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Under acid conditions, the cyclopropane ring of irares-2-(4-pyridyl)-a,a-diphenylcyclopropanemethanol (1)
cleaves to a relatively minor extent to give derivatives of 4-(4-pyridyl)-I, 1-diphenyl-I-buten-4-ol accompanied
by substantial amounts of recovered I. The relative resistance of | to acid is contrasted to the lability of analogs
in which the pyridine ring has been reduced and of others in which the cyclopropane ring has been replaced by a
saturated ethylene chain and is interpreted in terms of electronic interaction between the pyridinium and cyclo-
propane rings. The course of the reaction is suggestive of a concerted process. Catalytic hydrogenation of the
methobromide salt of | gives the corresponding piperidine derivative without hydrogenolysis of the cyclopropane
ring. Sodium borohydride reduction affords the related A3piperideine. Catalytic hydrogenation of the metho-
bromide salts of other substituted cyclopropylpyridines is associated with concomitant hydrogenolysis of the
cyclopropyl group giving straight propylene chain derivatives. Analogs of | in which the pyridine ring is re-
placed by a dimethylaminopropyl group and in which the cyclopropane ring is replaced by acetylenic and by cis-
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and ¢raras-olefinic linkages have also been prepared.

The interesting pharmacological actions of trans-
2-(4-pyridyl)-a,a-diphenylcyclopropdnemethanol (I) on
the central nervous system13encouraged us to study
the chemical properties of the pyridine-cyclopropane
interacting system in greater detail. The preceding
paperl advanced physical evidence [ultraviolet (uv),
pKa] in support of electronic interaction, particularly in
the charged pyridinium cation. The present work con-
siders implications of the behavior of | and certain of its

relatives when treated with acid and when subjected to
conditions of catalytic hydrogenation. The effects
of replacing the pyridine and cyclopropane rings with
other moieties have also been investigated.

The effect of acid on cyclopropylcarbinols has been
studied extensively following the classic paper of Rob-
erts and Mazur;4* the outcome depends on the struc-

(1) The preceding paper in this series:
Chem., 31, 399 (1966).

(2) To whom correspondence should be addressed:
search Institute, P. O. Box 278, Tarrytown, N. Y.

(3) L. Miller, M. Napoli, and T. B. O’Dell, Arch. Intern. Pharmacodyn.,
166,313 (1967).

(4) J. D. Robertsand R. H. Mazur, J. Amer. Chem. Soc., 73, 2509 (1951),
and succeeding papers.
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A useful synthesis of 4-ethynylpyridine has been devised.

ture of the reactants and on the reaction conditions.
Treatment with strong acid usually effects cleavage of
the cyclopropane ring smoothly in the cold,46 although
the action of acetic anhydride on appropriately sub-
stituted cyclopropylcarbinols can result in predominate
formation of simple dehydration products accompanying
products of ring cleavage.6 The course of solvolytic
reactions proceeding via cyclopropylcarbonium ions has
been reviewed recently;78 under kinetically controlled
conditions unrearranged cyclopropyl, ring-expanded
cyclobutyl49 and ring cleavage products are generated
in proportions apparently determined by the relative
stabilities of the respective carbonium-ion canonical
forms.47810

Compound | proved to be comparatively resistant to
acid treatment. When heated at 90-100° for 6 hr in
1 N sulfuric acid solution, 36% of | was recovered un-
changed accompanied by 27% (based on recovered 1)
of the ring-cleaved product, 4-(4-pyridyl)-1,I-diphenyl-
I-buten-4-ol (11a) (eq 1), isolated as the hydrochloride
salt. The structure of lla was confirmed by its in-

(5) See, inter alia, S. Julia, M. Julia, and L. Brasseur, Butt. Soc. Chim.
Fr., 1634 (1962); M. Hanack and H. Eggensperger, Ann., 663, 31 (1963);
Chem. Ber., 96, 1259 (1963).

(6) E.g., see S. Sarel, E. Breuer, Sh. Ertag, and R. Salamon, Israel J.
Chem., 1, 451 (1963); S. K. Begidov, T. V. Domareva, and |I. A. D’yakonov,
Zh. Obshch. Khim., 33, 3426 (1963) [Chem. Abstr., 60, 5345 (1964)].

(7) M. Hanack and H. J. Schneider, Angew. Chem. Intern. Ed. Engl., 6,
666 (1967); see especially pp 671, 672.

(8) Also see R. Breslow in “Molecular Rearrangements,” Vol. I, P. de
Mayo, Ed., Interscience Publishers, Inc., New York, N. Y., 1963, pp 259-273.

(9) J. W. Wiltand D. D. Roberts, J. Org. Chem., 27, 3430 (1962).

(10) Cf. P.von R. Schleyerand G. W. Van Dine, J. Amer. Chem. Soc., 88,
2321 (1966), and references cited therein.
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frared (ir), nuclear magnetic resonance (nmr) (one
double-bond proton absorbing as a triplet), and uv
(Table I, diphenylethylene absorption, essentially un-
changed in acid) spectra. In the course of the prepara-
tion of kilogram quantities of | hydrochloride required
for clinical trials, ice-cold tetrahydrofuran-ether solu-
tions of | were treated with cold, aqueous hydrochloric
acid to precipitate the hydrochloride salt in good yield.
When, however, combined mother liquors from several
such runs were worked up, a small amount of the chloro
analog of Ha (lib) was obtained in the form of its hy-
drochloride salt, again showing diphenylethylene ab-
sorption in the ultraviolet (Table 1). Heating lib as
the base to a bath temperature of 185° caused dehydro-
halogenation and formation of the yellow hydrochloride
salt of the butadiene derivative (111) (eq 2), structure

confirmed by its ir, nmr, and uv (Table I, 1,1,4-tri-
arylbutadiene, absorption, shifted in acid) spectra.
The coupling constant of the multiplet ascribable to the
acyclic double-bond protons in the nmr spectrum of 111
(J = 15 cps) suggests a trans configuration for the
double bond adjacent to the pyridine ring.

The fact that bond a is cleaved rather than bond b
and the direction of bond migration are of interest.
Although the observed result could be rationalized in
terms of thermodynamic rather than kinetic control,
the course of the reaction is in accord with the idea of a
concerted process, as shown in eq 1, without involve-
ment of a carbonium-ion intermediate. Carbonium-
ion formation from | with an already protonated pyri-
dine ring, particularly if the electron-withdrawing effect
is transmitted through the cyclopropyl group,1should
be arather high energy process and this is reflected in the
relative stability of | under acid conditions. Cer-
tainly the carbon a to the pyridinium ring would be ex-
pected to bear very little of the positive charge in any
generated carbonium ion and, consequently, 11 would
not be an obvious product of a carbonium-ion reaction.
On the other hand, the rate of a concerted displacement
at the a carbon would be enhanced by the electronic
interaction of the positively charge pyridine ring with
an approaching nucleophile. In this connection it is
worth noting that, although phenyl substitution on the
carbinyl carbon markedly enhances the rate of a sol-
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Tabte |

Ultraviolet Absorption M axima®

. ex dog «). .
Compound Base6 Acidc

I* 258 (3.44) 257 (4.21)
lia 254 (4.14) 253(4.21)
lib 254 (4.17) 254 (4.18)
11 247 (4.22) 256(4.19)

340(4.52) 384(4.52)
IVa 255.5 (3.40) 252 (3.75)
Vb 257 (3.36)
Va 253(4.24) 251(4.27)
Vb 256 (4.21) 251(4.23)
Via 258.5 (2.70) 258 (2.69>
Vib 258(2.85) 258 (2.85)
IX 252 (4.18) 251 (4.15)
X1 258.5(2.62) 252 (4.28)9
X1 227 (4.22) 262 (4.04)

260 (s) (3.78)
X1 253.5(3.20) 253 (3.18)
XV 248 (4.16) 273 (4.30)
XVa 253.5(4.32) 281(4.33)
XVb 245 (s) (4.00) 267 (4.00)
XVla 257.5(3.38)  254.5 (3.83)
XVIb 257.5(3.40) 255 (3.79)
1,1-Diphenylethylene 250 (4.04)*
1,1,3-Triphenylbutadiene 252 (4.20)*'
1,1,4-Triphenylbutadiene 240(4.2)*'

268 (3.7)

336 (4.6)
1,1-Diphenylbutadiene 287 (4.37)*

4-Vinylpyridine 242.5(4.12)*

“ Spectra were determined with a Bausch and Lomb spectronic
505 recording spectrophotometer; absorption peaks were checked
with a Beckman Model DU spectrophotometer. 6Medium, 0.1
N sodium hydroxide in aqueous ethanol. c¢Medium, 0.1 N hy-
drochloric acid in aqueous ethanol. i See ref 1. *Xrax 251 m/i
(log e 4.07) after the acid solution had been allowed to stand for
several hours. The neutralized solution showed Xrex 252 m/x (log
e 4.07). 1Absorption when spectrum was determined immedi-
ately; after the solution had stood for 45 min at room tempera-
ture, Xmrax 252 mgi (log e 3.30). 9Immediate reading; after the
solution had been allowed to stand for 1 hr at room temperature,
Xex 252 m/t (log e 4.81). h“Organic Electronic Spectral Data,”
Vol. I, M. J. Kamlet, Ed., Interscience Publishers, Inc., New
York, N. Y., 1960, p 557; solvent ethanol. ’ “Organic Electronic
Spectral Data”, Vol. 111, O. H. Wheeler and L. A. Kaplan, Ed.,
1966, p 860; solvent acetonitrile. * “Organic Electronic Spectral
Data,” Vol. I, H. E. Ungnade, Ed., 1960, p 687; solvent ethanol.
*T. Holm, Ada Chem. Scand,., 17, 2437 (1963); solvent cyclo-
hexane. 1Reference h, p 138; solvent ethanol.

volytic process,Ilattachment of phenyl at the 2 position
of the cyclopropane ring has little influence on rate.12
Of course, the influence of a phenyl substituent on car-
bonium-ion stability may be somewhat equivocal8 and
certainly less clear than that of a pyridinium substit-
uent.

The lability to acid of the formally “ring-opened”
analogs of I, 3-(4-pyridyl)-1,I-diphenyl-I-propanol
(Iva) and especially 3-(4-pyridyl)-1,I-diphenyl-I-bu-
tanol (IVb), synthesized by the methods indi-
cated in the Experimental Section, may be con-
trasted to that of I. The hydrochloride salt of | could
be prepared without difficulty under various conditions
in protic or aprotic solvents. Although the hydrochlo-
ride salt of IVVa could readily be prepared by treatment
of an ice-cold benzene-chloroform solution of the base

(11) R. A. Sneen and A. C. Baron, J. Amer. Chem. Soc., 83, 614 (1961).
(12) R. A. Sneen, K. M. Lewandowski, I. A. I. Taha, and B. R. Smith,
ibid., 83, 4843 (1961).
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with ethereal hydrogen chloride and recrystallization of
the precipitated salt from ethanol, treatment of an ice-
cold methanol solution of the base with ethereal hy-
drogen chloride afforded isolated yields of 65% of 1VVa
hydrochloride and 12% of the salt of the dehydrated
product, 3-(4-pyridyl)-1,1-diphenyl-1-propene (Va).
On the other hand Vb was so sensitive to acid that its
hydrochloride salt could not be obtained under any
conditions tried. Treatment of an ice-cold chloroform
solution of 1Vb with ethereal hydrogen chloride yielded
75% of the corresponding dehydrated product (\Vb) as
the sole isolated product. Not too much can be made
of these observations, particularly since acid treatment
of IVa and IVb involves simple dehydration with loss
of a proton (eq 3), whereas that of | effects rearrange-
ment with breaking of a carbon-carbon bond. The
special instability of 1Vb, moreover, must reflect steric
crowding by the methyl substituent which, though
apparently slight, is enough to throw the balance over
to the side of dehydration. Nevertheless, it is tempting
to think about the possibility that the site of carbonium-
ion formation in IVa and Vb may be more effectively
insulated from the charged pyridinium ring. (Clearer
support for this hypothesis is gained from a comparison
with derivatives in which the pyridine ring has been
reduced, vide infra.)

IVa,R=H Va
b, R=CH3 b

Although perhaps not directly pertinent to this dis-
cussion, it is of interest that a,a-dicyclopropyl-4-py-
ridineethanol (XVIla) and a-cyclopropyl-a-phenyl-4-
pyridineethanol (XVIb), in which the carbinol carbon
is closer to the pyridine ring, were not unusually un-
stable to acid.

OH
CH2—C—<1
XVla, R clopropyl
b, R = phenyl

Platinum-catalyzed hydrogenolysis of monoalkyl-
substituted cyclopropanes, possibly proceeding in part
via hydrogenation of a ring-opened intermediate,13
occurs under mild conditions at room temperature and
leads predominantly to branched-chain derivatives
(hydrogenolysis of the unsubstituted, unhindered,
carbon-carbon bond) accompanied by minor amounts
of straight-chain products.134 Ease of palladium-
catalyzed hydrogenolysis of phenyl-substituted cyclo-
propanes decreases in the following order: trans-1,2-

(13) M. Yu. Lukina, Russ. Chem. Res.. 31, 419 (1962); see pp 427, 428.
(14) See J. Newham and R. L. Burwell, Jr.,, J. Phys. Chem., 66, 1431
(1962), and references cited therein.
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diphenyl- > phenyl- > cis-1,2-diphenyl- > 1,1-di-
phenyleyclopropane (the last was not hydrogenolyzed
under the reaction conditions).’5 Phenylcyclopropanes
are cleaved at the more substituted carbon-carbon
bond and generally are hydrogenolyzed more readily
than alkylcyclopropanes. The results have been ex-
plained in terms of conjugative effects. 56

In view of these data it is of interest that Adams
platinum-catalyzed hydrogenation of the methobromide
salt of 11led smoothly, and without any appreciable
cleavage of the cyclopropane ring, to a reasonably good
yield (61%) of the N-methylpiperidine derivative, VIb.
The same product was readily obtained by sodium
borohydride reduction of the methobromide salt to
yield trans-2- [4-(I-methyl-A3-piperideinyl)]-a,a-di-
phenylcyclopropanemethanol (Via, the structure of
which was confirmed by its ir and nmr spectra, the
latter showing the retention of the cyclopropane ring
attached protons) followed by rhodium-catalyzed hy-
drogenation of Via (eq4). In contrast, hydrogenation

Via

of the crude (predominantly trans but mixed with some
of the cis isomer) methobromide salt of 4-(2-carbeth-
oxycyclopropyl) pyridinel over Adams platinum oxide
gave the cyclopropane ring cleaved, unbranched, ethyl
7-(I-methyl-4-piperidine)butyrate (VII) as the only
isolable product. Treatment of VII with 2 equiv
of phenylmagnesium bromide produced the diphe-
nylcarbinol V111 (eq 5), the structure of which was con-
firmed by its ir and nmr spectra. A combination of
decreased cyclopropane ring bond strength owing to
opposing conjugative effects and decreased steric hin-
drance can serve to explain this observed hydrogen-
olysis. On the other hand, it is difficult to rationalize,
on the basis of our earlier results and those reported in
the literature,6 our finding that the methobromide
salt of 2-(4-pyridyl)-l,I-diphenycyclopropane (XII),
prepared by reaction of 4-vinylpyridine with diphenyl-
diazomethane (see the Experimental Section for com-
ments on this synthesis), was hydrogenolyzed over
platinum oxide to give 3-(I-methyl-4-piperidyl)-1,1-
diphenylpropane (XI1I11) as the only isolated product
(eq 6), the structure of which was confirmed by spectral
data. It is worth noting, however, that in both in-
stances hydrogenolysis involves the most substituted

(15) B. A. Kazanskii, M. Yu. Lukina, and I. L. Safonova, Dokl. Akad.
Nuuk SSSR, 130, 322 (1960) [Chem.Abstr., 54, 10953 (1960)].
(16) See ref 13, pp 435, 436.
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H,
-cooc,h5 T CHXCHZCH2ZCOOCHS CtHsMgBr
\
ST
A +Br~ |
ch3
CH,
vn
OH
6]
VIl

carbon-carbon bond. The difference in behavior of
the methobromide salts of I and X 11 may possibly be
ascribed to steric interaction in the salt of XI1I, which
slows hydrogenation of the pyridinium group enough to
allow hydrogenolysis to precede reduction. When hy-
drogenation of the pyridinium ring occurs first (as does
happen with the salt of 1) the cyclopropyl group is left
unconjugated and therefore presumably more resistant
to hydrogenolytic cleavage.1&

It is particularly useful to contrast the acid lability of
Via and VIb to that of | inasmuch as the partial or
complete saturation of the pyridine ring in Via and VIb
eliminates orbital overlap between the itelectrons of the
pyridinium ring and the cyclopropane ring electrons as a
possible cause of resistance to carbonium-ion forma-
tion. In support of this concept, Via and VIb were
found to be much more sensitive to acid than I. Via
could be titrated with acetous-perchloric acid and
could be converted into a reasonably stable hydro-
chloride salt. However, whereas the ultraviolet ab-
sorption spectrum of | in 0.1 N hydrochloric acid
showed no change after storage of the solution for up to
1 week at room temperature and the spectral shift in
going from basic to acid solution was completely rever-
sible,1the spectrum of Via in 0.1 N hydrochloric acid
changed quite rapidly from that of a simple benzene
derivative to one reminiscent of a diphenylethylene in a
matter of hours and this change was irreversible (Table
I, see footnote ). The saturated compound VIb was
especially sensitive to acid. Compound VIb could not
be titrated with acetous-perchloric acid, giving evi-
dence of decomposition during the titration, and could
not be converted into a hydrochloride salt; the ultra-
violet absorption spectrum of VIb in 0.1 N hydrochloric

(16a) N ote Added in Proof.— A recent communication, W. J. Irwin and
F. J. McQuillin, Tetrahedron Lett.,, 2195 (1968), provides additional suppor-
tive evidence in regard to the influence of electrophilic conjugation on the
direction and rate of hydrogenolysis of the cyclopropyl group, compares
platinum vs. palladium as hydrogenolytic catalysts, and offers a plausible
rationale for the observed results.
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acid started undergoing irreversible change immedi-
ately on dissolution of the compound (Table I, see
footnote/).T7

It should be noted that the cyclopropane ring opened
compound VIII also proved to be significantly more
labile to acid than its approximate (one methylene
group less) pyridine counterpart 1Va. Compound
V111 could be titrated with acetous-perchloric acid and
its hydrochloride salt could be prepared by careful
treatment of a cold chloroform solution of the base
with ethereal hydrogen chloride. Use of a slight excess
of hydrogen chloride under the same conditions effected
essentially quantitative dehydration of the material to
give the hydrochloride salt of 4-(I-methyl-4-piperidyl)-
1,1-dipheny1-1-butene (IX) (eq7).

IX

In order to ascertain the effect of replacing the pyridine
ring of | by a dimethylaminopropyl group, 5-chloro-I-
pentene was heated with ethyl diazoacetate in the pres-
ence of cuprous cyanide to give ethyl 2-(3-chloro-
propyl)cyclopropanecarboxylate in low yield and ac-
companied by its dehydrohalogenated derivative.
Treatment of the chloro compound with dimethyl-
amine afforded ethyl 2-(3-dimethylaminopropyl)cy-
clopropanecarboxylate (X) which reacted with phenyl-
magnesium bromide to yield the desired 2-(3-dimethyl-
aminopropyl)-«,a-diphenylcyclopropanemethanol (XI,
configuration not established) (eq8). It was intriguing

CICHXCHXHXH=CH2 #iCHO0OHs>
CuCN

CICHXHXH2 y —COOCHS5 + CH2=CH-CH2--y COOCH,

I
(CH)2NCHXHXH2— y —COOCiHs — »

X
OH
(CHYNCHXHXH2—y - c— ) ®
Xl
17) Unfortunately, since the products of acid treatments of Via and VIb

were not isolated, nothing definitive can be said about their structures. The
special lability of Vb, however, entices one into speculating about the pos-
sible involvement of the basic nitrogen (in equilibrium with the protonated
form) in the process, e.g. eq i.
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to find that X1, with its basic nitrogen the same number
of carbon atoms away from the cyclopropyl group, was
at least as sensitive to acid as VIb and behaved toward
acid in strictly comparable fashion, although the ex-
tremely high extinction coefficient at 252 mu developed
by a solution of X1 in 0.1 N hydrochloric acid after 1
hr at room temperature is not readily explicable (Table
I, see footnote g).I7

Analogs of | in which unsaturated groups replaced
the cyclopropane ring were prepared from 4-ethynyl-
pyridine since reactions of ethyl 4-pyridylacrylate with
phenylmagnesium bromide or with phenyllithium
afforded complex mixtures of 1,2- and 1,4-addition prod-
ucts.8 To accomplish this end, a synthesis was de-
veloped which provided 4-ethynylpyridine in up to 29%
yield from 4-vinylpyridine hydrochloride, a consider-
ably better yield than had previously been realized
(see pertinent references cited in the Experimental
Section). The key was simply a two-step dehydro-
halogenation of 4-vinylpyridine dibromide involving
initial treatment of the dibromide with triethylamine
under mild conditions followed by harsh treatment of
the monobromo product with fused potassium hy-
droxide, care being taken to ensure minimum contact
time of the product with alkali. Reaction of the so-
dium salt of 4-ethynylpyridine with benzophenone
afforded a,a-dipbenyl-y- (4-pyridine) propynol (XIV)
in good yield. Lithium aluminum hydride reduction
of X1V yielded imns-a,a-diphenyl-y-(4-pyridine)pro-
penol (XVa) (Scheme I); the expectedd trans configu-
ration was supported by the nmr spectrum of the prod-
uct which showed a coupling constant of J = 16 cps
for the protons attached to the double bond. The cis
isomer XVb was prepared by catalytic hydrogenation
of X1V over Lindlar’s catalyst. Neither XVa or XVb
showed any special acid lability.

Of the compounds reported, only Via produced
central effects in animals comparable with those of 1,13
but activity in this instance was associated with a
significant peripheral anticholinergic action.

Experimental Sectiond

Effect of Acid on frans-2-(4-Pyridyl)-a,a-diphenylcyclopropane-
methanol (I). A. 4-(4-Pyridyl)-1,I-diphenyl-I-buten-4-ol Hy-
drochloride (lla).—A solution of 24.0 g (0.08 mol) of 11in a mix-
ture of 500 ml of 1 A aqueous sulfuric acid and 50 ml of ethanol
was heated on a steam bath for 6 hr. The cooled solution was
made alkaline with aqueous ammonia and the precipitate was
dissolved in benzene. The benzene solution was shaken with 3%
aqueous hydrochloric acid and the precipitated hydrochloride
salt was collected. Addition of dilute sodium hydroxide to a
methanol solution of the only slightly water-soluble salt gave
a precipitate which was taken into chloroform. Drying and
removal of the chloroform and recrystallization from benzene-
hexane afforded 8.7 g (36%) of recovered I, mp 168-169°; the
mixture melting point was undepressed.

(18) Unpublished work from this laboratory.

(19) See J. D. Chanley and H. Sobotka, J. Amer. Chem. Soc., 71, 4140
(1949); W. Oroshnik, G. Karinas, and A. D. Mebane, ibid., 74, 3807 (1952);
E. B. Bates, E. R. H. Jones, and M. C. Whiting, J. Chem. Soc., 1854 (1954).

(20) Microanalyses were performed by the Galbraith Laboratories, Knox-
ville, Tenn. Melting points are corrected. “Basic nitrogens” were deter-
mined by titration with acetous-perchloric acid, ionic halogens by poten-
tiometric titration. Infrared spectra were determined with a Beckman
Model IR-5 spectrophotometer; peak positions are given in reciprocal cen-
timeters (cm-1). Nuclear magnetic resonance spectra were determined with
a Varian Model A-60; pertinent chemical shifts are expressed in parts per
million (ppm) downfield from tetramethylsilane and coupling constants in

cycles per second (cps).
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Scheme |
ro\
N OH
XVb

Making the aqueous hydrochloric acid filtrate basic with
sodium carbonate, extracting the alkaline mixture with chloro-
form and drying, and removal of the organic solvent left a residue
in the form of a yellow oil. An ice-cold ether solution of the oil
was treated with ethereal hydrogen chloride to give a precipitate
which was recrystallized from ethanol-ether and then from iso-
propyl alcohol to yield 4.0 g (17%) of the hydrochloric salt of
lla: mp 216-217° (the melting point of a mixture with the
hydrochloride salt of | was markedly depressed); ir, vmx (KBT),
3320 (OH), 1633 and 1605 (pyridinium); nmr ((DMSO-de),
multiplet centeredat S7.27 (phenyl protons), tripletat 6.23 (single
double-bond proton).

Anal. Calcdfor C2ZHAZCINO: C, 74.65; H, 5.97; CI, 10.50.
Found: C, 75.21; H, 5.99; ionic Cl, 10.48.

B. 4-Chloro-4-(4-pyridyl)-l,1-diphenyl-I-butene Hydrochloride
(lib).—In the course of work-up of larger scale runs of the Gri-
gnard reaction used for the preparation of 1,1 concentrated, ice-
cold tetrahydrofuran-ether solutions of | were treated with cold
5% aqueous hydrochloric acid to precipitate the | hydrochloride.
Low melting, mother liquor fractions obtained from recrystalliza-
tions of the hydrochloride salt were pooled and dissolved in
methanol and the methanol solution was made alkaline with
aqueous sodium hydroxide. The resultant precipitate was taken
into chloroform and the chloroform solution was dried and
concentrated to give a residue which was extracted with cold
hexane (the material insoluble in the hexane proved to be I,
mp 169-170° after recrystallization). Concentration of the
hexane solution left a residual oil which was dissolved in ether.
Treatment of the ether solution with ethereal hydrogen chloride
gave a yellow precipitate which was recrystallized from mixtures
of isopropyl alcohol, ether, and hexane to give lib hydrochloride
as colorless crystals: mp 129-132°; ir, (KBr), OH stretch-
ing absorption absent, 1637 and 1592 (pyridinium).

Anal. Calcd for C2HICIN: C, 70.79; H, 5.37; ClI, 19.90;
ionic Cl, 9.95. Found: C, 70.35; H, 5.81; CI, 19.53; ionic
Cl, 9.72.

C.  4-(4-Pyridyl)-1,I-diphenyl-I,3-butadiene Hydrochloride
(lI).—Heating of 14 g of crude lib (oil) under vacuum at a
bath temperature of 185° caused rapid gas evolution and the
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formation of a yellow solid. Recrystallization of the solid from
isopropyl alcohol afforded 4.4 g of the hydrochloride salt of 111
as yellow crystals: mp 229-230°; ir, rm,, (KBr), OH band absent,
1640 and 1593 (pyridinium); nmr (CDCh), singlet at 5 7.39
(phenyl protons), multiplet centered at 6.94 (J = 15 cps, double-
bond protons).

Anal. Calcd for CaH,8C1IN: C, 78.86; H, 5.67; ClI, 11.09.
Found: C, 78.55; H, 5.74; ionic Cl, 11.00.

3-(4-Pyridyl)-1,1-diphenyl-l-propanol (IVa).—To a stirred
solution of approximately 0.3 mol of phenylmagnesium bromide
in 300 ml of ether, cooled in an ice bath, was added 12 g of crude
methyl d-(4-pyridine)propionate2 in 125 ml of dry ether. A
vigorous reaction ensued. After the addition was complete, the
reaction mixture was allowed to stand for 16 hr in the refrigerator
and then poured with rapid stirring on a slurry of ice and 33 g
of ammonium chloride. The ether layer was separated and the
aqueous mixture was extracted with benzene. The combined
benzene-ether solution was concentrated almost to dryness and
diluted with hexane to precipitate a solid which was recrystallized
from benzene to yield 6.4 g (30%) of 1Va, mp 159-160°.

Anal. Calcd for CZHIONO: N, 4.83. Found: basic N, 4.76.

The hydrochloride salt, prepared by treatment of an ice-cold
benzene-chloroform solution of 1VVa with ethereal hydrogen chlo-
ride and recrystallized from ethanol, showed mp 182-183° (gas
evolution); ir, v (KBr) 3340 (OH), 1630 and 1590 (pyridinium).

Anal. Calcd for CZH2,CINO: C, 73.70; H, 6.18; ClI, 10.88.
Found: C, 73.89; H, 6.16; ionic Cl, 10.83.

3-(4-Pyridyl)-I,I-diphenyl-I-propene Hydrochloride (Va).—To
an ice-cold solution of 396 g of IVa in 61. of methanol was added,
slowly with stirring, 300 ml of ethereal hydrogen chloride. After
the mixture was stirred for about 45 min at ice-bath temperature,
it was diluted with ether to precipitate a combined total of 288 g
(65%) of the hydrochloride salt of 1VVa, mp 179-180°. Concen-
tration of the mother liquor to dryness, crystallization of the
residual oil from ethanol, and recrystallization from isopropyl
alcohol afforded 45.7 g (12%) of the hydrochloride salt of Va in
the form of colorless crystals: mp 158-159.5°; ir, rmal (KBr),
OH band absent, 1628 and 1593 (pyridinium).

Anal. Calcd for CMHI&IN: C, 78.04; H, 5.89; CI, 11.52.
Found: C, 78.11; H, 5.84; ionic Cl, 11.56.

3-(4-Pyridyl)-I,I-diphenyl-I-butanol (IVb).—A slurry of 9.0 g
(0.23 mol) of powdered sodium amide and 25.0 g (0.23 mol) of
4-ethylpyridine (Eastman) in approximately 350 ml of liquid
ammonia was stirred for 30 min and then a mixture of 45.3 g
(0.23 mol) of diphenylethylene oxide2 in 150 ml of tetrahydro-
furan was added in portions over a 30-min period. Stirring was
continued and the evaporating ammonia was gradually replaced
by tetrahydrofuran. After all of the ammonia had evaporated,
the reaction mixture was heated at reflux for 5 hr. A small
amount of isopropyl alcohol was added to the cooled reaction
mixture, followed by the dropwise addition of 350 ml of water.
The tetrahydrofuran layer was separated and the water layer
was extracted with ether. The combined organic layers were
extracted with 5% aqueous hydrochloric acid. The acid extract
was made alkaline to precipitate a red oil which was taken into
ether. Drying and removal of the ether left a residue which was
washed with hexane and recrystallized from isopropyl alcohol to
yield 34.9 g (50%) of IVb as colorless crystals: mp 141-142°;
ir, vim, (KBr), broad OH stretching absorption, 1600 (pyridine).

Anal. Calcd for CAH2NO: C, 83.14; H, 6.98; N, 4.62.
Found: C, 83.29; H, 6.96; basic N, 4.52.

3-(4-Pyridyl)-1,1-diphenyl-l-butene Hydrochloride (Vb).—An
ice-cold chloroform solution of 15.0 g of IVb was treated with
ethereal hydrogen chloride and the acidified solution was diluted
with more ether to precipitate an oil, which crystallized from a
mixture of ethyl acetate, isopropyl alcohol, and ether, and was
recrystallized from isopropyl alcohol-ether to give 11.8 g (75%)
of Vb as colorless crystals, mp 162-164°. No other material
could be isolated from mother liquors. After one additional
recrystallization from isopropyl alcohol-ether, the material had
mp 165-167°; ir, nm,, (KBr), OH band absent, 1625 and 1600
(pyridinium).

Anal. Calcd for CAHZCIN: C, 78.38; H, 6.26; CI, 11.02.
Found: C, 78.50; H, 6.57; ionic ClI, 10.97.

3-(4-Pyridyl)-1,1-diphenyl-l-propanol (IVa).—A solution of
290 g (3.1 mol) of 4-picoline in 500 ml of dry tetrahydrofuran was
added, dropwise with stirring over a 45-min period, to a slurry of

(21) A. R. Katritzky, J. Chem. Soc., 2581 (1955).
(22) H. E. Zaugg and R.J. Michaéls, J. Amer. Chem. Soc., 80, 2770 (1958).
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125 g (3.2 mol) of powdered sodium amide in approximately
51 of liqguid ammonia. After being stirred for an additional 2 hr,
the reaction mixture was treated, dropwise over a 2.5-hr period,
with a solution of 362 g (1.55 mol) of 2-chloro-1,1-diphenyl-
ethanol.2 Stirring was continued, tetrahydrofuran was added to
replace the evaporating ammonia, and finally the reaction mix-
ture was heated at reflux for 2.5 hr. A small amount of isopropyl
alcohol followed by 1500 ml of water was added to the cooled
reaction mixture. The tetrahydrofuran layer was separated and
the water layer was washed with ether. The combined tetra-
hydrofuran-ether layers were washed with water, dried, and
evaporated to dryness. Crystallization of the residue gave 308 g
(69%) of IVa, mp 157-159°, identical with the material obtained
from methyl /3-pyridinepropionate.
trans-2-[4-(1-Methyl-A3piperideinyl)]-a.a-diphenylcyclopro-
panemethanol (Via).—To a stirred solution of 32.6 g (0.082
mol) of the methobromide salt of 11 in 150 ml of methanol was
added 25 g (0.66 mol) of sodium borohydride dissolved in 150 ml
of methanol at a rate sufficient to maintain gentle reflux. After
the addition was complete, the solution was heated at reflux for
2 hr and concentrated, and the solid residue was taken up in
water and exhaustively extracted with ether. Drying and re-
moval of the ether and crystallization of the residue from benzene-
hexane gave 22.6 g (86%) of Via: mp 154-156°; mp 156-158°
after further recrystallization.

Anal. Calcd for CZHZANO:
4.31.

The hydrochloride salt of Via, prepared in ice-cold chloroform-
ether and recrystallized from isopropyl alcohol-hexane, showed
mp 188-189° (gas evolution); ir, (KBr), 3330 (OH),
1667 (double bond), 1597 (phenyl); pK',, (80% Methyl Cellosolve)
7.83; nmr (DMSO-de), multiplet centered at S7.37 (phenyl pro-
tons), multiplet centered at 5.40 (single piperideine double-bond
proton), singlet at 2.73 (N-CH3 protons), complex multiplet
at below 1.0 (cyclopropane protons).

Anal. Calcd for CZHBCINO: C, 74.24; H, 7.36; CI, 9.96;
neut equiv, 355.9. Found: C, 74.05; H, 7.55; ionic ClI,
9.76; neut equiv, 361.

¢rans-2-(I-Methyl-4-piperidyl)-a,a-diphenylcyclopropanemeth-
anol (VIb). A.—Acetic acid was added dropwise to a suspension
of 8 g (0.025 mol) of Via in ca. 200 ml of ethanol until all of the
material had dissolved. The solution was shaken with 2 g of
5% rhodium on carbon at 50 psi of hydrogen and room tempera-
ture in an Adams-Parr apparatus. The calculated amount of
hydrogen was taken up in 10 min. Dilute, aqueous sodium
hydroxide was added to the filtered solution to precipitate a solid
which was recrystallized from heptane to yield 5.7 g (71%) of
VIib: mp 155-156°; mp 158-159.5° after further recrystalliza-
tion from heptane; ir, ymax (CHC13), 3610 (OH), 1600 (phenyl);
unstable in acid; titration with acetous-perchloric acid anomalous;
hydrochloride salt could not be prepared.

Anal. Calcd for CZHZNO: C, 82.20; H, 8.47; N, 4.36.
Found: C, 82.13; H, 8.55; N, 4.41.

B.—A solution of 16.0 g (0.04 mol) of the methobromide salt
of 11in 200 ml of ethanol was shaken with 0.5 g of platinum oxide
at room temperature under 50-psi hydrogen pressure in an
Adams-Parr apparatus. The calculated amount of hydrogen was
taken up in 1 hr. The filtered solution was concentrated to
one-half its volume, dilute aqueous ammonia was added, and the
resultant precipitate was dissolved in ether. Drying and re-
moval of the ether and recrystallization of the solid residue from
benzene-hexane afforded 7.8 g (61%) of Vb, identical with the
product obtained by method A above.

Ethyl y-(1-Methyl-4-piperidinejbutyrate (VI1).—A solution of
73.0 g (0.25 mol) of the crude methobromide salt of 4-(2-carb-
ethoxycyclopropyljpyridinel in 200 ml of 50% aqueous ethanol
was hydrogenated over 1g of platinum oxide at 50 psi and room
temperature. Hydrogen uptake was complete in 4 hr. The
filtered solution was concentrated, diluted with water and made
alkaline with sodium carbonate. The oil that separated was
dissolved in ether. Drying and removal of the ether and distilla-
tion of the residual oil yielded 41.0 g (78%) of VII: bp 116-118°
(4.5 mm); n2zh 1.4600; ir, rmx (CCI4) 1733 (ester carbonyl).
This was probably a mixture of isomers in view of difficulties en-
countered in isolating pure derivatives from it.

Anal. Calcd for CIHZN02 N, 6.57. Found: basic N, 6.49.

The hydrochloride salt of VH showed mp 105-106° after re-
crystallization from ethyl acetate; repeated crystallization from
ethyl acetate raised the melting point to 146-148°; the ir spec-
trum showed a band at rmex (CHC13) 1721 (ester carbonyl).

N, 4.39. Found: basic N,
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Anal. Calcd for C,H2AC1INO02: C, 57.70; H, 9.68; CI, 14.20.

Found: C, 57.64; H, 9.28; ionic Cl, 14.23.

4-(I-Methyl-4-piperidyl)-I,I-diphenyl-I-butanol (VII1).—To
the Grignard reagent prepared from 37.7 g (0.24 mol) of bromo-
benzene and 7.2 g (0.3 g-atom) of magnesium in 250 ml of tetra-
hydrofuran was added, dropwise with stirring at ice-bath tem-
perature, a solution of 21.1 g (0.01 mol) of crude VII in 200 ml of
tetrahydrofuran. After addition was complete the reaction mix-
ture was stirred at room temperature for 3 hr, a 20% solution of
ammonium chloride was added, and the reaction mixture was
extracted with ether. The ether solution was extracted with
dilute hydrochloric acid, the acid solution was made basic, and
the oil precipitate was extracted with ether. No characterizable
product could be isolated from the oil residue obtained from the
ether solution. A white solid which remained undissolved during
the ether extraction was recrystallized from heptane to give 6.5
g (20%) of VIII as colorless crystals: mp 184-185°; ir,
(KBr), broad absorption in OH stretching region, 1597 (phenyl);
nmr (DMSO-de), multiplet centered at 5 7.33 (phenyl protons),
2.64 (N-CH3protons), C-CH3peak absent.

Anal. Calcd for CZHZNO: C, 81.69; H, 9.04; N, 4.33.
Found: C, 81.89; H, 9.21; basic N, 4.28.

Ethereal hydrogen chloride was added dropwise to a chloroform
solution of 3.0 g of VIII, cooled in an ice bath, to the point at
which the solution proved acid to moist pH paper. Dilution of
the solution with hexane afforded a precipitate which was re-
crystallized from isopropyl alcohol to give 2.0 g of the hydro-
chloride salt of VIII as colorless crystals, mp 203-204° (gas

evolution).
Anal. Calcd for CZH3CINO: Cl, 9.85. Found: CI, 9.94;
ionic ClI, 9.80.

4-(I-Methyl-4-piperidyl)-I,I-diphenyl-I-butene Hydrochloride
(1X).—Dropwise addition of a slight excess of ethereal hydrogen
chloride to an ice-cold chloroform solution of 3.0 g of VIII and
dilution with ether gave a precipitate which was recrystallized
from isopropyl alcohol-ether to yield 2.3 g of the hydrochloride
salt of IX as colorless crystals: mp 210-211°, mixture melting
ponit with the hydrochloride salt of VIII markedly depressed,;
ir, rmex (KBr), OH band absent, 1595 (phenyl).

