the necessary conditions were provided for 
the isomerization. 

It is now generally accepted that in angularly 
methylated hexahydrophenantrene systems the 
cis isomer is more stable than the corresponding 
trans-fused compound (7-9). Therefore, the ring 
junction in 3a is reassigned as cis. With SeO, the 
monoketone 3a was oxidized to diketone 4a. In 
the n.m.r. of the latter compound a clearly 
resolved one-proton doublet a t  = 7.45, J = 10 
Hz indicates a trans-diaxial relationship of the 
two hydrogens a t  C-1 and C-lOa. Consequently, 
the 4-methyl group in 4a is assigned equatorial. 

The same stereochemistry is assigned to 
diketone 46 since the angular methyl signal and 
the one-proton doublet assigned to H,,, deviated 
less than 0.04 p.p.m. in the two diketones. While 
in the Bogert-Cook reaction a cis-trans mixture 
is formed (8,9), in this cyclization only the cis 
isomer is formed. Naturally the possibility cannot 
be excluded that the trans-fused isomer was also 
formed in this reaction and then it subsequently 
isolnerized to the thermodynamically more 
stable cis-isomer under the conditions of cycli- 
zation. The obtained stereochernical outcome 
can however be explained more coherently on 
mechanistic grounds. I t  is recognized that the 
unexceptional pathway of tratzs-diaxial addition 
of a proton and an aryl group on the A',' 
double bond of unsaturated ketone 2 should 
produce the stereochemistry of tricyclic ketone 3. 

Due to its predictable stereochemical outcome, 
the cyclization discussed here is now used in 
some synthetic studies in the field of diterpenes. 

spectrograms were taken o'n a doleman-~i tachi  Model 
124 double-beam grating spectrophoton~eter. The n.m.r. 
spectra were recorded on a Varian Associates T60 
spectrophoton~eter. The mass spectra were obtained with 
a Hitachi Perkin-Elmer Model RMS-4 spectrometer. 

l-(Pl1et1~~letl1~~t~~~l)-2,6-rlitttetl1~~l~~~clol1exut1ol (la) 
T o  100 ml of l i q ~ ~ i d  ammonia containing 20 mg of 

rerric nitrate 240 nig of sodiuni was added in three 
portions. The flask was equipped with a magnetic stirrer 
and a drying tube containing soda lime. After the dis- 
appearance of the blue color 1.09 g of phenylacetylene 
dissolved in 5 nil of dry tetrahydrofuran was added. 
Stirring was continued for 30 niin, then a solution of 1.19 
g of 2,6-dimethyl-cyclohexanone in tetrahydrofuran (2 ml) 
was added in 10 niin. The reaction mixture was stirred for 
4 h then 2 g of animoniuni chloride was added. After the 
evaporation of ammonia the product was dissolved in 
water and extracted with ether (4 x 35 nil). The com- 
bined ether extracts were washed in succession with 
saline, diluted sulfuric acid, and sodium bicarbonate 
solution. After drying (MgSO,) and evaporation 2.0 g 
(92%) of oily product was obtained. An analytical sample 
was obtained by microdistillation at 120°/0.5 mm Hg. 
Mass spectrum (70 eV) ttr/e (relative intensity) 228 (31, 
parent beak,), 210 (13), 171 (80), 129 (38), 102 (loo), etc.; 
i.r. (CCI,) 3400, 2840, 1600, 1485, 11 55 cm-'  ; u.v .,,,, 
(95% CzH50H)  252 nij.1 ( E  17 l o ) ,  242 (20 000); n.m.r. 
(CCI,) T 8.85 (d, 6, J = 6 Hz, methyls), 8.60 (cyclohexane 
protons), 2.80 (m, 5, aromatic protons). 

Anal. Calcd. for C16H200 :  C, 84.16; H, 8.83. Found: 
C, 84.18; H, 8.85. 

