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Photochemical Transformations of Phthaloyl Dixanthates
and Phthaloic Bisdithiocarbamic Anhydrides

S. N. Singh and M. V. George*1

Department of Chemistry, Indian Institute of Technology, Kanpur, India

Received March 31, 1970

The reaction of phthaloyl dichloride with potassium O-alkyl xanthates gave rise to the corresponding un-

symmetrical phthaloyl dixanthates.

hand, gave the symmetrical bisdithiocarbamic anhydrides.
in benzene solution gave chiefly ;rans-biphthalyl, whereas symmetrical phthaloic bisdithiocarbamic anhydrides

gave a mixture of irons-biphthalyl and the corresponding thiuram disulfides.
The thermal decomposition of unsymmetrieal phthaloyl dixanthates yielded a

be isolated from these runs.

Treatment of phthaloyl dichloride winh dithiocarbamates, on the other

Photolysis of unsymmetrieal phthaloyl dixanthates

No benzocyclobutenedione could

mixture of several products, consisting of iraas-biphthalyl, thiophthalic anhydride, carbonyl sulfide, and the

corresponding 0,S-dialkyl xanthates.

Photolysis of acyl xanthates are reported to give
rise to the corresponding alkyl xanthates.2 It has
been shown that in these reactions the CO-S bond
of the acyl xanthates undergoes homolytic fission giving
rise to acyl and xanthate radicals. These acyl radicals
are decarbonylated at appropriate temperatures to give
alkyl radicals which then combine with xanthate rad-
icals giving rise to the corresponding alkyl xanthates.
By taking advantage of the fact that primary acyl
radicals are decarbonylated only slowly, it has been
possible to synthesize a diketones through the photoly-
sis of the corresponding xanthates. Thus, the photolysis
of di-O-ethyl $,,S-glutaryl xanthate, for example, has
been shown to give a satisfactory yield of cyclopentane-
1,2-dione.2 As aroyl xanthates are also reasonably
stable at room temperatures, we argued that the photol-
ysis of a xanthate such as symmetrical di-O-alkyl
$,;-phthaloyl dixanthate (IV) should lead to the for-
mation of benzocyclobutenedione, through the intra-
molecular coupling of the intermediate aroyl radical.

Acyl and aroyl xanthates are conveniently prepared
by the treatment of potassium O-alkyl xanthates with
the corresponding acid chlorides in acetone solution
at low temperatures.2 In a preliminary communica-
tion,3 we have shown that the reaction of potassium
O-ethyl xanthate with phthaloyl dichloride in acetone
solution does not give rise to the expected symmetrical
di-O-ethyl ¢,;-phthaloyl dixanthate (IVb), but the
unsymmetrieal phthaloyl dixanthate (VIb) (Scheme
). In the present investigation, we have examined
the reactions of several potassium alkyl xanthates with

(1) To whom correspondence shoud be addressed.

(2 D. H. R. Barton, M. V. George, and M. Tomoeda, J. Chem. Soc.,
1967 (1962).

(3) A. Shah, S. N. Singh, and M. V. George, Tetrahedron Lett., 3983 (1968).
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symmetrical phthaloyl dichloride (1) with a view to
studying the nature of the products formed in these
cases.

Treatment of potassium O-methyl xanthate with |
in ether solution around 0° gave a 78% yield of a
product, identified as unsymmetrieal di-O-methyl S,S-
phthaloyl dixanthate (Via), mp 120°. The identity
of this product was confirmed on the basis of analytical
results and spectral data. The infrared spectrum of
Via showed a carbonyl absorption at 1780 cm-1, char-
acteristic of 7-lactones. The nmr spectrum of Via
showed a multiplet centered around r 2.86 (4 H)
due to the phenyl protons and a singlet at r 6.31
(6 H) due to *he methoxyl protons. The multiplet
due to the aromatic protons showed a characteristic
ABCD pattern, as would be expected for the unsym-
metrical structure Via. Further evidence concerning
the unsymmetrieal structure Via for this xanthate was
derived from its conversion to phthalide, on treatment
with Raney nickel.

