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prepared by recrystallization from methanol was obtained as
colorless prisms, m.p. 231-232°; Amax (log €), 219* (4.33), 225
(4.40), 242 (4.33), 272 (4.38), 278* (4.35), 308* (3.76), 323
(3.83), 338 (4.11), 354 mu (4.26).
Anal. Caled. for CiHppCINOg: C, 57.25;
4.77. Found: C, 57.49; H, 4.43; N, 4.87.
The picrate crystallized from methanol as yellow needles,
m.p. 177-178.5°.
Anal. Caled. for C3o0HiuN,O;: C, 56.87; H, 3.34; N, 13.27.
Found: C, 56.60; H, 3.21; N, 13.38.
10(?)-Methylbenzo[a]quinolizinium Perchlorate (II, R, =
CH;).—This was prepared in a similar manner to its isomer (I1)
from 2 g. of 2-(3-tolyl)pyridine and 2 g. of chloroacetaldoxime.
The perchlorate was crystallized from methanol (charcoal);
yvield 2 g. (61%), m.p. 221-224°. Recrystallization three times
from methanol gave the analytical sample as colorless prisms,
m.p: 231-232°; Amax (log €) 218* (4.25), 224 (4.32), 236* (4.36),
240 (4.37), 264 (4.17), 276* (4.20), 284 (4.30), 330 (3.63), 344
(3.94), 360 mu (4.09).
Anal. Caled. for CuHmClNOﬁ C, 5725,
4.77. Found: C,56.85; H,4.12; N, 4.76.
The picrate crystallized from methanol as yellow needles, m.p.
210-215°, with previous softening.
Anal. Caled. for CoHuNO: C, 56.87; H, 3.34; N, 13.27.
Found: C, 56.26; H, 3.71; N, 13.02.
11-Methylbenzo[a] quinolizinium Perchlorate (II, R; = CH;).—
Treatment of 1 g. of 2-(2-tolyl)pyridine with 1 g. of chloroacetald-
oxime by the usual procedure over 12 days and heating the qua-
ternization product under reflux for 65 hr. in 20 ml. of hydro-
bromic acid afforded 0.20 g. (12%) of tan colored crystals,
isolated as the perchlorate. Recrystallization from methanol-
ethyl acetate gave the product as light tan prisms, m.p. 209-210°;
Amax (log €) 220 (4.62), 274 (4.69), 330 (3.77), 344 (3.97), 360
mu (4.06).
Anal. Caled. for CHpCINOg: C, 57.25;
4.77. Found: C, 57.61; H, 4.35; N, 4.99.
The picrate crystallized from methanol as yellow needles, m.p.
184-185°,
Anal. Caled. for CooHuNO7: C, 56.87; H, 3.34; N, 13.27.
Found: C, 56.87; H, 3.16; N, 13.36.
1-(2-Oximidoethyl)-2-benzylpyridinium Chloride (III).—A
solution containing 2 g. (0.012 mole) of 2-benzylpyridine and 1.8
g. (0.019 mole) of chloroacetaldoxime in 3 ml. of dry tetramethyl-
ene sulfone was allowed to stand in a stoppered flagk at room
temperature. Quaternization proceeded rapidly and after 2 days
the crystalline product was collected and recrystallized from meth-
anol-ethyl acetate; yleld, 2.2¢.(71%); m.p.204-206°. Further
recrystallization from methanol-ethyl acetate gave the pure
compound as colorless prisms, m.p. 205-207°; Amax (log €) 204
(4.17), 264* (3.73), 268 (3.75), 274* mu (3.70).
Anal. Calcd. for C14H15CIN201 C, 6399, H, 575, N,
10.65. Found: C, 64.18; H, 5.76; N, 10.95.
Morphanthridizinium Perchlorate (IV).—A solution of 2 g.
(0.0074 mole) of the quaternary salt (III) in 20 ml. of 48%
hydrobromic acid was heated under reflux for 40 hr. The acid
was removed in the usual manner and the red-brown residue
taken up in a small volume of water. Addition of perchloric
acid gave the perchlorate which separated on cooling as a pale
yellow microcrystalline material. Reerystallization from meth-
anol-ethyl acetate afforded the pure product as colorless leaflets;
yield, 1.6 g. (81%); m.p. 182-183° Amax (log €), 225% (4.12),
282 (3.69), 318 mu (3.83).
Anal. Caled. for CMHmClNOqI C, 5725,
4.77. Found: C, 57.04; H, 4.21; N, 5.06.
S-Methyl-1-(oximidoethyl)-2-(3-methoxyphenoxy)pyridinium
Chloride (V).—Quaternization of 1 g. of 5-methyl-2-(3-methoxy-
phenoxy )pyridine® with chloroacetaldoxime followed the usual
procedure, and the mixture was allowed to react for 17 days. The
solid obtained by trituration with ethyl acetate crystallized from
methanol-ethyl acetate as colorless plates; yield, 0.77 g. (66%,);
m.p. 158-160°; Amax (log €), 222 (3.97), 253* (2.30), 275* (3.53),
281 (3.60), 303 (3.71), 315 * mu (3.66).
Anal. C&lCd for Cganc]Nan: C, 5834,
9.07. Found: C, 57.84; H, 5.53; N, 9.38.
The perchlorate crystallized from methanol-ethyl acetate as
colorless prisms, m.p. 156-157°.
Anal. Caled. for CHiCIN:O7: C, 48.33; H, 4.60; N,
7.52. Found: C,48.62; H,4.48; N, 7.67.
3-Methoxy-8-methylpyrido{2,1-b]benz(f]{1,3]oxazepinium
Chloride (VI).—The quaternary salt (V) (0.5 g.) was cyclized by

