ORTHO ALKYLATION OF ANISOLE

During this time nitrogen evolved and the color of the reaction
solution changed from deep red to light orange. The solvent was
then removed n vacuo and the resulting solid was recrystallized
from cyclohexane and then sublimed to give 2.8 g (75%,) of 22 as
a Jight orange solid, mp 91-92°.
Anal. Caled for CioH o)BrNO,: C, 46.87; H, 3.90; N, 5.46.
Found: C, 46.78; H, 3.99; N, 5.48.
a-tert-Butyl-y-cyanobromomethylene-A%8-butenolide (23).—
3-Azido-2-bromo-5-tert-butyl-1,4-benzoquinone (21), 2 g (0.007
mol), was slowly (20 min) added to 40 ml of vigorously stirred
cold (0-5°) concentrated sulfuric acid. The reaction solution
became a deep blue upon addition of the azide and nitrogen slowly
evolved. Upon disappearance of the color the solution was
poured into ice water, causing the butenolide to precipitate, yield
1.55 g (86%), mp 102-104. Recrystallization from ether—
petroleum ether (bp 30-60°) gave an analytical sample.
Anal. Caled for CHBrNO;: C, 46.87; H, 3.90; N, 5.46;
Br, 31.24. Found: C, 46.78; H, 3.87; N, 5.56; Br, 31.13.
Reaction of 3-Bromo-2,5-di-tert-butyl-1,4-benzoquinone (8)
with HBr in the Presence of Cyclohexene —3-Bromo-2,5-di-tert-
butyl-1,4-benzoquinone (8) was dissolved in 20 ml of glacial
acetic acid and 5 ml of cyclohexene. This solution was vigorously
stirred at ambient temperature and saturated with anhydrous
HBr. The solution immediately lightened in color and after 2
min it was quenched with water and extracted with diethyl ether.
The ether extract was backwashed twice with water and then
dried over anhydrous sodium sulfate. The solvent was then
removed in vacuo, giving a light vellow oil. This oil was analyzed
by gas chromatography using known standards of 1,2-dibromo-
cyclohexane and 3-bromo-2,5-di-tert-butyl-1,4-benzoquinol, show-
ing 0.337 g (92.5%) of the former and 0.404 g (90.5%) of the
latter.
2-Chloro-5-tert-butyl-1,4-benzoquinonedibenzenesulfonamide
(27).—Anhydrous HCl was bubbled through a solution of 180 mg
(0.36 mmol) of 2,5-di-tert-butyl-1,4-benzoquinonedibenzene-
sulfonimide in 10 ml of glacial acetic acid for 4 min and the mix-
ture was then allowed to stand at room temperature for 21 hr.
The reaction solution was then poured into ice-H:O and the
resulting white precipitate (130 mg, 75%) was collected and
washed with acetic acid, mp 162-166°. Recrystallization from
acetone—ether gave the analytical sample.
Anal. Caled for CupHyCIN.S:0s: C, 55.17; H, 4.80; N,
5.85. Found: C, 55.22; H, 4.83; N, 3.98.

Reaction of 2,5-Di-tert-butyl-1,4-benzoquinonedibenzene-
sulfonimide with Anhydrous HBr in the Presence of Cyclo-
hexene.—A suspension of 249 mg (0.52 mmol) of 2,5-di-tert-
butyl-1,4-benzoquinonedibenzenesulfonimide (26) in 7 ml of
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glacial acetic acid and 4 ml of cyclohexene was treated with
anhydrous HBr for 3 min. The reaction solution was then
allowed to stand at ambient temperature for 7 hr. During this
time the original yellow color disappeared and a white solid
precipitated. The reaction solution was poured into water and
basified with 19, NaOH. An ether extract of this mixture was
analyzed by vpe, which showed 1,2-dibromocyclohexane. The
basic solution was acidified with dilute HCl. The white solid
(230 mg, 929%,), mp 261-264°, was collected and recrystallized
from acetone, giving pure 2,5-di-tert-butyl-1,4-benzoquinonedi-
benzenesulfonamide, mp and mmp 265-266°.

2-tert-Butyl-5,6-dibromo-1,4-cyclohexenedione (32).—A solu-
tion of 10 g {0.061 mol) of 2-tert-butyl-1,4-benzoquinone (31) was
dissolved in 100 ml of glacial acetic acid. This solution was then
treated with 9.7 g (0.061 mol) of bromine. The halogen was
added over a period of 2 min. The bromine immediately reacted
with the quinone, as evidenced by the disappearance of the
bromine color. The reaction solution was then poured into water
and the resulting precipitate was filtered to give 18.9 g (91%) of
the dibromo derivative 32, mp 103-106°. Recrystallization from
diethyl ether gave 12.8 (619%,), mp 104-106°.