The reason why the unsymmetrieal phthaloyl di-
xanthate Via is formed from the reaction of I with
potassium O-methyl xanthate was not very apparent.
Knapp4 had reported that an unsymmetrieal diphenyl
dithiolphthalate is formed when 1 is treated with a
mixture of phenyl thiolacetate and anhydrous alu-
minum chloride. The formation of the unsymmetrieal
isomer has been explained in terms of the reaction
of the unsymmetrieal phthaloyl dichloride (11), which is
assumed to be formed from |, under the influence of
aluminum chloride.6 However, it is very doubtful that

(4) W. Knapp, Monatsh. Chem., 58, 176 (1931); Chem. Abstr., 26, 430

(1932).
(5) E. Ott, "Organic Syntheses," Collect. Vol. ||, A. H. Blatt, Ed., Wiley,

New York, N. Y., 1943, p 528.
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U s c CSCOR
I Il
o) S
" IVa, R = CH3
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[ |
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in the reaction of |1 with potassium O-methyl xanthate,
the acid chloride is undergoing isomerization to the un-
symmetrical derivative, especially in the absence of any
catalyst such as aluminum chloride. A more probable
explanation for the formation of Via is indicated in
Scheme 1. In this scheme, we assume that the alkyl
xanthate reacts with | to give the symmetrical di-O-
methyl S,jS-phthaloyl dixanthate (l1Va), which under-
goes an intramolecular rearrangement to the unsym-
metrical isomer Via, through the bicyclic 3,2,1 transition
state V.6 With a view to finding out whether the sym-
metrical dixanthate 1Va is initially formed in the reac-
tion, as shown in Scheme |, we have examined the ab-
sorption spectrum of the product mixture, soon after
mixing together the symmetrical phthaloyl dichloride
and potassium O-methyl xanthate in a 1:2 ratio in ether
solution around 0°. The absorption spectrum was
characterized by the presence of two maxima at 288 npt
(e 19,700) and 394 (70), respectively. Of these, the
weak absorption around 394 m¢l is characteristic of
all acyl and aroyl xanthates containing the C(=0)SC-
(=S)OR chromophore.2 It was further observed that
the absorption maximum at 394 myj. of a freshly formed
solution of the dixanthate 1Va disappeared after a
few hours, and a new absorption maximum was ob-
served at 364 xp (e 95), characteristic of the unsvm-
metrical dixanthate V1.3 These findings are in support
of the view that the symmetrical dixanthate IVa is

6) For some examples of reactions in which such bicyclic 3,2,1 transition
states have been suggested, see (@) M. S. Newman and C. Courduvelis
J. Amer. Chem. Soc., 86, 2942 (1964); 88, 781 (1966); (b) M. S. Newman,
N. Gill, and B. Darre, J. Org. Chem., 31, 2713 (1966).

actually formed at first, which then rapidly isomerizes
to the unsymmetrical derivative VI a

Our next objective was to examine the reaction of
Il with potassium O-methyl xanthate, with a view
to studying the mode of this reaction. Treatment
of an acetcne solution of Il with excess of potassium
O-methyl xanthate around 5° gave a 70% yield of
the unsymmetrical dixanthate Via. The formation
of Via could be by the attack of the nucleophile on
the carbonyl carbon (path a) or by a direct displace-
ment on the carbon atom, attached to the chlorine
atoms (path b), as shown in Scheme I. With a view
to distinguishing between these two possible modes
of reactions, we have examined the uv spectrum of
the product mixture, immediately after mixing to-
gether Il and potassium O-methyl xanthate in a 1:2
ratio in ether solution. If the reaction is proceeding
through path a, then one would expect the initial for-
mation of the symmetrical dixanthate IVa, which
can be characterized by the absorption maximum at
394 mjx.2 On the other hand, if path b is the preferred
mode, then one would expect the formation of Via
directly. The uv spectrum of an ether solution of
the product mixture, on treatment of Il with po-
tassium O-methyl xanthate, showed an absorption maxi-
mum at 394 nmru (e 94), indicating thereby that the
symmetrical dixanthate lla is initially being formed
in this reaction, which then undergoes thermal iso-
merization as shown in Scheme I.