H, 4.12; N,

H, 4.12; N,

H, 4.12; N,

H, 4.12; N,

H, 5.55; N,
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heating under reflux in concentrated hydrochloric acid for 24 hr.
The acid was removed as usual and the residue recrystallized with
difficulty from methanol-ethyl acetate to give a tan powder;
yield, 0.25 g. (619%); m.p. 265° dec.; Amax (log €), 289 (3.70),
314 myu (3.71).

Anal. Calcd. for 015H14CIN02'0.5 HzOI C, 6326, H,
5.23; N, 492. Found: C, 63.17; H, 5.58; N, 5.39.
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Several dimethylpyranoisoflavones, e.g., jamaicin,’
toxicarolisoflavone,? osajin,® and pomiferin,® have been
isolated in recent years. However, the syntheses of
these compounds have not been reported. This paper
presents the Hoesch condensation of dihydro-g-tubanol
with benzyl eyanides and the syntheses of 2,2-dimethyl-
3,4-dihydropyranoisoflavones.

The Hoesch condensation of dihydro-g-tubanol (I)*
with benzyl cyanide (II) afforded isomeric phenyl-
acetyldihydro-g-tubanols, having m.p. 145-147 and
81-83°, respectively. On the basis of qualitative tests
and spectral data, which are summarized in Table I, the
former was found to be 8-phenylacetyldihydro-3-
tubanol (IIT) and the latter to be the 6-phenylacetyl
isomer IV. 6-Phenylacetyldihydro-g-tubanol thus ob-
tained was converted into 2,2-dimethyl-3,4-dihydro-
pyrano[5,6-7,8lisoflavone (V), m.p. 162-164°, accord-
ing to the Spdth—Venkataraman method.

2,4-Dimethoxybenzyl cyanide (VI) similarly reacted
with T as described, affording 8-(2,4-dimethoxyphenyl-
acetyl)dihydro-g-tubanol (VII), m.p. 117-118° and
6 - (2,4 - dimethoxyphenylacetyl)dihydro - 8 - tubanol
(VIID), m.p. 102-104°. According to the procedure
mentioned previously the deoxybenzoin VIII was
transformed into 2’,4’-dimethoxy-(2,2-dimethyl-3,4-di-
hydropyrano) [5,6-7,8 lisoflavone (IX), m.p. 191-193°.

3,4-Methylenedioxybenzyl cyanide (X) and I gave 6-
(3,4 - methylenedioxyphenylacetyl)dihydro - 8 - tubanol
(XI), m.p. 95-97°, and an unidentified compound
CisH10s, m.p. 125-127°, under the Hoesch reaction
conditions.

It is of interest to note that two 8-substituted dihydro-
B-tubanols III and VII are soluble in aqueous alkali,
whereas 6-substituted compounds IV, VIII, and XI are
insoluble, in agreement with the general property of 2-
hydroxydeoxybenzoins. In contrast to the 8-substi-
tuted dihydro-8-tubanols III and VII, the 6-substituted
compounds IV, VIII, and XI showed an intense color

(1) O. A, Stamm, H. Schmid, and J. Blichi, Helv. Chim. Acta, 41, 2006
(1958).

(2) S. H. Harper, J. Chem. Soc., 1178 (1940).