Anal. Caled for CioHppBr:Oq:  C, 33.63; H, 3.36; Br, 49.38.
Found: C, 33.58; H, 3.42; Br, 49.27.

Reaction of 2,3-Dibromo-2,5-di-tert-butyl-1,4-cyclohexenedione
(6) with HBr/CH;CO,H in the Presence of Cyclohexene.—2,3-
Dibromo-2,5-di-terf-butyl-1,4-cyclohexenedione (6) (4.0 g, 0.0105
mol) was dissolved in 75 ml of glacial acetic acid and 10 ml of
cyclohexene. Anhydrous HBr was slowly passed through the
vigorously stirred solution for 45 min. - The reaction was then
quenched with water and extracted twice with ether. The
combined ether extracts were washed with water, dried over
anhydrous magnesium sulfate, and concentrated by removal of
the solvent in vacuo to give 2.0 g (86%) of 2,5-di-tert-butyl-1,4-
benzoquinol (30). This hydroquinone 30 was identified by com-
parison of its ir spectrum with that of an authentic sample as
well as by a mixture melting point. The mother liquor contained
4.3 g (170%) of 1,2-dibromocyclohexane as determined by gle
analysis.
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Aluminum chloride catalyzed alkylation of anisole with a series of olefins and with y-valerolactone is demon-

strated to result primarily in the formation of ortho-substituted products.

The extent of ortho alkylation is

shown to be a function of solvent and of basic functionality in the alkylating agent.

The aluminum chloride catalyzed alkylation of aro-
matic compounds with olefins? and y-lactones? is a well-
documented reaction. Applieation of this reaction to

(1) National Science Foundation College Teacher Research Participant
summer 1970.

(2) (a) 8. H. Patinkin and B, 8. Friedman in *Friedel~Crafts and Related
Reactions,”” Vol. I, Part 1, G. A, Olah, Ed., Interscience, New York, N. Y.,
1964, Chapter XIV; ‘(b) R. Koncos and B. S, Friedman, Chapter XV.

(3) (a) J. F. Eijkman, Chem. Zentr., 75, I, 1416 (1904); (b) R. T. Arnold,
J. 8. Buckley, and J. Richter, J. Amer. Chem. Soc., 69, 2322 (1947); (c¢) R.
V. Christian, <bid., 74, 1591 (1952); (d) W. L. Mosby, ibid., 74, 2564 (1952);
(e) W. E. Truce and C. E. Olson, ibid., T4, 4721 (1952); (f) D. B. Bruce,
A.J, 8. Sorrie, and R. H. Thomson, J. Chem. Soc., 2403 (1953); (g) J. I.
Brauman and A. J. Pandell, J, Amer. Chem. Soc., 89, 5421 (1967); (h) D.
W. Waples and J. I. Brauman, Chem. Commun., 1075 (1971); @) E. J.
Eisenbraun, C. W. Hinman, J. M. Springer, J. W. Burnham, and T. S.
Chou, J. Org. Chem., 86, 2480 (1971).

anisole has generally been reported to result in a mix~
ture of ortho and para isomers, with the para isomer
predominating.? An unusual exception exists in the
literature, however. This consists of a report that re-
action of anisole with ethyl allylmalonate in the pres-
ence of AICI; affords a produet consisting of approxi-
mately 909, of the ortho isomer.* In view of this, we
have carefully examined the isomer distribution pro-
duced on AlCl;-catalyzed alkylation of anisole with a
series of olefins and with y-valerolactone (7). The re-
sults (Table I) demonstrate that, with all those alkyl-
ating agents studied, the ortho isomer is either the
principal or nearly by exclusive alkylation product.

(4) A. 8. Gupta, K, L. Murthy, and S. Dev, Tetrahedron, 28, 2481 (1867).
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TasLe I
ALuMINUM CHLORIDE CATALYZED ALKYLATION OF ANISOLE

Alkylating agent
Cyclohexene (1)

Produect
CH;0C:H,(CeH11)

Ethyl allylmalonate (4a)

5-Hexen-2-one (4b) CH;0CH,CH(CH;)CH,CH,COCH,

Ethyl 4-pentenoate (4c)

v~Valerolactone (7) CH,;0C:H,CH(CH,;)CH,CH.CO.H

2 At room temperature unless otherwise incideated.

The alkylations were carried out using either hexane,
excess anisole, or l-nitropropane as. a diluent. Reac-
tions in hexane were conducted with a 1.28:1.00:0.20
mole ratio of AlCls:anisole:alkylating agent and were
heterogeneous. Under these conditions, ethyl allyl-
malonate (4a), 5-hexen-2-one (4b), ethyl 4-pentenoate
(4c), and y-valerolactone (7) each afforded an alkyla~
tion product consisting of >809; of the ortho isomer.
The essentially exclusive (989,) ortho alkylation ob-
tained with 5-hexen-2-one (4b) appears to be without
precedent. Cyclohexene (1), however, afforded only
a modest 669, of the ortho isomer (Scheme I).