Anal. Calcd for CZHBCIN: C, 77.27; H, 8.25; Cl, 10.37.
Found: C, 77.30; H, 7.82; CI, 10.71.

Ethyl 2-(3-Dimethylaminopropyl)cyclopropanecarboxylate (X).
A.—A solution of approximately 1 mol of ethyl diazoacetatel in
775 ml of xylene was added, dropwise with stirring, to a mixture
of 100 g (0.95 mol) of 5-chloro-1-pentene and 3.6 g of cuprous
cyanide in 250 ml of xylene heated on a steam bath. The addi-
tion took 2 hr, during which a total of 27.2 1 of nitrogen was
evolved. After being heated for 1 hr more, the mixture was
allowed to cool and filtered and the filtrate was concentrated at
atmospheric pressure to remove xylene and starting material.
The residual oil was vacuum distilled and redistilled through a
28-in. Nester-Faust spinning-band column to give 33.4 g (18%) of
impure ethyl 2-(3-chloropropyl)cyclopropanecarboxylate, bp
121-123° (16 mm), nZ&d 1.4566. A forerun, boiling range 80-
110° (16 mm), »%> 1.435-1.440, was found to be low in chlorine
and apparently was largely ethyl 2-(2-propenyl)cyclopropane-
carboxylate: ir, rmal (CHC13 1725 (ester carbonyl), 1643
(double bond). A high boiling residue was not further char-
acterized.

B.—A solution of 33.2 g (0.17 mol) of crude ethyl 2-(3-chloro-
propyl)cyclopropanecarboxylate and 40.1 g (0.88 mol) of an-
hydrous dimethylamine in 200 ml of benzene was heated with
shaking at 65-70° for 50 hr in a stoppered Parr pressure bottle.
A total of 12.1 g (88%) of crude dimethylamine hydrochloride
was filtered from the cooled reaction mixture. The filtrate was
extracted with cold 5% hydrochloric acid solution; the aqueous
extract was made basic with potassium carbonate and extracted
with ether. Drying and removal of the ether followed by distilla-
tion of the residual yellow oil afforded 24.8 g (72%) of X: bp
118-119° (13 mm); w'd 1.4451; ir, (CHCIj) 1715 (ester
carbonyl); nmr (CDC13, quartet centered at 5 4.15 (ethoxy
CH2), triplet at 1.27 (ethoxy CH3), singlet at 2.90 [N-(CH3Z,
complex multiplet centered at about 1.0 (cyclopropane protons).

Anal. Calcd for CuH2N0O2 N, 7.03. Found: basic N, 7.08.

The cyclohexanesulfamate salt of X, prepared in ether-
isopropyl alcohol and recrystallized from ethyl acetate, showed
mp 94-95°.

Anal. Calcd for CiHIND5: C, 53.94; H, 9.05; S, 8.47.
Found: C, 54.32; H, 9.13; Schoniger S, 8.52.

2-(3-Dimethylammopropyl)-a,ff-diphenylcyclopropanemethanol
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(XI).—To an ice-cold slurry of the Grignard reagent prepared
from 55 g (0.35 mol) of bromobenzene and 8.9 g (0.36 g-atom) of
magnesium turnings in 225 ml of dry tetrahydrofuran was added,
dropwise with stirring, a solution of 18.0 g (0.09 mol) of X in
50 ml of tetrahydrofuran. After the addition was complete, the
reaction mixture was allowed to warm to room temperature and
stirring was continued for 2 hr.  The reaction mixture was poured
into 300 ml of saturated ammonium chloride solution and ex-
tracted with ether. The ether extract was dried and evaporated
to a thick oil residue that solidified on standing. This was dis-
solved in ice-cold, dilute aqueous hydrochloric acid. The aqueous
solution was washed with ether, made basic, and extracted with
ether. Drying and removal of the ether left an oily solid which
was crystallized from acetone and recrystallized from pentane
to give'6.8 g (22%) of colorless crystals of XI: mp 90-92°;
ir, mex (CHCla) 3300 (OH), 1600 (phenyl); nmr (CDC13),
multiplet centered at 8 7.33 (phenyl protons), singlet at 2.11
[N-(CH33, complex multiplet at below 1.0 (cyclopropane
protons); unstable to acid; titration with acetous perchloric
acid anomalous; acid addition salt could not be prepared.

Anal. Calcd for CHANO: C, 81.50; H, 8.80; N, 4.53.
Found: C, 81.47; H, 8.88; N, 4.71.

2-(4-Pyridyl)-1,1-diphenylcyclopropane Hydrochloride (XII).—
A solution of 25.2 g (0.13 mol) of crude diphenyldiazomethane2
and 14.7 g (0.14 mol) of 4-vinylpyridine in 150 ml of tetrahydro-
furan was slowly warmed2Bo reflux and heated at reflux for 11 hr
during which period nitrogen was slowly evolved. The cooled,
dark solution was diluted with hexane and filtered from a small
amount of precipitate; the filtrate was concentrated under
vacuum to a small volume and diluted with ether. Extraction
of the ether solution with 5% aqueous hydrochloric acid caused
formation of a precipitate which was recrystallized from isopropyl
alcohol to yield 29.4 g (73%) of the hydrochloride salt of X1I
in the form of colorless crystals: mp 237° dec; ir, ymal (CHC13)
1633 and 1605 (pyridinium).

Anal. Calcd for CIHICIN: C, 78.04; H, 5.89; CI, 11.52.
Found: C, 77.71; H, 5.77; ionic ClI, 11.51.

The methobromide salt of XII, prepared by treating an aceto-
nitrile solution of the base (oil) with methyl bromide and recrystal-
lized from isopropyl alcohol-ether, showed mp 226° dec.

Anal. Calcd for CAHZBrN: C, 68.85; H, 5.50; Br, 21.82.
Found: C, 68.84; H, 5.56; ionic Br, 21.75.

3-(I-Methyl-4-piperidyl)-1,1-diphenylpropane Hydrochloride
(X111).-A solution of 16.1 g (0.044 mol) of the methobromide
salt of XII in 250 ml of 90% ethanol was shaken with 0.5 g of
platinum oxide in an Adams-Parr apparatus under a hydrogen
pressure of 50 psi. The calculated amount of hydrogen was ab-
sorbed in 1.5 hr. The filtered solution was concentrated to a
smaller volume, diluted with water, made alkaline, and extracted
with ether. Drying and removal of the ether left an oil which
could not be crystallized. A dry ether solution of the oil was
treated with ethereal hydrogen chloride and the precipitate
recrystallized twice from isopropyl alcohol-ether-hexane and
then from ethyl acetate-ether to give 4.3 g (30%) of the hydro-
chloride salt of XIII: mp 173-174° (further recrystallization
from ethyl acetate-ether raised the melting point to 177-178°);
ir, vi& (CHC13) 1600 (phenyl); nmr (CDCI3), singlet at 8 7.27
(phenyl protons), triplet centered at 3.84 (diphenylmethyl CH),
singlet at 2.73 (N-CH?3).

Anal. Calcd for CAHZBCIN: C, 76.45; H, 8.55; CI, 10.75.
Found: C, 76.63; H, 8.53; ionic ClI, 10.73.

4-Ethynylpyridine.5%—A solution of 116 g (0.82 mol) of 4-

(23) D. A. Shirley, “Preparation of Organic Intermediates,” John Wiley
and Sons, Inc., New York, N. Y., 1951, p 134,

(24) The same product was obtained when the reactants were allowed to
stand at room temperature in ether solution for 3 days. When, however, di-
phenyldiazomethane was added to excess 4-vinylpyridine heated at 130° in
the presence of copper powder, very little nitrogen was evolved and a prod-
uct, which was not entirely freed from impurities but which probably was a
2-pyrazoline derivative, was isolated. This material was stable to heating
at above 200°; decomposition and nitrogen evolution took place at higher
temperatures but without formation of a characterizable product. It seems
likely that in the presence of a large excess of 4-vinylpyridine base at the
higher temperature rearrangement of the presumably initially formed
1-pyrazoline to a more stable 2-pyrazoline superseded loss of nitrogen.

(25) Procedure patterned after that used by D. Leaver, W. K. Gibson,
and J. D. It. Yass [J. Chem. Soc., 6053 (1963)] for preparation of 2-ethynyl-
pyridine in 30% yield. Conditions had to be modified in order to obtain a
comparable yield of the 4 isomer.

(26) U. Haug and H. Ftlrst [Chem. Ber., 93, 593 (1960)] report mp 94.5-
95° for 4-ethynylpyridine prepared by another method in 3.9% yield.
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vinylpyridine hydrochloride (mp 240-243°, prepared from freshly
distilled 4-vinylpyridine) in 550 ml of chloroform was treated,
dropwise with stirring and cooling in an ice bath, with 262 g
(1.62 mol) of bromine. After all of the bromine had been added,
the reaction mixture was stirred for 1 hr at ice-bath temperature
and then for 1 hr at room temperature. The reaction mixture
was diluted with ether and the precipitated orange oil was washed
with ether and treated with 500 ml of acetone to yield 209 g of
the crude salt of 4-vinylpyridine dibromide, mp 148-150°.

A 60.2-g portion of the crude salt was treated with aqueous
sodium carbonate and the resulting base was taken into ether.
The yellow ether solution was dried over magnesium sulfate,
concentrated to a volume of 350 ml, and treated with a solution
of 22.2 g (0.22 mol) of triethylamine in 100 ml of tetrahydrofuran.
The reaction mixture was stirred at room temperature for 2 hr
and at reflux for 1.5 hr, 21 g of precipitated triethylamine
hydrobromide was filtered off, and the filtrate was concentrated
at reduced pressure to 39 g of an amber oil, presumed to be crude
47pyridyl-1-bromoethylene.

To an intimate mixture of 56 g (1 mol) of powdered potassium
hydroxide and 50 g of paraffin (mp ~56°), magnetically stirred
and heated in an oil bath at 160° under a reduced pressure of
200 mm, 36 g of the crude 4-pyridyl-lI-bromoethylene was added
in small portions through a dropping funnel. The pressure was
held at 200 mm for 1-2 min after the addition of each portion and
then slowly reduced to 4 mm as the product distilled out of the
reaction mixture and was collected in a recovery flask in the form
of colorless crystals. This process was repeated until all of the
material had been added. Recrystallization of the distilled ma-
terial from pentane afforded 5.0 g of 4-ethynylpyridine, mp 95-
97°.8 The mother liquor was concentrated and the residue was
again subjected to treatment with potassium hydroxide-paraffin
to provide an additional 1.6 g of 4-ethynylpyridme, mp 95-98°,
for a total of 6.6 g, representing an over-all yield from 4-vinyl-
pyridine hydrochloride of 29%.

a,a-Diphenyl-7-(4-pyridine)propynol  (XIV).—To a stirred
slurry of 7.8 g (0.2 mol) of sodamide in 300 ml of liquid ammonia
was added 19.0 g (0.185 mol) of 4-ethynylpyridine followed by
33.7 g (0.185 mol) of benzophenone in 100 ml of dry ether. The
evaporating ammonia was replaced by a total of 800 ml of ether
and the reaction mixture was allowed to warm to room tempera-
ture. After a small amount of isopropyl alcohol had been
added, the reaction mixture was shaken with 2.5% aqueous
hydrochloric acid to give a white precipitate which was suspended
in dilute sodium carbonate solution and exhaustively extracted
with a mixture of chloroform and ether. Drying and evaporation
to dryness of the organic extract and recrystallization of the
residue from benzene-pentane yielded 40.0 g (76%) of XIV as
colorless plates, mp 187-188°.

Anal. Calcd for CZHiGNO: N, 4.91. Found: basic N, 4.89.

The methanesulfonate salt of XIV formed colorless needles from
a mixture of isopropyl alcohol, ether, and hexane: mp 164r-165°;
ir, Kmai (KBr) 3280 (broad OH band), 2235 (triple bond), 1638
and 1602 (pyridinium).

Anal. Calcd for CAHINO4S: C, 66.12; H, 5.02; S, 8.41.
Found: C, 66.75; H, 5.03; Schoniger S, 8.39.

trans-a,a-Diphenyl-Y-(4-pyridine)propenol (XVa).—A slurry of
1.48 g (0.039 mol) of lithium aluminum hydride in 250 ml of dry
ether was added in small portions to a stirred mixture of 12.5 g
(0.044 mol) of X1V in 200 ml of ether. After completion of the
addition, the resulting orange reaction mixture was heated at
reflux for 3 hr, allowed to cool to room temperature, and treated
with 10 ml of ethyl acetate followed by 50 ml of water. The
precipitated aluminum hydroxide was filtered off, the water layer
was separated from the filtrate, and the ether layer was diluted
with chloroform and dried over magnesium sulfate. Evaporation
of the ether-chloroform solution to a smaller volume caused
precipitation of XVa as a white solid: 5.3 g (42%); mp 178-179°,
mp 178.5-180° after recrystallization from benzene-hexane.
A mixture melting point with X1V showed a slight but definite
depression.

Anal. Calcd for CbH,,NO: N, 4.87. Found: basic N, 4.80.

The methanesulfonate salt of XVa formed fine, colorless
needles from isopropyl alcohol-ether: mp 178° (gas evolution);
ir, rmax (KBr) 3310 (broad OH band), 1632 and 1604 (pyridi-
nium); nmr (D), singlet at S7.48 (phenyl protons), 7.08 and
6.83 (double-bond protons, J trsn = 16 cps).

Anal. Calcd for CAHANO«S: C, 65.77; H, 5.52; S, 8.36.
Found: C, 65.96; H, 5.60; Schoniger S, 8.55.
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cis-a,a-Diphenyl-7-(4-pyridme)propenol (XVb).—A solution of
15.4 g (0.054 mol) of XIV and 1.4 g of quinoline in 300 ml of
methanol was hydrogenated over 1.4 g of freshly prepared
palladium-calcium carbonate (Lindlar’s catalyst)Z at room
temperature and atmospheric pressure.8 The calculated volume
of hydrogen was absorbed in 1 hr. Concentration of the filtered
solution to dryness under vacuum and recrystallization of the
solid residue from benzene-heptane and from benzene-pentane
yielded 7.0 g (49%) of XVb, mp 141-143°. Further recrystal-
lization gave colorless needles: mp 147-149°, melting point
depressed on admixture with IVa; ir, pmes (KBr) 3150 (broad
OH band), 1642 (double bond), 1600 (pyridine).

Anal. Calcd for CIHINO: N, 4.87. Found: basic N, 4.89.

It may be noted that a crystalline methanesulfonate but not a
crystalline hydrochloride salt was obtainable from XVa; the
reverse was true of XVb. The hydrochloride salt of XVb, re-
crystallized from ethanol-ether, showed mp 168-168.5°; ir,
mex (KBr) 3350 (OH), 1630 and 1603 (pyridinium); nmr
(DMSO0-d6), multiplet centered at S 7.40 (phenyl protons),
singlet at 6.93 (double-bond protons).

Anal. Calcd for C2,HIBCINO: C, 74.18; H, 5.60; ClI, 10.95.
Found: C, 74.06; H, 5.54; ionic Cl, 10.97.

a,a-Dicyclopropyl-4-pyridineethanol (XVla)—To a stirred
slurry of 12.3 g (0.31 mol) of sodium amide in 400 ml of liquid
ammonia was added 28.4 g (0.3 mol) of 4-picoline followed by
the dropwise addition of a solution of 33.4 g (0.3 mol) of dicyclo-
propyl ketone (Aldrich) in 150 ml of dry ether. The evaporating
ammonia was replaced by an additional 500 ml of ether. The
resultant reaction mixture was stirred for 1 hr at room tempera-
ture and poured on cracked ice, the ether layer was separated,
and the aqueous phase was extracted with fresh ether. The
combined, dried ether solution was concentrated to dryness
under vacuum and the residual oil was distilled to yield 20.4 g
(34%) of XVla as a colorless oil, bp 135-141° (0.2 mm), which
crystallized on standing, mp 51-53°.

Anal. Calcd for CBHINO: N, 6.89. Found: basic N, 6.88.

The hydrochloride salt of XVla, prepared by careful treatment
of a cold ether solution of the base with ethereal hydrogen chlo-
ride and recrystallized from acetonitrile, formed large colorless

needles: mp 140-141°; ir, iws (KBr) 3340 (OH), 1630 and 1592
(pyridinium).

Anal. Calcd for CI3HI8C1NO: C, 65.10; H, 7.56; CI, 14.78.
Found: C, 65.33; H, 7.65; CI, 14.79.

a-Cyclopropyl-a-phenyl-4-pyridineethanol (XVIb).—A similar
reaction of 4-picoline with cyclopropyl phenyl ketone (Aldrich)
and recrystallization of the crude, distilled product [boiling range
90-185° (0.1 mm)] from acetone-pentane yielded 7.95 g (19.5%)
of XVIb, mp 98-99°.

Anal. Calcd for CigHnNO: N, 5.85. Found: basic N, 5.80.

The hydrochloride salt of XVIb, recrystallized from isopropyl
alcohol, showed mp 189.5-190° (gas evolution); ir, vnax (KBr)
3340 (OH), 1628 and 1600 (pyridinium).

Anal. Calcd for CigHi8CINO: C, 69.68; H, 6.58; ClI, 12.86.
Found: C, 69.20; H, 6.60; ionic Cl, 12.96.

Registry No.—I, 6529"-62-0; Ha, 16898-00-3; Ha hy-
drochloride, 16898-01-4; lib, 16898-02-5; lib hydro-
chloride, 16898-03-6; Ill1, 16898-20-7; Il11 hydrochlo-
ride, 16898-04-7; 1Va, 16898-05-8; 1\VVa hydrochloride,
16898-06-9; IVVb, 16898-07-0; Va, 16898-08-1; Va hydro-
chloride, 16898-09-2; Vb, 16898-10-5; Vb hydrochlo-
ride, 16898-11-6; Via, 16898-12-7; Via hydrochloride,
16898-13-8; VIb, 16898-14-9; VII, 16898-15-0; VII hy-
drochloride, 16898-16-1; V111, 16898-17-2; VIII hydro-
chloride, 16898-21-8; 1X, 16898-22-9; IX hydrochlo-
ride, 16898-18-3; X, 16898-19-4; X cyclohexanesulfa-

mate, 16898-23-0; XI, 16897-65-7; XII, 16897-73-7;
XI11 hydrochloride, 16915-91-6; XII methobromide,
16897-66-8; XIII, 16897-67-9; XIII hydrochloride,

16897-68-0; X1V, 16897-53-3; XIV methanesulfonate,

(27) H. Lindlar, Helv. Chim. Acta, 35, 446 (1952). When palladium on
charcoal was used, the saturated compound (IVa), identified by comparison
with authentic material, was obtained.

(28) The hydrogenation could also be carried out in an Adams-Parr
apparatus at 40 psi.
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16897-54-4; XVa, 16897-55-5; XVa methanesulfonate,
16915-95-0; XVb, 16897-69-1; XVb hydrochloride,
16897-70-4; XVla, 16897-71-5; XVla hydrochloride,

16897-74-8;
16897-76-0;

XVIb, 16897-75-9; XVIb hydrochloride,
4-ethynylpyridine, 2510-22-7.
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M. Shur and S.
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Very good yields of 4H-pyrido[l,2-a]pyrimidin-4-ones have been obtained in a one-stage synthesis by the con-
densation of 2-aminopyridines with /3-keto esters or ethyl ethoxymethylenemalonate, and the corresponding 2,4-

diones with diethyl malonate, in the presence of polyphosphoric acid (PPA).

It is suggested that the cyclization

of 2-acylacetamidopyridines with PPA to give pyrido[l,2-a]pyrimidin-4-ones involves the formation of N-(2-
pyridyl)-/?-(2'-pyridylamino)crotonamides since the latter on treatment with PPA give the same products.

It has recently been shown by Staskun and
Israelstaml and Mallams and Israelstam?2 that hy-
droxyquinolines can be synthesized in one stage in good
yields by heating arylamines with /3-keto esters in the
presence of PPA. This method avoids the necessity
of following the two-stage method of Conrad and
Limpach.36 In an analogous way, we have now
shown that pyrido [l,2-a]pyrimidin-4-ones can also
easily be obtained in a one-stage process by condensing
2-aminopyridines with /3-keto esters in the presence of
PPA. The yields are much higher (in many cases
80% or more) than those obtained by other methods
using a two-stage procedure involving the intermediate
2-acylacetamidopyridine (1) and its subsequent cy-
clization to the pyrido[l,2-a]pyrimidin-4-one (2).

Optimum vyields were obtained by heating 1 mol of the
2-aminopyridine with 1.5 mol of /3-keto ester at 100° for
about 1 hr together with a four- to sixfold quantity of
PPA. Kato, et al.7 have obtained a 28% vyield of
2-methyl-4H-pyrido[l,2-a]pyrimidin-4-one by treating
2-aminopyridine with diketene.

Table | gives some of the pyrido [l,2-a]pyrimidin-
4-ones prepared, many of which are water soluble and
pharmacologically active. 5-Nitro-2-aminopyridine
failed to react.

Alkaline hydrolysis of these compounds yielded the
2-aminopyridines from which they were derived. This
according to Lappin8 proves that they were pyrido-
[1,2-a]pyrimidines and not 1,8-naphthyridines. Fur-

thermore, oxidation yielded 4-hydroxypyrimidines.

(1) B. Staskun and S. S. Israelstam, J. Org. Chem., 26, 3191 (1961).

(2) A. K. Mallams and S. S. Israelstam, ibid., 29, 3548 (1964).

(3) M. Conrad and L. Limpach, Chem. Ber., 20, 944 (1887).

(4) M. Conrad and L. Limpach, ibid., 21, 523 (1888).

(5) M. Conrad and L. Limpach, ibid., 21, 1649 (1888).

(6) M. Conrad and L. Limpach, ibid., 24, 2990 (1891).

(7) T. Kato, H. Yamanaka, T. Mitsuma, and M. Aizumi, Chem. Pharm.
Bull., 12 (8), 910 (1964).

(8) G. R. Lappin, J. Amer. Chem. Soc., 70, 3348 (1948).

Although some workers9-14 considered that the base
obtained from 2-aminopyridine and ethyl acetoace-
tate was 4-methyl-2H-pyrido[l,2-a]pyrimidin-2-one (3,
Ri = R3 = H; R2 = CHJ3, Antaki and Petrow®

showed that the product was in fact the 2-methyl-4-keto
isomer 2 (R, = R3= H; R2= CHJ by virtue of its
alternate synthesis from 2-bromopyridine and ethyl
/3-aminocrotonate.

The 4-keto structure was confirmed by Adams and
Pachter’6who converted 3-bromo-2-phenyl-4H-pyrido-
[1,2-a]pyrimidin-4-one into 2-phenylimidazo [1,2-a]-
pyridine.

However, further evidence has now been adduced not
only in support of the 4-keto structure, but also of a
possible mechanism for the reaction. Kucherov13¥
has shown that, when N-(5-chloro-2-pyridyl)- /3 (5 -
chloro-2'-pyridylamino)crotonamide (4, R, = =
5Cl1) is treated with sulfuric acid, a 7- chloropyrldo-
[1,2-a]pyrimidinone was formed, which he incorrectly
regarded as the 2-keto isomer.

It was therefore decided to investigate the products
obtained by cyclization of unsymmetrical crotonamides
(4) since the nature of these products would provide
evidence both of the structure of the pyrimidinone
and of a possible mechanism.

The conversion of the crotonamide into the pyrim-
idinone probably occurs in two stages: first, hy-
drolytic fission could occur at either bonds a or b with

(9) C. R. Hauser and M. J. Weiss, J. Org. Chem., 14, 453 (1949).

(10) F. Palazzo and A. Tamburini, Atti Accad. Lincei, 20 I, 37 (1911);
Chem. Abstr., 6, 1586 (1911).

(11) Crippa and Scevola, Gazz. Chim. Ital., 67, 327 (1937);
32, 166 (1938).

(12) S. N. Khitrik, J. Gen. Chem. USSR, 9, 1109 (1939); Chem. Abstr.
33, 8615 (1939).

(13) v. H. Kucherov, J. Gen. Chem. USSR, 20, 1890 (1950); Chem. Abstr.,
45, 2951 (1951).

(14) V. H. Kucherov, J. Gen. Chem. USSR, 21, 1145 (1951); Chem. Abstr.,
46, 5043 (1952).

(15) H. Antaki and V. Petrow, J. Chem. Soc., 551 (1951).

(16) R. Adams and I. Pachter, J. Amer. Chem. Soc., 74, 5491 (1952).

Chem. Abstr.,
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Table |
4H-Pybido [1,2-a] pyrimidin-4-ones

"a>_£X
(0} T2
r3
Lit. e Anal . -
Registry Yield, Mp, yield® Lit. mp,
Ri R2 Ra no. % °C % °C Formula [ H N C H N
H ch3 H 9% 123 NR 123-1246
9-CH3 ch3 H 74 131-132 NR 130'
6-CH3 ch3 H 16867-28-0 69 105 NR NR c,hilnd 68.98 5.75 68.99 5091
7-C1 ch3 H 98 169-170 22d 1ds-iee*
7,9-di-Br CHa H 16878-10-7 86 167 NR NR CHBrND 3396 1.89 34.07 2.00
H ch3 CHa 16867-29-1 86 120-121 NR NR CicHIN2D 68.98 5.75 68.91 5.68
7-CH3 CHa CHa 16878-11-8 80 129-130 NR NR ChHIND 14.89 14.80
7-Br CHa CAR, 16867-30-4 82 138-139 NR NR C,HUBrND 49.44 4.12 49.40 4.06
H CHa chb5 16867-31-5 76 92-93 NR NR CuHIND 14.89 14.90
6,8-di-CHs CHa ch5 16867-32-6 83 128-129 NR NR CiHIND 7221 7.41 72.46 7.62
H CHa cl 16867-33-7 51 186-187 NR NR ch,cind 5553 359 55.80 3.68
7-Cl CcH5 H 16867-34-8 54 170-171 NR NR c,h*ind 10.91 10.98
H CHaCl H 16867-35-9 44 169-170 NR NR ch,cind 5553 359 55.58 3.65
«NR = not reported. bReference 15. cReference 7. dReference 13.

the formation of either the aminopyridine (5) and the
/3-pyridylaminocrotonic acid (6) or the aminopyridine
(7) and the 2-acetoacetamidopyridine (8) (Scheme I).

Scheme |

The second stage would be the cyclization of either
6 to give the pyrimidin-4-one (2, R2= CH3 R3= H)
or of 8 which would be expected to give the pyrimidin-
2-one (3, R2= CH3;R3= H). It was found that the
2-aminopyridine formed was in fact 5 and that the
pyrido [1,2-a]pyrimidinone formed contained the group
R4, and hence it may be concluded that the pyrim-
idinone is the 4-keto isomer 2 (Ri R4; R2 = CH3
R3= H).

A number of symmetrical and unsymmetrical or
“mixed” crotonamides were prepared. Symmetrical
crotonamides were obtained by the interaction of
2-aminopyridines and the 2-acetoacetamidopyridine
obtained from it and unsymmetrical crotonamides
from 2-aminopyridines and a 2-acetoacetamidopyridine

derived from a different 2-aminopyridine according
to Khitrik12 and Kucherov.i4 Attempts to prepare
crotonamides from 6-methyl-2-aminopyridines led to
the formation of symmetrical di(6-methyl-2-pyridyl)-
ureas. It is interesting to note that, when 5-chloro-2-
aminopyridine was heated with 4-methyl-2-aceto-
acetamidopyridine (2, Ri 4-CH3, R2= CH3 R3=
H), only the symmetrical crotonamide, N-(5-chloro-2-
pyridyl)-/3-(5'-chloro-2'-pyridylamino)crotonamide (4,
Ri R4 = 5Cl1) was isolated. The conversion of
the crotonamides (Table I1) into the pyrido[1,2-a]-
pyrimidin-4-ones was effected by heating them with
PPA.

The ultraviolet spectra of a number of pyrido [1,2-a]-
pyrimidin-4-ones obtained by the one-stage synthesis
were determined and compared with those of 9 and 10,
obtained by Adams and Pachter.5 The 4H-pyrido-
[1,2-a]pyrimidin-4-ones show a characteristic two-band
spectrum, one with maximum at about 350 my being
ascribed’B to the N-substituted pyridone-2-imine
chromophore. The second band with maximum at
about 245 my has been attributed® to the —C=C—
C=0 chromophore of the pyrimidine moiety. The
ultraviolet absorption spectra of the pyrido [1,2-a]-
pyrimidinones prepared were found to be very similar
to that of 4H-pyrido [1,2-a]pyrimidin-4-one (10).

g—'Ssr

N o
9

The 4H-pyrido[l,2-a]pyrimidin-4-ones obtained in
the one-stage synthesis were also obtained by the
cyclization of alkyl jS-pyridylaminocrotonates (11) and

(17) H. Antaki, ibid., 80, 3066 (1958).

(18) L. C. Anderson and N. V. Seeger, J. Amer. Chem. Soc., 71, 340
(1949).

(19) H. Antaki, J. Org. Chem., 27, 1371 (1962).
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Table Il

N-(2-Pyridyl)-/S-(2'-pyridy lamino)crotonamides

r—-----Substituents - ' Registry Yield,

Ri Ri no. [\ Mp, “C
4-CH3 4-CH3s 16878-12-9 35 152-153
5-CH3 5-CH, 16867-36-0 48 171-173
H 5-C1 16867-37-1 36 194-195
H 4-CHs 16867-38-2 41 127-128
H 5-CHs 16867-39-3 36 162-163
H 5-Br 16867-40-6 32 184-185
5-CHs 5-C1 16867-41-7 36 198-199

2-acylacetamidopyridines (12) in the presence of PPA.
This method was shorter and offered better yields than
the sulfuric acid method used by other workers.12-14

When preparing the acylacetamidopyridines it was
found that the reaction between 6-methyl- and 4,6-
dimethyl-2-aminopyridines and the a-methyl- and
a-ethylacetoacetates did not yield any of the expected
Q!-alkyl-2-acetoacetamidopyridines. As in the case of
the preparation of the crotonamides mentioned above,
dipyridylureas were formed instead, together with the
corresponding methyl alkyl ketone. This is similar to
the observation of Mallams and Israelstam2 who
obtained diarylureas by the interaction of certain
arylamines and a-alkyl acetoacetates, instead of a-
alkylacetoacetanilides.

It should be noted that Allen, et al.,Dconsidered the
compound obtained by the condensation of 3-methyl-
2-aminopyridine and dilcetene to be 3-methyl-2-ace-
toacetamidopyridine (12, IR = 3-CH3 R2 = CH3;
we have shown that in fact this compound is 2,9-
dimethyl-4H-pyrido [I,2-a]pyrimidin-4-one (2, R, =
9-CH3,R2= CH3R3= H).

Since the crotonates have been shown to undergo
cyclization to pyrimidin-4-ones when heated in PPA,
it may be assumed that the mechanism of the direct
synthesis in cases where the 2-aminopyridine is known
to give a crotonate, is straightforward.

R, = 3-CHs, 5-C1,5-Br, 3,5-diBr; R*= CH3 CH5

(20) C. Allen, J. Van Allan, and C. Wilson, /. Amer. Chem. Soc., %, 1805
(1944).
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-------------------- Anal, % -------eeeeeeeeee
Calcd---------ee-- T e Found
Formula C

CioHisN"~O 68.10 6.38 68.08 6.49
CitHEBND 68.10 6.38 68.29 6.65
C 14H 13C IN 10 58.20 451 58.11 4.58
C 1sH 16N 40 67.17 5.97 66.94 6.05
CHBND 67.17 5.97 67.29 6.00
CidHIBrNAD 50.46 3.90 50.42 3.99
CIHHECIND 59.55 4.96 59.66 5.02

On the other hand, the mechanism for the formation
of those pyrimidin-4-ones derived from 2-amino-
pyridines, which form 2-acylacetamidopyridines, is
more complicated. It is suggested that in such cases a
crotonamide is formed as an intermediate although no
crotonamide was isolated in these reactions. However,
Galasko and Israelstam?2L have isolated a crotonamide
in the cyclization of 2-acetoacetamidothiazoles to
thiazolo[3,2-a]pyrimidin-5-ones on heating with PPA.
The mechanism shown in Scheme Il is therefore pro-
posed for the direct synthesis of 4H-pyrido[l,2-<z]pyri-
midin-4-ones from such 2-aminopyridines.

Scheme ||

-R,0H

Ri + CH3COCHZC00ik

N nNH,

R, = H, 4-CH3 5-CH3 S-Cils, 5-C1,5-Br

It is important to note that the yields of the pyrido-
[1,2-a]pyrimidin-4-ones obtained by the cyclization of
2-acylacetamidopyridines in the presence of PPA were
generally less than 50%, whereas by cyclization of
the alkyl d-(aminopyridyl)crotonates with the same
reagent were almost quantitative. The lower yield in
the former cyclization may be ascribed to the fact that
only one-half of the aminopyridine used goes to form
the pyridopyrimidin-4-one so that 2 mol of the amino-
pyridine are required to produce 1 mol of the pyrido-
pyrimidin-4-one. In fact it was shown that, when an
equimolecular quantity of 2-aminopyridine was added
to the 2-acetoacetamidopyridine in the presence of
PPA, the yield of 2-methyl-4H-pyrido[l,2-a]pyrimidin-
4-one was raised from 56 to 81%.

(21) G. Galasko and S. S. Israelstam, private communication.
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Table I11
3-Cabbethoxy-4H-pyrido [1,2-a]pyrimidin-4-ones

Registry Yield, Lit. mp,
Substituent R no. % Mp, °C °C
9-ch X 16878-14-1 79 144r-145 NR
6-CHs 16867-53-1 86 148-149 NR
6,8-di-CHa 16867-54-2 78 148-149 NR
7-Cl 16867-55-3 76 147-148 132-1336
7-Br 16867-56-4 81 155-156 134-1356

“ Obtained from ethyl (3-methyl-2-pyridylamino)methylenemalonate, mp 68-69°.

Found: C, 60.47; H, 6.70. bReference 8.

Although the various aminopyridines discussed above
yielded pyrido [1,2-a]pyrimidin-4-ones when allowed to
react with /3-keto esters in the presence of PPA, it is
interesting that in the case of 2,6-diaminopyridine the
product obtained was 7-amino-2-hydroxy-l,S-naph-
thyridine. This is in accordance with the work of
others.822-24 It appears that the resonance structure
(13) of 2,6-diaminopyridine makes the most important

contribution to the molecule, and, together with the
steric effect of the 6-amino group, position 3 is more
likely to be attacked than the ring nitrogen.

A similar investigation was carried out to study the
reaction between 2-aminopyridines and ethyl ethoxy-
methylenemalonate (EMME) in the presence of PPA.
A direct synthesis of 3-carbethoxy-4H-pyrido[l,2-a]-
pyrimidin-4-ones (14) was thereby accomplished, the
same compounds being obtained by the cyclization of
the 2-pyridylaminomethylenemalonates (15) with PPA.

The malonates were made by using the method of
Lappin,8who cyclized the malonates by boiling them in
diphenyl ether and obtained either the pyrimidin-4-one
(14) or the 3-carbethoxy-4-hydroxy-l,8-naphthyridine
(16) depending on the nature and position of R.

16

(22) O. Seide, Chem. Ber., 58, 352 (1925).

(23) A. E. Chichibabin, ibid., 57, 1168 (1924).

(24) G. R. Lappin, Q. R. Peterson, and C. E. Wheeler, J. Org. Chem., 15,
377 (1950).

-Anal, %
------------ Caled —-------—-Found
Formula C H C H
Ci2H 12N 20s 62.07 5.17 62.02 5.30
Ci2H 2N 203 62.07 5.17 62.30 5.15
CnHuUNA 63.41 5.69 63.52 5.80
CUHIN203 52.28 3.56 52.21 3.60
CnHaBrNA 44.44 3.03 44.65 3.41

Anal. Caled for CHIBON?2. C, 60.43; H, 6.47.

Lappin8 found that pyrido [l,2-a]pyrimidin-4-ones
(13) were formed except when the substituent in posi-
tion 6 of the 2-aminopyridine was an electron-releasing
group, when the naphthyridine (15) was obtained
instead. The fact that ethyl (6-methyl-2-pyridyl-
amino)methylenemalonate when cyclized with PPA
gave a pyrimidin-4-one and not a naphthyridine may be
accounted for on the supposition that the pyridyl-
aminomethylenemalonate is protonated to give the
cation

HC NHCH=C(COOEth
which is not possible when just heated alone. Cycliza-
tion would thus occur at the ring nitrogen rather than
at position 3. We found that pyrido [1,2-aJpyrimidin-
4-ones were obtained in all cases using PPA, except
with 2,6-diaminopyridine when a tar was obtained.
The 3-carbethoxy-4H-pyrido [l,2-a]pyrimidin-4-ones
(14) prepared and cyclized are given in Table I1I.
When diethyl malonate was heated with 2-amino-
pyridines at 160° for 2 hr with PPA, good yields of
2,3-dihydro-4H-pyrido [1,2-a]pyrimidine-2,4-diones (17)
were obtained. ChichibabinZRreported the formation
of 2,3-dihydro-4H-pyrido [l,2-a]pyrimidine-2,4-dione
(17, R = H) in unspecified yield by heating 2-amino-
pyridine and diethyl malonate. When the latter
compounds were heated with PPA at 130° during 1 hr,
the malonamide (18, R = H) was obtained instead
which was cyclized at 160° with PPA to the pyrimi-
dine-2,4-dione (17, R = H).

R =H, 4-CH35-CH3

3-Methyl-2-aminopyridine was sufficiently reactive
to give the pyrimidinedione (17, R = 9-CI13 merely on
heating in the absence of PPA, no malonamide being
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isolated. In certain cases a malonamate (19) was iso-
lated along with a malonamide which was also obtained
by heating the former with PPA.

It would therefore seem reasonable to suggest that
the mechanism for the one-stage synthesis of the pyrido-
pyrimidinedione is as shown in the following route.

2-aminopyridine -f diethyl malonate — >m
2-aminopyridine
malonamate (19)------------------- > malonamide (18) — >
pyridopyrimidine-2,4-dione (17)

This mechanism is more likely than that proposed by
Khalifal which postulates a rearrangement of the
malonamate to a hypothetical 2-imino-N-carbethoxy-
acetopyridine as an intermediate.

When 6-methyl- and 5-halo-2-aminopyridines were
heated with diethyl malonate up to 170° in PPA, only
the malonamide was obtained; neither a 1,8-naphthyri-
dine nor a pyridopyrimidinedione was isolated; cf.
report by Lappin.2

Experimental Section

All melting points were determined on an electrically heated
copper block and are uncorrected.