With a view to finding out whether bhe symmetrical
dixanthates of type IV (Scheme I) can be stabilized
by changing the alkyl substituent on the xanthate,



Phthaloyl Dixanthates-B isdithiocarbamic Anhydrides

J Org. Chem, Vol. 36, No. 5, 1971 617

Scheme |l

path a

we have examined the reactions of | with different
O-alkyl xanthates. Treatment of | with potassium
O-w-propyl xanthate, for example, gave a 50% yield
of di-O-n-propyl $,S-phthaloyl dixanthate (Vic), mp
81-82°. The same dixanthate was obtained in a 60%
yield, on treatment of the unsymmetrical phthaloyl
dichloride with potassium O-n-propyl xanthate. Simi-
larly, the reactions of | with potassium O-n-butyl
xanthate and potassium 0-benzyl xanthate gave in
each case the corresponding unsymmetrical dixanthates
VId and Vie, respectively, in yields ranging between
65 and 82%. Both the unsymmetrical dixanthates
VId and Vie were also obtained in 66 and 70% yields,
respectively, when Il was treated with the correspond-
ing potassium O-alkyl xanthates.

In our further efforts at preparing the symmetrical
dixanthates of type IV, we have examined the re-
actions of | with a few dithiocarbamates. The reaction
of 1 with pyrrolidinedithiocarbamate, for example,
gave a 68% vyield of a product, mp 140-141°, identified
as symmetrical phthaloic bis(pyrrolidinedithiocarbamic
anhydride) (1Xa) (Scheme 11). The identity of 1Xa
was confirmed on the basis of analytical results and
spectral data. The infrared spectrum of 1Xa showed a
characteristic absorption band at 1675 cm' 1 due to
the C=0 group and a band at 1471 cm-1 due to
the C=S group. The ultraviolet absorption spectrum
of IXa was characterized by two absorption maxima
at 290 mu (e 31,100) and 410 (400). The absorption
characteristics of 1Xa are quite similar to those of
the analogous benzoic piperidinedithiocarbamic an-
hydride.7 The nmr spectrum of 1Xa showed two broad

(7) E. H. Hoffmeister and D. S. Tarbell, Tetrahedron, 21, 35 (1965).

0S
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b,R,R' = —{CH25
¢, R,R'= CH3
d, R,R'= CH5

singlets at r 7.83 (8 H) and 6.1 (8 H). Of these,
the peak at r 7.83 is assigned to the methylene protons
away from the nitrogen atoms, whereas the one at r
6.1 is due to the methylene protons adjacent to the
nitrogen atoms of the pyrrolidine rings. The aromatic
protons appeared as a multiplet centered around r
2.31 (4 H), characteristic of an AB2system.

Further evidence concerning the symmetrical struc-
ture for 1Xa was derived by its conversion to o-phthal-
aldehyde, on treatment with Raney nickel.

In the formation of the unsymmetrical dixanthate
Via from the reaction of I and potassium O-methyl
xanthate, we had suggested that initially the sym-
metrical dixanthate IVa is being formed which then
isomerizes to Via. It would be reasonable therefore
to assume that the symmetrical phthaloic bis(pyr-
rolidinedithioearbamic anhydride) (1Xa) should also
be capable of undergoing thermal isomerization to
an unsymmetrical derivative. Refluxing a solution of
IXa in dry benzene for 1 hr gave a 70% yield of a
product, mp 161-162°, and identified as unsymmetrical
phthaloic bis(pyrrolidinedithiocarbamic) anhydride
(X1a). The identity of Xla was confirmed on the
basis of analytical data and spectral evidences. The
infrared spectrum of Xla showed a strong absorption
band at 1786 cm-1 due to the C=0 group present
in a 7-lactone ring.