ScHEME 1
OCH, OCH,
@ CeHyy C:H,,
O -0, O
CH,0
1 2 3

OCH,

l
O X, -
R™ R
4&, R1 == Rg = COZ CzH5
b, R, = H; R, = COCH,

C, Rl = H; RQ = COQC2H5

CHO CH, CH,

CHgO Rl R2
6a, R, = Ry = CO,C.H;
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b, R, =R,=CO,H
¢, R, =H; R, = COCH,
d, R, =H; R, = CO,C,H;

H3 H3 CH3 CH3 CH3
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CO,H CH,0 CO.H
0 9
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CH;0CH.CH(CH;)CH;CH(CO,C:Hj).

CH;0C¢H,CH(CH;)CH,CH,CO,C.H;

Isolated Isomer
Time, yield, —~—distribution, %b~~—
Solvent hr? % Ortho Para

Hexane 3 63 66 34
Anisole 3 78 64 (68°) 36 (32¢)
Hexane 31 31 86 14
Anisole 16 36 65° 35°
1-Nitropropane 24 30 55° 45¢
Hexane 25 33 97 (984) 3 (2%
Anisole 2 10 94 6
Anisole 6.3 20 03¢ 7¢
Hexane 19 40 95 5
Anisole 2.5f 2.4 86 14
Anisole 18 23 87 (82¢) 13 (18¢)
Hexane 129 24 81 19
Anisole® 1.8¢ 41 67 33

® Per cent of isolated product determined by nmr except where indicated.
¢ Determined by gas chromatography on a 5 ft X 0.25 in. column packed with 159 silicone 8F-96 on Chromosorb P,
gas chromatography on a 5 ft X 0.25 in. column packed with 159, Carbowax 20M on Chromosorb P.
tography on a 15 ft X 0.25 in. column packed with 109, silicone QF-1 on Chromosorb P.

" A 1.00:0.50:0.52 mole ratio of anisole:v-valerolactone: AlCl; was employed in this reaction.

¢ Determined by

¢ Determined by gas chroma-

7 At ice bath temperature. ¢ At reflux.
i At 90-100° bath temperature.

When excess anisole was substituted for hexane as
the solvent, a ratio of AICl;:anisole:alkylating agent
of 0.20:1.00:0.10 was employed, and the reaction mix-
tures were homogeneous. The stereoselectivity of the
reaction was reduced under these conditions with each
alkylating agent except cyeclohexene (1). This reduc-
tion in stereoselectivity is not large for 5-hexen-2-one
(4b), which still affords 93-949; of the ortho isomer.?
Alkylation with ethyl allylmalonate (4a) in excess
anisole, however, demonstrates a somewhat more dra-
matic reduction in the stereoselectivity of alkylation.
In the single experiment employing l-nitropropane as
solvent, the ratio of AlCl;:anisole:ethyl allylmalonate
(4a) was the same as that used for reactions carried out
inhexane. This reaction demonstrates a further reduc-
tion in stereoselectivity to a point where the amounts
of ortho and para isomers formed are essentially equal.

4-(p-Methoxyphenyljvaleric acid (9) and its ethyl
ester 6¢, obtained as products in the reaction of anisole
with ~-valerolactone (7) and ethyl 4-pentenoate (4c)
respectively, were identified by comparison with au-
thentic compounds prepared by independent synthesis
(Scheme II). Conversion of keto acid 10 to y-lactone

Scueme II
0
0
0 —_—
- CH;,
CH;0 COH CH.0
10 11
CH,
-~ B¢
CH,0 COH

9

11 was accomplished in 679, yield by reaction with 2.1
equiv of methylmagnesium iodide. Subsequent hy-
drogenolysis of 11 afforded 4-(p-methoxyphenyl)valeric

(5) The product of reaction of 5-hexen-2-one with anisole under similar
conditions has been previously described in the literature® but was incorrectly
regarded as consisting exclusively of the para isomer.

(8) 8. M. Mukherji, O. P. Vig, and N. K. Maheshwary, J. Indian Chem.
Soc., 84, 9 (1957).
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acid (9). TFischer esterification with ethanol and sul-
furic acid then gave the corresponding ethyl ester 6c.

4-(0-Methoxyphenyl)valeric acid (8) and its ethyl
ester 5d were also identified by comparison with au-
thentic compounds. Reaction products resulting from
alkylation of anisole with cyclohexene (1), ethyl allyl-
malonate (4a), and 5-hexen-2-one (4b) were identified
by isolation and characterization.