Alkyl 0-(2-Pyridylamino)crotonates (11).—A mixture contain-
ing 0.03 mol of the 2-aminopyridine and 0.03 mol of ethyl 0-
aminocrotonate was heated at 140° for 1 hr. The reaction prod-
uct was cooled and treated with dilute ethanol. The crude prod-
uct (yields varying from 50 to 65%) was crystallized from ethanol
to give colorless needles. The same products, in similar yields
were obtained using Kucherov’s method.l4 The following are
new alkyl 0-(2-pyridylamino)crotonates (11) obtained. Ri and
R3 substituent, % yield, melting point, and analysis are

given: 5-C1, CH3 52%, 89-90° (Calcd for CIHIUCIN22: C,
52.97; H, 4.86. Found: C, 53.03; H, 5.01); 3-CH3 CHSH§
48% 63-64° (Calcd for CIHIGND2 C, 65.46; H, 7.27.
Found: C, 65.36; H, 7.12); 3-CH3 CH3 45%, 83-84° (Calcd

for CIHN202: C, 64.08; H, 6.79. Found: C, 64.05; H,
6.83), 3,5-di-Br, CH3 61%, 115-116° (Calcd for CIHIBraN 202
C, 34.29; H, 2.86. Found: C, 34.35; H, 2.96).

Cyclization of Alkyl 0-(2-Pyridylamino)crotonates.—About
1.0 g of the crotonate 11 and 8.0 g of PPA were heated for 30
min at 140° with frequent stirring. The reaction product was
cooled and neutralized with 2 N NaOH to give the pyrido[l,2-a]-
pyrimidin-4-one (crude yield 70-90%) crystallized from petroleum
ether (bp 80-100°) or dilute ethanol as colorless needles.

2-Acyf;icetamidopyridines (12).—A mixture of 0.1 mol of the
2-aminopyridine and 0.2 mol of O-keto ester was heated for 1 hr
at 150-160°. On cooling, the product solidified. The solid was
triturated with 1% NaOH to remove unchanged reactants. The
crude product (yields 75-95%) was crystallized from either
water or dilute ethanol as colorless needles. The compound gave
a purple color with an ethanolic solution of ferric chloride.
New acylacetamidopyridines were obtained. Substituents, %
yield, meltingpoint, and analysis are given: group 1, Ri = 4-CH3
R2 = CH3 75%, 122-123° (Calcd for CIHIN202;, C, 62.50;
H, 6.25. Found: C, 62.39; H, 6.34); Ri = 5-CH3 R2
= CH3 78%, 152-153° (Calcd for CiHIN22 C, 62.50;
H, 6.25. Found: C,62.54; H, 6.31); Ri = 6-CH3 R2= CH3
65%, 104° (Calcd for CidHiN202: C, 62.50; H, 6.25. Found:
C, 62.51; H, 6.29); group 2, Ri = 4-CH3 R2 = C@H5 76%,
134° (Calcd for CiGHuN22 N, 11.02. Found: N, 11.20);
R, = 5-CH3 R2= C@16 74%, 162-163° (Calcd for CitH,AN2D2:
N, 11.02. Found: N, 10.93); Ri = 6-CH3 R2= C@H§ 84%,
78-79° (Calcd for CiH,,N2D2 N, 11.02. Found: N, 10.98);
R, = 5-C1, R2= CEH6 98%, 161-162° (Calcd for C14H,,CIND 2
N, 10.20. Found: N, 10.39); Ri = 5-Br, R2 = C616 89%,
159-160° (Calcd for Ci4H,,BrND 2 N, 8.77. Found: N, 8.65).

Cyclization of 2-Acylacetamidopyridines to Pyrldo[I,Z-Oi
primidin-4-ones (2).—A mixture of 0.01 mol of the 2-acylacet-
amidopyridine and ten times the weight of PPA was heated at

(25) M. Khalifa, Bull. Fac. Pharm. (Cairo University), 1, 149 (1961);

Chem. Abstr., 61, 5643 (1964).
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140° with frequent stirring until the mixture became a dark red.
It was then cooled and neutralized with 2 N NaOH and recooled
in ice. The product was filtered, and the crude product was
crystallized from petroleum ether (bp 60-80°) yielding colorless
needles.

N-(2-Pyridyl)-0-(2'-pyridylamino)crotonamides (4). A. Sym-
metrical Crotonamides.—A mixture of 0.1 mol of 2-aminopyridine
and 0.05 mol of 0-keto ester was heated at 140° for 3 hr. The
reaction, after solidifying, was triturated with hot water. The
crude material was crystallized from ethanol yielding colorless
needles. The hot washings gave a small quantity of the 2-
acylacetamidopyridine on cooling.

B. Unsymmetrical Crotonamides.—A mixture of 0.02 mol
of a 2-aminopyridine and 0.02 mol of an acetoacetamidopyridine
derived from a different 2-aminopyridine was refluxed in alcohol
containing 1 drop of concentrated HZ04 for 3 hr. On cooling,
the crotonamide separated and crystallized from ethanol as
colorless needles.

Conversion of Crotonamides (4) into Pyrido[l,2-a]pyrimidin-4-
ones (2).—A mixture of 0.005 mol of 4 and ten times that weight
of PPA was heated at 150° with frequent stirring for 1 hr. After
cooling and neutralizing with 2 N NaOH, the resulting solution
was extracted with chloroform. The pyrimidin-4-one was ob-
tained from the chloroform layer and crystallized from petro-
leum ether (bp 60-80°). Mixture melting points with pyrimidin-
4-ones obtained by other methods were not depressed.

The aqueous layer on extraction with ether yielded a small
quantity of the 2-aminopyridine (5).

Direct Synthesis of Pyrido[l,2-a]pyrimidin-4-ones (2) from
2-Aminopyridines and 3-Keto Esters Using PPA.—A mixture
of 0.1 mol of a 2-aminopyridine, 0.15 mol of 0-keto ester, and six
times the weight of the former of PPA was heated at 100° with
frequent stirring (the 4- and 5-halo-2-aminopyridines required
temperatures of up to 160°). After 1 hr the reaction mixture,
which was a deep red color, was cooled and neutralized with 2
N NaOH to give, after cooling in ice, the pyrimidin-4-one.
Crystallization from petroleum ether (bp 60-80°) or ethanol gave
colorless needles. Uv spectra of the 2-methyl compounds showed
maxima at 350 and 245 m”, while the 2-phenyl analogs showed
maxima at 350 and about 260 m/i.

Cyclization of Ethyl 2-Pyridylaminomethylenemalonates.—A
mixture of 0.005 mol of ethyl 2-pyridylaminomethylenemalonates
as prepared by Lappin8and ten times its weight of PPA was
heated for 4 hr at 110° with frequent stirring. The cooled re-
action product was carefully neutralized with dilute ammonia.
On cooling in ice for several hours a 3-carbethoxy-4H-pyrido-
[I,2-a]pyrimidin-4-one separated in 70-90% yields. Crystalliza-
tion from ethanol gave colorless needles.

Direct Synthesis of 3-Carbethoxy-4H-pyrido[l,2-a]pyrimidin-
4-ones (14) Using PPA.—A mixture of 0.01 mol of the 2-amino-
pyridine, 0.01 mol of EMME, and eight times the weight of the
2-aminopyridine of PPA was heated at 110-120° for 2-3 hr
with stirring. The cooled reaction product was neutralized with
dilute ammonia to give 14, crystallized from ethanol. A mixture
melting point with the product obtained by the cyclization of
the malonate was not depressed.

Direct Synthesis of 2,3-Dihydro-4H-pyrido[l,2-a]pyrimidine-
2,4-diones (17).—A mixture of 0.02 mol of the 2-aminopyridine,
0.02 mol of diethyl malonate, and six times the weight of 2-
aminopyridine of PPA was heated for 2 hr at 170° with stirring
and the reaction product was neutralized with 2 N NaOH to give
17 in 60-70% yields. The melting point of two pyrimidine-2,4-
diones were found to be different from those quoted in the litera-
ture, viz., R = H, mp 305-308° (lit. mp 295-298° 21), and R =
8-CHs, mp 253-255° dec (lit. mp 270° dec*).

Di(2-pyridyl)malonamides (18).—A mixture of 0.02 mol of
the 2-aminopyridine, 0.02 mol of diethyl malonate, and eight
times the weight of the amine of PPA was heated at 130° with
stirring. The cooled reaction product was neutralized with 2
N NaOH to give 18 in 30-40% vyields. Crystallization from
ethanol gave colorless needles. Three malonamides were found
to have melting points different from those given by Lappin,5
viz, R = H, 226-227° dec (235°); R = 5-CH3 207-209°
dec (200° dec); and R = 6-CH3 161-162° (145-146°).

(26) The melting points given by Lappin* for ethyl (5-chloro-2-pyridyl-
amino)methylenemalonate and the corresponding 5-bromo- were found to
be incorrect. They should be, respectively, 13132 and 135—136° (Calcd
for CisHifiCINzO«: C,52.26; H,5.03. Found: C,52.38; H, 5.24. Calcd for
CisHisBrN204: C, 45.47; H, 4.38. Found: C, 45.71; H, 4.40).
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Registry No.—11 (Ri = 5-C1; R3 = CH3, 16867-
42-8; 11 (Ri = 3-CHs; R3 = CXH6, 16867-43-9;
11 (R = 3-CH3, R3 = CH»), 16878-13-0; 11 (Ri =
3,5-di-Br; R3 = CH,), 16867-44-0; 12 (Ri = 4-CH3;
R2= CH,), 16867-45-1; 12 (Ri = 5-CH3 R2= CH,),
16867-46-2; 12 (Ri = 6-CH3; R2 = CH3, 16867-47-3;
12 (Rx = 4-CH3, R2 = C@H6, 16867-48-4; 12 (Ri =
5-CH3, (R2 = C&H9, 16867-49-5; 12 (Rx = 6-CH3

Unsaturated Heterocyclic Systems.

The Journal of Organic Chemistry

R2= CEH6, 16867-50-8; 12 (Rx = 5-Cl; R2= C@H#,
16867-51-9; 12 (Rx = 5-Br; R2= C@H§, 16867-52-0;
15 (R = 3-CHa), 16878-15-2; 15 (R = 5Cl), 16867-
575, 15 (R = 5-Br), 16867-58-6.
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XL. Evaluation

of Spiro[9,10-ethanoanthracene-11,2"-Sl)ietanej S,S-Dioxides
and 2-a-Dialkylaminoalkyl-3-dialkylaminothietane 1,1-Dioxides
as Precursors of 2-Methylenethiete 1,1-Dioxide Derivativesl?
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Three synthetic approaches to the highly strained 2-methylenethiete 1,1-dioxide ring system have been evalu-

ated.

The retro Diels-Alder route wherein the 9,10-ethanoanthracene moiety was employed as a blocking group

for the exocyclic double bond met with failure when it was recognized that the temperatures required to liberate

anthracene were well above those at which the desired tetravalent sulfur heterocycles decomposed.

The Hof-

mann degradation approach suffered from the fact that 2a-dialkylaminoalkyl-3-dialkylaminothietane 1,1-dioxides

such as 13 and 14 displayed a propensity for ring cleavage when treated with methyl iodide.

Two intermediate

methiodides, could, however, be isolated. When subjected in turn to the conditions of Hofmann elimination,

these methiodides were found to be especially prone to déméthylation.

Alternatively, N-oxide degradation of

2a-dialkylaminoalkyl-3-dialkylaminothietane 1,1-dioxides, although not an entirely general procedure, was

found to give rise to two methylenethiete dioxides.

Pertinent mechanistic implications of the above reactions

and the physical and spectral properties of the title sulfones are presented in some detail.

A common and fundamental property of unsaturated
four-membered-ring heterocycles such as la-c is the

O

Q

coo®
X

XX X i
ooz
wwnoo
o
N

ease with which these molecules undergo electrocyclic
bond reorganization with ring cleavage. Numerous
past investigations have suggested the intermediacy of
molecules such as 1 in a variety of chemical and photo-
chemical transformations, but, in general, attempts at
isolation have been unsuccessful and rearrangement
products have resulted. Recently, however, the iso-
lation of thiete (Ic)6a and a bicyclic thiete derivative@b
has been described; as expected, both substances have
proven to be quite reactive at ambient temperatures.

It was recognized several years ago that the hetero-
cyclic system in question, 1, was uniquely stabilized
when the hetero ring substituent was the sulfone group.
Since the preparation of thiete 1,1-dioxide (Id) was
first described and its chemical behavior examined in a
preliminary fashion,6 the chemistry of this ring system

(1) For paper X XX 1X of this series, see L. A. Paquette and M. K. Scott,
J. Org. Chem., 33, 2379 (1968).

(2) This work was generously supported by Grant GP-5977 from the
National Science Foundation.

(3) Alfred P. Sloan Foundation Research Fellow.

(4) National Science Foundation Undergraduate Research Participant,
summer 1966.

(5) (a) D. C. Dittmer, K. Takahashi, and F. A. Davis, Tetrahedron Lett.,
4061 (1967); (b) D. C. Dittmer and F. A. Davis, J. Amer. Chem. Soc., 87,
2064 (1965).

(6) (a) D. C. Dittmer and M. E. Christy, J. Org. Chem., 26, 1324 (1961);
(b) D. C. Dittmer and M. E. Christy, J. Amer. Chem. Soc., 84, 399 (1962).

has received considerable attention7 and a number of
stable derivatives are now known.78 It was our intent
to investigate in some detail the synthesis and prop-
erties of exocyclic methylene derivatives of thiete di-
oxide, e.g., 2, in order to examine the effects which are
produced by extension of the w-electron system in the
indicated manner. That molecules such as 2 would be

2

reactive and be subject to diverse types of reactions was
anticipated on the basis of analogy to the chemical be-
havior of methylenecyclobutenes. For example, hy-
drocarbons 3-5 are known to polymerize readily and

(7) (a) D. C. Dittmer and N. Takashina, Tetrahedron Lett.,, 3809 (1964);
(b) L. A. Paquette, J. Org. Chem., 30, 629 (1965); (c) L. A. Paquette and
T. R. Phillips, ibid., 30, 3883 (1965); (d) L. A. Paquette and M. Rosen, un-
published results; () D. C. Dittmer and F. A. Davis, ibid., 32, 3872 (1967).

(8) (a) W. E. Truce, J. R. Norell, J. E. Richman, and J. P. Walsh, Tetra-
hedron Lett., 1677 (1963); (b) R. H. Hasek, P. G. Gott, R. H. Meen, and J. C.
Martin, J. Org. Chem., 28, 2496 (1963); (c) G. Opitz and H. Schempp, Z.
Naturforsch., 19b, 78 (1964); (d) W. E. Truce and J. R. Norell, J. Amer.
Chem. Soc., 85, 3236 (1963); (¢) D. C. Dittmer and F. A. Davis, J. Org.
Chem., 29, 3131 (1964); (f) G. Opitz and H. Schempp, Ann., 684, 103 (1965);
(g) R. H. Hasek, R. H. Meen, and J. C. Martin, J. Org. Chem., 30, 1495
(1965); (h) J. N. Wells and F. S. Abbott, J. Med. Chem., 9, 489 (1966); (i)
L. A. Paquette and M. Rosen, J. Amer. Chem. Soc., 89, 4102 (1967); (j) L. A.
Paquette and M. Rosen, J. Org. Chem., 33, 2130 (1968).
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spontaneously at room temperature.9 As the degree
of substitution on 3 is significantly increased, however,
the carbocycle is seen to acquire moderate stability as
gauged by the behavior of 3-methylene-l,4-diphenyl-2-
methylcyclobutene.D

The present paper delineates the various synthetic
approaches which have been examined in the prepara-
tion of 2 and its derivatives, whereas the ensuing arti-
clell describes various chemical reactions of this un-
saturated heterocyclic system.2

Results

The Retro Diels-Alder Route.—Our initial approach
was designed to take advantage of the fact that 9,10-
ethanoanthracene derivatives decompose at somewhat
elevated temperatures to generate anthracene and un-
saturated compounds. Specifically, the intent was to
construct a thiete dioxide derivative which incorporated
the partially reduced anthracene ring as a blocking
group for the exocyclic double bond. This reactive site
of unsaturation was then to be introduced at the final
stage of the synthesis. The synthesis is outlined in
Scheme I.  The stereochemistry of 8 was assigned sub-
sequent to consideration of nonbonded strain minimi-
zation available to each of the two possible transition
states leading to cycloaddition. The trans relation-
ship of the pyrrolidino and phenyl groups in 10 is as-
signed on the basis of the nmr coupling constant (10.0
Hz) of the four-membered sulfone ring protons. Ear-
lier, application of the Karplus correlation13 to the
thietane dioxide ring system was shown to be reliable.}4
The stereochemical assignment depends further upon
recognition of the fact that the small heterocyclic ring
exists in a puckered coformation® with the two sub-
stituents in question occupying trans equatorial posi-
tions and the protons exhibiting a dihedral angle of
approximately 180°.5 The spatial arrangement of the
pyrrolidino and phenyl groups relative to the ethano-
anthracene superstructure in 10, although somewhat
less convincing, is believed to be as indicated in Scheme
I on the basis of steric factors operating in the cyclo-
addition process and because 10 does not form a meth-
iodide salt.

Sulfones 9, 11, and 12 were found to be quite stable
to 250°. Pyrolysis of 9 and 11 at approximately 300°
under a nitrogen atmosphere at various reduced pres-
sures resulted in the vigorous liberation of anthracene
and sulfur dioxide, and formation of an intractable
yellow solid (in the cold traps) and a brittle, black
glassy residue. Under these conditions, 12 merely
distilled with slight decomposition; at 400°, however,
similar decomposition products were observed. As
will become apparent, the failure of this synthetic

(9) (@) D. R. Howton and E. R. Buchman, J. Amer, Chem, Soc., 78, 4011
(1956); (b) D. E. Applequist and J. D. Roberts, ibid., 78, 4012 (1956).

(10) A. T. Blomquistand Y. C. Meinwald, ibid., 81, 667 (1959).

(11) L. A. Paquette and M. Rosen, J. Org. Chem., 33, 3027 (1968).

(12) Portions of this work were presented at the 154th National Meeting
of the American Chemical Society, Chicago, 111, Sept 1967, p S14.

(13) M. Karplus, J. Chem. Phys., 30, 11 (1959); M. Karplus, J. Amer.
Chem. Soc., 85, 2871 (1963).

(14) L. A. Paquette, J. Org. Chem., 29, 2854 (1964).

(15) Fora summary of the data pertaining to this question, see footnotes
17-21 of ref 8i.

(16) Because of the factthat puckering of the thietane dioxide ring had not
been conclusively established when ref 14 appeared, the assignments of con-
figuration in this paper (structures Y and V1) should be reversed to compen-
sate for this conformational bias.
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Scheme |

scheme can be traced to the instability of the four-
membered-ring sulfones at the temperatures required
to remove the anthracene blocking group.

The Hofmann Degradation Approach.—The reaction
of sulfenes with 1,3-bis(dialkylamio)-l-alkenes is now
recognized to produce a mixture of products from which
2-a- dialkylaminoalkyl - 3-dialkylaminothietane 1,1-di-
oxides such as 13 and 14 can be isolated under strictly

(CH3Nn  .O#H5 @
j-so02 \j -s02
V ch32 NN(CH32
13 14

controlled conditions.8 In view of the disposition of
the tertiary amino groups in these sulfones, a study of
the Hofmann degradation of their derived methiodides
was initiated in the expectation that derivatives of
methylenethiete dioxide would result.

Exposure of 13 to methyl iodide in methanol solution
at room temperature resulted in a gradual exothermic
reaction and precipitation of a yellow crystalline solid
(ica. 41% vyield) which consisted of a mixture of mono-
methiodide 15 and tétraméthylammonium iodide (see
Scheme I1). Chromatographic work-up of the non-
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Scheme Il
@96_/CBE
J-s02 CiH®H A r + @qu'r +
SN(CH32 % "n(ch33!
13
15
/ soth- ch? SOCHTHAN(CH33
(CH5)2NCH=C\ + (CHY2NCH=C r
cthb cthb
16 17
\ L(CH,),NH /

2.CH3l

crystalline residue on neutral alumina afforded two
additional crystalline solids, 16 (17%) and 17 (6.5%).
Elution of 15 through an Amberlite IRA-400 ion-ex-
change column (hydroxide form) and careful removal
of water gave 2-(benzylsulfonyl)-N,N-dimethylethyl-
amine (18) as the only characterizable product.

CEHECHS 02CHZCH2N(CH32
18

A similar ring cleavage was noted in the attempted
quaternizaton of 14 with methyl iodide. In addition
to a crystalline monomethiodide (19) which was de-
posited from the solution in 67% vyield, careful chroma-
tography of the noncrystalline residue also permitted
isolation of the known vinyl enamino sulfone 20 (15%)
and a small quantity of tétraméthylammonium iodide
(Scheme 111). Hofmann degradation of 19 afforded
only the déméthylation product 14.

Scheme Il

(CHAN. cHa,cHDH 25>, (CHIN

A IRA-400 w.cm '

NN(CH32 - N(CH32

14 19

(CH3N R H}C ICH,

C=cC. =C +  (CH3AN+r

vy N Jj° xn

20

Such results indicate that 13 and 14 exhibit a marked
propensity for ring cleavage under the conditions of
quaternization. A mechanistic rationalization of this
phenomenon demands that the 2a-amino substituent
be the more nucleophilic nitrogen center and thus be
subject to more rapid quaternization. This newly
generated electron-deficient site (see 21) is now subject
to ready ejection (as trimethylamine) by migration of
electrons from the 3-amino substituent with synchro-
nous rupture of the four-membered ring as shown in
Scheme IV.T7

Undoubtedly the most surprising result was the
strong preference exhibited by 15 and 19 for déméthyl-
ation under the Hofmann elimination conditions. In
this regard, we propose that 18 arises by loss of meth-

(17) Precedent for this mechanism has been described recently: L. A.
Paquette and M. Rosen, Tetrahedron Lett., 311 (1966).
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Scheme IV
(CH3N ? /R’ M e
13or 14 R_CL-soZ
n(ch33r
21
(CHAN, ¢
Ki | w n 16 or 20

anol directly from 15 or from the methiodides of inter-
mediates 22 and 23 and not from 24 since the latter is
rapidly transformed into alcohol 25 under the reaction
conditions (see Scheme V). The remainder of the
proposed mechanism receives support from the fact
that thiete dioxide and 3-hydroxythietane 1,1-dioxide
likewise undergo ring cleavage to dimethyl sulfone in
basic solution.t

Scheme V
f=T IRA-400
Nso2r
'N(CH33
15
A CeH, yq —Cfiks
A-S02 S-SOt
XN(CH32 'N(CH32
22
/H o
0 AR CBHSCHBOXCHITHA(CH)2
= 18
WCH32
23
CEHSCHS02CHLHN(CHIT  IgA 40> OHSCHZS02CHTHDH

24 25

The N-Oxide Route.—Treatment of either 13 or 14
with hydrogen peroxide in methanol solution gave in
each case a brown oily liquid which could not be con-
verted into a picrate and decomposed when heated
in vacuo. However, when 13 was treated with excess
30% hydrogen peroxide in acetic acid-acetic anhydride
solution at room temperature for 1 day, there resulted
an oily residue which after chromatography on neutral
alumina gave the methylenethiete dioxide 26 in 37%

30%H A
HQAc-AcjO

yield. All spectra were recorded on freshly prepared
samples of 26 for this sulfone gradually becomes colored
at room temperature and polymerizes to a solid which
is insoluble in all of the common organic solvents. We
have observed that 26 is soluble in chloroform and ace-
tonitrile but only slightly soluble in carbon tetrachlo-
ride; however, these solutions quickly turn red in color
on standing and the sulfone cannot be recovered. De-
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composition was noted to be minimal in ether from
which 26 can be recrystallized. The ultraviolet spec-
trum of this material was consistent with a 1-phenyl-
butadienyl chromophore and is compared in Table |
with the reported values of two carbocyclic analogs.

Tabte |

Comparison op the Ultraviolet Spectra of 26

with TWO M ethylenecyclobutenes

& e

> 4

miu () mm(Q et oy o)
212(4,600)
219(3,760)
225(3,960) 228(12,000)
233(3,640) 235(9,120)

291 (33,400) 291(7,250) 292(26,900)

302(25,100)
316.5(sh)(13,200)
“ Reference 9. 6Reference 10.

The mass spectrum of 26 (see Table I1) shows amolec-
ular ion (m/e 192) and a base peak at m/e 128. This
fragmentation can be explained by the sequential loss
of the elements of sulfur monoxide (m/e 144) and
oxygen from an intermediate cyclic sulfinate such as
28 or 29 (see Scheme V I). The ion corresponding to the
base peak appears to fragment to.acetylene and phenyl-

Scheme VI

M ass Spectral Cracking Pattern for 26

Tt mQa
26 electron - and/or ) s
impact I r
chz
0

me 192
1 I
+
ca" CA
A O =0
ch2s ch2o-
O p—
1
CA' ¥ CgHb
r"o -
- a (n1e144)

HC=CH + [CeH5CsSCH]+

(M/e 102)

(basepeak, m/ei2s)
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acetylene. Precedence for the intervention of a cyclic
sulfinate ester has been found in the pyrolysis and ele-
tron impact of dibenzothiophene 5,5-dioxide18and in the
thermal rearrangement of two thiete dioxides.19

Tabte Il

Principal M ass Spectral Peaks in 2-Methylenethiete

1,1-D ioxides 26 and 32

Relative Relative
mle abundance, % m/e abundance, %
192 34 268 23
144 68 220 10
129 12 204 32
128 100 203 15
127 26 202 20
126 10 105 30
105 28 103 10
102 43 102 100

101 10

The successfulpreparation of methylenethiete dioxide
26 by the N-oxide route prompted an examination of
the generality of the procedure. Accordingly, our
attention was nextturned to the degradation of thietane
dioxide 29. The synthesis of 29 was achieved by
treating |,3-bis(I-piperidino)-3-phenyl-l-propene (28)
with phenylsulfene; it should be noted that I-(benzyl-
sulfonyl)piperidine (30) and the enamino sulfone 31
accompanied the production of 29, as anticipated from
earlier work8l (see Scheme VIl). When an acetic acid-

Scheme VII

cmVHAsqci

(CHIN

cthsch2502Q + cthichXo2h=chn” > +

30 31

HA
HOACcAZD

acetic anhydride solution of 29 was treated with 30%
hydrogen peroxide, the methylenethiete dioxide 32 was
produced in 85% yield. This strained heterocycle is
quite stable under normal laboratory conditions. The
sulfone is insoluble in ether and carbon tetrachloride
but soluble in chloroform, and is easily crystallized from
tetrahydrofuran. The nmrspectrum of 32 is consistent
with the gross structure; however, because the ring
vinyl proton resides under the aromatic envelope and
the second vinyl proton is a broad singlet, a definitive

(18) E. K. Fields and S. Meyerson, J. Amer. Chem. Soc., 88, 2836 (1966);
cf. also ref 7e.

(19) (a) D. C. Dittmer, R. S. Henion, and N. Takashina, Abstracts, 153rd
National Meeting of the American Chemical Society, Miami Beach, Fla.,
April 1967, P 0101; (b) R. W. Hoffmann and W. Sieber, Ann., 703, 96 (1967).
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assignment of the geometric configuration about the
exocyclic double bond was not possible on the basis of
such a spectral analysis. However, consideration of
steric factors at play in the elimination step, coupled
with an analysis of the nmr spectral properties of the
Diels-Alder adduct of 32 with 1,3-diphenylisobenzo-
furan,llpermit the conclusion that 32 is of the indicated
stereochemistry. That this methylenethiete dioxide
possesses a diphenylbutadienyl chromophore is ap-
parent from its ultraviolet spectrum in chloroform
(see Experimental Section); this spectrum is roughly
comparable with that reported for trans,trans-1,4-di-
phenyl-1,3-butadiene.® The mass spectrum of 32 dis-
plays a fragmentation pattern analogous to thao of 26
(see Table I1).

The first indication that the N-oxide degradation
pathway was not completely general came from an
attempt to prepare the parent of the methylenethiete
dioxide series (35). The synthesis of the requisite
thietane dioxide 34 was effected from the known 1,3-
bis(l-piperidino)-lI-propene (33) and sulfene; treatment
of 34 with hydrogen peroxide in the usual manner gave
a small amount of yellow oil which displayed an infrared
spectrum indicative of the presence of an enamine func-
tion and nmr absorptions consistent with the presence of
a piperidino group. This material could not be ob-
tained crystalline and was not characterized further.

R2N-. h,o,
[ #—
S' S02 HOAC-ACNO
NR'z H
34,R2=R',-(CH25R"“ H "o
14 R=R'=R"=CH3 gg' F;..: 2H3
37,R2=R2 = (CH25R" = C&15 38, R"= &b

In the same way, 14 and 37 afforded oily mixtures,
the components of which still contained nitrogen. In
these latter examples, the ring system is apparently
cleaved in a manner analogous to the sequence of events
triggered by methyl iodide. A reasonable hypothesis is
that N-oxide formation occurs initially at the 2a-nitro-
gen atom; if the resulting N-oxide is endowed with ap-
preciable stability, the remaining nitrogen is subse-
guently oxidized and the methylenethiete dioxide ul-
timately formed. |If the intermediate mono-N-oxide is
prone to cleavage in order to relieve the strain inherent
in the four-membered ring, then the desired unsaturated
heterocycles are not produced.

In summary, the synthesis of the first derivatives of
the highly strained methylenethiete dioxide system has
been achieved. It is apparent that the stability of this
group of heterocycles is markedly dependent upon sub-
stitution, particularly phenyl substitution. In this
respect, a favorable comparison with the properties of
methylenecyclobutenes can be seen. 910 Methyl-
enethiete dioxides now join thiirene dioxides2l in the

(20) "“max 328 m/i («41,000); see R. A. Friedeland M. Orchin, “Ultraviolet
Spectra of Organic Compounds,” John Wiley and Sons, Inc., New York,
N. Y, 1951, Spectrum No. 129; E. A. Braude, Ann. Rept. Progr. Chem.
(Chem. Soc. London), 42, 105 (1945).

(21) (a) L. A. Carpino and L. V. McAdams, Ill, J. Amer. Chem, Soc., 87,
5804 (1965); (b) L. A. Carpino and R. H. Rynbrandt, ibid., 88, 5682 (1966);
(c) see also L. A. Paquette and L. S. Wittenbrook, Chem. Commun., 471

(1966) ;L. A.Paquette and L. S. Wittenbrook, J. Amer. Chem. Soc., 89, 4483
(1967) ; L. A. Paquette, L. S. Wittenbrook, and V. V. Kane, ibid., 89, 4487
(1967).
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growing list of strained and reactive tetravalent sulfur
heterocycles which have been recently synthesized or
recognized as reaction intermediates.

Experimental Section2

1-[(9,10-Dihydro-9,10-ethanoanthracen-I I-ylidene)methyl] -
pyrrolidine (7).—A solution of 150.0 g (0.64 mol) of 9,10-di-
hydro-9,10-ethanoanthracene-ll-carboxaldehyde (6)2 and 58.0
g (0.96 mol) of pyrrolidine in 550 ml of toluene was heated under
a Dean-Stark trap at reflux for 2 hr. The mixture was cooled
and concentrated in vacuo to give a yellow solid which was dis-
solved in 1200 ml of anhydrous ether. This solution was con-
centrated to ca. 600 ml and cooled to give 140.2 g (76.3%) of
a light yellow crystalline solid, mp 118-120°. Recrystallization
from ether yielded flakes of 7. mp 125-127°; X')l 6.02 u

(>C=C-N<); torst 8.26-8.56 (complex pattern, 4 H, -CH2
of pyrrolidino group), 7.48 and 7.43 (merging doublets, J = 2.5

Hz, 2 H, -CH2C=C), 6.86-7.19 (complex pattern, 4 H,
(-CH2)N - of pyrrolidino group), 5.66 (triplet, J = 2.5 Hz,
1 H, >CH-CH2), 551 (singlet, 1 H, >CH-C=CH-N<),

|
3.83 (broad singlet, 1 H, vinyl proton), and 2.46-3.06 (complex
pattern, 8 H, aromatic ring protons).

Anal. Calcd for C2H2N: C, 87.76; H, 7.37. Pound: C,
87.41; H, 7.30.

I-(9,10-Dihydrospiro [9,10-ethanoanthracene-I 1,2'-thietan] -3
yl)pyrrolidine S,S-Dioxide (8).—A stirred solution of 90.0 g
(0.314 mol) of 7and 33.0 g (0.327 mol) of triethylamine in 500 ml
of dry tetrahydrofuran under a nitrogen atmosphere was treated
dropwise at —10° with a solution of 37.0 g (0.323 mol) of meth-
anesulfonyl chloride in 120 ml of the same solvent during 45 min.
Upon completion of the addition, the mixture was allowed to
warm slowly to room temperature and was stirred at that tem-
perature for 6 hr. Filtration of the slurry afforded a solid mix-
ture of triethylamine hydrochloride and adduct. The solid
mixture was dissolved in water and the insoluble material was
filtered and washed with water, methanol, and ether to yield
71.2 g of a slightly colored solid, mp 232-233° dec. The re-
action filtrate was concentrated in vacuo and the resulting solid
was slurried with methanol, filtered, and washed further with
methanol, acetone, and ether to afford 27.8 g of a light brown
solid, mp 192-194° dec. The total yield of crude 8 was 99.0 g
(86.1%). One recrystallization of the combined solids from
acetone-methanol gave 85.0 g (74.1%) of colorless 8, mp 237-
238° dec. An analytical sample was obtained from acetone as
fine white crystals: mp246.5°dec; X"T17.70and 8.80u (-S02).
The compound was too insoluble in organic solvents for useful
nmr studies.

Anal. Calcd for CZHZNO0XS: C, 72.03; H, 6.34; S, 8.77.
Found: C, 72.29; H, 6.32; S, 8.71.

9,10-Dihydrospiro [9,10-ethanoanthracene-11,2' [2H] -thiete]
I'lI'-Dioxide (9).—The methiodide of 8 was prepared by re-
action with excess methyl iodide in refluxing acetone. The
salt was filtered from the warm reaction mixture and was ob-
tained as a light brown solid, mp 186-188° dec (frothing). Con-
centration of the filtrate in vacuo gave unreacted starting material
which was reutilized in the methiodide preparation. The methio-
dide was not purified for analysis and was used directly for the
next reaction.

A stirred slurry of 10.0 g (0.019 mol) of this methiodide, ca.
5 g (0.022 mol) of freshly prepared silver oxide, and 600 of water
was refluxed for 2 hr. A reaction was evidenced by the presence
of free amine and a color change from brown to black in the
reaction vessel. The mixture was cooled and the solid was filtered
and extracted with chloroform. The chloroform solution was
dried and filtered through Celite to afford, after removal of the

(22) Melting points were determined with a Thomas-Hoover melting point
apparatus and are corrected. Infrared spectra were recorded with a Per-
kin-Elmer Infracord Model 137 spectrometer fitted with sodium chloride
prisms. Ultraviolet spectra were determined with a Cary 14 recording
spectrometer. Nuclear magnetic resonance spectra were obtained with a
Varian A-60 spectrometer purchased with funds made available through
the National Science Foundation. The mass spectrum was measured with
an AEl MS-9 mass spectrometer at an ionizing energy of 70 eV. The
microanalyses were performed by the Scandinavian Microanalytical Labo-
ratory, Herlev, Denmark.

(23) F. Weiss and R. Rusch, Bull. Soc. Chim. Fr., 550 (1964).
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chloroform, a light brown solid. Recrystallization of this solid
from acetone gave 4.95 g (88.7%) of 9, mp 220-222° dec. An
analytical sample was obtained from acetone: mp 226-228° dec;

7.69 and 8.65 u (-SO2); r?Sgla8.04 and 7.30 [AB quartet
(further split by / = 2.5 Hz), J - 14.0 Hz, 2 H, -CH2],
5.59 (triplet, J = 2.5 Hz, 1H, >CH-CH2), 5.24 (singlet, 1 H,
>CH-C <), 3.59 (doublet, J = 4.0 Hz, 1 H, non-a-sulfonyl
vinyl proton), 3.32 (doublet, J = 4.0 Hz, 1 H, a-sulfonyl vinyl
proton), and 2.42-2.97 (complex pattern, 8 H, aromatic ring
protons).

Anal. Calcd for CiHiDXS: C, 73.44; H, 4.79; S, 10.87.
Found: C, 73.60; H, 4.89; S, 11.00.
1-(9,10-Dihydro-4'-phenylspiro[9,10-ethanoanthracene-II,2'-
thietan] -3'-yl)pyrrolidine S,S-Dioxide (10).—To a rapidly
stirred solution of 26.0 g (0.091 mol) of 7 and 9.5 g (0.094 mol)
of triethylamine in 150 ml of dry tetrahydrofuran cooled to
—10° was added dropwise under a nitrogen atmosphere during
30 min a solution of 17.5 g (0.092 mol) of phenylmethane-
sulfonyl chloride in 75 ml of the same solvent. After the addition,
the mixture was warmed to room temperature and stirred for 6
hr.  The triethylamine hydrochloride4 was filtered and the
filtrate was concentrated in vacuo to give a yellow froth which,
when slurried with 250 ml of methanol at room temperature,
gave 28.0 g of 10 as a light brown solid, mp 178-180° dec (second
crop, 4.70 g, mp 165-177° dec, total yield 81.8%). An
analytical sample was obtained from acetone-methanol: mp
184-185° dec; X|2a* 7.65, 8.70, and 9.00 u (-S02); r?Ssl!
8.25-9.00 (multiplet with a superimposed singlet at ~8.9, 8 H,
pyrrolidino group), 7.24 and 7.19 (merging doublets, J = 2.5
Hz, 2 H, >CH-CH,-C<), 6.40 (doublet, J = 10.0 Hz, 1 H,
>N-CH<), 5.50 (triplet, ./ = 2.5 Hz, 1H, >CH-CH2), 5.00
(singlet, 1 H, >CH-C<), 4.58 (doublet, ./ = 10.0 Hz, 1 H,
a-sulfonyl proton), and 2.28-2.98 (complex pattern, 13 H, aro-
matic ring protons).
Anal. Calcd for CEBH2NO0XS: C, 76.15; H, 6.16; N, 3.17;
S, 7.26. Found: C, 75.82; H, 6.30; N, 2.98; S, 7.30.
9,10-Dihydro-4'-phenylspiro[9,10-ethanoanthracene-11,2'[2H]-
thiete] 1',1'-Dioxide (11).—A stirred mixture of 10 (12.0 g, 0.027
mol) in 100 ml of glacial acetic acid and 100 ml of acetic anhydride
was treated dropwise during 15 min at —10° with 18.0 g (0.16
mol) of 30% hydrogen peroxide solution. The homogeneous
reaction mixture was warmed to room temperature and stirred
for 18 hr during which time a colorless solid was seen to crystal-
lize from the solution. The solid was filtered and washed with
methanol and ether to yield 7.7 g (76.5%) of colorless 11, mp
240-242° dec. An analytical sample was obtained from acetone-
methanol: mp 250-251° dec; X‘ @ 7.69 and 8.71 u (-S02);
ttmsB 5.16 (singlet, 1H, >CH-C<), 3.62 (singlet, 1 H, vinyl
proton), and 2.50-2.95 (complex pattern, 13 H, aromatic ring
protons).
Anal. Calcd for CHIO S: C, 77.81;
Found: C, 77.69; H, 4.96; S, 8.58.
9,10-Dihydrospiro[9,10-ethanoanthracene-I 1,2'-thiethane]
I'lI'-Dioxide (12).—A mixture of 6.0 g (0.02 mol) of 9, 250 ml
of acetone, and 1.0 g of 10% palladium on carbon was shaken
under 50 psig of hydrogen for 25 hr at room temperature. The
catalyst was filtered, and the filtrate was evaporated to give a
colorless solid. Recrystallization from methanol gave 5.50 g
(91.3%) of 12, mp 207-208°. Pure 12 was obtained from metha-
nol: mp207.5-208.5° (slight coloration); X°@cl37.62,8.63 and 8.85
u (-S02); t™?8B7.72-8.72 [complex pattern, 3H, >CH-CH2
C< (one such proton) and -CH2CH2S02], 7.17 [low field
portion of an AB quartet (further splitby / = 2.5 Hz),J = 14.0
Hz, 1 H, >CH-CH2C< (one such proton)], 6.29 (doublet of
triplets, J = 9.0 and 2.5 Hz, 2 H, «-sulfonyl protons), 5.63
(multiplet, 1 H, >CH-CHZ2), 5.22 (singlet, 1 H, >CH-C<),
and 2.41-3.09 (complex pattern, 8 H, aromatic ring protons).
Anal. Calcd for CIBH® XS: C, 72.94; H, 5.44; S, 10.82.
Found: C, 72.89; H, 5.49; S, 10.76.