(3) M. L. Wolfrom, W. D. Harris, G. F. Johnson, J. E. Mahan, 8. M.
Moffett, and B. Wildi, J. Am. Chem. Soc., 68, 406 (1946).

(4) R. Huls, Bull. Classe Sci. Acad. Roy. Belg., 89, 1064 (1953).
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TasLe 1
Reaoction Solubility in Color reaction 70w0 in Amax (€)
Compound no. M.p., °C. with 2,4-DNP 2 N NaOH with FeCls CHCls, om. =1 in EtOH, mu
111 145-147 + Soluble Negative 1650 235 (12,800)
281 (13,600)
305 (9,600)
v 81-83 + Insoluble Deep violet 1620 234 (13,600)
241 (11,600) 8°
201 (18,200)
314 (10,700) 8
v 162164 1635 247 (33,100)
302 (24,800)
308 (24,200) s
VII 117-118 Soluble Negative 1660° 278 (15,400)
305 (9,400)8
VIII 102-104 Insoluble Deep violet 1615 285 (17.700)
314 (9,000)s
IX 191-193 1635 264 (27,100)
289 (24,100)
308 (21,200) s
X1 9597 + Insoluble Deep violet 1620 289 (19,800)
315 (10,000) s
¢ Shoulder. 2 In Nujol.

reaction with ferric chloride, indicating the influence of
chelation. This is confirmed by the spectral data;
i.e., not only the carbonyl bands in the infrared but
also the absorption maxima in the ultraviolet® of IV and
VIII were shifted toward longer wave lengths than
those observed for III and VII, respectively.

o AOH

I
HO, 0
N= c—cn.ﬁm CO—CH; R,
1 2 1

R,

II, Ri=R.=R;=H III, Rh=R,=R;=H
VI, Ry=Rs;=OMe; R, =H VI[, R, = Rs =OMe; R, = H
, R; = H; Ry, Ry = -OCH,;0-

R, 2
IV, Ri=R: =R, =H ) =
VIIL R, = Ry = OMe; R, = H IX, Ry = Rg =OMe; R, = H
XI, R: = H; Ry, Ry = ~OCH,0-

Experimental

The Hoesch Reaction of Dihydro--tubanol with Benzyl
Cyanide.—Into a solution of dihydro-g-tubanol (I) (0.8 g.) and
benzyl cyanide (II) (0.8 g.) in a mixture of anhydrous ether (28
ml.) and chloroform (3 ml.) containing anhydrous zinc chloride
(2.5 g.) was passed dry hydrogen chloride for 10 min. under ice-
cooling, and the mixture was then allowed to stand at room tem-
perature overnight. After removal of the upper ethereal layer
by decantation and addition of water to the oily residue, the
aqueous solution was heated on a water bath for 2 hr. An oily
substance thus formed was extracted with ether, the ethereal
solution was washed with 59, aqueous sodium hydroxide, and
then the ether was evaporated. Upon crystallizing the residue

(5) D.J.Cram and F. W. Cranz, J. Am. Chem. Soc., 72, 595 (1950).

from ether—pentane (1:1), 6-phenylacetyldihydro-g-tubanol (IV)
(0.33 g.), m.p. 81-83°, was obtained.

Anal. Caled. for C;HgO: C, 77.00; H, 6.80. Found:
C, 76.75; H, 6.93.

The sodium hydroxide solution described in the preceding prep-
aration was acidified and extracted with ether. After removal
of the ether, 8-phenylacetyldihydro-g-tubanol (III) was obtained
a8 colorless prisms (0.28 g.), m.p. 145-147°, upon recrystalliza-
tion from methanol.

Anal. Caled. for CyHyOy: C, 77.00; H, 6.80. Found: C,
76.82; H, 6.82.

2,2-Dimethyl-3,4-dihydropyrano(5,6-7,8]isoflavone (V).—
A solution of the deoxybenzoin (IV) (0.377 g.) in ethyl formate
(20 ml.) was added dropwise to sodium powder (0.3 g.) under
ice-cooling, and the mixture was kept in a refrigerator for 3 days.
The reaction mixture was poured into ice-water and the excess
ethyl formate was removed under reduced pressure. The prod-
uct was extracted with chloroform, chromatographed with alu-
minum oxide (acid washed), eluted with benzene, and distilled
tn vacuo [b.p. 165-171° (0.02-0.012 mm.)]. The distillate was
crystallized from 80% ethanol and colorless needles, m.p. 162-
164°, were obtained.