Discussion

The exclusive or nearly exclusive electrophilie ortho
substitution of aromatic compounds is an uncommon
reaction with interesting synthetic potential. Reac-
tions of this type include the Kolbe-Schmitt reaction,’
alkylation of phenol® and aromatic amines® with olefins,
bromination of phenol,?® and thallation of suitably sub-
stituted benzene derivatives.!’ A cyclic mechanism
has been proposed for each of these examples.

The results in Table I indicate that, with properly
chosen alkylating agents, the AlCls-catalyzed alkyla-
tion of anisole represents still another example of near
exclusive ortho substitution. The fact that extensive
ortho alkylation is observed only with those alkylating
agents which represent potential sources of reactive
intermediates carrying a positive charge v to a car-
bonyl, carbethoxy, or carboxyl group suggests that the
oxygen-containing functional groups assume more than
a passive role in the reaction. In hexane solution, the
amount of AlCl; used was slightly greater, on a mole
basis, than the combined amounts of anisole and al-
kylating agent. In view of the ability of AlCl; to form
stable complexes with ethers, ketones, and esters,*? it
may be assumed that little free anisole or alkylating
agent is present. The unusual amount of ortho alkyla-
tion further suggests that both reactants may be as-
sociated with the same aluminum atom and that the
alkylating agent is delivered through a cyclic process.
In the case of 5-hexen-2-one (4b) (Scheme III), the
coordinated ketone 12 could react with adventitious
HCI to give species such as 13, 14, or 15.%% Structure
15 may be the best representation, however, since the
chelate structure would be anticipated to afford a mod-
est amount of stability. Coordination of anisole with
AlICl; should reduce its reactivity toward electrophilic
reagents and, in addition, any increase in electrophile

(7) A. 8. Lindsey and H. Jeskey, Chem. Rev., 8T, 583 (1957).

(8) (a) A, J. Kolka, J. P. Napolitano, A, H, Filbey, and G. G. Ecke, J.
Org. Chem., 22, 642 (1957); (b) R. Stroh, R. Seydel, and W, Hahn, Angew.
Chem., 69, 699 (1957); (c) E. A. Goldsmith, M. J. Scklatter, and W. G.
Toland, J. Org. Chem., 28, 1871 (1958).

9) (a) G. G. Ecke, J. P. Napolitano, A, H, Filbey, and A. J. Kolka, ibid.,
22, 639 (1957); (b) R. Stroh, J. Ebersberger, H. Haberland, and W. Hahn,
Angew. Chem., 69, 124 (1957).

(10) D. E. Pearson, R, D, Wysong, and C. V. Breder, J. Org. Chem., 82,
2358 (1967).

(11) E. C, Taylor, F. Kienzle, R. L. Robey, A, McKillop, and J, D. Hunt,
J. Amer. Chem. Soc., 98, 4845 (1971),

(12) N. N, Greenwood and K. Wade in “Friedel-Crafts and Related Re-
actions,”” Vol. I, G. A, Olah, Ed., Interscience, New York, N. Y., 1963,
Chapter VII.

(13) Stable compounds containing four-coordinate and six-coordinate
aluminum are well known.!t Five-coordination of aluminum is less common,
but examples have been documented.'® Therefore, postulation of a five-
coordinate aluminum compound as a reactive intermediate, such as 18 or 15,
does not appear unreasonable.

(14) P.J. Durrant and B. Durrant, “Introduction to Advanced Inorganic
Chemistry,” 2nd ed, Wiley, New York, N. Y., 1970, pp 564-579,

(15) (a) I. Pattison and K. Wade, J. Chem. Soc. 4, 2618 (1968); (b) C.
W. Heitsch and R. N. Kniseley, Spectrochim. Acta, 19, 1385 (1963); (¢) G.

W. Fraser, N. N. Greenwood, and B, P. Straughan, J. Chem. Soc., 3742
(1963),
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Scueme I1I
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OLAl

CH;
16

stability would be expected to further reduce the rate
of reaction. Therefore, although attack by 15 on the
AlCl;-anisole complex should produce a mixture of
ortho and para produects, the rate of reaction should not
be large. Alternatively, coordination of a molecule of
anisole with the aluminum of 15 would afford 16 in
which ortho alkylation of the aromatic ring could take
place by way of a six-center eyclic mechanism. A sim-
ilar sequence of events can also be postulated for esters
4a and 4c. y-Valerolactone (7), however, requires a
slight modification (Scheme IV). In this case, cleavage

Scurme IV
CH,

HC ,) a
< LO—CH . Mo—aiq, — ALC,
SafC, J

J
© 18

of the lactone ring could provide the intermediate 18,%
which is analogous to 15. Coordination of one or two
molecules of anisole with the aluminum atom of 18
would then permit ortho alkylation to proceed by way
of a eyclic process as depicted for 16. Alternatively,
coordination of anisole with the aluminum atom of 17
would afford 19, which could also permit an intramo-
lecular delivery of the alkylating agent. The relatively
low yield (819,) of ortho product 8 obtained in this re-
action may be a consequence of the higher reaction
temperature required.