Reaction of 2-Phenyl-3-dimethylamino-4-dimethylammo-
methylthietane 1,1-Dioxide (13) with Methyl lodide.—Addition
of 4.5 g (0.032 mol) of methyl iodide to a stirred solution of 3.0
g (0.0105 mol) of 13 in 20 ml of methanol resulted in a gradual
exothermic reaction. After the initial reaction had subsided,
the mixture was kept at room temperature for 1 day during which

H, 4.90; S, 8.66.

(24) Dissolution of this salt in water and extraction of the aqueous solu-
tion with methylene chloride gave no additional material. Basification of the
aqueous phase and reextraction likewise gave no additional product(s).
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time there precipitated 1.7 g (40.8% based on pure 15) of a
yellow crystalline solid, mp 204-205° dec. Recrystallization of
this material from aqueous methanol yielded pure 2-phenyl-4-
dimethylaminomethyl-2-thiete 1,1-dioxide methiodide mono-
hydrate (15) as a colorless highly crystalline solid: mp 204-205°
dec; X'*'12.90 (HD) and 7.55 and 8.85 M(-S02); X*°h 266

ntyi (« 8080). Examination of the filtrates afforded tétraméthyl-
ammonium iodide, mp >250°.

Anal. Calcd for CisHiJNOaS*HD: C, 39.30; H, 5.07;
N. 3.53; S, 8.07. Found: C, 39.09; H, 5.38; N, 3.33; S,
8.14.

The filtrate from the removal of 15and tétraméthylammonium
iodide was concentrated under reduced pressure and chromato-
graphed on neutral alumina. Elution of the column with ether
yielded 0.45 g (17.4%) of I-dimethylamino-2-phenyl-3-thia-1,4-
pentadiene 3,3-dioxide (16), mp 101-103° from carbon tetra-
chloride (lit.8*mp 102-103°).

Continued elution with methanol-chloroform (1:1) gave an
oily solid which afforded 0.3 g (6.46%) of pure I,5-bis(di-
methylamino)-2-phenyl-3-thia-l-pentene 3,3-dioxide 5-methiodide
monohydrate (17) upon trituration with ether: mp 220-221°
(methanol); X™° 290 (HD), 6.10 (-C=C-N<), 7.70, and 8.90

u (-S02); X~"? 247 m™ (e 14,140), 266 sh (10,450) and end
absorption.
Anal. Calcd for CIEHAND S-HD: C, 40.72; H, 6.15;

N, 6.33; S, 7.25. Found:
7.06.

Unequivocal Synthesis of 17.—A cooled (—10°) solution of
O. 02g (0.08 mol) of 16 in 5 ml of dry tetrahydrofuran was treated
with excess dimethylamine. After remaining at 0° for 1 day,
the mixture was concentrated to give an oil which was immediately
treated with methyl iodide in refluxing methanol solution for 2 hr.
On cooling, there was deposited 0.03 g (84.0%) of a crystalline
material, mp 220-221° (methanol), identical in all respects
with 17.

Hofmann Degradation of 15.—A solution of 6.45 g (0.016
mol based on pure 15) of the mixture of 15and tétraméthylammo-
nium iodide in hot water was passed through a column of Amber-
lite IRA-400 ion-exchange resin (hydroxide form). The total
eluate was concentrated to ca. 50 ml in vacuo and extracted with
chloroform to yield 1.7 g (46.1% based on pure 15) of an
oily crystalline solid. Recrystallization of this material from
ether-petroleum ether (bp 60-80°) gave rodlike crystals of
2-(benzylsulfonyl)-N,N-dimethylethylamine (18), mp 69-70°
(lit.8*mp 68-69°).

Anal. Calcd for CuH,,N0X: C, 58.11; H, 7.54; N, 6.16;
S, 14.11. Found: C, 58.27; H, 7.60; N, 6.10; S, 13.99.

Reaction of 2-(a-Dimethylaminoethyl)-3-dimethylaminothie-
tane 1,1-Dioxide (14) with Methyl lodide.—Addition of 10.0 g
(0.07 mol) of methyl iodide to a solution of 5.0 g (0.022 mol) of
14in 50 ml of methanol resulted in a gradual exothermic reaction.
After the initial reaction had subsided, the mixture was kept at
room temperature for one day during which time there precipi-
tated a colorless solid. This solid [5.5 g (67.1%), mp 168-169°
dec] was filtered and the filtrate was saved. All attempts to
recrystallize this material from aqueous methanol-ether gave
poor (10%) recovery of the solid, mp 173-175° dec. Analysis
of the unpurified material for iodine identified it as the mono-
methiodide 19.

Anal. Calcd for CioHAND 2S: 1, 35.03. Found: |, 35.49.

The above filtrate was concentrated in vacuo and chromato-
graphed on neutral alumina. Elution of the column with ether
afforded 0.6 g (15.1%) of an oil which was identical in all respects
with I-dimethylamino-3-thia-1,4-hexadiene 3,3-dioxide (20).
The crude oil was hydrogenated over 10% palladium on carbon
and a methiodide was prepared from the hydrogenated material,
mp 166° (lit.8*mp 166° dec).

Continued elution with methanol-chloroform (1:4) gave 0.1 g
of tétraméthylammonium iodide, mp 250°.

Attempted Hofmann Degradation of 19.—A solution of 4.0 g
(0.011 mol) of 19 in hot water was passed through a column of
Amberlite IRA-400 ion-exchange resin (hydroxide form). The
total alkaline eluate was reduced to one-half its volume in vacuo
at 60-70°. The remaining solution was concentrated under re-
duced pressure at —70° to 1.5 g (61.6%) of a brown oil. The
oil was similar in all respects to 14 (with the exception that its
infrared spectrum displayed a medium intensity absorption at
6.1 u due to small amounts of an enamine impurity). A methanol
solution of this material gave on reaction with methyl iodide the
above methiodide (19), mp 165-166° dec, in good yield.

C, 39.91; H, 6.03; N, 6.52; S,
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Hofmann Degradation of 18.—The methiodide salt of 18 was
prepared with methyl iodide in refluxing methanol in 93.4%
yield, mp 212-213° dec (from aqueous methanol).

A solution of 10.0 g (0.027 mol) of this methiodide (24) in hot
water was passed through a column of Amberlite IRA-400 ion
exchange resin (hydroxide form). The total eluate was concen-
trated in vacuo and extracted with chloroform to yield 2.3 g
(43.4%) of colorless solid. Recrystallization from ethyl acetate-
petroleum ether gave flakes of 2-(benzvlsulfonyl)ethanol (25):
mp 74° (lit.Bmp 97°, needles from water); X™d32.90 (-OH) and
7.60 and 8.96 n (-S02); rS ?36.98 (triplet, J = 5.5 Hz, 2 H,
-SOXHXH2), 6.80 (singlet, 1 H, -CH2H), 6.05 (triplet,
J =5.5Hz, 2H, -CH2H), 5.70 (singlet, 2 H, benzylic protons),
and 2.67 (singlet, 5 H, phenyl group).

Anal. Calcd for CHIAS: C, 53.98; H, 6.03; S. 16.02.
Found: C, 54.14; H, 6.05; S, 15.71.

2-Methylene-4-phenyl-2H-thiete 1,1-Dioxide (26).—A solution
of 13 (7.0 g, 0.025 mol) in 15 ml of glacial acetic acid and 15 ml
of acetic anhydride contained in a 100-ml, round-bottomed flask
equipped with a magnetic stirring bar and cooled to —10° was
treated dropwise with stirring during 10 min with 14.0 g (0.123
mol) of 30% hydrogen peroxide. The reaction mixture was
stirred at 0° for an additional 30 min and at room temperature
for 17 hr, again cooled in ice, and neutralized with a 25% sodium
hydroxide solution. Three runs as above were combined and
concentrated in vacuo for 1.5 hr at 60° and at 30° to proximate
dryness. The solid residue was dissolved in a minimum amount
of water and the solution was extracted with chloroform. The
organic extract was separated, dried over anhydrous potassium
carbonate, and concentrated to a brown oil. Chromatography
of this oil on neutral alumina yielded upon elution with ether-
petroleum ether (1:1) and ether 5.40 g (37.6%) of a light yellow
crystalline solid, mp 83-85° dec.® Rapid recrystallization
from ether-petroleum ether gave pure 26 as a colorless, highly
crystalline solid: mp 86-88° dec; 7.66, 8.40, 8.67, and
8.90 u (-SO*-); xn* 291 mM (. 33,400); r2ss'3 2.53 (singlet,
6 H, phenyl group and styrene proton), 4.45 (doublet of doublets,
J = 4.0 and 1.0 Hz, 1 H, methylene proton), and 4.66 (doublet,
J = 4.0 Hz, 1 H, methylene proton).

Anal. Calcd for Ci,H® S: C, 62.48; H, 4.19; S, 16.68.
Found: C 62.34; H, 4.47; S, 16.34.

2-Phenyl-3-(I-piperidino)-4-(l-piperidinophenylmefciyl)thie-
tane 1,1-Dioxide (29).—To a rapidly stirred solution of 18.6 g
(0.065 mol) of 282Z7and 6.8 g (0.067 mol) of triethylamine in 100
ml of dry tetrahydrofuran cooled to —10° was added dropwise
under a nitrogen atmosphere a solution of 12.5 g (0.066 mol) of
phenylmethanesulfonyl chloride in 100 ml of the same solvent.
Upon completion of the addition, the mixture was permitted
to warm to room temperature and was stirred at that temperature
for 4 hr. The triethylamine hydrochloride2d was filtered and
the filtrate was evaporated to give a brown oily solid which was
chromatographed on neutral alumina. Elution of the column
with petroleum ether-ether (3:1) gave 9.45 g of a brown solid.
Two recrystallizations of this material from ether afforded 6.0 g
(20.7%) of 29 as a light brown solid, mp 156-157°. Further
purification from ether gave pure 29: mp 161-162°; X*“47.59,
8.56, 8.84, and 9.06 M(-S02); 'S 38.57 (multiplet, 12 H,
-CH?2 of piperidino groups), 7.22-7.83 [multiplet, 8 H, (-CH2)2
N - of piperidino groups], 6.32 (broad triplet, J = 8.0 Hz,
1 H, >CH-N<), 5.77 (broad doublet, J - 11.0 Hz, CH5
CH-N<), 5.00 (complex pattern, 1 H, nonbenzylic a-sulfonyl
proton), 4.62 (broad doublet, J = 8.0 Hz, 1 H, benzylic a-
sulfonyl proton), and 2.70 (singlet, 10 H, phenyl groups).

Anal. Calcd for CEAHIND S: C, 71.19; H, 7.81; N, 6.39.
Found: C, 71.21; H, 7.91; N, 6.23.

Continued elution with petroleum ether-ether (3:1 and 1:1)
and ether yielded 7.0 g of an oil which contained some 29.
Recrystallization of this material from ether afforded 3.45 g
(21.8%) of colorless flakes, mp 125-127°. Further purification
from carbon tetrachloride gave pure I-(benzylsulfonyl)p:peridine
(30), mp 137° (lit.Bmp 136-138°).8

(25) E. Fromm and H. Jorg, Chem. Ber., B8B, 304 (1925).

(26) The combined eluatea were concentrated to a small volume and the
solid was crystallized from the solution. Petroleum ether was added to cause
further crystallization and the material was removed by filtration. In this
way, pure 26 could be isolated and its decomposition minimized.

(27) C. Mannich, K. Handke, and K. Roth, Chem. Ber., 69, 2112 (1936).

(28) O. Eisleb, German Patent, 735,866 (April 22, 1943); Chem. Abstr.
38, 4101 (1944).
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Further elution of the column with chloroform-ether (1:1)
gave a brown oil which upon trituration with ether afforded 0.5 g
(2.86%) of a brown crystalline solid, mp 86-88°. Recrystalliza-
tion from ether gave analytically pure 2-(I-piperidino)-I-
phenylmethanesulfonylethylene (31): mp 91-92°: X*“46.16
(C=C-N<), 7.66 and 9.00 u -S02); t5£sU8.47 (multiplet, 6
H, -CH2 of piperidino group), 6.96 (multiplet, 4 H, (-CH2)N -
of piperidino group), 5.83 (broad singlet, 2 H, benzylic protons),
5.32 and 3.30 (doublets, J = 13.0 Hz, 1 H each, vinyl protons),
and 2.67 (singlet, 5 H, phenyl group).

Anal. Calcd for ChH,NO0XS: C, 63.36; H, 7.22; N, 5.28.
Found: C, 63.41; H, 7.24; H, 5.17.

2-Benzylidene-4-phenyl-2H-thiete 1,1-Dioxide (32).—A stirred
mixture of 29 (5.0 g, 11.4 mmol) in 20 ml of glacial acetic acid
and 15 ml of acetic anhydride was treated dropwise during 5
min at —10° with 6.0 g (0.053 mol) of 30% hydrogen peroxide.
The reaction mixture was permitted to warm to room temperature
and was stirred for 19 hr, again cooled in ice, and neutralized
with a 25% sodium hydroxide solution. The yellow oily solid
which precipitated during neutralization was extracted with
chloroform and the organic solution was dried over potassium
carbonate. (The aqueous layer from the extraction afforded
no additional material after concentration to dryness and extrac-
tion of the salt residue with chloroform.) The dried chloroform
extract was filtered and concentrated in vacuo to give an oily
solid which afforded, on trituration with ether, 1.82 g of a yellow
solid, mp 209-210° dec. The filtrate was concentrated and chro-
matographed on neutral alumina. Elution of the column with
ether gave 0.8 g of the same material (total yield 85.3%), mp
208-210° dec. Recrystallization of the combined solids from
tetrahydrofuran-petroleum ether afforded pure 32: mp 212-
213° dec; X°=1S56.02 (>C=C<), 7.63 and 8.70 m (-S02);
XM 3366 (sh) mM(e 23,450), 349 (40,200), 337 (38,800), and 240
(12,850); ?Ss3 3.49 (singlet, 1 H, exocyclic styrene proton),
2.31-2.79 (broad singlet, 11 H, phenyl groups and ring proton).

Anal. Calcd for CiHI0 S: C, 71.61; H, 4.51; S, 11.95.
Found: C, 71.39; H, 4.24; S, 12.26.

2-(1-Piperidinomethyl)-3-(1-piperidino)thietane 1,1-Dioxide
(34).—A solution of 10.00 g (0.099 mol) of triethylamine and
20.0 g (0.096 mol) of 1,3-bis(l-piperidino)-l-propene (33)Z in
50 ml of dry tetrahydrofuran was treated in the usual manner
with 11.0 g (0.096 mol) of methanesulfonyl chloride in 50 ml of
the same solvent. Removal of the triethylamine hydrochloride
and concentration of the filtrate yielded an oily liquid which
afforded, on trituration with ether at 0°, 16.0 g of a brown crys-
talline solid, mp 62-64° (second crop, 2.5 g, mp 58-60°, total
yield 67.3%). Recrystallization from ether-petroleum ether
gave pure 34: mp 67-68°; X" 4754, 8.39, 8.78, and 9.07 n
(-S02y), t™s'38.50 (broad singlet, 12 H, -CH2 or piperidino
groups), 7.58 [multiplet, 8 H, (-CH2 ) - of piperidino groups],
6.92-7.28 [complex pattern (five sharp lines), 3 H, -CHN<
and >CHN<], 6.08 (doublet, J = 8.0 Hz, 2 H, -CHX02),
and 5.45-5.85 (multiplet, 1H, >CHS02).

Anal. Calcd for CIHEND S: C, 58.69; H, 9.15; N, 9.78.
Found: C, 58.68; H, 9.23; N, 9.48.

Chromatography of the residues obtained from concentra-
tion of the above mother liquors on neutral alumina gave, on
elution of the column with ether, a small quantity of additional
34, mp 67-68°. Elution with petroleum ether-ether (1:1)
gave a mixture of 34 and I-(methylsulfonyl)piperidine (char-
acteristic X* 410.4 u for sulfonamide but not characterized any
further), mp 40-55°. Further elution with chloroform-ether
(1:9) gave colored oils which displayed intense absorption in the
infrared spectrum at 6.10 m-

2-(I-Piperidinophenylmethyl)-3-(I-piperidino)thietane 1,1-Di-
oxide (37).—A stirred solution of 20.0 g (0.07 mol) of 282 and
7.3 g (0.07 mol) of triethylamine in 60 ml of anhydrous tetra-
hydrofuran under a nitrogen atmosphere was treated dropwise
at —10° with a solution of 8.1 g (0.07 mol) of methanesulfonyl
chloride in 50 ml of the same solvent. The addition required 1
hr. Upon completion of the addition, the mixture was permitted
to warm slowly to room temperature and was stirred at that
temperature for 8 hr. The mixture was filtered to remove the
precipitated triethylamine hydrochloride, and evaporation of
the filtrate afforded a brown viscous oil. The oil became crystal-
line after standing at room temperature for 1 day. The partially
crystalline mixture was mixed with ether and cooled to 0° to
afford 14.45 g of yellow solid, mp 125-127°. Further recrystal-
lization of this material from ether-petroleum ether gave pure 37
as a colorless fluffy solid: mp 129-130°; X" 4 7.50 8.40, and
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9.10 n (-SO2); rSs18.11-8.92 (multiplet, 12 H, -CH2 of
piperidino groups), 7.25-8.08 [multiplet, 8 H, (-CH2)NN- of
piperidino groups], 6.56 (broad triplet, J = 6.0 Hz, H,
>CHN<, 6.07 and 5.88 [singlet and doublet (J = 3.0 Hz),
respectively, 3 H, -CH2S02 and CEH5CH-N<, respectively],
4.93 and 5.13 (doublet of doublets, J = 12.0 and 6.0 Hz, 1H,
>CH-S02), and 2.75 (singlet, 5 H, phenyl group).

Anal. Calcd for CAHMN,05: C, 66.26; H, 8.34; N, 7.73;
S, 8.85. Found: C, 66.49; H, 8.46; N, 7.69; S, 8.97.

All filtrates and insoluble residues were combined and chro-

Unsaturated Heterocyclic Systems.
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matographed on neutral alumina. The only material isolated was
37 and the total weight obtained by direct crystallization and
chromatography was 15.5 g (61.0%).

Registry No.—7, 16808-51-8; 8,16808-52-9; 9, 16808-
53-0; 10,16808-54-1; 11,16808-55-2; 12,16808-56-3; 15,
16808-57-4; 17, 16808-58-5; 19, 16793-41-2; 25, 16793-
42-3; 26,16793-43-4; 29, 16791-06-3; 31,16790-87-7; 32,
16790-88-8; 34, 16790-89-9; 37, 16790-90-2.

XLI. Selected Reactions

of 2-Methylenethiete 1,1-Dioxides1?2

Leo A PaquetteRand Melvin Rosen

Department of Chemistry, The Ohio State University, Columbus, Ohio 43210
Received March 14, 1968

2-Methylene-4-phenyl-2H-thiete 1,1-dioxide (1) could be hydrogenated in two distinct stages to a dihydro and
tetrahydro derivative, respectively. This strained sulfone (1) was also found to undergo ready Michael reaction

with dimethylamine.
to Diels-Alder adducts.

When exposed to 1,3-diphenylisobenzofuran, both 1 and its phenyl congener 7 gave rise
In each instance, a single adduct was formed.

The stereochemistry of the adducts

and the stereospecificity of the processes have been assigned on the basis of spectral data and steric considera-

tions.

Irradiation of 1in diethyl ether leads to the formation of a lone (2 + 2t) dimer.

Spectral analysis and

dipole moment data establish the structure of the dimer as that of the trans-1,2-cyclobutane derivative 14. The
probable mechanistic pathways for the stereoselective photocyeloaddition are discussed.

The preceding paper describes the first synthesis of
highly unsaturated and reactive methylenethiete di-
oxides.1 The *“cross conjugation” of the butadiene
chromophore with the sulfonyl group in such mole-
cules, when considered together with the relatively high
degree of ring strain, makes the system a particularly
suitable subject for experimental evaluation of chem-
ical reactivity, bond hybridization, and involvement of
d orbitals at the heteroatom. Although the geometri-
cal parameters (i.e., interorbital and internuclear
angles) for a molecule such as 1 have not yet been eval-
uated, a number of modified physical and chemical
properties can be expected because of varied hybridiza-
tion at the vinylic carbon atoms. Although the four
carbon centers fall roughly into two sets of similarly
hybridized atoms, their relative reactivities were an-
ticipated to differ significantly and to lend to the mole-
cule properties which are not normally seen in un-
strained a,/?-unsaturated sulfones or thiete dioxides.
The present paper describes the chemical properties of 1
and 7, of which reactions have been selected in an at-
tempt to provide insight into the reactivity differences
of the exocyclic and endocyclic double bonds.4

Results and Discussion

When a dilute solution of 1 was hydrogenated at
atmospheric pressure over 10% palladium on charcoal,
there resulted a rapid uptake of hydrogen which ceased
before 1 equiv was consumed. The resulting dihydro
derivative was easily identified as 2-methyl-4-phenyl-

(1) For part XL of this series, see L. A. Paquette, M. Rosen, and H.
Stucki, 33, 3020 (1968).

(2) This mwork was generously supported by Grant GP-5977 from the
National Science Foundation.

(3) Alfred P. Sloan Foundation Research Fellow.

(4) Ourintended goal was somewhat beclouded by the factthat, ofthe two
known and available methylenethiete dioxides (1 and 7), only 7 possesses two
identically substituted (except for the ring) double bonds. However, as will
be seen, the chemical behavior of 1 is sufficiently diagnostic of the divergence
in reactivity between the two sites of unsaturation to be of interpretive value.

2H-thiete 1,1-dioxide (2) principally on the basis of
its nmr spectrum (see Experimental Section). When
the pressure of hydrogen was increased to 50 psig and
the catalytic hydrogenation allowed to proceed for
58 hr, thietane dioxide 3 was formed in greater than
90% vyield (Scheme I).

Scheme |

H2I<WPd-C

atm. pressure

H210#Pd-C

50 psig

Exposure of 1to a cold ethereal solution of dimethyl-
amine (eq 1) led to the formation of 2-dimethylamino-
methy1-3-dimethylamino-4-phenylthietane 1,1-dioxide
(4), mp 76-78°, isomeric with the sulfone of identical

(CHIN CHN(CH3)2

'CH"H

ether

()]
J -so02
QH’

gross structure, mp 91-93°,5utilized in the preparation
of 1.1 The stereochemical relationship of the two iso-
mers could not be established with certainty owing to
unresolvable complexities of certain nmr absorptions
and the lack of appropriate model compounds.
Reaction of equimolar quantities of 1 and 1,3-di-
phenylisobenzofuran (5) in refluxing benzene solu-

(5) L. A. Paguette and M. Rosen, J. Amer. Chem. Soc., 89, 4102 (1967).
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tion (eq 2) for 16 hr afforded in 79% vyield a single
crystalline 1:1 adduct which had been assigned struc-
ture 6. In confirmation of the structural assignment,
the nmr spectrum of 6 displayed only an AB quartet
(J = 13.0 Hz) at r 6.67 and 7.17 (methylene protons)
and a singlet at 3.38 (styrene proton) in addition to the
aromatic proton absorption.

A similar Diels-Alder condensation of 5 with 2-
benzylidene-4-phenyl-2H-thiete 1,1-dioxide (7) led to
the spiro sulfone 8 (eq 3). The cis relationship of the

endoxy bridge and the sulfonyl group follows from the
steric considerations presented below. A decision as to
whether the phenyl group is of the exo or endo configura-
tion was attained from a comparative analysis of the
nmr spectra of 8 and 6. Thus, whereas 6 exhibited a
singlet at r 3.38 for the styryl proton, the spectrum of
8 displays the same proton at 3.94. The magnitude of
this upfield shift is most readily understood in terms of
diamagnetic shielding experienced by the styryl pro-
ton in 8 because of its proximity to the face of the ben-
zene ring in question. It follows therefore that this
phenyl substituent occupies the endo position and that
the structure of methylenethiete dioxide 7 is that
in which the benzylidene phenyl group is trans to the
sulfonyl function.1

Diels-Alder additions to methylenethiete dioxides
thus clearly prefer involvement of the exocyclic double
bond. The formation of lone adducts in these cyclo-
additions is interesting and suggests steric control in the
transition states leading to 6 and 8. Inspection of dia-
grams 9 and 10 reveals that in the first transition state
the bulky space-filling sulfonyl group is forced to lie in
close proximity to the underface of the planar isobenzo-
furan molecule. Such nonbonded interaction can be
expected to raise the energy associated with 9 to the
point where transition state 10 becomes the only low
energy pass available to the reacting components.

Endoxy sulfone 6 was reversibly protonated in hot
polyphosphoric acid (80% recovery after quenching
in water subsequent to 12-hr exposure at 100°). How-
ever, when 6 was refluxed in an acetic acid solution of
anhydrous hydrogen bromide, there resulted a mixture
consisting chiefly of monobromide 12 and traces of
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dibromide 13. The gross structural assignment of 12
was substantiated by elemental analysis and spectral
data (see Experimental Section); the exact position of
attachment of the bromine was not established. On
the basis of the above data and precedent concerning
the acid-catalyzed dehydrative expulsion of sulfur
dioxide from a thietane dioxide,6the pathway in Scheme
Il is proposed. Protonation of 6 at the endoxy bridge

Scheme Il

12 13

can lead with the proper migration of electrons (as
shown) to the expulsion of sulfur dioxide. The result-
ing tertiary carbinol is without doubt rapidly dehy-
drated to attain the additional resonance energy of the
naphthalene ring.  Electrophilic addition of hydro-
gen bromide to the resulting acetylene (11) produces
the observed products.

Irradiation of a dilute ether solution of 1 with an
Hanovia 200 W mercury arc for 5 days gave in 12%
yield a lone crystalline photodimer (4). The dimeric
nature of this material was derived from its elemental
analysis and mass spectrum. The latter displayed a
molecular ion at m/e 384 (18% of base), a peak at m/e
192 (47% of base) corresponding to the molecular ion
of the monomer, and peaks at m/e 144 (base) and 128
(86% of base) which result from the loss of sulfur mon-
oxide and oxygen, respectively and consecutively, from
the monomer unit. The nmr spectrum of 4 denoted the
presence of two vinyl protons, and the ultraviolet ab-
sorption curve confirmed the presence of two a-sul-
fonyl styrene chromophores. These data established
the fact that dimerization had occurred exclusively at
the exocyclic double bond. On the basis of this anal-
ysis, four possible structures for the dimer are theoret-
ically possible: cfs-1,2 (14a), trans-1,2 (14b), cfs-1,3
(14c), and trans-1,3 (14d).

The nmr spectrum of 14d can be expected to display a
sharp singlet for the cyclobutane protons since rapid
inversion of the puckered cyclobutane ring at room
temperature would effectively average the four protons
and cause them to be magnetically equivalent. In
contrast, the cyclobutane methylene groups of dimer

(6) L. A. Paquette and T. R. Phillips, J. Org. Chem., 30, 3883 (1965).
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14c would very likely give rise to a symmetrical AB
pattern in which the individual peaks would probably
be further split by transannular coupling. Precedent
for this analysis has been derived from the spectra of
the isomeric 1,3-dihalo-1,3-dimethylcyclobutanes.7 In
the cis-1,2 structure (14a), one hydrogen of each methy-
lene group is seen to be cis to a sulfonyl group and there-
fore subject to its field effect; a significant difference in
chemical shift between the two types of protons would
very likely result. With regard to the corresponding
trans compound (14b), these effects would be somewhat
minimized and large chemical-shift differences would
perhaps not be seen. In actuality, the photodimer
shows a broad temperature-independent multiplet
centered at r 7.27 (Wi/2= 3.7 Hz) for the methylene
protons. Although this observation eliminated the
1,1,3,3-tetrasubstituted cyclobutane formulations (14c
and d) from consideration, it remained to differentiate
between 14aand b.

The dipole moment of the dimer was 2.7 = 0.5 D. in
benzene solution. Whereas the dipole moments of
cis isomers 14a and 14c can be expected to be very large
(8-10 D.),8those of trans isomers 14b and 14d would be
expected to have canceling bond moments. Since 14d
had already been eliminated as the correct structure, it
became clear that the photodimerization of 1 had given
rise exclusively to the trans-1,2 dimer (14b). The
substance possesses a small, but significant, dipole
moment since the two hetero rings probably cannot
attain the conformation where the two dipoles are
completely opposed.

Irradiation of 7 under analogous conditions for
varying lengths of time gave no characterized products.
The viscous yellow oils which resulted in these attempts
contained no sulfonyl absorption in their infrared
spectra.

The photodimerization of 1 to 14b represents yet
another example of a symmetry-allowed photochemical
2 + 2 cycloaddition.9 The question of whether the

(7) K. Griesbaum, W. Naegele, and G. G. Wanless, J. Amer. Chem, Soc.,

87, 3151 (1965).
(8) For an excellent discussion of sulfone dipole moments, see C. C. Price
and S. Oae, “Sulfur Bonding,” The Ronald Press Co., New York, N. Y.,

1962, pp 67-73.
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formation of the oyclobutane ring is concerted or pro-
ceeds by means of attack of a photochemically excited
(it-» 71 molecule of 1 upon a ground-state counterpart
(as illustrated) cannot be answered on the basis of the
available data. It should be noted, however, that the
two odd electrons in 15 enjoy appreciable resonance

delocalization. The high degree of stereoselectivity
observed in the photodimerization process can be seen
to result from minimal steric interference of the two
sulfonyl groups in the most favorable transition state.

Both 1and 7 failed to react when refluxed in benzene
or toluene with diiron enneacarbonyl. No character-
izable products were found on attempted cyclopropana-
tion with trimethylsulfonium bromide and potassium
f-butoxide in dimethyl sulfoxide solution at room tem-
perature. D

Experimental Section1l

Partial Hydrogenation of 1.—A solution of 0.5 g (2.6 mmol) of
1in 50 ml of ether containing 300 mg of 10% palladium on carbon
was placed in an atmospheric hydrogenation apparatus. The
uptake of hydrogen was rapid but ceased before 1 equiv was con-
sumed. The catalyst was removed by filtration, and the filtrate
was concentrated to give a colorless solid which possessed an
unpleasant odor and contained starting material. Recrystalliza-
tion of this mixture from ether-petroleum ether afforded 0.25
g (49.5%) of 2-methyl-4-phenyl-2H-thiete 1,1-dioxide (2) as a
slightly colored solid, mp 104-107°. An analytical sample of
2 was obtained from ether: mp 111-112°; X* “ 7.62, 8.47, and
8.80 n (-SO2); X®°H 255 (e 17,270); t?£s 8.48 (doublet,
J = 7.0 Hz, 3 H, methyl group), 5.25 (broad quartet, J = 7.0
Hz, 1H, a-sulfonyl proton), 3.10 [singlet (slightly split), J = 2.0
Hz, 1H, styrene proton], and 2.60 (singlet, 5 H, phenyl group).

Anal. Calcd for CioHI®2S: C, 61.83; H, 5.18; S, 16.51.
Found: C, 61.95; H, 5.32; S, 16.45.

Complete Hydrogenation of 1.—A solution of 0.2 g (1.05
mmol) of 1in 30 ml ether containing 100 mg of 10% palladium on
charcoal was shaken under 50 psig of hydrogen for 54 hr at room
temperature. The catalyst was removed by filtration and the
filtrate was concentrated to give 0.2 g (>90%) of a colorless
solid, mp 95-97°. Recrystallization from ether-petroleum
ether (bp 60-80°) afforded pure 2-methyl-4-phenylthietane 1,1-
dioxide (3): mp 107-109°; x£2° 7.62, 8.47, and 8.80 n (-SO2-);
iw dl 8.48 (broad doublet, J = 7.0 Hz, 3 H, methyl group),
7.25-7.75 (multiplet, 2 H, ring methylene protons), 5.55-5.95
(multiplet, 1 H, nonbenzylic a-sulfonyl proton), 4.68 (multiplet,
1 H, benzylic a-sulfonyl proton), and 2.60 (singlet, 5 H, phenyl

group).

(9) R. Hoffmann and R. B. Woodward, J. Amer. Chem. Soc., 87, 2046
(1965).

(10) W. E. Truce and V. V. Badiger, J. Org. Chem., 29, 3277 (1964).

(11) Melting points were determined with a Thomas-Hoover melting
point apparatus and are corrected. Infrared spectra were recorded with a
Perkin-Elmer Infracord Model 137 spectrometer fitted with sodium chloride
prisms. Ultraviolet spectra were determined with a Cary 14 recording
spectrometer. Nuclear magnetic resonance spectra were obtained with a
Varian A-60 spectrometer purchased with funds made available through the
National Science Foundation. The mass spectrum was measured with an
AEl MS-9 mass spectrometer at an ionizing energy of 70 eV. The micro-
analyses were performed by the Scandinavian Microanalytical Laboratory,
Herlev, Denmark.
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Anal. Calcd for CioHM S: C, 61.19; H, 6.16; S, 16.34.
Found: C, 61.18; H, 6.17; S, 16.22.

Reaction of 2-Methylene-4-phenyl-2H-thiete 1,1-Dioxide (1)
with Dimethylamine.—Into a cold (—20°) solution of 0.30 g
(1.6 mmol) of 1in 20 ml ether was distilled excess dimethylamine
and the resulting brown mixture was left overnightat 0°. Evapo-
ration of the solution and trituration of the residual brown oil
with ether afforded on cooling 0.20 g (45.5%) of 2-dimethyl-
aminomethyl-3-dimethylamino-4-phenylthietane 1,1-dioxide (4),
mp 76-78°. Recrystallization from ether gave pure 4 (unassigned
isomer): mp 84-85°; x£2‘ 7.50, 8.55, and 8.67 n (-S0O2);

7.83
groups), 6.90 (doublet, J = 6.0 Hz, 2 H, -CH2NMe2), 6.43
(doublet, J = 10.0 Hz, 1H, >CHNMe2), 5.55-5.95 (multiplet,
1H, nonbenzylic a-sulfonyl proton), 4.82 (doublet, J = 10.0 Hz,
1H, benzylic proton), and 2.52 (singlet, 5 H, phenyl group).

Anal. Calcd for CUHZN2XS: C, 59.54; H, 7.85; N, 9.92.
Found: C, 59.63; H, 7.85; N, 9.57.

3,4-Dihydro-1,4,4'-triphenylspiro[l,4-epoxynaphthalene-2(IH),-
2'[2H-]thiete] I'I'-Dioxide (6).—A solution of 0.7g (2.6mmol)
of 1,3-diphenylisobenzofuran (5)122 and 0.5 g (2.6 mmol) of 1
in 10 ml of benzene was refluxed for 16 hr under an atmosphere
of nitrogen. The resulting brown solution was concentrated
to an oil which was chromatographed on neutral alumina. Elu-
tion of the column with ether-petroleum ether (1:2) afforded
1.15 g (79.2%) of colorless adduct, mp 210-212° dec. An analyti-
cal sample of 6 was obtained from benzene-petroleum ether: mp
207-209°, with prior formation of yellow color at 165°; X™0'3
7.67 and 8.69 n (-SO2); x*“°H262 mM 27,900); r?"%¥6.67
and 7.17 (AB quartet, J = 13.0 Hz, 2 H, methylene protons),
3.38 (singlet, 1 H, styrene proton), 2.20-3.15 (complex pattern
with singlet at 2.68, 17 H, fused aromatic ring protons and phenyl
groups), and 1.88 (complex pattern, 2 H, fused aromatic ring

protons).
Anal. Calcd for CsoRsAS: C, 77.89; H, 4.80; S, 6.93.
Found: C, 78.21; H, 4.92; S, 6.74.

3,4-Dihydro-I,3,4,4'-tetraphenylspiro [1,4-epoxynaphthalene-
2(IH),2'[2H-]thiete] I',I'-Dioxide (8).—A solution of 1.05 g
(3.8 mmol) of 1,3-diphenylisobenzofuran (5) and 1.0 g (3.7 mmol)
of 7 in 15 ml of toluene was refluxed for one day under an at-
mosphere of nitrogen. The toluene was removed in vacuo and
the yellow residue was chromatographed on neutral alumina.
Elution of the column with ether-petroleum ether (1:3) gave
0.4 g (20.0%) of yellow adduct, mp 211-213° dec. Recrystalliza-
tion of this material from benzene-petroleum ether gave colorless
crystals of 8: mp 216°, with prior formation of yellow color at
190°; X* da7.66 and 8.69 n (-SO2); X*°H263 mM (¢ 12,970)
and end absorption; r°°@35.40 (multiplet, 1 H, benzylic proton),

(12) M. S. Newman, J. Org. Chem., 26, 2630 (1961).
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3.94 (broad singlet, 1 H, styrene proton), 2.28-3.18 (complex
pattern with singlet superimposed at 2.92, 22 H, fused aromatic
ring protons and phenyl groups), and 1.68-1.91 (complex
pattern, 2 H, fused aromatic ring protons).
Anal. Calcd for CH20 3S: C, 80.27;
-Found:'C, 80.20; H, 4.95; S, 5.94.
Further elution of the column with ether-petroleum ether (1:1)
and ether gave 1.5 g of an oily solid. Recrystallization of this
material from benzene-petroleum ether afforded 0.45 g of a
mixture of 8, dibenzoyl ethylene, and 7, mp 162-165°.
Treatment of 6 with Hydrogen Bromide.—A stirred mixture of

H, 4.87; S, 5.95.

and 7.60 (two singlets, 6 H each, dimethylamirfe65 g (1.4 mmol) of 6 and 10 ml of glacial acetic acid containing

0.5 ml of acetic anhydride was treated with gaseous hydrogen
bromide for 5 min. The resulting red solution was refluxed for
16 hr whereupon it turned dark brown. The solution was cooled
and poured into water, and the organic components were ex-
tracted with chloroform. Usual work-up of this solution gave
0.9 gofa brown oil. Chromatography of this material on neutral
alumina afforded, on elution with petroleum ether-ether (3:1),
0.5 g (77.0%) of 12, as a colorless waxy solid, mp ca. 73° (prior
softening at 63°). Molecular distillation of this material at ca.
120° (0.02 mm) and recrystallization from methanol gave pure
12: mp 68-70°; X' 11433 n (aromatic system); X®°H 310 (e
20,150), 285 (32,750), and 236 mM(37,400); rS£s 3.16 (singlet,
1 H, vinyl proton), and 2.10-3.05 (complex pattern, 20 H,
aromatic protons).