The uv spectrum of Xla was characterized by the
presence of two absorption maxima at 284 m/i (e 14,900)
and 330 (90). The nmr spectrum of Xla showed
two broad singlets at r 7.82 (8 H) and 6.36 (8 H),
due to the methylene protons of the pyrrolidine rings.
The aromatic protons appeared as a multiplet centered
around r 2.52 (4 H) and characteristic of an ABCD

pattern.
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The transformation of the symmetrical phthaloic
bis(pyrrolidinedithiocarbamic anhydride) (1Xa) to the
unsymmetrical isomer Xla may also be proceeding
through a bicyclic 3,2,1 transition state (X) as shown
in Scheme Il. By taking advantage of the fact that
IXa shows a characteristic absorption band around
410 mg, it has been possible to study the Kinetics
of the isomerization of IXa spectrophotometrically.
Table | summarizes the rate data for three different

Table |
First-Order Rate Constants
for the Isomerization of IXa to Xla

Temp,
Solvent °C ki (aec*)
Benzene 40 2.18 X 10-~s
Benzene 45 463 X 10"6
Benzene 50 6.55 X 10"6

temperatures, 40, 45, and 50°. These results show
that the isomerization of I1Xa to Xla obeys the first-
order rate law and the value for A//a = 22 kcal mol-1.
The calculated entropy of activation at 50°, AS8b =
—9.7 eu, suggests an ordered transition state for the
isomerization of IXa, in agreement with the suggested
mechanism.

Our next objective was to study the reaction of
the unsymmetrical phthaloyl dichloride (11) with amine-
dithiocarbamates with a view to understanding the
mode of these reactions. Treatment of an acetone
solution of Il with pyrrolidinedithiocarbamate gave a
60% of the symmetrical phthaloic bis(pyrrolidinedi-
thiocarbamic anhydride) (IXa). The formation of the
symmetrical isomer IXa in this reaction clearly in-
dicates that the preferred mode of attack of the nu-
cleophile is on the carbonyl carbon of Il and not
on the carbon atom attached to the halogen atoms
(Scheme 11). This is analogous to the reaction of
O-alkyl xanthates with Il proceeding through path a,
as shown in Scheme I.

In continuation of our studies, we have examined
the reactions of a few other aminedithiocarbamates
with both I and Il. The reactions of I with piperidine-
dithiocarbamate, dimethylaminedithiocarbamate, and
diethylaminedithiocarbamate gave the corresponding
symmetrical phthaloic aminedithiocarbamic anhy-
drides I1Xb, IXc, and IXd in yields ranging between
50 and 76%. Symmetrical phthaloic aminedithiocar-
bamic anhydrides IXa and IXb were also obtained
when 1l was treated with the corresponding amine-
dithiocarbamates.

It was mentioned earlier that the symmetrical phthal-
oic bis(pyrrolidinedithiocarbamic anhydride) (1Xa)
undergoes isomerization to the unsymmetrical de-
rivative Xla on refluxing in benzene solution for 1
hr. Our attempts at bringing about similar isomeriza-
tions of the symmetrical phthaloic aminedithiocarbamic
anhydrides 1Xb, 1Xc, and 1Xd to the corresponding
unsymmetrical derivatives were, however, unsuccess-
ful. In each case, the compound decomposed with
the loss of carbon disulfide to the corresponding phthal-
amide, as shown in Scheme Il1l. Thus, on refluxing, a
benzene solution of IXb for 1 hr gave a 90% yield
of phthaloyl dipiperidide (X11b).8 Similarly, IXc and

(8) For an earlier report on the thermal decomposition of I1Xb, see J. von
Braun and W. Kaiser, Ber., 55, 1305 (1922).
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1Xd, on refluxing in benzene for 1 hr, gave N,N,N',N'~
tetramethylphthalamide (X1lc)8and N,N,N',N'-tetra-
ethylphthalamide (X11d),9respectively.

Our next aim was to study the reaction of I with a
mixture of nucleophiles, with a view to preparing
mixed xanthates and aminedithiocarbamic anhydrides.
Treatment of an ether solution of I and a mixture
of potassium 0-methyl xanthate and piperidinedithio-
carbamate in equimolar proportions gave a mixture
of products consisting of 25% of the unsymmetrical
dixanthate Via and 45% of the symmetrical aminedi-
thiocarbamic anhydride IXb. None of the mixed xan-
thate could be isolated from this run.