Reduction of the stereoselectivity produced by use
of excess anisole as solvent is presumably a result of the
availability of substantial amounts of free anisole.
The free anisole should be more reactive than the
AlCl;-anisole complex toward electrophilic reagents
and result in an increase in the extent of intermolecular
reaction, which would be anticipated to be less stereo-
selective than an intramolecular process. The inde-
pendence of isomer ratio from reaction time in anisole
solution for both 4b and 4c suggests that selective de-
struction of one isomer is not responsible for the still
substantial amount of ortho product obtained.

Transition to 1-nitropropane as the solvent would be
expected to result in a low ortho/para ratio as a result
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of competition between solvent and anisole for coordi-
nation sites on aluminum. TUnder these conditions,
intramolecular delivery of alkylating agent should be
almost entirely suppressed in favor of an intermolec-
ular reaction pathway. This appears to be substan-
tiated by the reaction of ethyl allylmalonate (4a) with
anisole in this solvent to provide only 559 of ortho
product 5a.

The relatively small amount of ortho produect ob-
tained with cyclopentene,® where it represents the
minor product, and with cyclohexene (64-689,) argues
strongly against the operation of a eyelic mechanism
where participation by a neighboring oxygen-con-
taining functional group is not possible. The appar-
ent lack of solvent dependence of the isomer distribu-
tion in the case of cyclohexene provides additional evi-
dence for the importance of such neighboring function-
ality. The composite of these results indicates that
upon proper selection of an alkylating agent, manipula-
tion of the reaction conditions can afford a substantial
degree of control over the orientation of substitution.

Experimental Section!”

Analyses.—Analyses were accomplished either by integration
of the nmr singlets produced by methoxyl protons of the isomeric
products or by gas chromatography.

4-(p-Methoxyphenyl)-4-hydroxyvaleric Acid Lactone (11),—A
solution of methylmagnesium iodide was prepared under nitrogen
by dropwise addition of 73.0 g (0.515 mol) of methyl iodide in
350 m] of anhydrous ether to a flask containing 13.11 g (0.540
g-atom) of magnesium turnings over a period of 2 hr with me-
chanical stirring at ice bath temperature. Stirring was con-
tinued at room temperature for an additional 45 min after addi-
tion was complete. After cooling again at ice bath temperature,
a solution of 50.0 g (0.240 mol) of 3-(p-methoxybenzoyl)pro-
pionic acid (10)," mp 148.5-150.0°, in 1 1. of tetrahydrofuran
(freshly distilled from LiAlH,) was added dropwise over a period
of 110 min with mechanical stirring. The mixture was then
heated at reflux under nitrogen with mechanical stirring for 14
hr. After cooling, the mixture was decomposed with 800 ml of
3 M HCl. The aqueous layer was separated and extracted twice
with 700-ml portions of ether. The combined ether layers were
washed once with 300 m! of 59, sodium bisulfite solution, once
with 500 ml of water, once with 300 ml of 109, agueous K;COs,
once with 300 ml of water, and once with 300 ml of saturated
sodium chloride solution, and dried over anhydrous MgSO,.
Removal of solvent in vacuo afforded 34.05 g of brown oil which
was fractionated through a 9-cm Vigreux column to give 25.2 ¢
(51%) of y-lactone 11 as a pale yellow oil, bp 137.0-139.0° (0.30
mm) [lit.* bp 140-142° (1.5-2 mm)]. Acidification of the potas-
sium carbonate wash afforded 12.1 g of recovered 3-(p-methoxy-
benzoyl)propionic acid (10), mp 145.0-148.0°, indicating a 679,
yield of v-lactone 11 based on recovered starting material.

4-(p-Methoxyphenyl)valeric Acid (9).—Hydrogenolysis of
25.18 g (0.122 mol) of y-lactone 11 over 3.00 g of 59, palladium
on carbon powder at 60 psiin 200 ml of absolute ethanol was com-
plete after 2 hr. After filtration, concentration of the filtrate
in vacuo followed by distillation of the residue afforded 22.64 g
(89%) of 4-(p-methoxyphenyl)valeric acid (9) as a colorless oil
which solidified on standing: bp 135.0-139.0° (0.2 mm); mp
38.0-40.5° (lit.*mp 39-40.5°); nmr (CClL)§1.22 B3 H,d J =
7 Hz, CHCH,;), 3.68 (3 H, 5, OCH;) and 6.57-7.15 (4 H, sym-
metrical A;B; m, aromatic CH).

Ethyl 4-(p-Methoxyphenyl)valerate (6¢).—To a solution of
3.040 g (14.6 mmol) of 4-(p-methoxyphenyl)valeric acid (9) in

(16) P. Cagniant, A. Deluzarche, and G. Chatelus, €. R. Acad. Seci., 224,
1064 (1947).