Anal. Calcd for C3H2Br:
77.63; H, 4.21.

Photolysis of 1. ¢raras-2,7-Diphenyl-I,6-dithiadispiro[3.0.3.2]-
deca-2,7-diene 1,1,6,6-Tetraoxide (14b).—A stirred solution of
5.1 g (0.027 mol) of 1 in 450 ml of ether was irradiated under
nitrogen with a Hanovia 200 W mercury arc for 5 days. Work-up
gave a black oily solid which was chromatographed on neutral
alumina. Elution of the column with ether-petroleum ether
(1:1) afforded 0.9 g of starting material and 0.5 g (11.9% based
on unrecovered 1) of photodimer 14b, mp 231° dec. An analytical
sample of 14b was obtained from acetone: mp 232° dec (sintering
at ca. 205°); X™ds 7.62 and 8.64 i (-S02); X® H 258 mM
(e 36,900), slight shoulder at 266, and end absorption;

7.27 [multiplet, 4 H, -f-CH2}-2, 2.47 (singlet, 10 H, phenyl
groups), and 2.10 (singlet, 2 H, vinyl protons).

Anal. Calcd for CIHIB042 C, 62.48; H, 4.20; S, 16.68.
Found: C, 62.31; H, 4.29; S, 16.65.

Registry No.—2, 16791-00-7; 3, 16791-01-8; 4, 16791-
02-9; 6, 16791-03-0; 8, 16791-04-1; 14b, 16791-05-2.
Acknowledgment.—The authors are especially in-

debted to Professor N. L. Allinger for the dipole moment
data.

C, 78.09; H, 4.59. Found: C,
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Conversion of Triphenylamine and Acylated Triphenylamines
into 9,10-Diaryl-9-acridanols
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Reaction of triphenylamine with an aromatic carboxylic acid in polyphosphoric acid (PPA) gave 9-aryl-10-
phenyl-9-acridanol (2) in yields as high as 50%, together with a mixture of para-acylated triphenylamines; acrida-

nol 2 arises by cyelization of an intermediate ortho-acylated triphenylamine.

Certain para-monoacylated tri-

phenylamines were rearranged in PPA at 190° into the corresponding acridanols 2 in ~50% vyield; p-di- and

-tribenzoyltriphenylamines under similar conditions gave nuclear-substituted acridanols.

The intermolecularity

of the above transformations is supported. Acylation of triphenylamine with acid anhydrides and acid chlorides
in the presence of anhydrous stannic chloride proceeded readily in benzene solution and provided para-acylated

triphenylamines.

The Friedel-Crafts and other electrophilic substitu-
tion reactions of triphenylamine have been recently
studied.1-4 A consideration of the findings that the
products were para-substituted derivatives led Baker,
et al.,* to conclude that the ortho positions in triphenyl-
amine were sterically hindered. However, a prelim-
inary account®of the formation of 9,10-diphenyl-9-ac-
ridanol (2a) from triphenylamine and benzoic acid in
polyphosphoric acid (PPA) indicated otherwise. This
synthesis has now been developed and extended to pro-
vide a convenient new route to the little-known acri-
danols 2, in which ortho acylation of triphenylamine
features prominently.

From equimolar amounts of triphenylamine and an
aromatic acid in PPA at 120-125° for 0.5 hr, under
which conditions rearrangement of para-acylated tri-
phenylamines into acridanols did not occur (see below),
the corresponding 9-aryl-10-phenyl-9-acridanol (2),
essentially free of ketone impurity, was afforded in
about 10% yield (Table ). The acid-soluble products
were formulated as acridanol 2 on the basis of their
properties, analysis, and infrared spectra; in several in-
stances the assigned structures were confirmed by com-
parison with authentic material prepared from N-
phenylacridone and the appropriate arylmagnesium
bromide.6

Compensating for the poor yields of acridanol in the
direct synthesis were the advantages of rapidity and ap-
parent general applicability of the method, and the ease
of isolation of the product, as compared with the pro-
cedure6 utilizing Grignard reagents. However, not all
aromatic acids were successfully employed in the new
method, and 4-nitrobenzoic acid, for example, failed to
yield acridanol. Glacial acetic acid gave a trace of
what may have been the corresponding acridanol, but
the reaction with aliphatic acids was not generally ex-
amined.

The direct synthesis, which resembles Popp’s mod-
ification of the Bernthsen acridine reaction6 with tri-
phenylamine in place of diphenylamine, undoubtedly
involves preliminary formation of 2-acyltriphenylamine
as an intermediate. That such an ortho acylation is
sterically feasible was demonstrated by forming 2,7-di-
methyl-9-phenyl-10-(p-tolyl)-9-acridanol (2m) in nearly

(1) B. Staskun, J. Org. Chem., 29, 2856 (1964).

(2) C.J. Fox and A. L. Johnson, ibid., 29, 3536 (1964).

(3) C.J. Fox and A. L. Johnson, Makromol. Chem., 82, 53 (1965).

(4) T.N. Baker, W. P. Doherty, W. S. Kelly, W. Newmeyer, J. E. Rogers,
R. E. Spalding, and R. I. Walter, J. Org. Chem., 30, 3714 (1965).

(5) L. H. Cone, J. Amer. Chem. Soc., 36, 2101 (1914).

(6) F. D. Popp, J. Org. Chem., 27, 2658 (1962).

quantitative yield from 4,4',4"-tritolylamine (lh) and
benzoic acid in PPA. In support of the suggested in-
termediate, 2-benzoyltriphenylamine (la) underwent
facile and quantitative conversion into 2a in PPA at
120°; this cyelization was effected also by anhydrous
aluminum chloride, anhydrous stannic chloride, boron
trifluoride etherate, and concentrated sulfuric acid.

la, R =2-CHXO; R,=R2=H
b, R =3-CHXO; R,=R2=H
¢, R =4-CHXO; R, =R2=H
d, R =2-CHXO; R,=4'-CeHBCO; R2=H
e, R = 4-CeHBCO; R4 4'-CeHXCO; R2- H
f, R =2-CHECO; R,= 4'-CHZO; R2 = 4"-C6H5CO
g R = 4-CEHECO; R,= 4'-CeH€£O; R2 = 4"-CeHXCO
h, R = 4-CHs; R, = 4'-CH3 R2= 4"-CH3
i, R =2-CeH®CO; R4=4'-CH3 Rz = 4"-CH3
L,R =3-C6HEO; R,=4'-CH3 R2 = 4"-CH,
, R = 4pCHC{:EHZCO R, = R2= H
I, R = 4-p-CHXHACO; Ri = 4'-p-CHXHACO; R2=H
m R = 4-CHXO; R, = R2= H
n, R = 4n-CH,CO; R, = R2=H
2a, R —R2= CHG6 Ri —R3=H
b, R = oCHXH4 Ri =R3= H; R2= Cells
¢, R —otCHX @4 R,=R3= H; R2= Cells
d, R = p-CHXeH4, Rt = R3= H; R2—Cells
e, R —o0-BrCeH4; R, = R3—H; R2 — Cells
f, R —m-BrCeER; R4 —R3 = H; R2 —Cells
% R = p-BrCeH4, Ri = R3= H; Ru= CeHs
, R = o-1Cell4 R, = R3= H; R* = CeHs
i, R = j)-FCeH4 R, —R3 —H; R2 = CeHs
j, R = CeHs;Ri = R3= H; R2= p-CeHEOCeH4
k, R = CeHs;Rl = CsHECO; R2 = p-CeHsCOCe”; R3=H
I, R = CeHsR, =CH3 R2 = p-CHXeH4 R3=H
m, R —CeHs;Ri = R3= CH3 R2 = p-CII:{ 41,
n, R = p-CHXeH4 Ri —R3= H; R2—pC|1I£4)('1R

In addition to acridanol 2a, the acylation of triphenyl-
amine with benzoic acid afforded an acid-insoluble mix-
ture of unreacted triphenylamine, 4-benzoyltriphenyl-
amine (le), 4,4'-dibenzoyltriphenylamine (le), and
4,4, 4, -tribenzoyltriphenylamine (Ig); each acyl de-
rivative was identified unequivocally by comparison
with authentic material prepared by an appropriate
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Table |
Direct Synthesis of Substituted 9-Acridanols (2) from Triphenylamine (1.2 g, 0.005 mol)

Weight of
Aromatic aromatic Molar Reacn Acridanol Yield,
acid acid, g ratio® temp, °C Method” product Yo«
Benzoic 0.3 1:0.5 120-125 A 12*«
0.6 1:1 120-125 A 12%*
1.2 1:2 120-125 A nd
2.4 1:4 120-125 A 17+
0.3 1:0.5 155-160 A 2ac 34*«
0.6 1:1 155-160 A 15-25"
0.6 1:1 155-160 B 23d
0.3 1:0.5 190-195 A 48*«
0.6 1:1 190-195 A 25-35'*
0.6 1:1 190-195 B 47d
2-Toluic 0.35 1:0.5 160 A 35%«
0.7 I:1 155-160 A 2bn 14+
0.7 1:1 160 B 28<*
3-Toluic 0.7 1:1 190 B 2¢G 38s
4-Toluic 0.7 11 120-125 A 10<*
0.7 1:1 155-160 A 2d* 25«
0.35 1:0.5 190 A 48%«
0.7 1:1 190 B 45-50**
2-Bromobenzoie 1.0 1:1 160 A 120
1.0 1:1 195 A 2e 26%*
1.0 1:1 190 B 22+
3-Bromobenzoic 1.0 1:1 195 B 2f 23+
4-Bromobenzoic 1.0 1:1 120-125 A 29 Vad
1.0 1:1 190 B 19+
2-lodobenzoic 1.2 1:1 190 B 2h g
4-Fluorobenzoie 0.7 1:1 120-125 A 10+
0.7 1:1 190-195 A 2i 15"
0.7 1:1 190 B 21+

° Triphenylamine/aromatic acid.

nol.
with product of Cone5synthesis.
number of recrystallizations. *Acridanol not purified.

*Negligible ketone impurity present.

1Method A, reactants were stirred together in PPA (10 g) for 0.5 hr.
was added portionwise over 0.25 hr to a solution of amine in PPA and stirring was continued for an additional 0.25 hr.
«Yield based on aromatic acid.
hProduct contaminated with acylated acridanol; purification proved troublesome and required a

Maica, /o Pinitis, P&

Mp, °C Formula C H N C H N
175-177*

CkHi.NO 85.93 5.48 4.01 86.00 5.62 3.89
191-192  C2H2NO 85.92 5.82 3.85 85.80 5.70 3.58
143-144 CjogHkNO 85.92 5.82 3.85 85.90 5.75 3.75
174-176 CkHKNO 85.92 5.82 3.85 85.81 5.91 3.75
187-189 CaHiaBrNO 70.10 4.23 3.27 70.30 4.23 3.38

i CiGHisBrNO

197-199 C2HisBrNO  70.10 4.23 3.27 70.11 4.23 3.34
200-203 CkHisINO 63.17 3.82 2.95 63.15 3.94 2.87
176-179 CkHisFNO 81.72 4.94 3.81 81.33 4.96 3.69

Method B, aromatic acid
«Crude acrida-

f Lit.5mp 178°. «Structure established by comparison

Table Il

Substituted Triphenylamines (1) Prepared by Ullmann Reaction

Yield, R Calcd, %- foomeeeee Found, % ------—--—-- \%
Reactants® (weight, g) %b Product Mp, °C Formula Cc H N C H N

Diphenylamine (1«), 2-iodobenzophenone (1.5) 40 la 127-128 cBh Iho 85.93 5.48 4.01 85.87 542 4.11
Diphenylamine (1«), 3-iodobenzophenone (1.5) 40 Ib 139-140 c&h ho 85.93 5.48 4.01 85.82 5.54 4.29
Diphenylamine (1«), 4-iodobenzophenone (1.5) 60 Ic 127-128 cZh ho 85.93 5.48 4.01 85.74 5.69 4.20
4,4'-Dibenzoyldiphenylamine (0.3),

iodobenzene (0.7«) 50 le 143-144 032HZNO02 (81.50 5.34 297 81.83 540 3.31
4,4'-Dibenzoyldiphenylamine (1.2),

2-iodobenzophenone (1.5«) 70 If 150-151 c®h Zho3 84.00 4.88 251 84.07 491 261
4,4'-Dibenzoyldiphenylamine (0.8),

4-iodobenzophenone (1.5«) 50 Ig 176-177« C3XHZNO3 84.00' 4.88 251 83.98 4.83 2.69
4,4'-Ditolylamine (1), 4-iodotoluene (1.1) 20 Ih 115-116*" c2h Zn 87.76 7.37 4.87 87.84 7.41 4.82
4,4'-Ditolylamine (1), 2-iodobenzophenone (1.5) 50 li 140 cZh %o 8591 6.14 3.71 85.66 6.15 3.88
4,4'-Ditolylamine (1), 3-iodobenzophenone (1.5) 50 lj 105-107 cZh Zho 8591 6.14 3.71 85.89 6.20 3.51
Aniline (5°), 4-iodobenzophenone (1.5) 30 0 148-149 CisHisNO  83.49 553 5.13 83.51 558 5.22

° Amine, iodo compound.
provements may well be possible.

4,4" 4"-tritolylamine (lh, buff). «Excess of reactant.

6Pure compound; recrystallizations from aqueous acetone.
All the products were obtained as yellow crystals, except 4-benzoyltriphenylamine (Ic, colorless) and
d Calcd for CZH2ZN 02-HD.

The crude yields are not maximal and im-

Compound le crystallized from aqueous acetone

as the monohydrate, mp 143-144°, as was indicated by analysis and by the (weak) absorption at 2.70 and 2.77 min the infrared spectrum.

«Lit.2mp 173.5-175.5°.

Ullmann7reaction (Table Il). The composition of the
acid-insoluble product varied with the molar ratio of re-
actants employed. Thus, with benzoic acid in large
excess (4:1), 4,4',4/,-tribenzoyltriphenylamine (lg), was
obtained in 80% vyield [together with 2a in improved
and apparently maximal yield (17%)]; this is a much
more convenient preparation of Ig than that from ben-
zoyl chloride and aluminum chloride.2

When the synthesis of acridanol 2a from equimolar
amounts of reactants was conducted at 160 and 190°,
the yield of acid-soluble product was increased, but
this now showed (weak-medium) carbonyl absorption
in the infrared and was, as found subsequently, con-

(7) F. Ullmann, Ber., 36, 2382 (1903).

oH. Wieland [Ber., 40, 4279 (1907)] reports mp 117°.

»4-Benzoyldiphenylamine.

taminated with C-acylated acridanol. Certain other
aromatic acids, however, furnished the acridanol 2 virtu-
ally free of ketone impurity, even at these elevated re-
action temperatures (Table 1).

That the C-acylated acridanols were not derived by
nuclear acylation of acridanol 2 was shown by recover-
ing acridanol 2a unchanged after treatment with ben-
zoic acid in PPA at 190°. Their presence became ex-
plicable when it was found that certain of the para-
acylated triphenylamines could be transformed by PPA
into acylated acridanols.

A variety of pure acylated triphenylamines were
treated with PPA at 190-195° for 0.5 hr with the fol-
lowing results; other observations pertaining to a mech-
anism are included.
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4-Benzoyltriphenylamine (Ic), although unaffected
at 120-125°, was rearranged at the higher reaction tem-
perature into 9,10-diphenyl-9-acridanol (2a) in 45%
yield; also formed was triphenylamine and other
material of unknown constitution. 4-(p-Toluoyl)tri-
phenylamine (Ik) likewise afforded 9-(p-tolyl)-10-
phenyl-9-acridanol (2d) in 55% yield. 1t was of prepar-
ative and mechanistic significance that the acridanols
derived in this manner were contaminated with minor
amounts only of ketone impurity. In support of an
intermolecular process, reaction Ic —»2a when con-
ducted in the presence of 4,4, 4"-tritolylamine (lh)
gave acridanol 2a together with 2,7-dimethyl-9-phenyl-
10-(p-tolyl)-9-acridanol (2m).

Nuclear-acylated acridanols were obtained on sub-
jecting p-di-and triacylated triphenylamines to the
action of PPA at 190-195° for 0.5 hr. Thus, 4,4'-di-
benzoyltriphenylamine (le) was converted (50%) into
a mixture of acridanol 2a and 10-(p-benzoylphenyl)-9-
phenyl-9-acridanol (2j); benzoic acid sublimed during
reaction; its presence was indicative of an intermolec-
ular process. The acid was liberated also when 4,4',4"-
tribenzoyltriphenylamine (Ig) was transformed (40%)
into acridanol 2j and 2-benzoyl-10-(p-benzoylphenyl)-
9-phenyl-9-acridanol (2k). The products 2j and 2k
were identified by comparison with samples derived by
cyclization of the appropriate 2-benzoyltriphenylamine
in PPA or concentrated sulfuric acid. In this respect,
the reaction of 2,4'4"-tribenzoyltriphenylamine (If),
to give acridanol 2k, which involved electrophilic at-
tack on a deactivated nucleus, was noticeably slow com-
pared with that of 2-benzoyltriphenylamine (la) under
similar conditions.

Although the acyl groups in 4,4'4"-tribenzoyltri-
phenylamine (lIg) were not sterically hindered, the com-
pound nevertheless suffered extensive deacylation in
PPA at 190° (c/. Balaban, et al.8 as was demonstrated
by heating in the presence of excess triphenylamine to
give 9,10-diphenyl-9-acridanol (2a) as the sole acid-
soluble product of reaction.

The above observations and results may be ration-
alized in terms of the tentative intermolecular processes
assumed to occur at 190-195° and depicted in Schemes
| (Ic *m2a), Il (le *w2a + 2j), and 111 (Ig “m2j + 2k).

Scheme |

c645Nc/)H ch5 oh
cth SN 'scthb cth9N hchb
A
-rs o
V °H
TPA + CHSCO —» la 2a

CeH/ XCeHp

B

(8) M. Frangopol, A. Genunche, N. Negoita, P. T. Frangopol, and A. T.
Balaban, Tetrahedron, 23, 841 (1967).

9,10-Diaryl-9-acridanols 3033
Scheme |1l

asin Scheme | .
le (+H+) Mo, * lc + CsHICO— Id — > 2j

I Scheme |
> 2a

Scheme Il

as in Scheme | +

Ig (+H+) ;— »= + le + CHEO — mlIf — > 2k

4-Benzoyltriphenylamine (Ic) and benzoic acid in PPA
at 120-125°, however, gave the para-acylated deriva-
tives le and g, and negligible acridanol 2j (and thus 1d);
competitive ortho acylation is inhibited presumably be-
cause of the proximity to the reaction site of the posi-
tively polarized N atom. The production of acridanol
2j via Ic as in Scheme Il may become feasible at 190°
if Ic is less extensively protonated at the higher tem-
perature.

It is noteworthy that the raefa-acylated bases, viz.,
3-benzoyltriphenylamine (Ib) and 3-benzoyl-4',4"-di-
methyltriphenylamine (lj), failed to rearrange into
acridanols in PPA at 190-195; in this respect it is signifi-
cant that these substances are incapable of providing
structural contributions analogous to A and B (Scheme

).

) In the light of the behavior of the various para-ac-
ylated triphenylamines in PPA, a modified procedure
for acylating triphenylamine with aromatic acids was
adopted and led to improved yields (10-50%, depend-
ing on the nature of the aromatic acid) of acridanol 2
practically free of ketone impurity (Table I). Thus,
addition portionwise, of benzoic acid to a solution of an
equimolar amount of triphenylamine in PPA at 190-
195°, gave acridanol 2a in 47% vyield. A similar im-
provement was achieved more conveniently by mixing
the amine and benzoic acid in the molar ratio 2:1 and
heating with PPA. In these reactions triphenylamine,
the least deactivated and hence most reactive substrate

+

competing for acylium ion, RCO, was present in excess
throughout, with the result that those processes giving
rise to C-acylated acridanols (Schemes Il and I11) were
effectively curtailed; moreover, the yield of product was
augmented by rearrangement of 4-benzoyltriphenyl-
amine (Ic) under the reaction conditions prevailing.

When treated with 4-toluidine in PPA acridanol 2a
was converted into what appeared to be 9,10-diphenyl-
9-p-tolylaminoacridan (3).

The facility with which triphenylamine undergoes
electrophilic substitution has been noted.124 It is pos-
sible in fact to acylate the amine with acid anhydrides
and acid chlorides using benzene as the solvent. Re-
fluxing a benzene solution of equimolar amounts of tri-
phenylamine and benzoic anhydride (or benzoyl chlo-
ride) and excess anhydrous stannic chloride for 1 hr, for
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Tabte Il
Acylation op Triphenylamine (12 g, 0.005 mOl) in Benzene Solvent (15 ml)

Molar ratio of

Acylating agent Lewis acid reactants” Reaction products® (yield, %)c
Benzoyl chloride Anhydrous stannic chloride 1:1.05:4 TPAd (—15), Ic (70), le (<5), lg (negligible)
1:2.4:8 TPA (negligible), Ic (small), le (~40), lg (~25)
4-Toluoyl chloride 1:1: TPA (25), Ike (65)
Benzoic anhydride 1:1.1:8 TPA (5), Ic (69), le (6), g (<5), 2a (<5)
1:3.3:12 TPA (negligible), Ic (negligible), le (~50), Ig (~20)
n-Hexanoic anhydride 1:1.1:4 In' (60)
Acetic anhydride 1:1.1:4 Im" (65)
Benzoyl chloride Anhydrous aluminum chloride
1:1:2.7 TPA (~40), lc (~15), le (~15)
1:4:4.5 TPA (—10), Ic + le (small), Ig (65-70)
4-Toluoyl chloride 1:2.2:2.5 TPA (negligible), Ik (~3), IF (>30)

“ Triphenylamine/acylating agent/Lewis acid.
product (Table II).
tone, mp 92-93°. Anal.
gum, bp 200-209 (0.1 mm) [lit.2bp 230-235° (0.5 mm)].
H 732- N, 4.03.
tone, mp 205-206°.

Anal.

Anal.

example, afforded 4-benzoyltriphenylamine (Ic) in 70%
yield. This method was likewise successful for other
para-monoacylated triphenylamines (Table 111). Util-
ization of an excess of benzoyl chloride in the presence of
anhydrous aluminum chloride under similar conditions,
led to 4,4',4"-tribenzoyltriphenylamine (Ig) in —70%
yield. Products containing a high proportion of para-
diacylated triphenylamine resulted from use of other
molar proportions of reactants (Table I11).

Experimental Section9

Direct Synthesis of 9-Ary|-10(fhenyl-9-acridanols SZ% from Tri-
phenylamine and Aromatic Acids (Table I). General Procedure.
—Equimolar amounts of triphenylamine (1.2 g, 0.005 mol)
and aromatic acid were stirred together with PPA (10 g, Riedel-de
Haen) at 120-125° for 0.5 hr. After cooling and addition of
water (~50 ml), acid-insoluble material A was removed, and
the (charcoaled) filtrate made alkaline with 5N sodium hydroxide
to deposit acridanol 2 (7-12%; negligible carbonyl absorption
at 6.0-6.05 n in the infrared), which was purified by reprecipita-
tion from dilute hydrochloric acid and subsequent recrystalliza-
tion from either aqueous acetone, aqueous pyridine, or petroleum
ether (bp 80-100°). A mixture of 2 and nuclear-acylated
acridanol resulted from reaction at 160 or 190° (Table ).

Improved yields of acridanol 2, likewise virtually free of ketone
impurity, were afforded (i) by stirring triphenylamine (1.2 g)
and aromatic acid in the molar ratio 2:1, with PPA (10 g) at
190-195° for 0.5 hr, and also (ii) by adding the aromatic acid
portionwise over a period of 0.25 hr to a stirred solution of an
equimolar amount of triphenylamine (1.2 g) in PPA (10 g) at
190-195° and continuing the heating for an additional 0.25 hr.

Details of the synthesis performed under a variety of conditions
as well as other relevant data are given in Table I.

The acridanols 2 dissolved readily in dilute mineral acids and
in dilute acetic acid and formed green solutions which exhibited a
striking “Flourescein”-like fluorescence in ordinary light. The
infrared spectra of the acridanols 2 (listed in Table I) and com-
pounds 21 and 2m were very similar in the 2.7-8.6-" region and
all showed sharp peaks at or near 2.80 (m) (OH stretching),
6.20 (s) (medium peak in 2m), 6.60 (m), 6.70 (s), 6.85 (s), 7.40
(s), 7.60 (m), 7.80 (m-s), 8.60 (m), and 9.7-9.8 (s) n. The mass
spectra of the acridanols 2 (2a, ¢, and m) all showed a parent

9) Melting points are uncorreeted. Infrared spectra consistent with the
proposed structures were obtained for all new compounds and were recorded
on a Perkin-Elmer Infracord Model 137 spectrophotometer using a 1-mg
sample per 300 mg of potassium bromide. Mass spectra were determined
from an AEI Model MS-9 mass spectrometer (70 eV). Thin layer chroma-
tography (tic) was carried out with silica gel G; the mobile phase was benzene
containing 1% acetone, and spots were located by visual inspection and/or
by their fluorescence in ultraviolet light (350 ran). Column chromatography
was performed with silica gel (Kieselgel, Merck; 0.05-0.20 mm) used without
pretreatment; the progress of the separations was followed in ultraviolet
light (350 m/x).

Calcd for CEH2NO: C, 85.92; H, 5.82; N, 3.85.
Calcd for CZHANO: C, 83.92; H, 7.34; N, 4.08.
»Colorless crystals from aqueous acetone, mp 143-144° (lit.2mp 142-143°).
Calcd for CIHZN02: C, 84.79; H, 5.65; N, 2.91.

1Separated on a silica gel column; identity confirmed by comparison with Ullmann
0Crude yield reported, based on triphenylamine.

d Triphenylamine. ePale yellow crystals from aqueous ace-
Found: C, 85.63; H, 5.72; N, 3.76. <Colorless, viscous
Found: C, 84.05;
hYellow crystals from aqueous ace-
Found: C, 84.47; H, 5.70; N, 2.91.

peak M, and peaks at M — OH, M —R, and (M — OH —
R + 1)

Exar%ination (tic9 of the acid-insoluble material A above,
derived from benzoic acid, showed it to contain triphenylamine,
4-benzoyltriphenylamine (Ic), 4,4'-dibenzoyltriphenylamine (le),
4,4' 4"-tribenzoyltriphenylamine (lg), and other (unchar-
acterized) compounds. When acid-insoluble A (1.4 g) was
dissolved in a minimal amount of benzene and chromatographed
on silica gel (30 g) with benzene as the eluent, it afforded tri-
phenylamine (fraction 1, purple fluorescence9), 0.48 g (40%
recovery); compound Ic (fraction 2, blue fluorescence), 0.30 g
(~17%); compound le (fraction 3, blue-purple fluorescence),
0.30 g (~15%); and compound Ig (fraction 4, blue-purple
fluorescence), 0.10 (~4%). The latter (base Ig) could be readily
eluted from the column by means of benzene-acetone (20:1).

With increase of benzoic acid in the acylation the content of
di- and triacylated derivatives le and Ig in the acid-insoluble
product A was enhanced at the expense of triphenylamine and
compoimd Ic. Treatment of triphenylamine (1.2 g) with a4 M
proportion of benzoic acid (2.4 g) in PPA (10 g) at 120-125° for
0.5 hr, gave, in addition to acridanol 2a (0.30 g, 17%), crude
4,4' 4"-tribenzoyltriphenylamine (lg, 2.3 g, 80%) contaminated
(tic) by a small amount of compound le and free of triphenyl-
amine and base Ic.

2,7-Dimethyl-9-phenyl-10-(p-tolyl)-9-acridanol (2m) was pre-
pared by stirring 4,4',4"-tritolylamine (Ih, 0.25 g) with excess
benzoic acid (0.15 g) in PPA (5 g) at 110-130° for 0.5 hr. After
addition of water, the mixture was filtered, and the green fluores-
cent solution was made alkaline to deposit acridanol 2m (0.30 g,
~90%). Recrystallization of this from aqueous acetone gave
colorless crystals, mp 149-150°.

Anal. Calcd for CEHANO: C, 85.90; H, 6.44; N, 3.58.
Found: C, 85.74; H, 6.49; N, 3.53.

9,10-Diphenyl-9-(p-tolylamino)acridan (3).—Acridanol 2a (0.2
g) was reacted with an excess of 4-toluidine (0.2 g) in PPA (4 g)
at 120-125° for 0.5 hr. Addition of water afforded a yellow-
green fluorescent solution; this was filtered from negligible
insoluble impurity and made alkaline to deposit crude 3 con-
taminated with 4-toluidine. Recrystallization from aqueous
acetone gave colorless crystals, mp 199-201°, soluble in dilute
mineral acid affording a green fluorescent solution.

Anal. Calcd for CIHEBN2 C, 87.63; H, 5.98; N, 6.39.
Found: C, 87.05; H, 5.92; N, 6.14.

The infrared spectrum of 3 revealed acridanol 2a to be absent
and displayed a weak absorption at 2.95 (NH stretching) and a
medium peak at 12.2 a (para substitution).

Preparation of Substituted Triphenylamines by the Ullmann
Reaction (Table 11).—The general procedure is illustrated for
2-benzoyltriphenylamine (la). A mixture of diphenylamine
(1 g, excess), 2-iodobenzophenone (1.5 g), anhydrous potassium
carbonate (0.8 g), and copper powder (50 mg) in nitrobenzene
(20 ml) was refluxed for 5-6 hr. After removal of the solvent by
steam distillation, the insoluble residue was extracted with
benzene and the dried, concentrated extract was chromato-
graphed on silica gel (40 g) using benzene as the eluent. A
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fraction with a strong yellow fluorescence9 was evaporated to
afford crude la, recrystallized as yellow crystals from aqueous
acetone, mp 127-128°.

Details of the various acylations are collected in Table II.

4,4'-Dibenzoyldiphenylamine.—Ullmann reaction of 4-iodo-
benzophenone (1.5 g) with 4-aminobenzophenone (1.2 g, excess)
as above gave, after removal of nitrobenzene solvent, a dark
brown insoluble product. This was extracted successively with
2 N hydrochloric acid and with methanol to remove undesirable
material, and the residue of 4,4'-dibenzoyldiphenylamine (1 g,
~54%) was recrystallized from 90% (v/v) acetic acid; the
pale green crystals, mp 241-242°, were identical (mixture
melting point and infrared spectrum) with those from the acyla-
tion of diphenylamine with benzoic acid in PPA.l

Acylation of Triphenylamme in Benzene Solution (Table 111).—
The following preparation illustrates the general procedure. A
solution of triphenylamme (1.2 g, 0.005 mol) and benzoic an-
hydride (1.25 g, 0.0055 mol) in benzene (15 ml) was treated with
anhydrous stannic chloride (10.5 g, 0.04 mol) and refluxed for
1 hr during which period hydrogen chloride was evolved and
some crystalline material separated. Water and benzene were
added and a substance B, sparingly soluble in both the aqueous
and organic phases, was filtered off. The benzene layer (~50
ml) was washed with 2 N sodium hydroxide and water, dried
(anhydrous magnesium sulfate), concentrated (rotary evapora-
tor), and chromatographed9on silica gel (30 g) using benzene as
the eluent to afford the following products (crude yield): tri-
phenylamine (0.06 g, 5%), Ic (1.2 g, 69%), le (0.14 g, 6%), and
Ig (<0.1 g).

Product B above appeared to be a complex of acridanol 2a and
SnCh (or HjSnCh) (see below) and dissolvedg radually on
warming with 1 N hydrochloric acid; addition of alkali to the
green fluorescent solution gave acridanol 2a (0.06 g, 4%) identi-
fied by its infrared spectrum.

Other acid anhydrides and also acid chlorides were treated
similarly with triphenylamme in the presence of anhydrous
stannic chloride or anhydrous aluminum chloride, and the
relevant details and results are shown in Table I11.

Formation of 9-Acridanols by Cyclization of 2-Benzoyltri-
phenylamines. 9,10-Diphenyl-9-acridanol (2a).—The crudeprod-
uct, obtained in methods A-E below, was in each case identified
as acridanol 2a by its infrared spectrum.

A.  —2-Benzoyltriphenylamine (la, 0.2 g) dissolved readily

in concentrated sulfuric acid (1.5 ml) with an exothermic effect,
and a green fluorescent solution was obtained instantly. After
remaining at ~20° for 0.5 hr, this was poured into water and the
solution made alkaline to deposit crude acridanol 2a in quantita-
tive yield (0.2 g).

B

—Compound la (0.3 g) and anhydrous aluminum chloride

(0.4 g) were intimately mixed and heated at -~120°; a vigorous
reaction set in with evolution of hydrogen chloride and yellow
fumes. The temperature was kept at 120-140° for 5 min, warm
1N acid HC1 was added, and the filtered solution made alkaline
to furnish acridanol 2a in quantitative yield (0.29 g).

9,10-Diaryl-9-acridanols 3035

After 0.25 hr at ~20°, water was added and the green fluorescent
solution basified to give crude 21 (0.48 g, <~95%) which was
recrystallized as colorless crystals from aqueous acetone, mp
139-140°.

Anal. Calcd for CZH2ZNO: C, 85.91; H, 6.14; N, 3.71.
Found: C, 86.04; H, 6.16; N, 3.74.

Formation of 9-Acridanols by Rearrangement of 4-Acylated
Triphenylamines. 9,10-Diphenyl-9-acridanol (2a).—4-Benzoyl-
triphenylamine (lc, 1.0 g) was stirred with PPA (10 g) at 190-
195° for 0.5 hr and the mixture was treated with water. Acid-
insoluble material C (0.5 g) was removed, and the green fluores-
cent filtrate was made alkaline to deposit acridanol 2a (0.45 g,
45%; negligible carbonyl absorption) identified by its infrared
spectrum. Product C was a mixture (tic) of triphenylamme,
trace amounts of bases Ic and le, and other substances (unidenti-
fied). The conversion into 2a was less (15-20%) at 155-160°,
and negligible at 120-125°.

10-Phenyl-9-(p-tolyl)-9-acridanol (2d) was formed (0.38 g,
55%) virtually free of ketone impurity, from 4-p-toluoyltri-
phenylamine (lk, 0.7 g) and PPA (7 g) at 190-195° for 0.5 hr,
and was identical (infrared spectrum) with acridanol 2d derived
from p-tolylmagnesium bromide and N-phenylacridone.

Under similar conditions 3-benzoyltriphenylamine (Ib) and
3-benzoyl-4',4"-dimethyltriphenylamine (lj) were each con-
verted into an acid- and alkali-insoluble solid which showed weak
carbonyl absorption in the infrared spectrum. A trace of sus-
pected acridanol was formed from 1j (as evidenced by the green
fluorescence of the acid reaction solution).

4-Acetyltriphenylamine (Im) decomposed to an acid- and alkali-
insoluble charcoal-like product; treatment with PPA at 140°
for 0.5 hr afforded much unchanged Im and a trace of acridanol.
An excess of anhydrous aluminum chloride (0.5 g) acting on 4-
benzoyltriphenylamine (Ic, 0.5 g) at 190° for 0.5 hr failed to
yield acridanol 2a; the acid-insoluble product (0.45 g) obtained
after addition of water was a mixture (tic) of triphenylamme,
base Ic (and perhaps le), and other material (unidentified).

Equimolar amounts of amine Ic (0.35 g) and benzoic acid (0.12
g) in PPA (4 g) were stirred at 120-125° for 0.5 hr. Addition of
water afforded an acid-insoluble mixture (tic) of compounds le
and Ig, while the green fluorescent filtrate contained negligible
base.

Intermolecularity of the Amine Ic —»Acridanol 2a Rearrange-
ment.—A mixture of 4-benzoyltriphenylamine (lc, 0.1 g) and
4,4" 4"-tritolylamine (lh, 0.05 g) in PPA (2 g) reacted at
195-200° for 0.5 hr to furnish ~50 mg of acid-soluble base.
This was found (infrared and mass spectra) to consist of acridanol
2a together with 2,7-dimethyl-9-phenyl-10-(p-tolyl)-9-acridanol
2m).

( F()eration of Acylated Acridanols by Rearrangement of Di-
and Triacylated Triphenylamines.  10-(p-Benzoylphenyl)-9-
phenyl-9-acridanol (2j).—4,4'-Dibenzoyltriphenylamine (le, 0.8
g, free of mono- and tribenzoyltriphenylamine impurity by tic)
was stirred with PPA (15 g) at 190-195° for 0.5 hr, during which
period a trace of benzoic acid (identified by its infrared spectrum)

C —2-Benzoyltriphenylamine (la, 0.1 g) was stirred with sublimed. After cooling and addition of water, insoluble material

PPA (2 g) at 110-120° for 20 min. The mixture was treated
with water and the solution was basified to give acridanol 2a
(0.09 g, ~90%). When conducted at 20° for 0.5 hr, the reaction
led to acridanol 2a in ~ 20% yield.

D (0.4 g; tic showed negligible base le present) was removed,
and the filtrate was made alkaline to afford a buff-colored product
(0.3 g) composed (infrared and mass spectra) of acridanols 2a
and 2j. The solution of product D in glacial acetic acid (5 ml)

D. —Addition of boron trifluoride etherate (2 ml) to amine la was diluted with 1 N hydrochloric acid, the mixture was filtered

(0.2 g) resulted in a green fluorescent solution. After 0.5 hr,
this was treated with water which caused a yellow solid to deposit.
The ether was evaporated and the insoluble material (suspected
of being a complex of acridanol 2a and HBF4or BF3) was warmed
with hot 2 N hydrochloric acid until dissolved; basifieation of
the solution yielded acridanol 2a (0.18 g, *90%). A similar
sparingly soluble complex was precipitated on addition of an
aqueous solution of NaBFs to a solution of acridanol 2a in 2 N
hydrochloric acid.

hot (charcoal), and the green fluorescent filtrate was made
alkaline to deposit crude 2j. This was purified by reprecipitation
from its (charcoaled) benzene solution with petroleum ether (bp
80-100°) and proved to be indentical (infrared spectrum) with
acridanol 2j prepared as follows. The Ullmann reaction of 4-
benzoyldiphenylamine (0.05 g, Table IlI) with 2-iodobenzo-
phenone (0.2 g, excess) as before gave, after removal of nitro-
benzene, crude 2,4'-dibenzoyltriphenylamine (Id) which was
warmed (90°) with concentrated sulfuric acid (1 ml) for 0.5 hr.