I-(2,6- Ditrrethylcycloheserre-I-yl) Bettzyl Ketone (20) 
The acetylenic alcohol I n  (1.06 g) was refluxed in 50 

ml of 80% formic acid for 2 h. The reaction mixture was 
diluted with water and extracted with ether (4 x 100 ml). 
The organic layer was washed with sodium bicarbonate 
solution and then dried (MgSO,). After evaporation 0.90 g 
of an  oil was obtained. The product consisted of two 
components which were separated by thick layer chrom- 
atography on silica gel plates using benzene for develop- 
ment. The more polar compound 60 was isolated in 60% 
yield (0.605 g). An analytical sample was prepared by 
niicrodistillation at 95"/0.3 nini Hg. Mass spectrum (70 
eV) tnle (relative intensity) M +  ion (228) absent, 138 (25), 
137 (65), 109 (loo), 91 (63), etc.; i.r. (CCI,) 2875, 1685, 
1450 cm- ' ;  u.v .,,,,, (95% C2H50H),  244 nip (3800), 211 
(8044); n.m.r. (CCI,) T 9.18 (d, 3, J = 8 Hz, CH-CH,), 
8.40 (s, 3, =C-CH,), 6.40 (s, 2, CO-CH2-Ph), 2.83 
(s, 5, aromatic protons). 

Anal. Calcd. for C16HZ00:  C, 84.16; H,  8.83. Found: 
C, 84.13; H, 8.85. 

The less polar compound did not contain a carbonyl 
(i.r.) and it was not characterized any further. 
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SCHMIDT AND THAZHUTHAVEETIL: PHENANTHRENE DERIVATIVES 3623 

lO(9H) -1,2,3,4,4rr, I00a-l~exnlrydro-la,4na-cli1r~et/1yl- 
pIlerzn~rt/~ro~~e (30) 

(0) Prepnrntio~~ 
A sample of 1.046 g of unsaturated ketone 20 was 

heated with polyphosphoric acid (8 g) a t  120 "C for 10 
~n in .  The cooled reaction mixture was diluted with water 
and extracted with ether. The organic layer was washed 
si~ccessively with saline and 10% sodium bicarbonate. The 
ether solution was dried (MgSO,) then evaporated to 
dryness (1.02 g, 96%). T.1.c. revealed the presence of one 
component. The solid product was recrystallized from 
pentane, n1.p. 64-65", Mass spectrunl (70 eV) ~rl/e(relative 
intensity) 228 (77, parent), 213 (94), 195 (loo), 159 (97); 
i.r. (CCI,) 2875, 1710, 1450, 1240 cnl-I; u.v .,.,, (95% 
C2H,0H) 282 mp (E 1384) and 209 (9300); n.m.r. 
(CDCI,) r 9.20 (d, 3, J = 7 Hz, I-methyl), 8.93 (s, 3, 
angular methyl), 6.50 (s, 2, CO-CH2-Ph), 2.80 (m, 5, 
aromatic). 

Anal. Calcd. for C , 6 H 2 0 0 :  C, 84.16; H ,  8.83. Found: 
C, 84.14; H, 8.80. 

(6) Eq~rilibrntior~ of Tric~lclic Ketone 3n 
The alkaline treatment of 30 led to a complicated 

mixture. Next an acidic treatment was tried. 
Ketone 30 (276 mg) was refluxed for 3 h in 10 ml of 

methanol containing 2 drops of concentrated hydro- 
chloric acid. After cooling, the reaction mixture was 
diluted with water and extracted with ether (4 x 40 ml). 
The combined ether extracts were washed with saline, 
sodiunl bicarbonate solution (573, and saline in succes- 
sion. The product consisted of three conlponents which 
were separated by thick layer chron~atography on a 
silica gel plate using 10:90 ether-benzene for development. 
The most polar product was isolated in crystalline form 
(66 mg, 24%). This sample was shown to be identical 
with diketone 40 prepared from monoketone 3n with 
SeO, oxidation (vide irrfm). 

To  the least polar oily product (51 mg, 20%) enol ether 
structure 5 was assigned; i.r. (CCI,) 2900, 1647, 1486, 
1450, 1370, 1282, 1235, 1193, 1152, 1026 cm- ' ;  u.v .,,,, 
277 n11~ (1 1 754), 222 (15 557); n.m.r. (CDCI,) T 9.1 (d, 
3, J = 6 Hz, I-methyl), 8.87 (s, 3, angular methyl), 6.28 
(s, 3, 0-CH,), 4.55 (s, 1, proton at C-9), 2.33 (m, 4, 
aromatic protons) mass spectrum (70 eV) rn/e (relative 
intensity) 242 (38, parent peak), 227 (31), 173 (25), 172 
(loo), 141 (33), 129 (37), 128 (38). A sample was distilled 
for analysis at 10O0/1 mm Hg. 