In an earlier communication,3 we had reported the
thermal and photochemical transformations of an un-
symmetrical phthaloyl dixanthate such as VIb. In
the present studies we have examined both the thermal
and photochemical reactions of few unsymmetrical
phthaloyl dixanthates such as Via, Vic, VId, and
Vie with a view to studying the nature of the products
formed in these reactions.

Photolysis of Via in benzene solution at room tem-
perature gave a 38% yield of ;rans-biphthalyl (XXI),
mp 352-54°, as the only isolable product. Under
similar conditions, the photolysis of other unsym-
metrical phthaloyl dixanthates such as Vic, VId, and
Vie gave XX in yields ranging between 34 and 41%.
The formation of XX in the photolysis of unsym-
metrical phthaloyl dixanthates suggests that in all
these cases the fragmentation may be taking place
through a C-S bond fission giving rise to the radical
intermediate X111, which then gives rise to the carbene
intermediate X1V through a second C-S bond fission.
Dimerization of X1V would lead to frans-biphthalyl
(XX1) (Scheme 1V). It has not been possible to isolate
either benzocyclobutenedione (XVII) or other dimeric
products such as XVIII, XIX, or XX from these
reactions.’0 A similar type of photochemical trans-
formation involving a C-S bond fission is reported
in the case of 9,9-dixanthogenyl xanthene. 1l

It is interesting to note that the C-S bond fission
of the type postulated for the fragmentation of acyl
and aroyl xanthates2 has also been suggested for the
photolysis of dithiocarbamic anhydrides.722 Thus, in
the photolysis of benzoic piperidinedithiocarbamic an-
hydride,7 a mixture of products such as benzoic acid,
benzoyl piperidide, benzoyl cyclopentamethylenethio-

(9) P. B. Corbiere, French Patent 866,229 (1941); Chem. Abatr., 43, 5038
(1949).

(10) For the formation of several dimeric products in the photolysis of
benzocyclobutenedione, see (@) R. F. C. Brown and R. K. Solly, Tetrahedron
Lett., 169 (1966); (b) H. A. Staab and J. Ipaktschi, ibid., 583 (1966).

(11) A. Schonberg and U. Sodtke, ibid., 4977 (1967).

(12) E. H. Hoffmeister and D. S. Tarbell, Tetrahedron, 21, 2857 2865
(1965).
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Scheme IV

Via, R=CH3

b, R = CH5
, R—/Z'CH7
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carbamyl disufide, and cyclopentamethylene thiuram
bisulfide are formed. A free-radical mechanism has
been suggested to account for the formation of these
products.

In the present investigation we have examined the
photolysis of a few symmetrical phthaloic bisamine-
dithiocarbamic anhydrides with a veiw to studying
the nature of the products formed in these reactions.
The photolysis of symmetrical bis(pyrrolidinedithio-
carbamic anhydride) (1Xa), for example, gives rise
to a mixture of rans-biphthalyl (XXI, 30%) and
pyrrolidyl thiuram disulfide (XXlIlla, 75%). The
formation of both X X1 and XXIlla can be explained
on the basis of C-S bond fission in IXa, giving rise
to the radical intermediates XV1 and XXII, respec-
tively (Scheme V). The diradical species can iso-
merize to the carbene intermediate X1V, which then
undergoes dimerization to give irans-biphthalyl (XXI).
The formation of the thiuram disulfide XXIlla may
arise through the dimerization of the radical species
XXII.

Similarly, the photolysis of other symmetrical phthal-
oic bisaminedithiocarbamic anhydrides such as IXb,
IXc, and 1Xd gave, in each case, ;rans-biphthalyl
and the corresponding thiuram disulfides, XXIIlIb,
XXI1llc, and XX111d, respectively.

It is noteworthy that the photolysis of unsym-
metrical phthaloic bis(pyrrolidinedithiocarbamic) anhy-

+ -SCOR

R-CtftCH,

dride (Xla) also gives rise to a mixture of trans-bi-
phthalyl (XXI1, 50%) and pyrrolidyl thiuram disulfide
(XXIlla, 75%). The formation of ;rans-biphthalyl
from Xla suggests that both Xla and the unsym-
metrical phthaloyl dixanthates undergo similar type
of fragmentation reactions (Scheme 1V).