E. —A solution of amine la (0.1 g) in anhydrous stannic chlo- Addition of water and filtration of the hot (charcoaled) mixture

ride (2 ml, excess) after remaining at ~ 20° for 1 hr was poured
into 1 N hydrochloric acid to afford a yellow fluorescent mixture
with much insoluble material. The latter was filtered off and
warmed with 1 N hydrochloric acid when it dissolved; basifica-
tion of the solution gave acridanol 2a (~50%). A similar com-
plex was deposited on mixing together 1 N hydrochloric acid
solutions of acridanol 2a and stannic chloride.
2-Methyl-9-phenyl-10- (p-toiyl)-9-acridanol (21).—2-Benzoyl-
4',4"-dimethyltriphenylamine (li, 0.5 g) dissolved readily in
concentrated sulfuric acid (4 ml) with an exothermic effect.

gave a green fluorescent solution, from which was obtained acrida-
nol 2j characterized by spectral analysis. Infrared absorption
was at 2.85 (m) (OH stretching) and 6.0 n (s) (CO stretching),
and the spectrum which was similar to that of acridanol 2k
(see below) could be distinguished from the latter by comparison
of the relative intensities of the respective absorptions at 6.85,
7.4r-7.8, 13.0, and 13.85 n- The mass spectrum (70 eV) showed
a weak parent peak at m/e 453, a medium peak at m/e 436
(M — OH), a medium peak at m/e 376 (M — Cells), and a
base peak at m/e 360 (M — OH —CeHs + 1).
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2-Benzoyl-10-(p-benzoylphenyl)-9-phenyl-9-acridanol  (2k).—
4,4'4"-Tribenzoyltriphenylamine [lg, free (tic) of mono- and
dibenzoytriphenylamine impurity] was stirred with PPA (20 g)
at 190-195° for 0.5 hr; a small amount of benzoic acid (identified
by its infrared spectrum) sublimed. After cooling, water (~50
ml) was added, acid-insoluble material E (0.6-0.7 g, tic showed
negligible base 1lg) was removed, and the filtrate was made
alkaline to deposit a pale yellow solid (0.2 g) shown by its in-
frared and mass spectra to be a mixture of acridanols 2j and 2k.
Product E was dissolved in glacial acetic acid (5 ml) and treated
as for D above to provide crude acridanol 2k (0.2 g) which was
purified by dissolving in benzene and adding petroleum ether
(bp 80-100°) to afford a buff-colored solid, mp 115-120°.

Anal. Calcd for CslIKNCL-HjO: C, 81.37; H, 5.08; N,
2.43. Found: C, 81.70; H, 5.31; N, 2.46.

The mass spectrum showed a very weak parent peak at
m/e 557, a weak peak at m/e 540 (M — OH), a weak peak at
m/e 481 (M —C@H5+1), a weak peak at m/e 464 (M —OH —
C@H5+ 1), abase peak at m/e 436 (M —OH —C645C0O + 1),
and a medium peak at m/e 360 (M —OH —CEHECOCEH4+1).

A sample of acridanol 2k was prepared unambiguously by
cyclization of 2,4',4"-tribenzoyltriphenylamine (If, 0.15 g)
with PPA (5 g) at 120-125° for 0.5 hr. Addition of water (~100
ml) to the orange fluorescent solution gave a sparingly soluble
gum which was separated by decantation and dissolved in glacial
acetic acid (5 ml). The acid solutions were combined, warmed
to dissolve the sparingly soluble acridanol 2k, filtered hot (char-
coal), and made alkaline to afford crude 2k (0.18, ~70%) which
was identical (infrared and mass spectra) with the rearrangement
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of amine If (0.2 g) into acridanol 2k proceeded very slowly at
20° compared with the conversion amines Ic and li; reaction at
90° for 1 hr afforded base 2k in ~20% vyield.

Deacylation of 4,4',4"-Tribenzoyltriphenylamine (lg).—A
mixture of the amine (lg, 0.3 g) and excess of triphenylamine
(1 g)in PPA (10 g) was stirred at 190° for 0.5 hr. After addition
of water and removal of acid-insoluble material, the green
fluorescent filtrate was made alkaline to give 9,10-diphenyl-9-
acridanol (2a, 0.25 g, 45% yield, based on complete deacylation
of amine Ig) which showed no carbonyl absorption in its infrared
spectrum.

Registry No.—la, 16911-31-2; Ib, 16911-32-3; Ic,
16911-33-4; le, 16911-34-5; If, 16911-35-6; Ig, 1183-
66-0; lh, 1159-53-1; li, 16959-98-1; lj, 16959-99-2;
4-benzoyldiphenylamine, 4058-17-7; 2a, 16911-37-8; 2b,
16911-38-9; 2c, 16911-39-0; 2d, 16911-40-3; 2e, 16960-
00-2; 2f, 16960-01-3; 2g, 16911-41-4; 2h, 16911-42-5; 2i,
16911-43-6; 2j, 16911-44-7; 2k, 16911-45-8; 21, 16911-
46-9; 2m, 16911-47-0; 3, 16911-48-1; triphenylamine,
603-34-9.
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In concentrated sulfuric acid (1 ml) conversion
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The addition of chlorosulfonyl isocyanate to allenes (2,4-dimethyl-2,3-pentadiene, 2-methyl-2,3-pentadiene,
2,3-pentadiene, 3-methyl-l,2-butadiene, pentamethyleneallene, 1,3-diphenylpropadiene, phenylpropadiene, and
cyclononadiene) has been studied. In all cases, initial electrophilic attack occurred at the central carbon atom
of the allenic system to produce, in the transition state, an allyl-type stabilized carbonium ion. Structures of
the N-chlorosulfonyl-~-lactam cycloadducts and/or 2-carboxamido-I,3-butadiene products have been established
on the basis of nmr spectroscopy and conversion into authentic derivatives prepared independently by the reac-
tion of chlorosulfonyl isocyanate with the appropriate olefin. In the case of 3-methyl-1,2-butadiene, a third
product identified by degradation and synthesis as I-chlorosulfonyl-I-(2-earboxy-3-methyl-2-butenyl)urea was
obtained. Chlorosulfonyl isocyanate added stereospeeifically to cis- and irans-/3-methylstyrene to lead to the cis-
and trans-i3-lactam, respectively, hydrolysis of which led to erythro- and ¢lim>-3-amino-2-methyl-3-phenylpro-
panoic acid hydrochloride. This experimentally determined relationship permitted assignment of the geometry

Scientific and Industrial Research for financial support.

of a number of /3-lactam, carboxamido-1,3-butadiene, and amino acid products.

With a few exceptions, the principal mode of electro-
philic (E+) addition to cyclic and 1,3-disubstituted,
straight-chain allenes has been via path a, while al-
iéné itself and monosubstituted allenes react predom-
inantly via the vinyl carbonium (4) route (path b).4
Attack by the nucleophile (N-) on carbonium ions 22

(1) This research was supported by Public Health Service Research Grant
No. 1-R01-A108-063-01 from the National Institute of Allergy and Infectious
Diseases and the Department of the Army, U. S. Army Medical Research
and Development Command, Office of the Surgeon General, under Contract
DA-49-193-MD-2992. This is Contribution No. 339 to the Army Research
Program on Malaria.

(2) Presented in part before the Organic Division, 151st National Meeting
of the American Chemical Society, Pittsburgh, Pa., March 1966, Abstracts,
p K76, and at the First International Congress of Heterocyclic Chemistry,
the University of New Mexico, Albuquerque, N. M., June 12-15, 1967, Paper
No. 76.

(3) Taken entirely from the Ph.D. Thesis of J. F. Kelly, 1969.

(4) For relevant references, including exceptions, cf. R. K. Sharma, B. A.
Shoulders, and P. D. Gardner, J. Org. Chem., 32, 241 (1967); W. A. W aters
and E. F. Kiefer, J. Amer. Chem. Soc., 89, 6261 (1968); and two recent re-
views of allene chemistry: A. A. Petrov and A. V. Fedorova, Russ. Chem.
Rev., 33, 1 (1964); H. Fischer in “Cumulenes,” S. Patei, Ed., Interscience
Publishers, Inc., New York, N. Y., 1964, pp 1060-1083.

oc=dh @
N E
3
;c=c-c- (b)
N E
4 5

and 4 complete the reaction to observed products 3 and
5, respectively.

Recently we reported that the stepwise 1,2-dipolar
cycloaddition of chlorosulfonyl isocyante (CSI) to al-
lenes [2,4-dimethyl-2,3-pentadiene (6a), 3-methyl-I,2-
butadiene (6d), pentamethyleneallene (6e) and 1,2-cy-
clononadiene (6h) ] proceeded via path a to produce ini-
tially, in the transition state, an allyl-type stabilized
carbonium ion (7) leading ultimately to /3-lactams (8, 9)
and/or from the aqueous extract, 2-carboxamido-I,3-
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butadienes (10).6 The reaction between CSI and 6d
produced a third product (11) which seemed to be an
adduct of 2 equiv of CSI with one of 6d.6 In this paper,
we (i) report on CSI addition to allenes 2-methyl-2,3-
pentadiene (6b), 2,3-pentadiene (6¢), 1,3-diphenylpro-
padiene (6f), and phenylpropadiene (6g); (ii) provide
experimental details of the reaction between CSI and
6a h, with proof of structure of both /3-lactam and diene
amide products; (iii) identify 11 by degradation and
independent synthesis; (iv) provide experimental evi-
dence for the stereospecific cycloaddition of CSI to
cis- and irans-/3-methylstyrene (cis and trans 16g),6 and
(v) use this information to establish the geometry of a
number of products.

Addition of CSI to allenes 6a, b, d, and e led to both
N-chlorosulfonyl-/3-lactams and dienes: respectively,
I-chlorosulfonyl-4,4-dimethyl-3-isopropylidene-2-azeti-
dinone (8a, 67%) and 3-methyl-2-isopropylidene-3-bu-
tenamide (10a, 28%); I-chlorosulfonyl-3-ethylidene-
4.,4-dimethyl-2-azetidinone (37%) (a 13:87 cis 8b-
trans 8b mixture)7 and 2-ethylidene-3-methyl-3-buten-
amide (25%) (a 29:71 cis 10b-trans 10b mixture); 73
1- chlorosulfonyl -3 - methylene - 4,4 - dimethyl - 2 - azeti-
dinone (8d, 23%), 3-methyl-2-methylene-3-butenamide
(10d, 36%), and I-chlorosulfonyl-1-(2-carboxy-3-meth-
yl-2-butenyl)urea (11, 23%); and I-chlorosulfonyl-3-
methylene-l-azaspiro[3.5]nonan-2-one (8e, 40%) and
2- (I-cyclohexenyl)-2-propenamide (IOe, 32%) (Chart
1). Allene 6¢ produced only diene 2-ethylidene-3-buten-
amide (10c, 31%), whereas 6f, g, and h led only to
N-chlorosulfonyl-d-lactams, 3-benzylidene-I-chlorosul-
fonyl-4-phenyl-2-azetidinone (8f, 63%), 1-chlorosul-
fonyl-3-methylene-4-phenyl-2-azetidinone (8g), and 10-
chlorosulfonyl- 10-azabicyclo [7.2.0]Jundec-1 -ene-11 -one
(8h, 89%) (Chart 1). No isolable products were ob-
tained from the reaction of 1,2-heptadiene or 4-phenyl-
1,2-butadiene with CSI. Cycloadduct 8g was obtained
in good yield as evidenced by the infrared spectrum, but
polymerized within minutes via ring opening (since
the carbonyl band at 5.5 g shifted rapidly to ca 5.9 ny-
Immediate benzenethiol-pyridine reduction of 8g per-
mitted the isolation of the stable /3-lactam (9g) in 8%
over-all yield. Similarly, reduction of 8a, b, d-f, and h
provided the unsubstituted /8-lactams, 9a, b, d-f, and h,
respectively, in yields of 55-91%. In general, proof of
/3-lactam structures 9a, b, and d-h was established by
acid hydrolysis to unsaturated amino acid hydrochlo-

(5) E. J. Moriconi and J. F. Kelly, J. Amer. Chem. Soc., 88, 3657 (1966).

(6) E. J. Moriconi and J. F. Kelly, Tetrahedron Lett.,, 1435 (1968).

(7) (a) Based on nmr analysis of the unsubstituted |8-lactam product mix-
ture cis 9b and trans 9b; (b) the cis or trans designation refers to the position
of the olefinie methyl group cis or trans to the adjacent C =0 group.
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rides 12a, b, and d-h, which on hydrogenation led re-
spectively, to 13a, b, and d-h. Amino acid hydrochlo-
rides 13a, b, and d-g were independently prepared by the
following sequence of reactions: (i) cycloaddition of
CSlI to 2,4-dimethyl-2-pentene (16a), 2-methyl-2-pen-
tene (16b), 2-methyl-2-butene (16d), ethylidenecyclo-
hexane (16e), irans-l,3-diphenylpropene (16f), and cis-
and irnns-/3-methylstyrcnes (cis 16g and trans 16g) led
to the N-chlorosulfonyl-/3-lactam products (17a, b, and
d-g, respectively); (ii) reduction to d-lactams 18a, b,
and d-g, respectively; and (iii)acid hydrolysis to 13a, b,
and d-g. Proof of structure of diene amides I0a-e was
achieved by reduction to the following saturated de-
rivatives: diisopropylacetamide (15a),8 2-isopropyl-
butanamide (15b),9 2-ethylbutanamide (15c),10 2,3-di-
methylbutanamide (15d),6u and 2-cyclohexylpropan-
amide (15e),12 respectively. In the case of 10d, hy-
drogenation over Pd-C gave an 85% yield of partially
reduced 2,3-dimethyl-2-butenamide (14d) and 15% of
15d. We must revise our earlier suggestionl8and now
conclude that the conversion 10d -m 14d must involve
1,4 reduction since neither of the independently pre-
pared “1,2-reduction” products 2-methyl-3-methy-
lenebutanamide (19d) and 3-methyl-2-methylenebutan-
amide (20) isomerize to 14d under the catalytic condi-

CH2

CH3CCH(CH3CONH2
191

ch?2
(CH3)2ZCHCCONH2
20

tions (5% Pd-C) employed. Finally, minor products
(4-8%) of the addition of CSI to 16a, b, and d included
3-methyl-2-isopropyl-3-butenamide (19a), 2-ethyl-3-
methyl-3-butenamide (19b), and 19d, respectively.
Hydrogenation of 19a and b led to quantitative con-
version into 15a and b, respectively, as did 14d, 19d,
and 20 into 15d.

Structure of 11 (Chart 11).—The identity of 11 was
established as I-chlorosulfonyl-1-(2-carboxy-3-methyl-
2- butenyl)urea by benzenethiol-pyridine reduction to
I-(2-carboxy-3-methyl-2-butenyl)urea (22). Both the
ozonation of 11 and permanganate-periodate oxidation
of 22 produced acetone, isolated as the 2,4-DNP deriva-
tive, thus suggesting the same isopropylidene moiety in
each. Catalytic reduction of 22 led to I-(2-carboxy-
3- methylbutyl)urea (23), alkaline hydrolysis of which
gave 2-carboxy-3-methylbutylamine (24). Benzoyla-
tion of 24 under Schotten-Bauman conditions led
to crystalline I-benzamido-2-earboxy-3-methylbutane
(25). A parallel sequence of reactions on 22 26
27 with a final catalytic reduction also led to 25. Al-
though 23 and 24 were isolated, purified, and character-
ized, the reaction sequence 22 — 23 *m 24 —»25 could
be accomplished in 47% over-all yield without isolation
of intermediates. Authentic 25 was prepared from
diethyl isopropylmalonate (28) via the half-ester (29),
followed by a Mannich reaction to ethyl 3-methyl-2-
methylenebutanoate (30) and its hydrolysis to 31. A
Michael addition of HBr to 31 led to 2-bromomethyl-3-

(8) F. C. B. Marshall, J. Chem. Soc., 2754 (1930).

(9) G. S. Slomp, Jr., and J. L. Johnson, J. Amer. Chem. Soc., 80, 915
(1958).

(10) H. Koch and F. Hillberath, Ber., 73, 1171 (1940).

(11) C. D. Nenitzescu and I. Chicos, ibid., 68, 1584 (1935).

(12) R. S. Thakur, J. Chem. Soc., 1481 (1933).

(13) Reference 5, footnote 11.
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Chart Il
Os
n e > ch3
CeHsSH-Pyr,
<lacetone
KM gO«-
COoH NalOs COH
|
(CH3)XLT=CCHNHR (CH)XCHCHCHNHR
22, R = CONH2 23, R = CONH2
26,R = H N 24, R = H
27, R = COCA 25, R = COC&H5
coxh6 A
(CH3XTHCH
ACOIR
28, R = CHS5 NHs
29, R = H
I CHiO, EtiNH
CHij COH
HBr
(CH)XLHCCOR e > (CHj)XHCHCH®Br
30, R = CAJ5 32
3, R = H

methylbutanoic acid (32), treatment of which with
aqueous ammonia led to the primary amine 24 and ul-
timately 25.

The mechanism of formation of 11 is consistent with
the initial formation of the allyl carbonium ion 7 (path
a), followed successively by the 1,4-dipolar cycload-
dition of 7b to a second molecule of the electrophilic
dipolarophile CSI and hydrolytic cleavage to 11.14

(CH3TC=CH?2 (CHY2C=CCH2
C=0 (=0 n
| |
NSO0Z1 NS02CL
7a F(o)
(CH)Z" ch2
IsS02Cl HO
</7+
S0XL

Product Geometry.-—\We recently reported the stereo-
specific cis addition of CSI to cis- (cis 16g) and trans-fi-
methylstyrene (trans 16g) to yield 2 -f 2 cycloadducts,
N-chlorosulfonyl-cfs- (cis 17g) and -Eraws-3-methyl-4-
phenyl-2-azetidinone (trans 17g).6 The retention of
configuration of R1-R 4in cis and trans 17g is unequivo-
cally supported by nmr data. Thus the eclipsed cis
protons in cis 17g show the expected vicinal coupling of
7.25 Hz while the trans-skewed protons in trans 17g
displayed vicinal coupling of 4.00 Hz. Furthermore,
the methyl protons (R3 in cis 17g are in the shielding
region of the cfs-phenyl ring (R9 and appear as a dou-

(14) At the First International Congress of Heterocyclic Chemistry,2 R.
Huisgert reported on “1,4-Dipolar Cycloaddition. A General Principle of
Heterocyclic Syntheses.” The formation of 11 is a specific example of this
synthetic principle. A related example has recently been reported [H.
Ulrich, B. Tucker, and A. A. R. Sayigh, J. Amer. Chem. Soc,, 90, 528 (1968)].
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blet upfield (0.54 ppm) relative to the irows-methyl pro-
tons (R4 in irons 179.1616

Benzenethiol-pyridine reduction of cis and trans 17g,
respectively, led to cis and irons 18g; acid hydrolysis
quantitatively converted the cis-i3-lactam into erythro-
3-amino-2-methyl-3-phenylpropanoic acid hydrochlo-
ride (erythro 13g), whereas the irans-/3-lactam led to the
threo isomer (threo 13g). This experimentally estab-
lished relationship (cfs-/3-lactam ->m erythro-amino acid
and £rons-/3-lactam -m threo-amino acid) permitted the
identification and assignment of the geometry of a
number of products, (i) The reduced, acid hydrolysis
product of 9g was spectroscopically determined to con-
sist of a 63:37 mixture of erythro 13g and threo 13g.
(i) Leuckart reduction of ethyl 2-benzoylpropanoate
(33) led to an 18% yield of 13g identified as threo 13g.

0 ch3

1. HCOINH,

Cense—CHCOLHE —---mrmmemmmt > threo 13g
aa 2. HCI, reflux

(iii) The reaction sequence commencing with allene
6f *m 8f -~ of -* 18f led solely to the cis isomer of
3-benzyl-4-phenyl-2-azetidinone (cis 18f) since acid
hydrolysis of cis 18f quantitatively converted it into
en/£/iro-3-amino-2-benzyl-3-phenylpropanoic acid hy-
drochloride (erythro 13f). The alternative route to
this amino acid (via 9f m 12f -» 13f) also produced only
erythro 13f. The homogeneity of cis 18f further sug-
gested that the olefinic phenyl substituent (R3 in the
N-chlorosulfonyl-d-lactam precursor 8f is trans to the
carbonyl group.? (iv) The reaction sequence com-
mencing with the olefin trans 16f — 17f —» 18f led solely
to the trans isomer of 3-benzyl-4-phenyl-2-azetidinone
(trans 18f) since acid hydrolysis quantitatively con-
verted it into £/ireo-3-amino-2-benzyl-3-pheriylpro-
panoic acid hydrochloride (threo 13f). (v) Finally, a
Mannich reaction on benzylmalonic acid (34) led to
2-benzylcinnamic acid (35, 19%) and an 18% vyield of a
58:42 erythro-threo mixture of 13f.  Earlier in this

CH2X&H5
CeHsCHO,
CHBHXH(COH )2-------- > CHECH=CCOH + 13f
34 NHs 35

paper, we had noted that the addition of CSI to 2-meth-
yl-2,3-pentadiene (6b) had led to cis-trans isomers of
both 8b and 10b in which the less sterically hindered
trans isomer predominated.7/o These conclusions were
based on an nmr analysis of 9b (reduction product of
8b) and 10b. Thus, in both cis 9b and cis 10b, the
olefinic methyl group is in the plane of and proximate to
the adjacent C=0 group, and appears downfield (0.21
and 0.44 ppm, respectively) in the nmr spectrum, rel-
ative to the same substituentin irons 9b and irons 10b.

(15) K. D. Barrow and T. M. Spotswood, Tetrahedron Lett., 3326 (1965).

(16) Similar stereospecificity was observed in the cycloaddition of CSI to
cis- (cis 16i) and irans-3-hexene (trans 16i). Analytical and spectral data,
and results of decoupling experiments for cis and trans 17g, and cis and trans
17iare summarized in the Experimental Section.
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Experimental Section17-22

Reaction of CSI with AUenes (16).—The general procedure
used was as follows. A solution of the allene in anhydrous ether
(15 m1/0.1 mol) was added dropwise to an ice bath cooled, stirred
solution of an equimolar amount of CSI in the same solvent (20
ml/0.1 mol). The solution was stirred until the ir spectrum
showed the absence of the allene and isocyanate peaks (ca. 5.1
and 4.4y, respectively) (15 min to 3 hr) and poured onto 10-20
gofice. The ether layer was extracted with eight 15-ml portions
of water and the aqueous extracts were combined with the water
layer. The ether moiety was dried (NaaSOi) and evaporated to
dryness imder a N2stream. The residue was extracted or dis-
solved in boiling solvent; the solution was decolorized (charcoal)
and cooled to —20° to give the N-chlorosulfonyl-0-lactam product
(8). Concentration of the filtrate occasionally gave additional
amounts of product.

The combined aqueous extracts were extracted for 475 days
(Raab extractor) with CH2CI2. The methylene chloride solu-
tion after work-up led to the unsaturated amide product (10).

Variations in isolation procedure for 8 and 10 are noted under
each allene.

2,4-Dimethyl-2,3-pentadiene (6a) (10.0 g, 0.10 mol) gave 16.3
g (67%) of I-chlorosulfonyl-4,4-dimethyl-3-isopropylidene-2-
azetidinone (8a): mp 71-72° (from hexane); uv max (CH3OH),
241 my («22,000); ir (KBr), 558y (C=0).

Anal. Calcd for CHI2ZNOSCI: C, 40.45; H, 5.09; N, 5.89.
Found: C, 40.55; H, 5.13; N, 6.20.

Evaporation of the CH2CI2 extract led to crude 3-methyl-2-
isopropylidene-3-butenamide (10a) which was dissolved in 50 ml
of ether and decolorized (charcoal), and 50 ml of hexane was
added. The solution was boiled until the temperature reached
50° and then cooled to give 4.0 g (29%) of pure 10a as needles:
mp 1347135° dec and sublimes; ir (KBr), 6.09y (C=0).

Anal. Calcd for C8HiINO: C, 69.04; H, 9.41; N, 10.01.
Found: C, 68.88; H, 9.37; N, 10.11.

2-Methyl-2,3-pentadiene (6b) (8.2 g, 0.1 mol) gave 8.3 ¢
(37%) of I-chlorosulfonyl-3-ethylidene-4,4-dimethyl-2-azeti-
dinone (8b) after extraction with five 30-ml portions of boiling
pentane: mp 92-93° (from pentane); uv max (CH3H), 229
mM («23,500); ir (KBr), 558 m(0=0).

Anal. Calcd for CjHioNOaSCI: C, 37.59; H, 4.51; N, 6.26.
Found: C, 37.72; H, 4.73; N, 6.10.

The methylene chloride extract was evaporated to 25 ml in
vacuo and poured slowly into 150 ml of boiling hexane. The
boiling was continued until the CH2CI2 had evaporated. The
hexane was decanted and the residual oil was further extracted
with three 25-ml portions of boiling hexane. The hexane ex-
tracts were combined and were evaporated to 100 ml, cooled, and
filtered to give 3.2 g (25%) of a 29% cfs-71% irons mixture of
2-ethylidene-3-methyl-3-butenamide (10b): mp 55-57°; uv max
(CH3H), 227 my (e 23,100); ir (KBr), 6.08 y (C=0); nmr

(17) Melting points are corrected; boiling points are uncorrected. The
infrared spectra were recorded on a Perkin-Elmer 337 grating spectropho-
tometer; ultraviolet spectra were recorded on a Cary 15 spectrophotometer.
Nmr spectra were obtained on a Varian Associates A-60A spectrometer
using TMS as an internal standard in organic solvents and the DOH peak
(5 4.67) in D20 solutions. Double resonance experiments on cis and trans
17g and cis and trans 17i (Table I) were conducted with a Varian Associates
6058A spin decoupler. Full nmr data are available in ref 3. Gas chromato-
grams were run on a Perkin-Elmer 880 instrument with a flame ionization
detector and using a column packed with 10% SE 30 on Chromosorb W.
Microanalyses were performed by Schwarzkopf Microanalytical Laboratory,
Woodside, N. Y. CSI was obtained from American Hoechst Corp. 2-
Methyl-2,3-pentadiene (6b), 2,3-pentadiene (6c), and phenylpropadiene
(6g) were prepared from the appropriate olefin using Skattebpl’s general two-
step procedure;B 3-methyl-1,2-butadiene (6d) and pentamethylene allene
(6e) were synthesized by reduction of 3-chloro-3-methyl-I-butyne and
1-ethnyl-l-chlorocyclohexane, respectively, using lithium aluminum hydride
in tetrahydrofuran;19 1,2-cyclononadiene (6h) was prepared in the one-step
procedure from cyclooctene.2 1,3-Diphenylpropadiene (6f) was synthesized
via prototropic rearrangement of 1,3-diphenylpropyne by adsorption on a
basic alumina column;2l frans-1,3-diphenylpropene (16f) was prepared by
the Bamford-Stevens procedure.2 2,4-Dimethyl-2,3-pentadiene (6a) and
all other olefins (16a-e, g, and i) were obtained from the Chemical Samples
Co.

(18) L. Skattebpl, Acta Chem. Scand., 17, 1683 (1963).

(19) W.J. Bailey and C. It. Pfeifer, J. Org. Chem., 20, 95 (1955).

(20) K. G. Untch, D. J. Martin, and N. T. Castellucei, ibid., 30, 3572
(1965).

(21) T. L. Jacobs and D. Danker, ibid., 22, 1424 (1957).

(22) W. R. Bamford and T. S. Stevens, J. Chem. Soc., 4735 (1952).

3041

Chloeosulfonyl |socyanate

(CDCI3), for cis 10b, 56.40 (broad singlet, 2, NH2), 5.67 (q, 1,
J = 7 Hz, =CHCHJ3), 5.05 and 4.85 (two broad singlets, 2,
=CH?2), 1.84 (s, 3, CH3J), and 1.78 (doublet with one peak under
methyl singlet, 3, =CHCH?3); for trans 10b, 6 7.20 (broad sing-
let, 2, NH2), 6.65 (q, 1,/ = 7 Hz, =CHCH?J), 5.23 and 4.95
(two broad singlets, 2, =CH2), 1.84 (s, 3, CHJ3), and 1.71 (d, 3,
/ = 7Hz,=CHCHS.

Anal. Calcd for CHIINO: C, 67.17;
Found: C, 66.81; H, 9.13; N, 10.81.

H, 8.86; N, 11.19.

2.3- Pentadiene (6¢) (4.2 g, 0.062 mol) gave 2.1 g (31%) of

3-carboxamido-1,3-pentadiene (10c). After extraction of the
ether layer with water, the combined aqueous extracts were then
extracted with methylene chloride (Raab extractor) for 5 days.
The methylene chloride extract was evaporated to dryness, and
the residue was extracted with three 20-ml portions of boiling
hexane to give, on cooling, 10c. mp 100-102°; uv max (CH3
OH), 220 him («20,200); ir (KBr), 6.08y (C=0).

Anal. Calcd for CBHNO: C, 64.85; H, 8.15; N, 12.60.
Found: C, 64.52; H, 8.19; N, 12.35.

3-Methyl-1,2-butadiene (6d) (5.0 g, 0.074 mol) gave 3.5 g
(23%) of I-chlorosulfonyl-4,4-dimethyl-3-methylene-2-azetidi-
none (8d) after extraction with three 30-ml portions of boiling
pentane: mp 51-52° (from pentane); uv max (CH3OH), 218
my (e 10,000); ir (KBr), 5.52y (C=0).

Anal. Calcd for CBHNO0XC1: C, 34.37; H, 3.85; N, 6.68.
Found: C, 34.51; H, 4.03; N, 6.80.

After the boiling pentane extraction, the yellow, semisolid
residue was extracted with three 30-ml portions of boiling ether.
Hexane was added to the hot combined ether extracts to the cloud
point. The solution was boiled again, decolorized (charcoal),
and filtered. Additional hexane was added (total ca. 50 ml),
and the solution was boiled until I-chlorosulfonyl-I-(2-carboxy-3-
methyl-2-butenyl)urea (11) began to precipitate. After cooling,
11 was filtered. Further concentration of the filtrate led to addi-
tional 11: total yield 2.3 g (23%) (from ether-hexane); mp 126-
127°; uv max (CH3OH), 215 my (« 12,000); ir (KBr), 5.95 and
6.13 m(C=0).

Anal. Calcd for CHIN2SCI: C, 31.06; H, 4.10; N,
10.35; mol wt, 271. Found: C, 31.66; H, 4.38; N, 10.36;
mol wt (isothermal distillation), 288.

The methylene chloride extract was evaporated to dryness and
the residue was recrystallized from ether-hexane to give 2.9 g
(36%) of 3-methyl-2-methylene-3-butenamide (10d), mp 70°
(with polymerization). Amide 10d polymerizes on standing in the
solid state within 1 day, but it is stable for several days in ether

solution: uv max (CH3OH), 223 m/i (« 7800); ir (KBr), 6.09
M(C=0).
Anal. Calcd for CBHNO: C, 64.85; H, 8.15; N, 12.60.

Found: C, 64.93; H, 8.24; N, 12.32.

Pentamethyleneallene (6e) (10.0 g, 0.09 mol) gave 9.15 g
(40%) of I-chlorosulfonyl-3-methylene-l-azaspiro[3.5]nonan-2-
one (8e): mp 96-97° (from hexane); uv max (CH3H), 215
m/i (« 2200); ir (KBr), 5,56y (C=0).

Anal. Calcd for CHijNO&C1: C, 43.28; H, 4.85; N, 5.61.
Found: C, 43.44; H, 5.02; N, 5.86.

The methylene chloride extract was evaporated in vacuo to
dryness, and the residue was recrystallized from ether-hexane
to give 2.4 g (32%) of 2-(I-cyclohexenyl)-2-propenamide (I0e):
mp 135-137°; uv max (CH3H), 234 him (« 8,500); ir (KBr),
6.05 m (C=0).

Anal. Calcd for CHINO: C, 71.48; H, 8.66; N, 9.27.
Found: C, 71.78; H, 8.76; N, 9.38.

13 Diphenylpropadiene (6f) (2.0 g, 0.01 mol) gave 2.2 g (63%)

of 3-benzylidene-I-chlorosulfonyl-4-phenyl-2-azetidinone  (8f).
After addition of 6f to CSI, the mixture was stirred for 1hr at room
temperature, after which it was poured into 50 ml of hexane.
Crude 8f was filtered and recrystallized from ether-hexane to
give 8f as needles: mp 98-99°; uv max (CH3H), 219 him (e
6100) and 304 (13,000); ir (KBr), 5.58 y (C=0).

Anal. Calcd for CBHENO0BC1: C, 57.57; H, 3.62; N, 4.20.
Found: C, 57.31; H, 3.64; N, 4.24.

Phenylpropadiene (6g) (6.4 g, 0.06 mol) gave 0.62 g (8%) of
3-methylene-4-phenyl-2-azetidinone (9g). After addition of 6g
to CSI, the mixture was stirred for 2 hr and cooled to —40°; 10.5
g (0.095 mol) of thiophenol was added quickly, followed by slower
addition (30 min) of 4.5 g (0.055 mol) of pyridine. The mixture
was stirred for an additional hr at —40°, after which 75 ml of
ethanol were added. The solution was evaporated in vacuo to a
volume of 50 ml and then cooled to —20°. The precipitated
diphenyl disulfide was filtered, and the filtrate was evaporated
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in vacuo. The residual oil was dissolved in the minimal amount
of ether, deposited on a 2 X 25 cm column (Woelm neutral alu-
mina, activity grade 1), and eluted successively with equal
volumes (200 ml) of hexane, CCh, and CHCI3. Crude 9 appeared
in the CCh fraction, and after evaporation of the solvent, was
recrystallized twice from hexane to give pure 9g: mp 106-107°;
ir (KBr), 5.75 and 5.84 M(C=0).

Anal. Calcd for CIHNO: C, 75.45; H, 5.70; N, 8.80.
Found: C, 75.58; H, 5.68; N, 8.88.

1,2-Cyclononadiene (6h) (2.5 g, 0.02 mol) gave 4.7 g (89%)
of 10-chlorosulfonyl-10-azabicyclo[7.2.0]undec-I-en-ll-one (8h)
after extraction with three 20-ml portions of boiling pentane. Re-
crystallization several times by cooling in Dry Ice-acetone bath,
filtering, redissolution in pentane, and cooling to Dry Ice-acetone
temperature gave pure8h: mp 45-46°; uvmax (CH3H), 234
m/i (« 14,500); ir (KBr), 5.51 m (C==0).

Anal. Calcd for CiHhNOSsSCI: C, 45.54; H, 5.35; N, 5.31.
Found: C, 45.47; H, 5.47; N, 5.09.

Benzenethiol-Pyridine Reduction of N-Chlorosulfonyl-0-Lac-
tams (8) to O-Lactams 9.—The general procedure used was as
follows. A solution of pyridine (20% mol excess) in acetone
(15 ml/0.1 mol) was added dropwise (30 min) to a stirred solu-
tion of 8 and benzenethiol (2 equiv) in acetone (25 m1/0.1 mol),
maintained at —30°. After stirring for an additional 30 min,
an amount of water, equal to the volume of solvent acetone, was
added slowly with stirring. The precipitated diphenyl disulfide
was filtered, and the filtrate was extracted with six 25-ml por-
tions of ether. The combined ether extracts were dried (NaeSCh)
and evaporated to dryness, and the residue was recrystallized
to give 9. Any variations in isolation procedures for 9 are noted
under each O-lactam.

Compound 8a (11.9 g, 0.05 mol) gave 7.0 g (77%) of 4,4-
dimethyl-3-isopropylidene-2-azetidinone (9a): mp 99-100° (from
hexane); uv max (CH30H), 217 him (¢ 16,900); ir (KBr), 5.78
and 5.85 /~(C=0).

Anal. Calcd for C&8iNO: C, 69.04; H, 9.41; N,
Found: C, 68.78; H, 9.58; N, 9.82.

The cis-trans 8b mixture (4.5 g, 0.03 mol) gave 2.4 g (64%) of
a 13% cis-87% irons mixture of 3-ethylidene-4,4-dimethyl-2-
azetidinone (9b): mp 56-57° (needles from hexane); ir (KBr),
5.71 m(C=0); nmr (CDC13), for trans 9b, $7.65 (broad singlet,
1, NH), 6.03 (g, 1, J = 7 Hz, =CH), 1.73(d, 3,/ = 7 Hz,
=CHCH?J), and 1.47 (s, 6, CH3), for cis 9b,
1, NH), 561 (g, 1, / = 7 Hg,
=CHCHJ), and 1.38 (s, 6, CHa).

Anal. Calcd for C,HnNO: C, 67.17; H, 8.86; N,
Found: C, 67.33; H, 8.81; N, 11.47.

Compound 8d (10 g, 0.125 mol) gave 6.15 g (55%) of 3-meth-
ylene-4,4-dimethyl-2-azetidinone (9d). After evaporation of the
ether extracts to dryness, the residual yellow oil was extracted
with six 40-ml portions of boiling pentane. On cooling, 9d
crystallized as long needles. Sublimation (50°, 1 mm) led to
analytically pure 9d: mp 64r-65°; uv max (CH3OH) 229 my
(e 2900); ir (CS2), 5.63 and 5.69 M(C=0); Raman (CHC13,
3.24 (=CH 2, 5.80 (monomer C=C), and 5.89/i (dimer-polymer

10.01.

11.19.

c=C).
Anal. Calcd for CAHNO: C, 64.83; H, 8.17; N, 12.60.
Found: C, 65.15; H, 8.42; N, 12.59.

Compound 8e (11.1 g, 0.045 mol) gave 45 g (68%) of
3-methylene-l-azaspiro[3.5]nonan-2-one  (%¢): mp 114-115°
(needles from hexane); uv max (CH3OH), 227 m/x (e 2300);
ir (KBr), 5.73 and 5.83 m(C=0).

Anal. Calcd for CHI3NO: C, 71.48; H, 8.66; N, 9.27.
Found: C, 71.76; H, 8.69; N, 9.50.

Compound 8f (2.0 g, 0.006 mol) gave 1.25 g (91%) of
3-benzylidene-4-phenyl-2-azetidinone (9f). After addition of
water, the solid which precipitated contained both diphenyl di-
sulfide and 9f. This solid material was filtered and washed suc-
cessively with three 30-ml portions of HD and five 30-ml portions
of cold hexane. The residual crude 0-lactam was recrystallized
from acetone: mp 219-221°; uv max (CHH), 222 m/i (=
9000) and 272 (10,700); ir (KBr), 5.77 and 5.88 m(C=0).

Anal. Calcd for CietHiNO: C, 81.68; H, 5.57; N, 5.95.
Found: C, 81.97; H, 5.54; N, 6.16.

Compound 8h (3.0 g, 0.011 mol) gave 1.15 g (40%) of 10-
azabicyclo[7.2.0Jundec-l-en-ll-one (9h): mp 144-145° (from
hexane); uv max (CH3H), 212 m/i (e 11,400); ir (KBr), 5.71
and 5.81 n (C=0).

Anal. Calcd for CitHISNO: C, 72.69; H, 9.15; N, 8.48.
Found: C, 72.70; H, 9.24; N, 8.60.
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Concentrated Hydrochloric Acid Hydrolysis of 0-Lactams 9
to Amino Acid Hydrochlorides (12).—The general procedure
used was as follows. Concentrated HC1 (2 ml/g) was added to
analytically pure 9 and stirred for 30 min. The excess HD and
HC1 was removed in vacuo to give a quantitative yield of pure 12.
In the specific cases noted, heating was required to effect hydroly-
sis and/or an acetone wash was used.

Compound 9a gave 3-amino-3-methyl-2-isopropylidenebutanoic
acid hydrochloride (12a): mp 215° dec; ir (KBr), 5.84/4 (C=0).

Anal. Calcd for CHIBNO2CL: C, 49.61; H, 8.33; N, 7.23.
Found: C, 49.38; H, 8.24; N, 7.34.

Compound 9b gave 3-amino-2-ethylidene-3-methylbutanoic

acid hydrochloride (12b): mp 213° dec; ir (KBr), 5.97 m
(C=0).
Anal. Calcd for CHMNOZL: C, 46.80; H, 7.86; N, 7.79.