(17) Melting points are uncorrected. The infrared spectra were recorded
with either a Beckman IR-8 or a Perkin-Elmer 257 infrared spectrophotome-
ter. Nmr spectra were determined with a Varian A-60 spectrometer using
tetramethylsilane as internal standard. Microanalyses were performed by
M-H-W Laboratories, Garden City, Mich.

(18) Y. 8. Rao and R. A. Kretchmer, Org. Prep. Proced. Int., 8, 177
(1971),
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25.0 ml of absolute ethanol was added 0.50 ml of concentrated
sulfuric acid and the mixture was heated at reflux for 6.5 hr.
After cooling, the resulting mixture was diluted with 75 ml of
water and extracted with 75 ml of benzene. The benzene ex-
tract was washed once with 75 ml of saturated NaHCO; solu-
tion and once with 75 ml of water, and dried over anhydrous
MgS80,. Concentration of the resulting solution in vacuo fol-
lowed by distillation afforded 3.019 g (88%,) of ethyl 4-(p-me-
thoxyphenyl)valerate (6¢) as & colorless liquid: bp 112.0~116.0°
(0.4 mm); ir (neat) 1734 (ester C==0) and 836 cm ™! (aromatic
CH); nmr (CCL) 6 1.17 (3H, t, J = 7 Hz, CH,CHj,), 1.21 (3 H,
d,J = 7 Hz, CHCH,), 3.68 (3 H, s, OCH,), 4.00 2 H, q, J =
7 Hz, OCH,CHy), and 6.58-7.17 (4 H, symmetrical A,B: m,
aromatic CH).

A'nal. Caled for CqugoO:;:
71.31; H, 8.76.

4-(0-Methoxyphenyl)valeric Acid (8).—Using the procedure of
Fourneau and Baranger,'? pure 8 was obtained as large white
crystals: mp 66.0-67.0° (lit.%* mp 63-65°); nmr (CCL) &
122 3 H,d, J = 7 Hz, CHCH;), 3.74 (3 H, s, OCH;), and
6.60~7.25 (4 H, complex, m, aromatic CH).

Ethyl 4-(o-Methoxyphenyl)valerate (5d).—Using the pro-
cedure employed for the para isomer, 4-(o-methoxyphenyl)-
valeric acid (8) was converted to the ethyl ester $d, which was
obtained in 909, yield as a colorless liquid: bp 98.0-99.0° (0.25
mm); ir (neat) 1735 (ester C=0) and 760 cm™! (aromatic
CH); nmr (CCL)351.16 (3 H, t,J = 7 Hz, CH,CH;), 1.20 3 H,
d,J = 7Hz, CHCH,), 3.74 (3 H, s, OCH;), 3.99 2 H, q,J =
7 Hz, OCH.CH;), and 6.62-7.24 (4 H, complex m, aromatic
CH).

Anal. Caled for CuH,0s:
C,71.49; H, 8.45.

Oxidation of 0.493 g (2.09 mmol) of 5d with 3.004 g (19.0
mmol) of KMnO; in 60 ml of 0.329, aqueous NaOH afforded
0.050 g of crude acidic product. Sublimation (85° bath tem-
perature at 0.35 mm) followed by crystallization from benzene-
hexane afforded 0.035 g (119%) of o-methoxybenzoic acid, mp
102.5-104.0°, undepressed on admixture with authentic material.

Alkylation of Anisole with 5-Hexen-2-one (4b) in Excess Ani-
sole.—The following preparation is representative of the general
procedure using excess anisole as the solvent. Under a CaCl,
drying tube, 26.7 g (0.20 mol) of anhydrous aluminum chloride
was added to 108.1 g (1.00 mol) of anisole with mechanical
stirring over a period of 11 min. To this was added a solution
of 9.815 g (0.10 mol) of 5-hexen-2-one (4b) in 10.0 g (0.093 mol)
of anisole over a period of 28 min at room temperature with stir-
ring. Stirring was then continued at room temperature for 6.3
hr. The resulting brown mixture was decomposed with 100 g of
ice and extracted with 100 ml of hexane. The hexane extract
was washed with four 100-ml portions of water and dried over
anhydrous MgS0O.. Hexane was removed at aspirator pressure,
and the residue was fractionated through a 10-cm Vigreux column
to give 4.019 g (209%) of 5-anisylhexan-2-one, bp 95.0-102.0°
(0.4 mm). Gas chromatography® indicated the presence of two
isomers in a 93:7 ratio.

The principal component, 5-(o-methoxyphenyl)hexan-2-one
(5¢), was obtained as a colorless liquid after preparative gas
chromatography?® followed by short path distillation (0.2 mm
and 92° bath): ir (neat), 1717 (C==0) and 760 cm ™! (aromatic
CH); nmr (CCL)s1.18 3H,d,J = 7 Hz, CHCH,), 1.90 (3 H,
s, COCH,), 3.73 (3 H, s, OCH,;), and 6.62-7.24 (4 H, complex m,
aromatic CH).