Anal. Caled. for CpH,50,: C, 78.43; H, 5.92. Found: C,
78.52; H, 5.95.

The Hoesch Reaction of Dihydro-S-tubanol with 2,4-Dimethoxy-
benzyl Cyanide.—The Hoesch reaction of dihydro-g-tubanol (I)
(0.8 g.) with 2,4-dimethoxybenzyl cyanide (VI) (1.2 g.) was car-
ried out as described previously and isomeric deoxybenzoin
derivatives were yielded. 6-(2,4-Dimethoxyphenylacetyl)di-
hydro-g-tubanol (VIII) (0.151 g.) showed m.p. 102-104° on re-
crystallization from 709, ethanol, and the 8-isomer (VII) (0.13
g.), m.p. 117~118°, from aqueous ethanol.

Anal. of VIII. Caled. for Cz1H2405: C, 7076; H, 6.79.
Found: C, 70.98; H, 7.11.
Anal. of VII, Caled. for CaHxOs: C, 70.76; H, 6.79.

Foound: C, 70.63; H, 6.92.
2/,4’-Dimethoxy-(2,2-dimethyl-3,4-dihydroyrano){5,6-7,8]iso-
flavone (1X).—Cyclization of the deoxybenzoin (VIII) (0.15 g.)
in ethyl formate (10 ml.) with sodium (1.15 g.) was carried out
a8 mentioned, giving a solid substance. The product was re-
fluxed in acetic acid (2 ml.) for 30 min.5 After cooling, water was
added dropwise until no more solid was formed. The solid was
collected by filtration and was crystallized from ethanol, m.p.
191-193°.
Anal. C&ICd. for szszOsi
C, 71.88; H, 6.22. ) :
The Hoesch Reaction of Dihydro-g-tubanol with 3,4-Methyl-
enedioxybenzyl Cyanide.—The Hoesch reaction of dihydro-g-
tubanol (I) (0.8 g.) with 3,4-methylenedioxybenzy! cyanide (X)
(1.2 g.) was carried out by the usual method and yielded 6-(3,4-
methylenedioxyphenylacetyl )Jdihydro-g-tubanol (XI) (0.23 g.)

C, 72.11; H, 6.05. Found:

(6) W. B. Whalley, ibid., 78, 1059 (1953).
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from the alkali-insoluble part. It gave m.p. 95-97° on recrys-
tallization from aqueous ethanol.

Anal. Caled. for CyHyO5: C, 70.57; H, 5.92, Found: C,
70.66; H, 5.83.

A compound, m.p. 125-127°, was isolated from the alkali-
soluble part.

Anal. Caled. for CsH;¢0s: C, 60.00; H, 4.48. Found: C,
60.09; H, 4.45.

The Mechanism of Dehydration of

B8,8-Diphenyl-8-hydroxypropiophenone’

DonaLp 8. NoYCE AND MARGARET JEFRAIM JORGENSON ?

Department of Chemistry, University of California, Berkeley,
California

Received May 16, 1963

It previously has been demonstrated® that, depend-
ing on structure, two different mechanisms are avail-
able for the dehydration of 8-hydroxy ketones. Thus,
4-phenyl-4-hydroxy-2-butanone (I),® 4-(p-nitrophenyl)-
4-hydroxy-2-butanone (II)®> and @-phenyl-8-hydroxy-
propiophenone (V)¢ undergo dehydration via a mech-
anism involving a rate-determining enolization step,
while 4-(p-methoxyphenyl) -4 - hydroxy-2 -butanone
(I1I)? and 4-(p-methoxyphenyl)-4-hydroxy-3-methyl-2-
butanone (IV)® dehydrate via a carbonium ion mech-
anism. The change in mechanism is manifested by
a different dependence of the rate on the acidity

f ol
X é—CH—C-*R
RI IRII

I, R=CHz R"=H;R"=H; X=H
I, R=CH;:R'=H;R"=H; X =NO,
III, R=CH; R"=H; R" = H; X = OCH;
IV, R=CH; R’ = H; R" = CH;; X = OCH;,

’ R=CQH5,R’=H,R”=H, X =H
VI, R = CeHs; R = CsHs; R" = H, X =H

function H, (the carbonium ion mechanism is char-
acterized by linear correlation with Hy with slope greater
than unity) and by different entropies of activation (the
carbonium ion mechanism has a less negative entropy
by a magnitude corresponding to the absence of involve-
ment of water in the transition state).