Thermal decomposition of acyl xanthates are re-
ported to give rise to a mixture of products.2-134 Thus,
ethyl phenylacetyl xanthate, for example, decomposes
on heating to give a mixture of ethyl phenylacetate
and carbon disulfide and a mechanism involving a
four-membered, cyclic transition state has been sug-
gested for this reaction.2 During the present investiga-
tion, we have examined the thermal decomposition
of several umsymmetrical phthaloyl dixanthates with a
view to studying the nature of the products formed
in these reactions. Heating unsymmetrical di-O-methyl
phthaloyl dixanthate (Via) to around 230-240° for
about 30 min, for example, gave rise to a mixture
of products which include thiophthalic anhydride
(XXV, 68%), 9,;'-dimethyl xanthate (XXVla, 30%),
and carbonyl sulfide (XXV 11, 76%), identified through
its piperidinium salt’5 (Scheme V).

Similarly, the thermal decompositions of unsym-

(13) G. Buhner and F. G. Mann, J. Chem. Soc., 677 (1945).

(14) T. Taguchi and M. Nako, Tetrahedron, 18, 245 (1962).

(15) J. Parrod, C. R. Acad. Set., Ser. C, 234, 1062 (1952); Chem. Abstr.,
47, 1606 (1953).
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Scheme V
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metrical phthaloyl dixanthates Vie, VId, and Vie
gave rise to a mixture of thiophthalic anhydride, car-
bonyl sulfide, and the corresponding 0,S-dialkyl xan-
thates (XXVIc-e). It is interesting to note that in
the decomposition of unsymmetrical phthaloyl dixan-
thates such as VIb, Vic, and VId, small amounts
of frans-biphthalyl (XX1) could also be isolated. The
formation of XXI in the thermal decomposition of
these dixanthates suggests that a minor mode of de-
composition is through the carbene intermediate X1V
which dimerizes to give frans-biphthalyl. The exact
nature of the pyrolytic decomposition of the unsym-
metrical phthaloyl dixanthates is not very clearly under-
stood. A probable mechanism, which accounts for
the formation of products such as carbonyl sulfide
(XXV1I1), thiophthalic anhydride (XXV), and 0,S-
dialkyl xanthates (XXVla-e), is one which involves a
cyclic concerted process as shown in Scheme VI. The
formation of phthalic thioanhydride may be through a
rearrangement of the initially formed thionphthalic
anhydride (XX1V).B

In contrast to the thermal decomposition of unsym-
metrical phthaloyl dixanthates, the dithiocarbamic an-
hydrides give chiefly the corresponding amides and
carbon disulfide.78 2

Experimental Section

All melting points are uncorrected and were taken on a Koffler
Rot stage. 1t spectra were determined on a Perkin-Elmer Model
137 Infracord spectrometer and uv spectra were determined on
a Beckman DB spectrophotometer. Nmr traces were recorded
on a Varian HR-100 spectrometer, using tetramethylsilane as
internal standard. All irradiation experiments were carried out
using a Hanovia, medium-pressure, mercury lamp (450 W).
Kinetic studies were carried out spectrophotometrically, using a
Beckman DU spectrophotometer.

(16) C. M. Sharts and D. W. Fong, J. Org. Chem., 32, 3709 (1967).
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Potassium 9-methyl xanthate, mp 185-186°, potassium O-re-
propyl xanthate, mp 237-238°, potassium O-re-butyl xanthate,
261-262°, and potassium 0-benzyl xanthate, mp 179-180°,
were prepared by reported procedures.Z Dimethylaminedithio-
carbamate, 8 mp 136°, and diethylaminedithiocarbamate,’6 mp
81°, pyrrolidmedithiocarbamate,22 mp 152°, and piperidinedi-
thiocarbamate,7 mp 169-170°, were prepared by standard pro-
cedures. Symmetrical phthaloyl dichloride, bp 132-133° (10
mm), and unsymmetrical phthaloyl dichloride, mp 87-88°,
were prepared by reported procedures.6