Found: C, 46.59; H, 7.80; N, 7.55.
Compound 9d gave 3-amino-2-methylene-3-methylbutanoic

acid hydrochloride (12d): mp 168° dec; ir (KBr), 5.89 m
(0=0).
Anal. Calcd for CAHINOZCL: C, 43.52; H, 7.30; N, 8.46.

Found: C, 43.60; H, 7.29; N, 8.69.

Compound 9e gave 2-(I-aminocyclohexyl)-2-propenoic acid
hydrochloride (12e) after washing with cold acetone: mp 211°
dec; ir (KBr), 5.90 m(C=0).

Anal. Calcd for CHIBNOZX1: C, 52.55; H, 7.84; N, 6.81.
Found: C, 52.78; H, 8.09; N, 6.64.

Compound 9f was heated at 80° in concentrated HC1 for 30 min
to give 3-amino-2-benzylidene-3-phenylpropanoic acid hydro-
chloride (12f). The residue was treated with 25 ml of boiling
acetone and filtered: mp 251-252° dec; uv max (CH3H), 257
m/i (e 18,600); ir (KBr), 5.92 #(C=0).

Anal. Calcd for CigHIBNO2CL: C, 66.32; H, 5.57; N, 4.83.
Found: C, 66.15; H, 5.63; N, 5.16.

Compound 9g gave 3-amino-2-methylene-3-phenylpropanoic
acid hydrochloride (12g) after washing with cold acetone: mp
197° dec; ir (KBr), 5.78 M(C=0).

Anal. Calcd for CIHINOXI: C, 56.23; H, 5.66; N, 6.56.
Found: C, 56.22; H, 5.64; N, 6.26.

Compound 9h gave 3-amino-2-carboxy-I-cyclononene hydro-
chloride (12h): mp 145-146° dec; uv max (CH3H), 212 m/i
(e 12,500); ir (KBr), 5.81 /i (C=0).

Anal. Calcd for CiHiSNOZXC1: C, 54.67; H, 8.26; N, 6.38.

57.65 (broddosingletC, 54.58; H, 8.37; N, 6.64.
=CH), 1.94 (d, 3, J =7 Hz,

Catalytic Reduction of Amino Acid Hydrochlorides (12) to
Amino Acid Hydrochlorides (13).—The general procedure used
was as follows. A mixture of 1.0 g of 12 in 75 ml of ethanol and
0.2 g of catalyst was hydrogenated in a Paar apparatus under
50 psi H2for 3 hr. The catalyst was filtered and the solvent was
evaporated to dryness. The residue was washed with warm
acetone to leave a quantitative yield of 13. The catalyst for
each hydrogenation is parenthetically noted.

Hydrogenation (Pt02) of 12a gave 3-amino-3-methyl-2-iso-
propylbutanoic acid hydrochloride (13a): mp 209° dec; ir
(KBr), 5.73 /i (C=0).

Anal. Calcd for CHiNO2CL: C, 49.10; H, 9.28; N, 7.16.
Found: C, 49.39; H, 9.15; N, 7.21.

Hydrogenation (Pt02) of 12b gave 3-amino-2-ethyl-3-methyl-
butanoic acid hydrochloride (13b): mp 111-115° dec; ir (KBr)
5.85 m(C=0).

Anal. Calcd for CCHIGNO2XCL: C, 46.28; H, 8.88; N, 7.71.
Found: C, 45.96; H, 9.24; N, 7.80.

Hydrogenation (5% Pd-C) of 12d gave 3-amino-2,3-dimethyl-
butanoic acid hydrochloride (13d): mp 125-130° dec; ir (KBr),
5.88 n (C=0).

Anal. Calcd for CeHuNChCI: C, 42.99; H, 8.42; N, 8.36.
Found: C, 42.52; H, 8.59; N, 8.31.

Hydrogenation (5% Pd-C) of 12e gave 2-(I-aminocyclohexyl)-

propanoic acid hydrochloride (13e): mp 209° dec; ir (KBr),
5.88 n (C=0).
Anal. Calcd for CH,NO02XC1: C, 52.04; H, 8.74; N, 6.74.

Found: C, 51.98; H, 8.88; N, 6.68.

Hydrogenation (10% Pd-C) of 12f gave erythro-3-amino-2-
benzyl-3-phenylpropanoic acid hydrochloride (erythro 13f):
mp 236-237° dec; ir (KBr), 5.80 and 5.88 y (C=0). This
compound could not be obtained sufficiently pure for analysis.

Compound 13f was also obtained by hydrogenation (10%
Pd-C) of 9f to ci's-3-benzyl-4-phenyl-2-azetidinone (cis 18f)
(95%) which was quantitatively converted into 13f by treatment
with concentrated HC1. Compound cis 18f had the following
properties: mp 121-122° (from hexane); ir (KBr), 5.70 /t
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(C=0); nmr (CDC13, 88.40 (broad singlet, 1, NH) 7.50-6.70
(multiplet with main peak at 7.29, 10, CéHr), 4.82 (d, 1,J = 5.5
Hz, CH) 4.05-3.55 (m, 1, CHCH2, 2.58 (eight lines, the AB
portion of an ABX pattern, 2,3ab = 15Hz, Jbx = 7HZ,/ ax =
9 Hz, Axab = 22 Hz, CH2).

Anal. Calcd for Ci6HiNO: C, 80.98; H, 6.37; N, 5.90.
Found: C, 81.05; H, 6.62; N, 5.90.

Hydrogenation (Pt02) of 12g gave a 63:37 mixture of erythro-
and ifereo-3-amino-2-methyl-3-phenylpropanoic acid hydrochloride
(13g) as shown by nmr comparison with authentic samples:
mp 200-201° dec; ir (KBr) 5.80y (C=0).

Anal. Calcd for: CiHiNNOX1l: C, 55.69; H, 6.54; N,
6.49. Found: C, 55.60; H, 6.40; N, 6.40.

Hydrogenation (Pt02) of 12h gave 2-aminocyclonanecarboxylic

acid hydrochloride (13h): mp 214-215°; ir (KBr), 5.88 y
(0 =0).
Anal. Calcd for CIHINOZXI: C, 9.09; H, 54.17; N, 6.32.

Found: C, 9.10; H, 53.80; N, 6.36.

Catalytic Reduction of Carboxamido-1,3-butadienes (10) to
Saturated Amides (15).—Quantities of reactants and reductive
and work-up procedures were the same as those in the quantitative
conversion of 12 into 13.

Hydrogenation (Pt02) of 10a gave diisopropylacetamide (15a):
mp 147-148° (from ether-hexane) (lit.8 mp 148-148.5°); ir
(KBr), 6.06y (C=0).

Hydrogenation (PtO) of 10b gave 2-isopropylbutanamide (15b):
mp 130-131° (from ether-hexane) (lit.9mp 133-134°); ir (KBr),
6.08 y (C=0).

Hydrogenation (Pt02) of 10c gave 2-ethylbutanamide (15c):
mp 107-108° (from ether-hexane) (litl0 mp 107°); ir (KBr)
6.06 M(C=0).

Hydrogenation (5% Pd-C) of 10d gave 2,3-dimethyl-2-
butenamide (14d) (85%) and 2,3-dimethylbutanamide (15d)
(15%). Both 10d and 14d were quantitatively reduced to 15d
usingPt02catalyst. Compound 14dhad the following properties:
mp 128-129° (from ether-hexane) (lit.23 mp 130.5°); uv max
(CH3OH), 218 my (e 3700); ir (KBr), 6.02y (C=0). Evapora-
tion to dryness of the mother liquors from the ether-hexane
recrystallization gave 15d: mp 129° (from ether-hexane)
(lit.ll mp 129°); ir (KBr), 6.03y (C=0).

Hydrogenation (5% Pd-C) of 10e gave 2-cyclohexylpropan-
amide (15e): mp 156-157° (from ether-hexane) (lit.2 mp 156-
157°); ir (KBr), 6.06 y (C=0).

Reactions of CSI with Olefins (16).—The general procedure
used was the same as for the reaction of CSI with allenes. Solid
residues were recrystallized while the purity of liquids was
checked by gas chromatography.

The combined aqueous extracts were extracted for 4-5 days
(Raab extractor) with CH2C12 The CH2CI2 extract was evapo-
rated to dryness, and the residue was recrystallized to give 19.

Variations in solvents and work-up procedure are noted under
each olefin.

2,4-Dimethyl-2-pentene (16a) (10 g, 0.10 mol) gave 20.6 ¢
(87%) of I-chlorosulfonyl-4,4-dimethyl-3-isopropyl-2-azetidinone
(17a): mp 55-56° (from hexane); ir (KBr), 557y (C=0).

Anal. Calcd for CBHHANO0CL: C, 40.08; H, 5.89; N, 5.84.
Found: C, 40.50; H, 5.83; N, 6.36.

3-Methyl-2-iospropyl-3-butenamide (19a) (0.5 g, 4%) had mp
123-124° (from ether-hexane); ir (KBr), 6.04y (0=0).

Anal. Calcd for CHIBNO: C, 67.98; H, 10.71; N, 9.92.
Found: C, 68.04; H, 10.97; N, 10.06.

2-Methyl-2-pentene (16b) (20 g, 0.24 mol) gave 46 g (87%)
of 1-chlorosulfonyl 3-ethyl-4,4-dimethyl-2-azetidinone (17b), a
liquid which showed a single peak on vpc but decomposed before
elemental analyses could be obtained: ir (neat), 5.50y (C—O0).

2-Ethyl-3-methyl-3-butenamide (19b) (3.0 g, 6%) had mp 58-
60° (from ether-hexane); ir (KBr), 6.05y (C=0).

Anal. Calcd for C,HiNO: C, 66.10; H, 10.30; N, 11.01.
Found: C, 65.91; H, 10.52; N, 11.29.

2-Methyl-2-butene (16d) (10 g, 0.14 mol) gave 21.1 g (70%)
of I-chlorosulfonyl-3,4,4-trimethyl-2-azetidinone (17d): mp
44r-45° (from 30-60° petroleum ether) (lit.24 mp 44r-45°); ir
(KBr), 5,52y (C=0).

2-Methyl-3-methylenebutanamide (19d) (1.3 g, 8%) had mp
100-101° (from ether-hexane) (lit.23 mp 104-105°); ir (KBr),
6.02 y (C==0).

Ethylidenecyclohexane (16e) (11 g, 0.10 mol) gave 23.5 ¢

(23) E.J. Corey, J. Amer. Chem. Soc., 75, 1163 (1955).
(24) R. Graf, Ann., 661, 111 (1963).
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(94%) of I-chlorosulfonyl-3-methyl-l-azaspiro[3.5]nonan-2-one
(17€). After the addition of 16e to CSI, both in ether solvent,
I7e precipitated and was filtered. Evaporation of the filtrate
gave additional amounts of 17e: mp 89-90° (from hexane);
ir (KBr), 551y (C=0).

Anal. Calcd for CHiANO03SCL1: C, 42.94; H, 5.61; N, 5.56.
Found: C, 43.15; H, 5.62; N, 5.60.

trans-1,3-Diphenylpropene (16f) (4.0 g, 0.028 mol) gave 6.2 g
(68%) of I-chlorosulfonyl-fowis-3-benzyl-4-phenyl-2-azetidinone
(17f).  The solvent used was methylene chloride. After the
usual work-up, the residue was extracted with seven 20-ml
portions of boiling pentane and cooled: mp 65-66° (from pen-
tane); ir (KBr), 5.50y (C=0).

Anal. Calcd for CigH4ANOSCIl: C, 57.23; H, 4.20; N, 4.17.
Found: C, 57.04; H, 4.54; N, 4.33.

I-Chlorosulfonyl-cis-3-methyl-4 phenyl-2-azetidinone (cis 17g).
—A solution of 6.0 g (0.05 mol) of cis-/3-methylstyrene (cis 16g)
in 10 ml of CH2C12was added to a stirred solution of 7.1 g (0.05
mol) of CSI in 20 ml of CH2C12at room temperature. The solu-
tion was stirred for an additional 5 hr and then poured onto 20 g
of ice. The CHZC12layer was separated and evaporated under a
N2 stream. The residue was dissolved in 50 ml of ether, de-
colorized twice with charcoal and filtered. Hexane (50 ml) was
added to the filtrate and the solution was boiled until the tempera-
ture rose to 45°. Cooling led to the precipitation of the major
portion of cis 17g while further concentration of the mother
liquor and cooling, yielded an additional amount: total yield
10.6 g (82%): mp 54-55°; ir (KBr), 551y (C=0).B

Anal. Calcd for CiHINOXL: C, 46.25; H, 3.88; N, 5.39.
Found: C, 46.48; H, 4.09; N, 5.26.

I-Chlorosulfonyl-fr<ms-3-methyl-4-phenyl-2-azetidinone (trans
17g).—Similar treatment of irares-d-methylstyrene (trans 16g)
(6.0 g, 0.05 mol) gave 11.1 g (85%) of trans 17g: mp 45-46°;
ir (neat), 550y (0=0).%5

Anal. Calcd for CidHiON03SC1: C, 46.25; H, 3.88; N, 5.39.
Found: C, 46.49; H, 3.90; N, 5.71.

I-Chlorosulfonyl-o0s-3,4-diethyl-2-azetidinone (cis 17i).—The
procedure used for the preparation of cis 17i from cts-3-hexane
(cis 16i) was similar to that for cis 17g, except for the reaction
time (2 days) and solvent (50 ml of ether). The ether solution
was extracted with seven 15-ml portions of water. The ether
solution was dried (Naz04) and evaporated to dryness. The
residue was extracted with four 30-ml portions of boiling petro-
leum ether (30-60°), and the resulting solution, cooling to —20°,
deposited a major portion of cis 17i. Concentration of the filtrate
and again cooling to —20° led to additional amounts of cis 17i.
Thus 5.0 g (0.06 mol) of cis 16i gave 6.3 g (47%) of cis 17i.
N-chlorosulfonyl-(3-lactam cis 17i is a liquid at room temperature;
although vpc and nmr spectra of freshly prepared samples indi-
cated a single product,B all attempts to obtain a sample of ele-
mental analysis were frustrated by its ease of decomposition: ir
(CC14), 5.49y (C=0).

I-Chlorosulfonyl4rans-3,4-diethyl-2-azetidinone (trans 17i).—
irans-3-Hexene (trans 16i) (10 g, 0.12 mol) gave, after a reaction
time of 48 hr (24 hr at room temperature and 24 hr at a gentle
reflux), 20.1 g (74%) of liquid trans 17i: ir (CC14), 5.49 y
(C=0).3

The aqueous extracts from cis and trans 17i gave, respectively,
0.3 g (4%) and 0.5 g (3%) of 2-ethyl-3-pentenamide (19i): mp
76-77° (from hexane); ir (KBr), 6.01y (C=0).

Anal. Calcd for C;HiNO: C, 66.10; H, 10.30; N, 11.01.
Found: C, 66.21; H, 10.45; N, 11.26.

Benzenethiol-Pyridine Reduction of N-Chlorosulfonyl-/3-Lac-
tams (17) to /3-Lactams (18).—The procedure used was similar
to that employed in the reduction of 8 to 9.

Compound 17a (19 g, 0.077 mol) gave 7.7 g (72%) of 4,4-
dimethyl-3-isopropyl-2-azetidinone (18a): mp 58-59° (from
hexane); ir (KBr), 5.69 and 5.82y (C=0).

Anal. Calcd for C8HHIBNO: C, 68.04; H, 10.71; N, 9.92.
Found: C, 68.21; H, 10.87; N, 9.86.

Compound 17b (22 g, 0.20 mol) gave 8.3 g (65%) of 3-ethyl-
4,4-dimethyl-2-azetidinone (18b): bp 64-66° (0.2 mm); ir
(neat), 5.75y (C=0).

Anal. Calcd for CHINO: C, 66.10; H, 10.30; N, 11.01.
Found: 0,65.91; H, 10.26; N, 11.12.

Compound 17d (10.6 g, 0.05 mol) gave 3.1 g (50%) of 3,4,4-
trimethyl-2-azetidinone (18d): bp 62-63° (0.4 mm) (lit.24 bp
74A75° (0.5 mm)); ir, 5.78 y (C=0).

(25) Allnmr data are summarized in Table I.
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Tabre |

Nmr Data op as and trans l7gand CiS and trans 17i°

Chemical
Compd Substituent shift (6)
Ri (Hx) 5.52
. R2 7.42
cis 179 3 0.94
R4 (Hm) 3.92
Ri (HX) 4.89
r2 7.49
trans 179 Rs (Hm) 351
r4d 1.50
Ri (Hx) 4.32
CHZsin R2 Rs 2.20-1.50
CH3sinR2 Rs 1.30-0.80
R4(Hm) 3.52
Ri (Hx) 4.00
CHj’sin R2 R4 2.30-1.60
CH3sin R2 R4 1.40-0.80

Area™" Multiplicity Coupling constant, Hz
1 Doublet Jmx = 7.25

5 Singlet

3 Doublet Jam =7.50

1 Pentet

1 Doublet Jux = 4.00

5 Singlet

1 Quartet of doublets

3 Doublet Jam =7.60

1 Six peaks” Jax = Jmx = 7.50

JBx = 5.75

4 Multiplet

6 Multiplet

1 Quartet* JAM= JBM= imx = 7.50
1 Pentetld JAx = 7.50

JBX = JMX= 3.75
4 Multiplet
6 Multiplet

1 Triplet of doublets JAM =JBM = 7.50

« Spectra were determined in CDC13 (cis and trans 17g) and CC14(cis and trans 17i); 8values are reported with an accuracy of +0.005
ppm while J values have an accuracy of +0.05 Hz. 6Actually an ABMX pattern where two pairs of lines overlap giving the observed

six lines. «Actually an AAM X pattern where; .» = 1 » «) thus the eight expected lines overlap to give the observed quartet.

dActu-

ally an ABMX pattern where JBX = 1 mx = J ax/s; thus the eight expected lines overlap to give the observed pentet.

Compound 17e (20 g, 0.08 mol) gave 10.8 g (71%) of 3-methyl-
l-azaspiro[3.5]nonan-2-one (18e): mp 62-63° (from hexane);
ir (KBr), 5.68 and 5.75y (C=0).

Anal. Calcd for CHBNO: C, 70.55; H, 9.87; N, 9.14.
Found: C, 70.85; H, 9.82; N, 8.96.

Compound trans 17f (1.0 g, 0.003 mol) gave 0.65 g (93%) of
frans-3-benzyl-4-phenyl-2-azetidmone (trans 18f): mp 141-142°
from ether-hexane); ir (KBr), 571 and 582 y (C=0); nmr
(DMSO-d6), 8 7.75-6.90 (multiplet with main peak at 7.27, 11,
CeHsand NH), 4.42 (d, 1,J = 2Hz, CHC@&5), 3.50-2.85 (m, 1,
CH), and 3.18 (d, 2,/ = 2 Hz, CH,).

Anal. Calcd for CigHBNO: C, 80.98; H, 6.37; N, 5.90.
Found: C, 81.27; H, 6.26; N, 5.70.

Compound cis 17g (3.9 g, 0.015 mol) gave 2.3 g (96%) of
as-3-methyl-4-phenyl~2-azetidinone (cis 18g) after extraction of
the residue with four 15-ml portions of boiling hexane followed
by cooling of the extracts to —20°: mp 105-106°; ir (KBr),
5.68 and 5.88 'y (C=0).

Anal. Calcd for CiHuNO: C, 74.51;
Found: C, 74.37; H, 7.07; N, 8.68.

Compound trans 17g (3.9 g, 0.015 mol) gave 2.1 g (87.5%) of
frans-3-methyl-4-phenyl-2-azetidinone (trans 18g) using the same
isolation procedure as for cis 18g: mp 99-100°; ir (KBr), 5.68
and 5.82y (C=0).

Anal. Calcd for CiHuNO: C, 7451; H, 6.88; N, 8.69.
Found: C, 74.63; H, 6.91; N, 8.47.

Compound cis 17i (4.5 g, 0.02 mol) gave 1.7 g (68%) of cis-
3,4-diethyl-2-azetidinone (cis 18i) after extraction of the residue
with five 30-ml portions of boiling hexane followed by evaporation
of the hexane extracts to a volume of 40 ml and cooling to —20°:
mp 49-50°; ir (CC14), 5.67 and 5.70y (C=0).

Anal. Calcd for CHINO: C, 66.10; H, 10.30; N, 11.01.
Found: C, 65.91; H, 10.28; N, 10.75.

Compound trans 17i (4.5 g, 0.02 mol) gave 2.1 g (80%) of
irans-3,4-diethyl-2-azetidinone (trans 18i) after evaporation of
the hexane extracts followed by distillation in vacuo: bp 72-73°
(0.3 mm); ir (CCl4), 5.63 and 5.70y (0=0).

Anal. Calcd for CHiNO: C, 66.10; H, 10.30; N, 11.01.
Found: C, 65.88; H, 10.33; N, 11.34.

Concentrated Hydrochloric Acid Hydrolysis of (3-Lactams 18
to Amino Acid Hydrochlorides (13).—The general procedure used
was the same as that for the conversion of 9 into 12. Thus
18a, 18b, 18d, 18e, trans 18f, cis 18g, trans 18g, cis 18i, and
trans 18i were quantitatively and respectively converted into

H, 6.88; N, 8.69.

13a, 13b, 13d, 13e, threo 13f, erythro 13g, threo 13g, meso 13i,
and dl 13i.

f/weo-3-Amino-2-benzyl-3-phenylpropanoic acid hydrochloride
(threo 13f) had mp 227° dec (after boiling acetone wash); ir
(KBr), 5.83y (C=0).

Anal. Calcd for CIBHINO2C1: C, 65.86; H, 6.22; N, 4.80.
Found: C, 65.71; H, 6.44; N, 4.72.

en/ifira-3-Amino-2-methyl-3-phenylpropanoic acid hydrochlo-
ride (erythro 13g) had the following properties: mp 221-223°
dec; ir (KBr), 5.85and 6.03y (0=0); nmr (D,0), 87.41 (s, 5,
CeHs), 450 (d, 1,J = 8 Hz, CHC@&H6) 3.20 (rough pentet, 1J =
7 Hz, CHCH3J, and 1.23 (d, 3,/ = 7 Hz, CH3J).

Anal. Calcd for CiHiANOXC1: C, 55.69; H, 6.54; N, 6.49.
Found: C, 55.44; H, 6.68; N, 6.50.

i/lweo-3-Amino-2-methyl-3-phenylpropanoic acid hydrochloride
(threo 13g) had the following properties: mp 243-244° dec;
ir (KBr), 5,80y (0=0); nmr (D), 87.48 (s, 5, C615), 4.53
(d, 1, J = 10 Hz, CHC&H?5), 3.40-2.80 (m, 1, CHCH,,), and
1.00 (d, 3,J = 7 Hz, CH,).

Anal. Calcd for CIHMNOXCI: C, 55.69; H, 6.54; N, 6.49.
Found: C, 55.71; H, 6.76; N, 6.26.

meso-3-Amino-2-ethylpentanoic acid hydrochloride (meso 13i)
had mp 175-176° dec; ir (KBr), 5.89y (0=0).

Anal. Calcd for C,Hi,NO,Cl: C, 46.28; H, 8.88; N, 7.71.
Found: C, 45.98; H, 8.87; N, 7.50.

dZ-3-Ammo-2-ethylpentanoic acid hydrochloride (dlI 13i) had
mp 215-216° dec; ir (KBr), 5.86y (0=0).

Catalytic Reduction of /3,y-Unsaturated Amides (19) to Amides
(15).—The general procedure used was the same as that for the
conversion of 10 into 15. Thus 9a, b, d, and i were quantita-
tively and respectively converted into 15a, b, d, and i.

Preparation of 3-Methyl-2-methylenebutanamide (20).—3-
Methyl-2-methylenebutanoic acid (5.0 g) and thionyl chloride
(7 g) were refluxed for 1hr, followed by evaporation of the excess
SOCI2 The crude acid chloride was slowly added to 15 ml of
28% aqueous NH3 maintaining the reaction temperature at 0°.
The crude amide was filtered and dissolved in ether; the ethereal
solution was dried (MgS04) and filtered, and 40 ml of hexane was
added. The resulting solution was boiled until crystallization
commenced, and then cooled to give 3.1 g (62%) of 20: mp
103-104° (lit.Bmp 104-105°); ir (KBr) 6.07 y (C=0).

(26) V. P. Golmov and N. M. Afan’ev, Zh. Obshch. Khim., 22, 1953
(1952); Chem. A bstr47, 9269b (1953).
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Treatment of either 19d or 20 (1 g) in 10 ml of ethanol with
0.2 gof 5% Pd-C for 5 hr led only to recovery of starting ma-
terial.  Introduction of hydrogen into the system (50 psi)
resulted in the quantitative conversion of both 19d and 20 into
15d in 15 min.

Ozonation of I-Chlorosulfonyl-4,4-dimethyl-3-methylene-2-
azetidinone (8d).—Excess ozone was bubbled through a cooled
(—78°) solution of 0.523 g (2.50 mmol) of 8d in 100 ml of CH2C12
with absorption of only 1.37 mmol of ozone. The solution was
warmed to ambient temp, 25 ml of water was added and the two-
phase system was refluxed overnight. The water layer was
separated and added to 75 ml of a 10% alcoholic solution of 2,4-
DNP-HC1. The precipitated product was filtered and recrystal-
lized from methanol-water to give formaldehyde 2,4-dinitro-
phenylhydrazone, mp 166° (lit.Zamp 166°).

Diels-Alder Adduct of 3-Methyl-2-methylene-3-butenamide
(10d).—An admixture of solutions of 1.1 g (0.01 mol) of 10d in
20 ml of ether and 1.1 g (0.01 mol) of maleic anhydride in 30 ml
of ether precipitated, after standing overnight, 1.9 g (90%)
of I-carboxamido-2-methyl-I-cyclohexene-4,5-dicarboxylic anhy-
dride: mp 160-161° (after cold acetone wash); ir (KBr), 5.41
and 5.73 (anhydride C=0) and 6.10 p (amide C=0).

Anal. Calcd for CitHnNO4: C, 57.41; H, 5.30; N, 6.70.
Found: C, 57.50; H, 5.43; N, 6.44.

I-(2-Carboxy-3-methyl-2-butenyl)urea (22).—Pyridine (4.0 g,
0.05 mol) in 20 ml of acetone was added (30 min) to a cooled
(—30°) and stirred solution of 10.4 g (0.04 mol) of 1-chloro-
sulfonyl-1-(2-carboxy-3-methyl-2-butenyl)urea (11) and 8.8 g
(0.08 mol) of benzenethiol in 100 ml of acetone. The solution
was stirred for an additional 30 min at —30°. Addition of 150
ml of petroleum ether (30-60°) precipitated a semisolid product
which was filtered and washed several times with petroleum ether
and then dissolved in 40 ml of hot water. The hot solution was
decolorized (charcoal) and cooled to crystallize 4.5 g (70%)
of 22. One recrystallization from acetone gave 22: mp 177-178°;
uv max (CH3OH), 217 mM(e 8000); ir (KBr) 5.98 and 6.10 p
0=0).

( Anal). Calcd for CHIND3: C, 48.83; H, 7.02; N, 16.27.
Found: C, 49.00; H, 7.19; N, 15.98.

Ozonation of 11—Excess ozone (6 mmol) was bubbled through
a cooled solution (—78°) of 1.4 g (5.2 mmol) of 11 in 100 ml of
ethyl acetate. The solution was then flushed with nitrogen and
warmed to ambient temperature; 25 ml of water was added and
the two phase system was refluxed overnight. After cooling,
the water layer was separated and added to a 10% ethanolic
solution of 2,4-DNP-HCI. After 1 hr, the crude hydrazone was
filtered and recrystallized from methanol-water to give 0.25 g
(20%) of acetone 2,4-dinitrophenylhydrazone, mp 128° (lit.Zb
mp 126°).

Oxidation of 22 with KM n04Nal04—To a potassium carbon-
ate buffered (pH ~ 8) solution of 0.86 (0.005 mol) of 22 in 75 ml
of water was added 80 ml of an oxidation mixture composed of
0.31 g of KMn04and 21.0 g of Nal04in 200 ml of water. The
mixture was stirred for 90 min at room temperature after which
15 g of NaHSOa was added to destroy excess oxidant. The solu-
tion was warmed to 80° and a nitrogen stream was dispersed
into the solution exiting into 25 ml of 10% ethanolic 2,4-DNP-
HCI solution. The stream was continued until no more precipi-
tate formed. The crude material was filtered and recrystallized
from methanol-water to give 0.9 g (74%) of acetone 2,4-dinitro-
phenylhydrazone, mp 127-128°.

1-  (2-Carboxy-3-methylbutyl)urea (23).—Hydrogenation (0.

Pt02) of 22 (2 g) in 100 ml of ethanol in a Paar apparatus under
50 psi of hydrogen (4 hr) gave 23: mp 131-132° (from acetone);
ir (KBr), 5.83 and 6.09 p (C=0).

Anal. Calcd for CHMAND 3 C, 48.26; H, 8.10; N, 16.08.
Found: C, 48.57; H, 8.08; N, 15.91.
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I-Benzamido-2-carboxy-3-methylbutane (25).—A 25% aqueous
KOH solution (30 ml) was added (15 min) to a stirred solution
composed of 1.0 g of 24 and 1.5 g of benzoyl chloride. Stirring
was continued for an additional 15 min, after which the solution
was acidified to pH 4 (congo red) and cooled. The solution was
extracted with three 20-ml portions of ether; the combined ether
extracts were dried (MgSO,,) and 40 ml of hexane was added.
The solution was evaporated slowly (steam bath) until the cloud
point. On cooling 0.9 g (51%) of 25 crystallized: mp 174-175°;
ir (KBr), 5.91 (acid C=0) and 6.12 p (amide C=0).

Anal. Calcd for CiHiNO03: C, 66.36; H, 7.28; N, 5.95.
Found: C, 66.33; H, 7.47; N, 6.11.

I-Benzamido-2-carboxy-3-methyl-2-butene (27).—Urea 22 (2.4
g) was refluxed (12 hr) in 25 ml of 30% aqueous KOH to give
an aqueous solution of the salt of I-amino-2-carboxy-3-methyl-2-
butene (26).8 Benzoylation of 26 was accomplished in the same
manner as the preparation of 25 to give 2.4 g of 27. Benzoylation
of the water layer (after the ether extraction) ultimately led to
an additional 0.2 g of 27: total yield 77%; mp 149-150°;
uv max (CHaOH), 225 mM(e 18,000); ir (KBr), 5.98 and 6.20
p (C=0).

Anal. Calcd for CiHiIIN03: C, 66.94; H, 6.48; N, 6.00
Found: C, 66.93; H, 6.72; N, 5.98.

Hydrogenation (Pt02) of 27 quantitatively converted it into
25. Further, hydrogenation (Pt02) of 22, followed successively
by saponification with aqueous KOH and treatment with benzoyl
chloride, also led to 25 in 47% over-all yield.

Preparation of 25 from Diethyl Isopropylmalonate (28).—
Saponification of 200 g (0.99 mol) of 28 in 650 ml of absolute
ethanol with 60 g (1.07 mol) of KOH in an equal volume of the
same solvent led ultimately to 151 g (88%) of ethyl isopropyl-
malonic acid ester (29) as an oil®which was used without further
purification.

Diethylamine (62 g, 0.85 mol) was added slowly with stirring
to 146 g (0.85 mol) of 29 at 0° followed by more rapid addition
of 85 ml of 40% aqueous CHZ solution (1.0 mol). After several
hours, the solution clouded and CO02 began to evolve slowly.
After 24 hr, the two-phase system was separated, and the lighter
moiety was dissolved in 50 ml of ether and dried (MgS04).
Evaporation of the ether followed by distillation in vacuo gave
73 g (60%) of ethyl 3-methyl-2-methylenebutanoate (30), bp
57-58° (932 mm) (lit.Pbp 150°). Saponification of 20 g (0.16
mol) of 30 with 20 g of KOH in 125 ml of water led, after acidifi-
cation, to 15.5 g (97%) of 3-methyl-2-methylenebutanoic acid
(31), bp 71-72° (4 mm) (lit.0bp 100° (19 mm)).

Anhydrous hydrogen bromide was bubbled slowly into a
solution of 5.0 g of 31 in 30 ml of CHC13 until an ir spectrum of
the solution showed the absence of the C=C absorption at 6.15
p (ca. 6 hr). The chloroform solution was evaporated in vacuo
leaving the crude 2-bromomethyl-3-methylbutanoic acid (32) as
an oil which was used without further purification. This crude
material was dissolved in 50 ml of aqueous NH3 (28%) and the
tightly capped flask was stirred for 24 hr at 45-50°. The mixture
was then evaporated to dryness in vacuo; the residue was ex-
tracted with two 30-ml portions of boiling absolute ethanol.
This too was evaporated to dryness, and the resulting residue
was dissolved in a minimum volume of hot absolute ethanol.
Addition of ether to the cloud point of the ethanolic solution,
followed by cooling, gave 3.7 g (65%) of 24, mp 215°. Benzoyla-
tion of 24 gave 25, identical in all respects with that obtained
via the degradation of 11.

Leuckart Reduction of Ethyl 2-Benzoylpropanoate (33).—A
mixture of 20 g (0.097 mol) of 333 and 25 g (0.40 mol) of ammo-
nium formate was slowly heated in an oil bath to 185-190°, at
which temperature it was maintained for 4 hr. The water formed
was removed with a Dean-Stark apparatus. After cooling, the
mixture was dissolved in 40 ml of ether and washed with four 50-ml

2-  Carboxy-3-methylbutylamine (24).—A solution of 23 in 30 portions of HD. The ether layer was then evaporated to dryness

ml of 25% aqueous KOH was refluxed 12 hr. After cooling and
neutralization with concentrated HCI, the solution was evapo-
rated to dryness in vacuo. The residue was extracted with two
25-ml portions of boiling absolute ethanol and the ethanol ex-
tracts also were evaporated to dryness. The residue was again
extracted with boiling absolute ethanol. Evaporation of this
ethanolic solution led to 24 (0.40 g, 15%): mp 215° dec; ir
(KBr), 6.18, 6.40, and 6.68 p (C(V and +NH?3).

(27) E. L. Shriner, R. C. Fuson, and D. Y. Curtin, "Systematic ldentifica-
tion of Organic Compounds,” 4th ed., John Wiley and Sons, Inc., New York,
N. Y. 1958: (a) p 283; (b) p 316.

and 50 ml of concentrated HCI added to the residue. This mix-
ture was refluxed 4 hr and evaporated in vacuo, and the residue
was recrystallized from methanol-ether to give 4.1 g (18%) of
threo 13g, identical in all respects with that obtained from the
hydrolysis of trans 18g.

(28) This could be isolated in conventional fashion as the zwitterion of 26,
mp 238° dec.

(29) E. J. Corey, J. Amer. Chem. Soc., 74, 5897 (1952).

(30) G. Darzens, Com-pt. Rend., 152, 445 (1911).

(31) R. H. Kimball, G. D. Jefferson, and A. B. Pike, "Organic Syntheses,”
Coll. Vol. Il, John Wiley and Sons, Inc., New York, N. Y., 1943, p 284.
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Mannich Reaction on Benzylmalonic Acid (34).— A mixture
of 30 g (0.16 mol) of 34 (K & K Laboratories), 16.6 g (0.20 mol)
of benzaldehyde, and 20 ml of 10% alcoholic NIL was heated
for 1 hr on a steam bath and then 3 hr at 130° in an autoclave.
The mixture was then added to 100 ml of 30% aqueous K2CO3
solution and the whole was extracted with three 70-ml portions
of ether. The aqueous residue was slowly acidified with con-
centrated HC1 and, on cooling, precipitated 7 g (19%) of 2-
benzylcinnamic acid (35), mp 159-160° (from ethanol-water)
(lit.2 mp 160°). The aqueous filtrate was extracted with three
50-ml portions of ether. The ether extracts were dried (MgS04)
and evaporated to dryness and the residue was recrystallized
from ethanol-ether to give 8 g (18%) of a 58:42 erythro-threo
mixture of 13f as determined by nmr spectroscopy: mp 226-227°
dec; ir (KBr), 5.87 and 5.90 g (C=0).

Registry No.—8a, 13086-19-6; 8b, 16934-01-3; 8d,
13088-65-8; 8e, 13085-96-6; 8f, 16934-04-6; 8h, 13085-
97-7; 9a, 13085-98-8; 9b (cis), 16933-57-6; 9b (tram),
16933-58-7; 9d, 13085-95-5; 9e, 13085-99-9; 9f, 16933-
61-2; 99, 16933-62-3; 9h, 13086-00-5; 10a, 16933-64-5;
10b (cis), 16933-65-6; 10b (trans), 16933-66-7; 10c,
16933-67-8; 10d, 13088-60-3; 10e, 16933-69-0; 11,16933-

(32) W. M. Radionov and E. A. Postovskaja, J. Amer. Chem. Soc., 51,
841 (1929).
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70-3; 12a, 16933-71-4; 12b, 16933-72-5; 12d, 16933-73-6;
12e, 16933-74-7; 12f, 16933-75-8; 12g, 16933-76-9; 12h,
16933-77-0; 13a, 16933-78-1; 13b, 16933-79-2; 13d,
16933-80-5; 13e, 16933-81-6; 13f (threo), 16933-82-7;
13f (erythro), 16933-83-8; 13g (threo), 16933-84-9; 13g
(erythro), 16933-85-0; 13i (meso), 16933-86-1; 13i (dlI),
16933-87-2; 17a, 16933-88-3; 17e, 16933-89-4; 17f,
16933-90-7; 179 (as), 16933-91-8; 17g (trans), 16933-
92-9; 17i (cis), 16933-93-0; 17i (trans), 16933-94-1; 18a,
16933-95-2; 18h, 16933-96-3; 18e, 16933-97-4; 18f (cis),
16933- 98-5; 18f (trans), 16933-99-6; 18g (cis), 16934-
12-6; 18g (trans), 16934-13-7; 18i (cis), 16934-14-8; 18i
(trans), 16934-15-9; 19a, 16934-16-0; 19b, 16934-17-1;
19i, 16934-18-2; 22, 16934-19-3; 23, 16934-20-6; 24,
16934- 21-7; 25, 16934-22-8; 27, 16934-23-9; 1-carbox-
amido-2-methyl-I-cyclohexene-4,5-dicarboxylic  anhy-
dride, 16934-24-0; chlorosulfonyl isocyanate, 1189-71-5.
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Of several possibilities, only the Stevens rearrangement product arising from enlargement of the azetidine ring
was obtained from the reaction of 1,1,3,3-tetramethylazetidinium iodide (1) with potassium amide in liquid am-

monia.

even though, in this case, a Sommelet product was also possible.

Similarly, I-benzyl-I,3,3-trimethylazetidinium iodide (8) gave only the ring-enlarged Stevens product

In contrast, I,I-dibenzyl-3,3-dimethylazeti-

dinium bromide (13) gave a 98% yield of the Sommelet product plus a small amount of the Stevens product

with the azetidine ring retained.