It was of interest to study the effect that the intro-
duction of a phenyl substituent on the g-position of V
would have on the mechanism of the dehydration re-
action. The stability of the 1,1-diphenylethyl cation is
quite similar to that of the (p-methoxyphenyl)ethy! car-
bonium ion, as estimated from solvolytic data.® From
the published results of Deno and co-workers’™* on
arylearbonium ion equilibria, it is evident that the two
carbonium ions are formed, to the extent of 509, from
their corresponding alecohols, at 729, and 659, sulfuric

(1) Carbonyl Reactions XXII: previous paper, D. S, Noyce and M.J.
Jorgenson, J. Am. Chem. Soc., 88, 2427 (1963).

(2) National Institutes of Health Postdoctoral Fellow, 1959-1961.

(3) D. 8. Noyce and W. L. Reed, J. Am. Chem. Soc., 80, 5539 (1958).

(4) D. 8. Noyce, W. A, Pryor, and P. A, King, i(bid., 81, 5423 (1859).

(5) D. 8. Noyce and W. L. Reed, ibid., 81, 624 (1959).

(8) A. Streitwieser, Jr., Chem. Rev., 86, 571 (1956).

(7) N. C. Deno, J. J. Jaruzelski, and A, Schriesheim, J. Am. Chem. Soc.,
77, 3044 (1955).

(8) N. C. Deno, P. T. Groves, and G, Saines, ibid., 81, 5790 (1959).

(9) N. C. Deno, P. T. Groves, J. J. Jaruzelski and M. N. Lugasch, 1bid.:
82, 4719 (1960).
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acid, respectively. On the basis of these stability esti-
mates for the carbonium ions derived from IIT and VI,
it was expected that the dehydration mechanism would
change from the enolization mechanism found in V to a
carbonium ion mechanism for 8,8-diphenyl-3-hydroxy-
propiophenone (VI). We have, in fact, found this to
be the case.

Rates of dehydration for VI were measured under
conditions similar to those used previously. In order
to facilitate solubility of VI in the reaction medium,
we used a 59 dioxane-959%, aqueous sulfuric acid
medium. This solvent system has been shown!® to
be useful for Hy comparisons, and the H, scale estab-
lished in it. Even so it was necessary to carry out
measurements with extremely dilute solutions of VI
(about 10~% M) using 10-cm. cells.

TaBLE 1

RATE OoF DEHYDRATION OF @,8-DIPHENYI-3-HYDROXYPROPIO-
PHENONE in 59, D1oxaANE-959, AQUEOUS SULFURIC ACID

(T = 25.00°)

HaSO4, M Hy k, sec. ™1 log ¥ + H
1.42 —0.45 1.54 X 107! —5.26
2.56 —1.04 6.20 X 101 —5.25
2.872 —1.15 8.50 %= 0.10 X 10—%» —5.22
3.35 —1.42 1.80 X 10—¢ -5.17
3.94 —-1.71 4.12 X 10— -5.10
4.26 —1.87 7.0 X 10~ —5.03
4.84 —2.13 1.05 X 103 —5.11

(T = 45.00°)
2.87°  —1.15  8.60 X 10~*

¢ AH* = 21.2keal.; AS* = — 10.9e.u. ? Average of two runs.

The measured rates (Table I) show smooth correla-
tion with the acidity function, the slope of log k vs. Hy
being 1.15. From the temperature coefficient of the
rate the entropy of activation (at Hy = 0) was de-
termined. The value, —11, is similar to that ob-
tained for other dehydration reactions proceeding via
a carbonium ion mechanism.>!! These two facts
provide a sound basis for suggesting that 8,8-diphenyl-
S-hydroxypropiophenone undergoes dehydration via
the carbonium ion mechanism, namely, equations 1-3.

OH O

C.H \ Equilibrium
B _ca—d o, + — >
CeHs”
. OH, <|)|
’ ‘>é~cm—c—cem 1)
CeH
CoH (?Hz i Fast
a8’
) 5>C—CH2——C——CGH,, P ——
CoH
)
CBHB + ”
>C—CH2——C—CeHs 2
CoHs

o
Rate ”

0
CH Dete  CH C—CH
o é—cm—g—ceﬂs—e—“» "No=c )
/
CoH; C.Hs H

Further support for the conclusion that dehydration
of VI is proceeding via the carbonium ion mechanism

(10) D. 8. Noyce and M, J. Jorgenson, ibid., 88, 2525 (1961).
(11) D. 8. Noyce and C. A. Lane, 1bid., 84, 1635 (1962).