Anal. Caled for CysH 05t
75.87; H, 8.69.

The minor component, 5-(p-methoxyphenyl)hexan-2-one (6b),
was obtained as a pale yellow liquid after preparative gas chro-
matography?® followed by short path distillation (0.2 mm and
95° bath): ir (neat) 1715 (C=0) and 836 cm~! (aromatic
CH); nmr (CCL)s1.18 3H,d,J = 7 Hz, CHCH,;), 1.90 (3 H,
s, COCH;), 3.68 (3 H, s, OCH,;), and 6.62-7.17 (4 H, symmetrical
AyB; m, aromatic CH).

Anal. Caled for CisHys0s:
C,75.65; H, 8.53.

Alkylation of Anisole with Cyclohexene (1) in Hexane.—The
following preparation is representative of the general procedure

C,71.16; H, 8.53. Found: C,

C, 71.16; H, 8.53. Found:

C, 75.69; H, 880. Found: C,

C, 75.69; H, 8.80. Found:

(19) E. Fourneau and P. M, Baranger, Bull, Soc. Chim. Fr., 49, 1161
(1931).

(20) A 15ft X 0.25 in. column packed with 109, silicone QF-1 on Chromo-
sorb P was employed.
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using hexane as the solvent. Under a CaCl; drying tube, 85.0
g (0.64 mol) of anhydrous aluminum chloride was added to a
solution of 54.0 g (0.50 mol) of anisole in 140 m! of hexane over a
period of 12 min with mechanical stirring. To this was added a
solution of 8.22 g (0.10 mol) of cyclohexene (1) in 10.0 ml of
hexane over a period of 67 min with stirring. The resulting
mixture was stirred at room temperature for 3 hr, then decom-
posed with 100 g of ice. The organic layer was separated,
washed five times with 100-ml portions of water, and dried over
anhydrous MgSO,. The solution was concentrated in vacuo and
the residue was fractionated through a 10-cm Vigreux column
to give 11.98 g (63%) of cyclohexylanisole, bp 108.5-117.0°
(2.5 mm). Integration of the nmr singlets at & 3.68 and 3.63
indicated a 66:34 mixture of ortho and para isomers.

The major isomer, o-cyclohexylanisole (2), was isolated from
the product of an analogous reaction by preparative gas chro-
matography?! as a colorless liquid, ir (neat) 760 em™! (aromatic
CH). The minor isomer, p-cyclohexylanisole (3), was obtained
in similar fashion as a white solid, mp 55-56° (lit.?2 mp 57-58°),
ir (KBr) 824 cm ! (aromatic CH).

Ethy! [2-(Methoxyphenyl)propylmalonate.—The minor (35%)
isomer, ethyl [2-(p-methoxyphenyl)propyllmalonate (6a), pro-
duced on monoalkylation of anisole with ethyl allylmalonate (4a)
in excess anisole, was isolated after preparative gas chroma-

(21) A 5ft X 0.25in. column packed with 15% silicone SF-96 on Chromo-
sorb P was employed.
(22) D. Bodroux, Ann. Chim. (Paris), 11, 511 (1929).
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tography?®! and short path distillation (0.5 mm and 160° bath) as a
colorless liquid: ir (neat) 1748, 1732 (ester C==0), and 836
em~! (aromatic CH); nmr (CCL) 6 1.18 3 H, t, J = 7 Hz,
CH.CH;), 1.24 3H, t,J = 7 Hz, CH,CH;), 1.24 3 H, d, J =
7 Hz, CHCHjy), 3.71 (3 H, s, OCH3), 4.04 2 H, q, J = 7 Hz,
OCH,CH,), 4.12 2 H, q, J = 7 Hz, OCH,CH,), and 6.60~7.15
(4 H, symmetrical A;B. m, aromatic CH).

Anal. Calced for CyH:Os:  C, 66.21; H, 7.85.
66.57; H, 7.86.

The major (65%,) isomer, ethyl [2-(o-methoxyphenyl)propyl]-
malonate (5a), was also isolated by preparative gas chroma-
tography® as a colorless liquid: ir (neat) 1750, 1734 (ester
C=0), and 760 cm ™ (aromatic CH); nmr (CCly) § 1.14 (3 H, ¢,
J = 7Hz, CH,CH;),1.18 3H, t,J = 7Hz, CH,CH;), 1.22 (3 H,
d,J = 7 Hz, CHCH,;), 3.73 (3 H, s, OCH;), 4.02 (2 H, q, J =
7 Hz, OCH,CH,), 4.11 2 H, q, J = 7 Hz, OCH;CH;), and
6.67-7.30 (4 H, complex m, aromatic CH). Characterization
was accomplished by saponification to [2-(o-methoxyphenyl)-
propyllmalonic acid (5b), mp 148.0-149.5° dec (lit.* mp 143—
144°).