Anal. Calcd. for C17H220: C, 84.25; H, 9.14. Found: 
C, 84.23: H, 9.16. 

From the middle band of the chromatogram mono- 
ketone 30 (75 mg) was recovered. When the reaction was 
carried out under nitrogen only the starting material 30 
and the en01 ether 5 were isolated. 

The same isomerization experiment was carried out in 
the presence of CH30D.  Ketone 30 (200 mg) was refluxed 
in CH,OD (2 ml) in the presence of CF,COOD (0.1 ml) 
+ D 2 0  (0.2 ml) for 3 h in a nitrogen atmosphere. After 
evaporation to dryness the entire sample was chromato- 
graphed on a silica gel plate (20 x 20). From the least 
polar band ketone 30 (75 mg) was recovered. Its n.m.r. 
showed that thesinglet at 6.50 (CO-CHI-Ph) decreased 
to about one fourth its original height. Another slight 
change was noticeable at 7.9 attributable to position 100. 
In the aromatic region the signals decreased also by 25%. 
The position and intensity of the signals at 9.1 (d) and 
8.87 (s) have not changed. 

1,2,3,4,40,IOna-Heiesnl1yrl,.o-Ia,40a-cli1r~etl1ylpl~e1~~1~h,.e1~e- 
q~ri11orze (40) 

A solution of monoketone 3n (150 mg) in 3 ml of 
dioxane was mixed with sublimed selenium dioxide (100 
mg) and a drop of water. The mixture was stirred and 
refluxed for 6 h. When the oxidation was complete (t.1.c.) 
the mixture was filtered. The  filtrate was diluted with 
ether and washed with saline. After drying (MgSO,) and 
evaporation to dryness, 140 mg (88%) of crystalline 
diketone was obtained. It was recrystallized from pentane, 
yellow needles, m.p. 115-1 17". Mass spectrunl (70 eV) 
1r1/e (relative intensity) 242 (35, parent), 214 (1 I), 199 (29), 
I81 (31), 171 (30), 159 (57), 129 (71), 128 (100); i.r. 
(CCI,) 2860, 1730, 1695, 1435, 1370, 1307, 1235 cm-' ;  
u.v ..,:,, (95% C2H,0H) 283 mp (E 8750), 209 (10454), 
n.m.r. r 9.18 (d, 3, J =  6 Hz, I-methyl), 8.67 (s, 3,  
angular methyl), 7.45 (d, I ,  J = 10 Hz, proton a t  C-lOa), 
2.47 (m, 4, aromatic protons). 

Anal. Calcd. for c ' ~ H ~ ~ o ~ :  C, 79.31 ; H, 7.49. Found: 
C, 79.34; H ,  7.51. 

1-(111-Methoxypher2y/el1yr~yl) -2,6-rlirr1etl1ylcyclokes01~ol 
(16) 

The acetylene alcohol l b  was prepared a s  described 
for I n  in a 90% yield using nr-methoxyphenylacetylene 
(10). T.1.c. examination showed only one major compo- 
nent and a small amount of polymers. It was purified by 
thick layer chromatography on silica plates using benzene 
for development. An analytical sample was distilled at 
102"/0.3 mm Hg. Mass spectrum (70 eV) nz/e (relative 
intensity) 258 (36), 240 (67), 225 (25), 201 (54), 155 (100); 
i.r. (CCI,) 3400, 2890, 1587, 1497, 1157 c m - ' ;  u.v ..,,, 
(95% CCzH,OH) 298 mp ( E  2921), 290 (2900), 252 (15 357), 
243.5 (15 357); n.m.r. (CDCI,) r 8.83 (d, 6, J = 6 Hz, 
nlethyls), 8.55 (cyclohexane protons), 6.20 (s, 3, OCH,), 
3.0 (m, 5, aromatic protons). 

Anal. Calcd. for C ~ ~ H Z Z O : :  C, 79.03; H, 8.58. Found: 
C, 79.07; H, 8.53. 

l-(2,6-Dirrietl~yIcycloI~ee~e~~e-l-yl) 111-Metlroziyber~ryl 
Keto~le (26) 

The acetylenic alcohol l b  (9.3 g) was refluxed with 
809, formic acid for 2 h and worked-up as described for 
20. The two-component mixture was separated by column 
chromatography on silica gel eluting with benzene. The 
less polar component contained no carbonyl and had a 
tendency t o  polymerize. 