The reaction with sodium amide in liquid ammonia of
tetraalkylammonium halides possessing a benzylic hy-
drogen was found by Kantor and Hauser4to be an ex-
cellent method for effecting the Sommelet rearrange-
ment.5 Subsequently Hauser and coworkers estab-
lished, by two independent proofs,6 that the mecha-
nism for this reaction involved nucleophilic attack by an
ylide carbon at the ortho position of the aromatic ring
followed by tautomeric rearomatization.

The investigation of a number of quaternary salts
of this type led to the implication that sodium amide in
liguid ammonia was quite selective and gave exclu-
sively either the Sommelet or the Stevens7 (e.g., with

(1) Partlll:
(1968).

(2) From the Ph.D. Thesis of M. T. Wills, University of Washington.

(3) Supported in part by State of Washington Initiative 171 Funds for
Research in Biology and Medicine.

(4) S. W. Kantorand C. R. Hauser, J. Amer. Chem. Soc., 73, 4122 (1951).

(5) (a) M. Sommelet, Compt. Rend., 205, 56 (1937); (b) H. E. Zimmerman,
“Molecular Rearrangements,” part I, P. de Mayo, Ed., Interscience Pub-
lishers, Inc., New York, N. Y., 1963, pp 345-406; (c) D. J. Cram, “Funda-
mentals of Carbanion Chemistry,” Academic Press Inc., New York, N. Y.,
1965, pp 223-229.

(6) F. N. Jones and C. R. Hauser, J. Org. Chem., 20, 2979 (1961); C. R.
Hauser and D. N. van Eanam, J. Amer. Chem. Soc., 79, 5512, 6280 (1957);
J. Org. Chem., 23, 865 (1958).

A. G. Anderson, Jr., and M. T. Wills, J. Org. Chem., 33, 2123

lon-pair mechanisms best account for these results.

benzhydrylbenzyldimethylammonium ion8 rearrange-
ment. More recent studies have shown that these
early results were, at least in part, caused by a fortu-
itous choice of quaternary salts. Thus Jones, et al.,9
Fery and Wilputte-Steinert, 0Bumgardner,1land Jenny
and Druey2have found examples in which the Stevens
rearrangement accompanies the Sommelet rearrange-
ment, and Klein and Hauser13 have discovered that
benzhydryltrimethylammonium ion, which had pre-
viously been reported to give only the Sommelet prod-
uct, actually forms ca. 15% Stevens product.

The behavior of quaternary ammonium salts which
do not possess a benzylic or similarly activated methy-
lene group with alkali metal amides in liquid ammonia

(7) T. S. Stevens, E. M. Creighton, A. B. Gordon, and M. MacNicol,
J. Chem. Soc., 3193 (1928); T. S. Stevens, ibid., 2107 (1930). The mechanis-
tic relationship of the Stevens and Sommelet rearrangements have been dis-
cussed by D.J. Cram6&and H. E. Zimmerman.6>

(8) C.R. Hauser, R. L. Manyik, W. R. Brasen, and P. L. Bayless, J. Org.
Chem., 30, 1119 (1955).

9) G, C. Jones, W. Q. Beard, and C. R.
(1963).

(10) L. P. A. Fery and L. Wilputte-Steinert, Bull. Soc. Chim. Beiges, 73,
154 (1964).

(11) C. L. Bumgardner, J. Amer. Chem. Soc., 85, 73 (1963).

(12) E. F. Jenny and J. Druey, Angew. Chem., 74, 152 (1962).

(13) K. P. Klein and C. R. Hauser, J. Org. Chem., 31, 4275 (1966).

Hauser, ibid., 28, 199
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has been relatively little studied. Wittig and BurgerX4
found that dimethylpyrrolidinium bromide gave Hof-
mann elimination products, dimethylpiperidinium bro-
mide gave elimination and displacement products, and
dimethylhexamethyleneammonium bromide gave a
single elimination product. Thus no rearrangements
were detected. The only rearrangement of such a
system, to our knowledge, was found accidentally by
Grovenstein and Rogersb5 to occur in the sodium-
ammonia reduction of 2,2,2-triphenylethyltrimethyl-
ammonium iodide. A 93% yield of the Stevens prod-
uct, 3,3,3-triphenylpropyldimethylamine, was obtained.
The migration of the triphenylethyl (rather than a
methyl) group was attributed to steric and electronic
effects.

As a part of a study of tertiary and quaternary aze-
tidines, we have examined the reactions of a series of
methyl and benzyl quaternary azetidinium salts with
alkali metal amides in liquid ammonia and have found
that essentially exclusively Stevens or Sommelet rear-
rangements occur, depending on the structure of the
quaternary ions.

Results and Discussion

1,1,3,3-Tetramethylazetidinium lodide (1).—The
quaternary ion of this salt has two different types of
a-hydrogens: those on the methyl and those on the
ring'methylene groups. The carbon-hydrogen bonds
in the former would be sp3or nearly so, but the bonds
in the latter would have relatively more S character
and therefore would be more acidic.6 The methylene
hydrogens would be more sterically hindered, however,
and thus the actual difference between the acidities of
these and of the methyl hydrogens could be small.
Qualitatively, therefore, both possible ylides (2 and 3)
would be expected to be formed in appreciable amounts
and four Stevens rearrangement products (4, 5, 6, and
7) could result via the usual ionic mechanism (Scheme

.

Scheme |

The reaction of 1 with potassium amide and liquid
ammonia gave the Stevens product (4) in 70% yield.
A small quantity (<1%) of higher molecular weight
material of the same empirical formula was also ob-
tained. The structure of 4 was indicated by the forma-
tion of a methiodide and a picrate, and by the nmr
spectrum which consisted of a six-proton singlet at 1.03
ppmT (geminal methyls), two two-proton triplets (J =

(14) G. Wiittig and T. F. Burger, Ann., 632, 85 (1960).

(15) E. Grovenstein and L. C. Kogers, J. Amer. Chem. Soc., 86, 854 (1964).

(16) C. Juan and H. S. Gutowsky, J. Chem. Phys., 37, 2198 (1962).

(17) Chemical-shift values are reported as 5 values in parts per million
relative to tetramethylsilane as an internai standard.
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3.5 cps) at 1.49 and 2.44 ppm (adjacent methylenes), a
two-proton singlet at 2.14 ppm (isolated methylene),
and a three-proton singlet at 2.17 ppm (N-methyl).
None of the other three rearrangement products was
found, nor were products derived from the nucleophilic
attack on 1 by amide ion.

Thus the mechanism for this reaction must strongly
favor the formation of 4 relative to the formation of
5, 6, or 7. Concerted processes did not appear to do
this. An ion-pair mechanism, however, would release
the strain of the four-membered ring only in the transi-
tion of 2 to the ion-pair intermediate leading to 4
(eq 1). A further possibility was the rearrangement of
ylide 3 to 4 by a carbene mechanism.88 The addition of
a 5 molar excess of cyclohexene to one run, however,
did not produce a detectable amount of a norcarane
product.

I-Benzyl-1,3,3-trimethylazetidinium lodide (8).—
This salt possesses three types of a hydrogens including
a benzylic group. Thus three ylides are possible and,
from these, seven Stevens and two Sommelet products
are possible. Although the benzylic hydrogens are
the most acidic and the corresponding ylide can undergo
only a Stevens rearrangement, a number of examples
are known59-13 where the Sommelet rearrangement is
dominant even though it involves a more basic ylide
than the competing Stevens. Puterbaugh and Hauser®
have obtained evidence for the conversion of the less
basic into the more basic ylide in such a case, and have
suggested that the second ylide is in direct equilibrium
with the first via a cyclic 1,3-prototropic shift or similar
process. Although quantitative data on the acidities
of the species involved is not available, qualitative
considerations2 point to proton transfer by equilibria
with the ammonia solvent as an alternative possibility.
In either scheme (eq 2) the more basic ylide is irre-

M+
PhCHN(CH33T + NH3

+ #
PhCHN(CH3¥ + M+NHT B @
\ M+ :CH2

PhCHN(CH32r + m 3
+

(18) G. Wittig and R. Roister, Ann., 599, 1 (1956); V. Franzen and G.
W ittig, Angew. Chem., 72, 417 (1960); G. Wittig and D. Krause, Ann., 679,
34 (1964); F. Weygand, H. Daniel, and A. Schroll, Ber., 97, 1217 (1964).

(19) W. H. Puterbaugh and C. R. Hauser, J. Amer. Chem. Soc., 86, 1105
(1964).

(20) Tetramethylammonium iodide is metalated by phenyllithium [G.
W ittig and M. H. Wetterling, Ann., 557, 193 (1947) ] but not by benzylsodium
[W. Schlenk and J. Holtz, Ber., 50, 274 (1917)). Th&se findings would place
the acidity of the compound between those of benzene and toluene, and give
an estimated pKa of 36 on the MoEwen-Streitwieser-Applequist-Dessy
scale.30 A benzylic methylene group adjacent to the positive nitrogen would
be expected to be ca. 2 pKa units more acidic. Since the p K&of ammonia is
estimated to be 35 (R. P. Bell, "The Proton in Chemistry,” Cornell Uni-
versity Press, Ithaca, N. Y., 1959) or 36 [N. S. Wooding and W. C. Higginson,
J. Chem. Soc., 774 (1952)], the acidities of the < hydrogens and of the
ammonia are not greatlv different.
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versibly removed by conversion into the Sornmelet
product, and it is not unlikely that both are operative.

When 8 was treated with potassium amide and liquid
ammonia the solution became blood red in color and a
79% vyield of a Stevens rearrangement product (9) was
obtained. No Sornmelet or other Stevens products
were found (eq 3). The conversion of 9 into the meth-
iodide derivative and then Hofmann degradation (eq 3)

gave 4-dimethylamino-3,3-dimethyl-I-phenyl-I-butene
(10), which was readily characterized by its nmr and
ultraviolet spectra. The identification of 9 was con-
firmed by the Leuckart methylation of 2-phenyl-4,4-di-
methylpyrrolidine (11).2

The reaction of 8 with sodium amide and liquid am-
monia at a temperature (—50 to —45°) lower than
that (—33°) used in the reaction with potassium amide
resulted in the formation of a yellow-green color.
There was obtained a 69% vyield of 9 and a high boiling
product which was not characterized.

As the benzylic hydrogens in 8 are probably about
100 times more acidic than the other a hydrogens,®
the benzylic ylide (12) would be formed the most read-
ily. In addition, the rate of rearrangement of 12 must
also be relatively fast since neither of the other pos-
sible rearrangement products from the methyl ylide
(the Stevens as from 2 or the Sornmelet as from 17) was
found. Again, no compounds which could have arisen
from the ring carbanion ylide were detected and it is
felt that an ion-pair mechanism as shown (eq 4) best
accounts for the results.

CH, /v,n3
T 4
" oHpn oS aren

12

1,1-Dibenzyl-3,3-dimethylazetidinium Bromide (13).
—From the reaction of 13 with either potassium amide
or lithium amide in liquid ammonia were obtained a
98% vyield of a Sornmelet rearrangement product (14)
and 2% vyield of a Stevens rearrangement product (15)
(see Scheme I1). Potassium amide caused the reaction
mixture to become red-brown in color whereas no color
was produced with lithium amide. The expected ring-
expanded Stevens product (16) was not found. To be
certain that 16 was not present, it was synthesized
by the lithium aluminum hydride reduction of the
benzamide derivative of 11 and its gas chromatographic
properties were determined and compared with those
of 14 and 15. The identity of the Sornmelet product
(14) was shown by its nmr spectrum and the compari-
son of the nmr spectrum of its methiodide derivative
with that of the independently synthesized metho-
bromide. The latter was prepared by the reaction

(21) A. G. Anderson, Jr., and M. T, Wills, J. Org. Chem., 32, 3241 (1967).
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Scheme |l

CHPh Ph Ph
> C:nxCH o Br~ X("NCH + )<“NCHCHZh
sChH,

: A LG ;
14

f 0

I_\ICHZPh LiAffl, > dCC: 1

y

16
of 1,3,3-trimethylazetidine with bromophenyl-o-tolyl-
methane.

The exclusive Stevens rearrangement with ring ex-
pansion found for both 1 and 8 made the results with
13 somewhat unexpected. This was especially true
with respect to formation of 15 rather than 16. Thus
both products obtained must arise from the benzyl
carbanion ylide (17), and the ion pair shown is con-

Sornmelet 14
CHPh

X K CHPh __ Stevens
:CHPh 15
17 X 5 _CHPh

sidered to be the most likely intermediate in the Stevens
rearrangement. In a separate experiment the reaction
of 13 with sodium ethoxide in ethanol appeared to give
selective (96%) nucleophilic displacement at a ring
methylene rather than at a benzylic or ortho carbon.

Experimental Section2

Reaction of 1,1,3,3-Tetramethylazetidinium lodide (1)1 with
Potassium Amide in Liquid Ammonia.—A solution of 59 mmol
of KNH2in 150 ml of liquid NH3 was prepared in the manner
described by Hauser and Harris3 from 2.3 g (59 mg-atom) of K
metal which had been washed free of mineral oil with isooctane.
Commercial anhydrous NH3was dried by allowing it to vaporize
through a tube filled with solid NaOH. Freshly distilled cyclo-
hexene (10 ml)2and then 4.2 g (17.5 mmol) of pulverized 1were
added, the latter in portions over a period of 10 min with stirring.
No color developed. Stirring was continued at the boiling point
(—33°) for 10 hr.  After the careful addition of 3 g (59 mmol) of
solid NH4C1, 100 ml of ether was added slowly and the NH3was
allowed to evaporate (overnight). The residual mixture was
filtered, the solid salts were washed with ether, and the total
filtrate was extracted with two 50-ml portions of 5% H204.
The acidic extract was washed with two 50-ml portions of ether,
then cooled and made strongly basic with 50% NaOH solution.

(22) Melting points were taken on a Thomas-Hoover capillary melting
point apparatus and are uncorrected. Ultraviolet spectra were recorded
with a Cary Model 14 recording spectrophotometer. Infrared spectra were
recorded with a Perkin-Elmer Model 21 infrared spectrophotometer. Mass
spectra were recorded by Mr. R. Buddemeier on a Consolidated Engineering
Corp. mass spectrometer, Type 21-103. Nuclear magnetic resonance
spectra were recorded on a Varian Associates Model A-60 analytical nmr
spectrometer and values are reported in parts per million (5) relative to
tetramethylsilane as an internal standard. Vapor phase chromatographic
analyses were performed on an Aerograph Model 600 (Hy-Fi) apparatus
using a 0.125-in. by 5-ft column of 20% cyanosilicone (XF-1150) on 60-80
mesh Chromosorb W unless otherwise indicated. Elemental analyses were
performed by Dr. A. Bernhardt, Max Planck Institute, Mfilheim (Ruhr),
Germany.

(23) C.R. Hauser and T. M. Harris, J. Amer. Chem. Soc., 80, 6360 (1958).

(24) Other runs were identical except that no cyclohexene was added.
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Asolution of the organic layer in 70 ml of ether was dried (CaSCh),
concentrated by distillation through a 50-cm glass helices packed
column, and the residue was transferred to a small one-piece
distillation apparatus. 1,3,3-Trimethylpyrrolidine (4) was col-
lected (0.95 g) as a colorless liquid: bp 110-111°; «#d 1.4192.3
The ethereal forerun on treatment with picric acid gave 1 g of
the picrate salt of 4, corresponding to 0.31 g of the amine. The
total yield was thus 1.26 g (70%). The methiodide derivative
was obtained as granular crystals, mp 330-332°. A sample of 4
gave a single peak on vapor phase chromatography over silicone
(20 ft), Ucon Polar, and polyester columns: nmr (CCl4), S 1.03
(s, 6), 2.14 (s, 2), 2.17 (s, 3), 1.49 (t, 2, J = 3.5 Hz), and 2.44
(t, 2,3 = 3.5Hz).

Anal. Calcd for CTHIGN:
troscopy): mol wt, 113.

Recrystallization of the picrate twice from absolute ethanol
afforded the analytical sample, mp 220-224° dec (lit.Zmp 226-

mol wt, 113. Found (mass spec-

227°).
Anal. Calcd for CiHIBND 7: C, 45.61; H, 5.30; N, 16.35.
Found: C, 45.63; H, 5.29; N, 16.32.

The residue from the distillation yielded 15 mg of colorless
plates: mp 103-104°; nmr (CCl4), 50.84 (s, 9 or 10), 1.99 (s, 2),
and 2.44 (s, 4). A picrate, after recrystallization from ethanol,
melted at 263-266° dec. The substance was not characterized

further.
Anal. Calcd for (CIH,8N4D,),: C, 45.61; H, 5.30; N,
16.35. Found: C, 45.79; H, 5.38; N, 16.36.

2-Phenyl-l,4,4-trimethylpyrrolidine (9).—A mixture of 0.7 g
(4 mmol) of 4,4-dimethyl-2-phenylpyrrolidine,2 1 g (20 mmol) of
formic acid, and 0.5 ml (6 mmol) of aqueous 37% formaldehyde
was heated to 95° and maintained at this temperature for 8 hr.
The mixture was cooled, 3 ml of 4 A’aqueous HC1 was added, and
the whole was then evaporated to dryness under reduced pres-
sure. The brown, crystalline residue was dissolved in water
and the basified (NaOH) solution was extracted with ether.
The ethereal extract was dried (Na"SOi), concentrated, and dis-
tilled, giving 0.6 g (80%) of 9 as a colorless oil: bp 100-101° (6
mm), bp 43-44° (0.2 mm); n@&D 1.5030. Vapor phase chro-
matography at 120° of a sample gave a single peak with a reten-
tion time of 3 min. After recrystallization from ethanol, the
picrate melted at 111-113° and the methiodide, obtained as tiny,
tan needles, melted at 201-202°. The infrared and nmr spectra
were recorded.

Anal. Calcd for C,HIN: C, 82.47; H, 10.12; N, 7.40.
Found: C, 82.54; H, 10.00; N, 7.47.

4-Dimethylamino-3,3-dimethyl- 1-phenyl- 1-butene (10).—A
solution of 0.58 g (3.07 mmol) of 2-phenyl-I,4,4-trimethylpyr-
rolidine (9) in 3 ml of acetonitrile was treated with excess CH3
and then stirred for 2 hr. After evaporation of the solvent and
excess CH3, 2 ml of HD and 0.46 g (6 mmol) of AgD were
added and the mixture was stirred for 3 hr. After filtration
and evaporation of the filtrate to dryness under reduced pressure,
the residue (presumed to be the quaternary ammonium hydrox-
ide) was heated at 100-150° (0.5-0.1 mm). There was obtained
0.2 g (33%) of 10 as a colorless oil, bp 89-90° (1 mm). Vapor
phase chromatography on a Craig polyester column at 175° gave
a single peak with a retention time of 10 min; ir (CCl4), 6.22 m
(weak, conjugated double bond); uv max (95% EtOH) m/i (log
e) at 250 (4.04), 284 (2.98), and 292 (2.79); nmr (CCh), 8 1.07
(s, 6), 2.16 (s, 2), 2.20 (s, 6), 6.16 (s, 2), and 7.13 (m, 5).

The methiodide, after three recrystallizations from ethanol,
melted at 185-186°.

Anal. Calcd for CiH2NI: C, 52.15; H, 7.01;
Found: C, 52.08; H, 7.14; N, 3.93.

Reaction of [|-Benzyl-l,3,3-trimethylazetidinium lodide (8)
with Alkali Amide and Liquid Ammonia. A. With Potassium
Amide.—To a solution of 60 mmol of KNH23in 150 ml of liquid
NH3was added 6.4 g (20 mmol) of 8 in portions over a period of
1hr and the mixture was then stirred at —33° for 2 hr.  During
the addition the solution became deep red in color. The addi-
tion of 4 g of solid NHACL discharged the color. Ether (65 ml)
was added and then the NH3 was evaporated. Filtration and
evaporation of the ether gave 3.2 g of reddish oil. Distillation
of 2.7 g of this product afforded 2.5 g (corresponding to 79%) of
2-phenyl-l,4,4-trimethylpyrrolidine (9) as a colorless oil, bp

N, 4.06.

(25) N.J. Leonard and V. W. Gash, J. Amer. Chem, Soc., 76, 2781 (1954).
These authors reported bp 77—79° and n200 1.3842 for 4. The discrepancy
between these values and those of the present work led to the further charac-
terization of our product.
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105-106° (10 mm). Vapor phase chromatography of the prod-
uct showed only one component and the substance was identical
(infrared and nmr spectra, vpe retention time, and mixture
melting point of picrate) with an authentic sample.

Treatment of 9 with excess CH3l, then with Agd, and, finally,
heating under reduced pressure as described for the preparation
of 10 gave a product which was identical (ultraviolet, infrared,
and nmr spectra) with an authentic sample of 10.

B. With Sodium Amide.—To a cooled (—50°), stirred sus-
pension of 5.85 g (0.15 mol) of NaNH2in 300 ml of liquid NH3
was added 15.9 g (0.05 mol) of 8 in portions over a period of 1.5
hr and then stirring was continued at —50 to —45° for 1 hr.
The color of the reaction mixture was yellow-green. After the
addition of 7.4 g of solid NHAC1 the mixture was worked up as
described in part A and there was obtained 6.52 g (69%) of 9, bp
43-44° (0.2 mm), plus some higher boiling material which was
not identified.

I-(Phenyl-o-tolylmethyl)-1,3,3-trimethylazetidinium Bromide.
—An equimolar (6 mmol) mixture of phenyl-o-tolylmethyl
bromide [bp 141-145° (0.8 mm), lit.Bbp 136-138° (0.3 mm);
nzp 1.6154], prepared from the treatment of the corresponding
carbinolZ with HBr,Band 1,3,3-trimethylazetidinel in CHN
(5 ml) was stirred at room temperature for 4 hr and then diluted
with ether. The precipitated bromide salt was recrystallized
from ethanol-ether, mp 124-130°. The nmr spectrum was
identical with that of the corresponding iodide obtained from 14.

Reaction of |,l-Dibenzyl-3,3-dimethylazetidinium Bromide
(13) with Alkali Amide in Liquid Ammonia. A. Potassium
Amide.—To 60 mmol of KNH223 in 150 ml of liquid NH3 was
added 7 g (20 mmoles) of 13 in portions over a period of 1 hr and
the mixture was stirred at —33° for 2.5 hr.  The red-brown color
which developed was discharged when 4 g of solid NH4CL was
added. After the addition of 75 ml of ether, the NH3 was al-
lowed to evaporate. Filtration and then evaporation of the
ether left 5.6 g of a viscous yellow oil which solidified on standing.
Distillation gave 5.2 g (98%) of a colorless oil [bp 108-110°
(0.15 mm), nKo 1.5519] which solidified on standing, mp 48-51°.
The nmr spectrum corresponded to that expected for 3,3-di-
methyl-I-(phenyl-o-tolylmethyl)azetidine (14).

Anal. Calcd for CiHAN: C, 85.99; H, 8.73;
Found: C, 85.96; H, 8.71; N, 5.38.

The picrate after one recrystallization from ethanol melted at
233-234°.  The structure of 14 was confirmed by the identity of
the nmr spectrum of its methiodide, mp 150-156° dec (after
recrystallization from ethanol), with that of a synthetic sample
of the corresponding methobromide.

Anal. Calcd for CZHANI: C, 58.97;
Found: C, 59.10; H, 6.48; N, 3.56.

Vapor phase chromatography of the product at 190° indicated
it to consist of 98% 14 and 2% a substance which was identi-
fied by its retention time as 3,3-dimethyl-I-(1,2-diphenylethyl)-
azetidine (15).2 No evidence for the presence of 16 was found.

B. With Lithium Amide.—To the LiNH2formed from 0.105
g (15 mg-atoms) of Li wire and 50 ml of dry liquid NH3as given
in the literature®was added with stirring 1.73 g (5 mmol) of 13
over a 20-min period and stirring was continued at —33° for 4
hr.  No color developed. The mixture was worked up as de-
scribed under part A and afforded 1.28 g (97%) of product as a
yellow oil which was identical (picrate, mp 233-234°; vapor phase
chromatographic analysis showed 98% 14 and 2% 15) with that
obtained in A. No 16 was found.

I-Benzyl-4,4-dimethyl-2-phenylpyrrolidine (16).—Benzoyl
chloride (1.4 g, 10 mmol) was slowly added to 0.85 g (5 mmol) of
4,4-dimethyl-2-phenylpyrrolidone,2l with stirring, followed by 4
ml of 10% NaOH. Stirring was continued for 30 min and the
mixture was then extracted with 50 ml of ether. The ethereal
extract, after being washed with dilute sodium hydroxide and
then water, was evaporated to dryness. Recrystallization of
the residue from aqueous ethanol and then from absolute meth-
anol gave 1.3 g (61%) of a product presumed to be the benzoyl
derivative, mp 104-106°.

A solution of the derivative in 30 ml of dry ether was added
over a 5-min period to 30 ml of ether containing 0.5 g of LiAlIHi.

N, 5.28.

H, 6.43; N, 3.44.

(26) I. Lapkin and O. M. Lapkina, J. Oen. Chem. USSR (Eng. transi.),
26, 911 (1955).

(27) J. F. Norris and J. T. Blake, J. Amer. Chem. Soc., 60, 1808 (1928).

(28) A. H. Wragg, T. S. Stevens, and D. M. Ostle, J. Chem. Soc., 4057
(1958).

(29) C. R. Hauser and W. H. Puterbaugh, J. Amer. Chem. Soc., 75, 1068
(1953).
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The mixture was refluxed for 4 hr, treated with 2 ml of saturated
Na20C33 filtered, and finally extracted with 30 ml of 5% aqueous
HC1. The acidic extract was extracted with ether and then
basified with excess 50% NaOH. The organic layer which
formed was taken up in ether and the dried (NaZ0.i) ether solu-
tion was evaporated to dryness. Distillation of the residue under
reduced pressure gave 0.72 g (55%) of 16 as a colorless oil [bp
119-120° (0.2 mm), tizd 1.5467] which solidified on standing, mp

48.5-49.5°,  The nmr spectrum was consistent with the struc-
ture assigned.
Anal. Caled for CIHZN: C, 85.99; H, 8.73; N, 5.28.

Found: 0,86.14; H, 8.84; N, 5.36.

The picrate melted at 125-127° after recrystallization from
ethanol.

Reaction of I,I-Dibenzyl-3,3-dimethylazetidmium Bromide
(13) with Sodium Ethoxide.—Compound 13 (5 mmol, 1.73 @)
was added to 50 ml of ethanol containing 20 mmol (1.36 g) of
sodium ethoxide and the homogeneous solution was refluxed for

Pyrrolo[l,2-alJindole Chemistry.

The Journal of Organic Chemistry

10 hr. Water (25 ml) was then added and the ethanol was re-
moved by distillation. An ethereal extract of the residue was
dried over Naz04 and the solvent was then evaporated. The
yellow oil (1.5 g, 96%) which remained, «%& 1.5268, was indi-
cated to be 3-dibenzylamino-2,2-dimethyl-l-ethoxypropane by
its relatively long (10.5 min) retention time on vapor phase chro-
matography at 195°, by its infrared spectrum, and by its nmr
spectrum (CCL,): S0.75 (s, 6), 2.42 (s, 2), 3.02 (s, 2), 3.54 (s, 4),
1.05 (t,3,/ = 3.5Hz),3.26 (9,2 ,/ = 3.5 Hz), and 7.20 (m, 10).

Registry No.—4, 16911-20-9; 4 methiodide, 16959-
96-9; 9,16911-21-0; 9 picrate, 16911-22-1; 9 methiodide,
16957-22-5; 10, 16911-23-2; 10 methiodide, 16911-24-3;
14, 16911-25-4; 14 methiodide, 16911-26-5; 14 picrate,
16911-27-6; 16, 16911-28-7; 16 picrate, 16911-29-8;
3-dibenzylamino-2,2-dimethyl-1-ethoxypropane, 16911-
30-1; ammonia, 7664-41-7.
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The pyrrolo[l,2-a] indole anion 8 has been acylated by a group of electrophiles, including ethyl carbonate, ethyl

chloroformate, dimethyl oxalate, phenyl isocyanate, and carbon dioxide.
demonstrated by the isolation of products arising from attack at the 1, 3, and 9 positions.

Its tridentate character has been
One product, the ester

11, is the first simple example of the 3H-pyrrolo[l,2-alindole system. The chemistry of ester 11 was studied, to
no avail, as a possible route to the mitomycin structural array 1 or 2.

The tetracyclic array of the mitomycins 1 and the

stereochemically simpler aziridinomitosenes 2 is a
O  CHOCONH H
X-s Y
iC pA
Y 'N A[>—Z
chA [ ch3 MA n—z
(0] 0
1 2

unique heterocyclic system with potent biological ac-
tivity.2 Substantial progress has been made by a Le-
derle group3in the elaboration of synthetic pathways to
various tricyclic derivatives in the pyrrolo[l,2-a]indole
series. However, the final attainment of a tetracyclic
product by attaching an aziridine moiety to the tri-
cyclics using a variety of cyelization methods was not
achieved.

Our paper approach to the synthetic problem of az-
iridine annelation was to obtain a tricyclic compound 3
with unsaturation in the position appropriate for ring
addition via the elegant method of dipolar addition of
azide4 followed by subsequent photochemical decom-

R \

N vV N a A
J + RN3 —» JL.n"™N

(1) (a) Presented at the Third Middle Atlantic Meeting of the American
Chemical Society, Philadelphia, Pa., Feb 2, 1968, Abstracts, p H74. (b)
Taken from the Ph.D. Thesis of K. F. B., Fordham University, 1968. (c)
This research was supported by a grant from the Public Health Service, NIH
GM 12758, for which we are most grateful.

(2) (@) J. S. Webb, D. B. Cosulich, J. H. Mowat, J. B. Patrick, R. W.
Broschard, W. E. Meyer, R. P. Williams, C. F. Wolf, W. Fulmor, C. Pidacks,
and J. E. Lancaster, J. Amer. Chem. Soc., 84, 3187 (1962); (b) J. B. Patrick,
R. P. Williams, W. E. Meyer, W. Fulmor, D. B. Cosulich, R. W* Broschard,
and J. S. Webb, ibid., 86, 1889 (1964).

(3) (@ G. R. Allen, Jr., J. F. Poletto, and M. J. Weiss, J. Org. Chem., 30,
3897 (1965); (b) G. R. Allen, Jr., and M. J. Weiss, ibid., 30, 2904 (1965);
(c) W. A. Remers, R. H. Roth, and M. J. Weiss, ibid., 30, 2910 (1965).

(4) R. Huisgen, G. Szeimies, and L. Mobius, Chem. Ber., 100, 2494 (1967).

position of the resultant triazoline.6 The major draw-
back to our scheme was that the simple 3H-pyrrolo-
[1,2-a]indole structure 3 was not known. The early
report of a dehydrative acetylation of N-phenacyl-
anthranilic acid to afford 9-hydroxy-3-keto-I-phenyl-
3H-pyrrolo[l,2-a]indole (4) is not correct.67 The ena-
mine 5, not completely characterized, may be an example
of the desired system.3 An authentic, but more com-
plex, 3 H derivative, the 3-methylenecarboxylate 6, has

been characterized as well.8 Two independent syn-
theses directed toward the preparation of the simple
heterocycle 3 both afforded the isomeric 9H-pyrrolo~
[l,2-a]indole (7). The Hofmann elimination route
(Scheme I, path 1)3and the elegant and general hetero-
cyclic synthesis via a vinylphosphonium salt (Scheme
I, path 2)9are usually unambiguous, position-specific

(5) P. Schemer, J. Org. Chem., 30, 7 (1965).

(6) (a) M. Scholtz, chem. Ber., 51, 1646 (1918); (b) R. Wegsehnieder,
ibid., 52, 1705 (1919).

(7) R. W. Franck and J. Usilton, Fordham University, unpublished re-
sults, 1966.

(8) W. A. Remers, J. Amer. Chem. Soc., 86, 4608 (1964).

(9) E. E. Schweizer and K. K. Light, 3. org. Chem., 31, 2912 (1966).
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Scheme I

methods. Thus, it must be concluded that the 3 H
product is less stable than the 9 H isomer, a fact which
is supported by Hiickel molecular orbital calcula-
tions.38810 Our attention was directed toward ob-
taining a 3 H isomer that was stabilized relative to the
9 H compound. We proposed to accomplish this goal
via utilization of the anion 8 of heterocycle 7, previously
described by Huisgen.ll The reported alkylation of
the anion with diethylaminoethyl chloride apparently
gave exclusively the 9-alkyl product 9. It was our
plan to study the introduction of acyl groups in a sim-
ilar manner.

The anion 8 is prepared by treating the heterocycle
7 with butyllithium. When the reaction with diethyl-
aminoethyl chloride was repeated, the discharge of the
green anion (estimated visually) took 20 hr. Three
products were detected by vapor phase chromatog-
raphy (vpc) of the reaction mixture. The major prod-
uct (85%) was the 9-alkyl compound 9, its structural
assignment based on an nmr spectrum with 3 pyr-
role protons. Also, the 9,9-dialkyl product 10 (12%)
was isolated, its characterization based on its nmr with
3 pyrrole and 28 diethylaminoethyl protons. The
third product (3%) was not characterized. The forma-
tion of bisalkyl product can be explained by invoking
equilibration of anion 8 with monoalkyl 9 to afford neu-
tral 7 and the anion of 9.  When the anion 8 was added
to excess diethyl carbonate, instantaneous reaction was
observed. Immediate work-up of the mixture afforded
material which could be purified by silica gel chroma-
tography to yield recovered 7 (33%) and 9-carbethoxy-
3H-pyrrolo[l,2-a]indole (11) (18%). Strong evidence

for the proposed structure is the appearance of 2
vinyl protons in the nmr spectrum of 11; the lines ap-
peared as doubled triplets at 56.32 and 6.77 («/j2= 6.0
and Ji3 = JB = 2.0 Hz, the Ju being far outside the

(10) C. Sherr, R. Cloney, K. Bernady, E. Leser, and R. W. Franck, Ford-
ham University, unpublished results, 1967.
(11) E. Laschtuvka and R. Huisgen, Chem. Ber., 93, 81 (1960).
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limit for vicinal coupling in pyrroles).22 The grouping
of uv maxima in the 240-and 320-m/j region with a min-
imum at 280 n\fi (compare pyrrole 7, uv max 265 m/i) is
in agreement with every 2-vinylindole that we know
of.13 That the 3 H isomer in this system could be more
stable than the 9 H isomer is supported by molecular
orbital calculations.i0 The recovery of starting hetero-
cycle 7 can be explained by considering that the inter-
mediate acylation product 12, more acidic than 7, re-
acts with anion 8 to form anion 13 and neutral 7. This

proton transfer must occur more rapidly than conden-
sation of 8 with diethyl carbonate. Eventual work-up
by protonation of 13 affords the product 11. A more
reactive acylating agent, ethyl chloroformate, was used
so that the acylation of 8 would be a faster process.
The products isolated were the 9,9-bis acylated product
14 (13%) (3 pyrrole and 10 ethyl protons in the nmr)
and recovered starting material 7 (35%). This course
must come from further acylation of anion 13, with
ethyl chloroformate being more reactive than diethyl
carbonate which does not give bis acylation with short
reaction time. When carbon dioxide was employed as
the electrophile with anion 8, 9-carboxy-3H-pyrrolo-
[1,2-a]indole (15) was isolated in 7% yield and starting

COXH5 aaH

'0b

15

7 was recovered in 74% yield. The acid 15 lost C02o0n
melting and also upon column chromatography. When
dimethyl oxalate was the electrophile in the condensa-
tion, the major product isolated by chromatography was
the 1-substituted 9 H compound 16 (13%). Its struc-

16

(12) A R. Katritzky in “Physical Methods in Heterocyclic Chemistry,”
Vol. 11, A. R. Katritzky, Ed., Academic Press Inc., New York, N. Y., 1963,
p 128.

(13) (a) N. Neuss, “Physical Data of Indole and Dihydroindole Alka-
loids,” Eli Lilly and Company, Indianapolis, Ind., 1963. (b) R. N. Schut
and T. J. Leipzig, J. Heterocycl. Chem., 3, 101 (1966). (c) H. Zinnes, R. A.
Comes, and J. Shavel, Jr., J. Org. Chem., 30, 105 (1965). (d) U. Renner,
K. A. Jaegi, and D. A. Prins, Tetrahedron Lett., 3697 (1965). (e) U. Renner
and P. Kernweisz, Experientia, 19, 244 (1963). (f) J. A. Joule, H. Montiero,
L. J. Durham, B. Gilbert, and C. Djerassi, J. Chem. Soc., 4473 (1965). (g)
D. Beck, K. Schenker, F. Stuber, and R. Zurcher, Tetrahedron Lett., 2285
(1965). (h) There is also a good correspondence in uv maxima with the
isomeric chromophore of vobasine methine (i): U. Renner, D. A. Prins, A. L.
Burlingame, and K. Biemann, Helv. Chem. Acta, 46, 2186 (1963). We thank
Dr. W. I. Taylor of Ciba Laboratories for suggesting this comparison.
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tural assignment is based on the nmr showing two pyr-
role protons and no deshielded aromatic proton (at C8§
characteristic of the anisotropic effect of a carbonyl at
the 9 position. Also a 1% yield of the 3-oxalylated
compound 17 was obtained. A sample of 17 was inde-
pendently prepared via oxalylation of 7. In addition,

C0COZXCH3
17

34% recovery of 7 was obtained. The anion 8 was
condensed with phenyl isocyanate, since the initial
condensation product 18, being anionic, would not
participate in a proton transfer with 8 since the result
would be a dianion. In the event, the products iso-
lated were the 9,9-diacylated compound 19 (3%), the
1-acyl product 20 (1%), the 3-acyl isomer 21 (14%),
and recovered 7 (13%). All the products had nmr
spectra consistent with the 9H-pyrrolo system. The
products isolated are an example of the trapping of all
three positions of the tridentate anion 8 in a single re-
action.

or 'NPh
\"4 CONHPh

20

All the acylations appeared to be instantaneous re-
actions whereas the alkylation first described was slow.
Since the alkylating agent contained a tertiary amine
grouping, it was hypothesized that this amine function
was forming a stable coordination complex with anion 8,
a well-known phenomenon of tertiary amines and organ-
olithiums.14 Further, we felt that the complex was un-
reactive and only its dissociation to free organolithium
would provide a species that would alkylate or acylate.
Thus the acylation with diethyl carbonate was repeated
with prior addition of triethylamine to preformed anion
8. The reaction was slowed markedly with incomplete
discharge of the color of anion 8 after 4 hr.  Work-up
of the mixture at this point afforded the previously ob-
tained 3 H ester 11 (9%), the 1,9 diester 22 (3%), and
recovered 7 (76%). The diester 22 was clearly in the
9 H, or pyrrole, series, with its longest wavelength uv
maximum at 272 mu and with two typical pyrrole pro-
tons at 56.89 and 7.15 (J = 3 Hz). In a similar ex-
periment where the reaction mixture was allowed to

(14) C. G. Screttas and J. F. Eastham, J. Amer. Chem. soc., 87, 3726
(1965).
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stand for 24 hr prior to work-up, the yield of diester 22
increased to 6% and monoester 11 was present in less
than isolable quantity (detected only by tic). The
difference in structure of the bis acyl product obtained
under these conditions compared with the rapid reaction
with ethyl chloroformate suggests that the latter case
is one of kinetic control of product formation, while the
former is a case where thermodynamic factors deter-
mine the product formed. The conclusions that we can
draw about the reaction