Found: C,

Registry No.—1, 110-83-8; 4a, 2049-80-1; 4b, 109-
49-9; 4c, 1968-40-7; 5a, 34399-51-4; 5¢, 34399-52-5;
5d, 34399-53-6; 6a, 34399-54-7; 6b, 34399-55-8;
6c, 34399-56-9; 7, 108-29-2; 10, 3153-44-4; AlCl,,
7446-70-0; anisole, 100-66-3.

General Acid Catalysis of Ortho Ester Hydrolysis

Epwin AxpErson?! aND TroMas H. Fire*
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The rates of hydrolysis of diethylphenyl orthoformate, diphenylethyl orthoformate, and diphenylethyl ortho-

acetate have been determined in 509, dioxane-H.0 (v/v) at 25 and 45°.
The value of the Brgnsted coefficient « is 0.47, 0.68, and 0.49,

observed in the hydrolysis of these compounds.

A pronounced general acid catalysis is

respectively. Thus, general acid catalysis is more favorable with very weak acids in the case of diethylphenyl
orthoformate in comparison with diphenylethyl orthoformate even though the latter compound is of lower basic-
ity. This is due to the more stable oxocarbonium ion produced from diethylphenyl orthoformate which causes

the bond-breaking process to be more facile.

It has long been known that certain types of ortho
esters are subject to general acid catalyzed hydrolysis
in aqueous solution.? The pseudo-first-order rate con-
stants for hydrolysis of ethyl orthocarbonate, ethyl
orthoacetate, and ethyl orthopropionate are dependent
on buffer acid concentration at constant pH.2 The
hydrolysis of methyl orthobenzoate was reported to be
catalyzed by general acids in aqueous methanol,® and
general acid catalysis was claimed for hydrolysis of
triethyl orthoformate in 709, dioxane-H,O but not in
H,0.4 However; it has recently been shown that this
result was possibly due to specific salt effects in aqueous
dioxane. Bunton and DeWolfe? stressed relatively
low basicity of ortho esters as a feature responsible
for general acid catalysis. The Brgnsted coefficient o
for general acid catalyzed hydrolysis of ethyl orthocar-
bonate?7” and also methyl orthobenzoate?® is approx-
imately 0.7. It has been considered that ortho ester

(1) Postdoctoral Fellow, Department of Biochemistry, University of
Southern California.

(2) J. N. Brgnsted and W. F. K. Wynne-Jones, Trans. Faraday Soc., 285,
59 (1929).

(3) H.Kwartand M. B. Price, J. Amer. Chem. Soc., 82, 5123 (1960),

(4) R.H.DeWolfe and R. M. Roberts, ibid., T6, 4379 (1954).

(5) M. Lahtiand A. Kankaanpera, Acte Chem. Scand., 24, 706 (1970).

(8) C. A.Bunton and R. H. DeWolfe, J. Org. Chem., 80, 1371 (1965).

(7) A.J. Kresgeand R.J. Preto, J. Amer. Chem. Soc., 87,4593 (1965).

hydrolysis will generally be characterized by high «
values.?

General acid catalysis has also been observed in ace-
tal and ketal hydrolysis with 2-(substituted phenoxy)-
tetrahydropyrans,® tropone diethyl ketal,’ and benzal-
dehyde di-tert-butyl acetals.!’ Electron withdrawal
in the leaving group of a phenoxytetrahydropyran will
both lower basicity and increase the ease of C-O bond
breaking. With tropone diethyl ketal® the leaving
group is poor, but the great stability of the intermediate
carbonium ion makes C-O bond breasking relatively
easy. In the case of the benzaldehyde di-tert-butyl
acetals!! the bond breaking process is facilitated by re-
lief of ground state strain during the hydrolytic reac-
tion. With all of these compounds, ease of bond
breaking is most likely the predominant feature giving
rise to general acid catalysis.?—12

Triphenyl orthoformate, an ortho ester with which
basicity would be very low and with which the leaving
group would be reasonably good, has been studied.!®

(8) B. H. Cordes, Progr. Phys. Org. Chem., &, 1 (1967).

(9) T, H. Fife and L. K. Jao, J. Amer. Chem. Soe., 90, 4081 (1868).

(10) E. Anderson and T. H. Fife, ibid., 91, 7163 (1969).

(11) E. Anderson and T. H. Fife, 1bid., 98, 1701 (1971).

(12) T.H. Fife and L. H. Brod, 1bid., 92, 1681 (1970).

(13) M. Price, J. Adams, C. Lagenaur, and E. H. Cordes, J. Org. Chem.,
34, 22 (1969).