The more polar component (5.2 g) was isolated as an 
oil in 55% yield. Mass spectrum (70 eV) nr/e (relative 
intensity) 258 (3, parent), 243 (2), 225 (I), 150 (50), 137 
(82), 135 (100); i.r. (CCI,) 2825, 1675, 1587, 1477, 1443, 
1250, 1143, 1042 cm-I; u.v.,.,, (95% C2HSOH) 310 mp 
(E 690), 282 (2670), 275 (2987), 208 (15 960); n.m.r. 
(CDCI,) r 9.08 (d, 3, J = 6 HZ, CH-CH,), 8.38 (s, 3, 
=C-CH,), 6.23 (s, 5, OCH,  and CO-CH2-Ar), 
3.20 (m, 4, aromatic). A sample was distilled a t  105"/0.3 
mm Hg for analysis. 

Anal. Calcd. for C 1 7 H Z 2 0 2  : C, 79.03 ; H, 8.58. Found: 
C, 79.05; H, 8.56. 

lO(9H) -1,2,3,4,4n,IOna-Hesal~ydro-1 a,4rn-dinzelhy/-7- 
rr~etlro~uyplter~nntI~ro~~e (86) or~d 1,2,3,4,4a,lOna- 
Hexn/rydro-7-11ret/1o.~y-la,40a-di1net/~~~lp/~e11n1zt/rre1~e- 
quirrorre (4b) 

A 1.2 g sample of unsaturated ketone 2b was heated 
with polyphosphoric acid (8 g) a t  110" for 1 0  min. 'The 
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reaction mixture was worked-up as described for 30. The 
yield of the crystalline product, m.p. 71-75 "C was nearly 
quantitative. However, even after several recrystallizations 
from different solvents the pure ketone 36 could not be 
isolated. The contaminant was the corresponding a- 
diketone, 46, as recognized from the mass and n.m.r. 
spectra of the samples. 

Conseq~~ently the mixture was oxidized to pure 4b. A 
solution of 3b and 4b (142 mg) in dioxane (3 ml) was 
mixed with sublimed selenium dioxide (80 mg) and a 
drop of water and heated under reflux for 6 h. When the 
oxidation was complete (t.1.c.) the product was filtered, 
diluted with ether, washed with brine, and dried (MgSOJ. 
After evaporation 103 mg (73%) of crystalline diketoiie 
was isolated. It was recrystallized from pentane, m.p. 133- 
135". Mass spectrum (70 eV) ~ n / e  (relative intensity) 272 
(93, parent), 257 (12), 244 (25), 229 (loo), 201 (50); i.r. 
(CHCI,) 2850, 1724, 1678, 1602, 1493, 1460, 1319, 1285 
cm- ' ;  LI.~.,.:, (95% C 2 H 5 0 H )  286 mp (E 5900), 226 
(17 400); n.m.r. at 220 MHz (CDCI,) r 9.20 (d, 3, J = 6 
Hz, CH-CH,), 8.72 (s, 3, angular methyl), 7.49 (d, 1, 
J = 10 Hz, proton at C-lOa), 6.13 (s, 3, OCHj),  2.73 (m, 
1,J5.6 = 8.8 HZ, J6.8 = 3.0 HZ, HG), 2.62 (d, 1, J 5 . 6 =  

8.8 HZ, J5,8 = 0.1 HZ, H5), 2.40 (d, 1, J6 ,a  = 3.0 HZ, 
J5.8 = 0.1 HZ, Ha). 

Anal. Calcd. for CI7H2,,O3: C, 74.97; H, 7.40. Found: 
C, 74.99; H, 7.42. 