Unsymmetrical Di-O-alkyl >S,>S-Phthaloyl Dixanthates.-——In a
typical run, C.09 mol of potassium O-alkyl xanthate was slowly
added to a solution of 0.02 mol of symmetrical phthaloyl di-
chloride in 30 ml of diethyl ether, maintained around 5°. The
mixture was stirred for 30 min and then was treated with water
to remove any unchanged potassium O-alkyl xanthate. Removal
of the solvent under vacuum gave the product which was re-
crystallized from a mixture (1:1) of methylene chloride and petro-
leum ether (bp 40-60°). Tabie Il summarizes the percentage
yields and the physical data of the different unsymmetrical di-0-
alkyl <S,<S-phthaloyl dixanthates.

Treatment of Di-O-methyl S,S-Phthaloyl Dixanthate (Via) with
Raney Nickel.—A mixture of Via (0.4 g, 0.001 mol) and Raney
nickel (2 g) was refluxed in acetone (20 ml) for 8 hr. Removal
of the unchanged nickel and the solvent gave 0.1 g (62%) of
phthalide, which melted at 75°, after recrystallization from
methylene chloride. There was no depression in the melting
point when mixed with an authentic sample.19

Photolysis of Di-O-alkyl ,S',S-Phthaloyl Dixanthates.—In a
typical run, a solution of di-O-methyl iS,iS-phthaloyl dixanthate
(1.5 g, 0.004 mol) in benzene (200 ml) was irradiated for 1 hr at
room temperature. Removal of the solvent gave a product which
on treatment with methylene chloride gave 0.22 g (38%) of
frares-biphthalyl (XX1), which melted over the range 352-354°
(lit. 1 mp 352-354°), on recrystallization from acetic acid.
The ir spectrum (KBr) of X X1 showed a strong absorption band
at 1789 cm-1 due to a carbonyl group (7-lactone). The uv spec-
trum of X X1 (CH2C12) was characterized by the following absorp-
tion maxima: 250 m/a (« 13,900) (shoulder), 260 (18,000), 272
(18,800) (shoulder), 292 (9300), 294 (42,00), 307 (16,600), 316
(11,100), 325 (13,000), 363 (36,200), 376 130,300), and 382
(26,400).

Anal. Calcd for Ci,Hs04: C, 72.70; H, 3.01.
72.68; H, 3.34.

Similarly, the photolyses of Vic, VId, and Vie in benzene
solution gave ¢rares-biphthalyl (XX 1) as the only isolable product
in each case, in yields ranging between 34 and 41%.

Found: C,

(17) X S. Shupe, J. Ass. Offlc. Agr. Chem., 25, 495 (1942); Chem. Abstr.,
36, 4670 (1942).

(18) R. H. Sahasrabudhey and K. L. Radhakrishnan, J. Indian Chem.
Soc., 31, 853 (1954).

(19) J. H. Gardner and C. A. Naylor, Jr., “Organic Syntheses," Collect.
Vol. 11, A. H. Blatt, Ed., Wiley, New York, N. Y, 1943, p 526.



Phthaloyl Dixanthates-B isdithiocarbamic Anhydrides

J. Org. Chem, Vol. 36, No. 5, 1971 621

Tabie Il
Unsymmetrical Di-O-alkyl S,S-Phthaloyl Dixanthates

Infrared, cm-1 (KBr)

Yield, e Calcd, %--------- - - Found, %---------- . c=0
Compd % Mp, °C c H C H (7-lactone) C=s Uv, ‘maxe ©
Via 78 119-120 41.61 2.89 41,90 2.72 1780 1040 288 (22,100), 364 (100)
Vic 50 81-82 47.75 4.47 47.75 4.45 1782 1030 288 (31,900), 366 (120)
Vid 88 60-61 50.23 5.10 50.33 5.22 1770 1030 290 (25,000), 366 (130)
Vie 65 124-125 57.83 3.61 57.87 3.76 1785 1020 290 (25,500), 368 (100)