o- Methoxyphetzylrrcetylena 
To  a well-cooled solution of o-methoxyacetophenone 

(35 g) in benzene (100 ml) phosphorous pentachloride 
(50 g) was added in 45 min while stirring. The product 
was allowed to  stand overnight at room temperature. 
The yellow solution was poured on ice and extracted with 
ether (3 x 100 ml). The combined ether extracts were 
washed with water, dried (MgSO,) and evaporated to 
dryness. The product was mixed with 95% ethanol (42 ml) 
and potassium hydroxide (34 g) and refluxed for 24 h. 
Prior to  working-up the mixture was tested for the com- 
plete disappearance of the dichloride (t.1.c.). The brown 
reaction mixture was poured on ice-water and extracted 
with ether (3 x 100 ml), then the ether was removed by 
atmospheric distillation. The residue was dissolved in 
ethyl alcohol (100 ml) and to the magnetically stirred 
solution 5% AgNO, solution was dripped until no more 
precipitate formed. The precipitate was filtered by 
suction, washed with ethyl alcohol then with ether. After 
suspending the precipitate in water (200 ml), 35 g of 
NH,SCN was added and the mixture was stirred in the 
presence of ether (200 ml). The AgSCN was removed by 
filtration on a Buchner funnel and the filtrate was 
extracted with ether (4 x 100 ml). The combined ether 
extracts were washed with saline, dried (MgSO,), and 
the product was distilled at  78-84"/7 mm Hg. Yield: 12 g 
(35%) colorless oil. Mass spectrum (70 eV) m/e (relative 
intensity) 132 (45, parent), 131 (33), 117 ( l l ) ,  89 (100); 
u.v.,,, (95% CC,H50H) 301 mp ( E  3945), 292 (3949, 250 
(11 OOO), 239 (10 620); i.r. (CCI,) 3448, 1600, 1274, 1242, 
1042 cm-' ;  n.m.r. (CDCI,) T 6.70 (s, 1, C=CH), 6.2 (s, 
3, OCH,), 3.1 (s, 4, aromatic protons). The product was 
previously characterized (3,4). 

Preparation 
The Nef addition between 2,6-dimethylcyclohexanone 

and o-methoxyphenylacetylene was carried out as 
described for l a .  A crystalline product was obtained 
(yield 97%). The analytical sample was prepared by 
recrystallization from ether, m.p. 84-86". Mass spectrum 
(70 eV) m/e (relative intensity) 258 (36, parent), 240 (3), 
227 (19), 201 (61), 159 (20), 131 (34), 69 (100); i.r. 
(CHCI,) 3550, 2837, 1595, 1486, 1453, 1282, 1250, 1151, 
11 17, 1045, 954, 939 cm-I ;  u.v .,:,, (95% C2H50H) 301 
nip (E 6161), 292 (6140), 154.5 (20 026), 243 (17 71 3); 
n.m.r. (CDCI,) 8.77 (d, 6, J = 6 Hz, methyls), 8.53 (cyclo- 
hexane protons), 6.47 (s, 3, OCH,), 2.90 (m, 4, aromatic 
protons). 

Anal. Calcd. for C I , H 2 2 0 2 :  C, 79.03; H, 8.58. Found: 
C,  79.01 ; H, 8.60. 

Forn~olysis of acetylene olcohol (7a) 
A 1.925 g sample of 7a was refluxed with 80% formic 

acid (25 ml) for 3 h. The solution was then diluted with 
water and extracted with chloroform (3 x 100 nil). The  
combined chloroform extracts were washed in succession 
with water, 10% sodium bicarbonate, and water. The 
dried (MgS04) solution was evaporated to  dryness. A 
single compound was produced according to t.l.c., which 
did not contain any carbonyl (i.r.) a n d  lost the methoxy 
group (n.m.r.). Therefore it was not fully characterized. 

I-(p-Methoxyphenylethynyl) -2,6-rlin1ethylcyclohe.~at10/ 
f 7b) 

Preparatioti 
The Nef addition between 2,6-dimethylcyclohexanone 

and 1)-methoxyphenylacetylene (11) was carried out as 
described for l a  in 93%. The crystalline product was 
homogeneous according to t.1.c. It was recrystallized 
from pentane, m.p. 46-47". Mass spectrum (70 eV) nl/e 
(relative intensity) 258 (24, parent), 244 (21), 243 (loo), 
225 (31), 201 (33), 135 (98); i.r. (CCI,) 3500,2840, 1603, 
1500, 1450, 1280, 1260, 1170, 1153, 1035, 960, 940, 833 
cm- ' ;  U.V. max (95% C2HH,0H) 297 m p  (E 3354), 285.5 
(4128), 261 (23 220), 252 (24 940); n.m.r. (CDCI,) r 8.87 
(d, 6, J = 6 Hz, CH-CH,), 3.0 (g, 4, aromatic). 

Anal. Calcd. for C , 7 H 2 2 0 2 :  C, 79.03; H, 8.58. Found: 
C ,  79.05: H, 8.56. 

The formolysis of 7b led to an unidentified polymer. 
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