Thermal Decomposition of Di-O-alkyl ,S,.S-Phthaloyl Di-
xanthates.— In a typical run, 2 g (0.005 mol) of di-O-methyl S,S-
phthaloyl dixanthate was heated around 230-240° for 20 min
in a 10-ml round-bottomed flask, provided with a nitrogen inlet
and a condenser. The gaseous products were bubbled through a
10% solution of piperidine in diethyl ether. The precipitated
piperidinium salt was filtered and recrystallized from a mixture
(1:1) of methylene chloride and diethyl ether to give 1g (76%) of
piperidinium 1-piperidinecarbothiolate, mp 112°, which showed
no depression in its melting point when mixed with an authentic
sample.’6

The pyrolyzed residue was treated with petroleum ether (bp
60-80°) to give 0.65 g (68%) of thiophthalic anhydride (XXV),
mp 110° (mmp). The petroleum ether-soluble fraction was
chromatographed over alumina to give 0.2 g (30%) of 0,S-
dimethvl xanthate (XXVla), identified through a comparison of
its ir spectrum with that of an authentic sample.D

Di-O-w-propyl iS,S-phthaloyl dixanthate (1 g, 0.002 mol) was
heated around 230-240° for 30 min under a stream of nitrogen
and the evolved gases were bubbled through a 10% solution of
piperidine in ether. The precipitated salt on recrystallization
from a mixture (1:1) of methylene chloride and ether gave 0.25
g (43%) of piperidinium 1-piperidinecarbothiolate, mp 112°
(mmp). Work-up of the pyrolyzed residue as in the previous
case gave 0.02 g (6%) of frans-biphthalyl, mp 352-354° (mmp),
0.279g (67%)of thiophthalic anhydride, mp 110° (mmp), and 0.3¢g
(70%) of 0,S-di-n-propyl xanthate (XXVlc), identified by
comparison of its infrared spectrum with that of an authentic
sample.2l

Similarly, heating V1d (2 g, 0.004 mol) around 230-240° for 30
min gave carbonyl sulfide which when absorbed in an ether solu-
tion of piperidine gave 0.35 g (32%) of piperidinium 1-piperidine-
carbothiolate, mp 112° (mmp). Work-up of the pyrolyzed
residue as in the earlier cases gave 0.15 g (25%) of ircms-bi-
phthalyl, mp 352-354° (mmp), 0.12 g (16%) of thiophthalic
anhydride, mp 110° (mmp), and 0.5 g (52%) of 0,iS-di-«-butyl
xanthate (XXV1d), identified by a comparison of its infrared
spectrum with that of an authentic sample.2

In a separate run, 2 g (0.004 mol) of Vie was heated around
230-240° for 30 min and the carbonyl sulfide that was evolved
was absorbed in 10% piperidine in ether to give 0.8 g (83%) of
piperidinium 1-piperidinecarbothiolate, mp 112° (mmp). The
pyrolyzed residue, on work-up as in the previous cases gave 0.32
g (50%) of thiophthalic anhydride, mp 110° (mmp), and 0.7 g
(63%) of 0,S-dibenzyl xanthate (XXVle), identified through a
comparison of its ir spectrum with that of an authentic sample.D

Reaction of Unsymmetrical Phthaloyl Dichloride with Potassium
O-ALkyl Xanthates.—In a typical run, 0.59 g (0.004 mol) of
potassium O-methyl xanthate was treated with a solution of 0.3
g (0.001 mol) of Il in acetone (10 ml) around 0°. Removal of the
solvent under vacuum gave a product which was extracted with
methylene chloride. The methylene chloride extract was washed
with water and dried over anhydrous sodium sulfate, and the
solvent removed under vacuum to give 0.35 g (70%) of unsym-
metrical di-O-methyl iS,S-phthaloyl dixanthate, which melted at
119-120° (mmp), on recrystallization from a mixture (1:1) of
methylene chloride and petroleum ether (bp 40-60°).

Similarly, the reactions of potassium O-n-propyl xanthate,
potassium 0-n-butyl xanthate, and potassium O-benzyl xanthate
with Il gave the unsymmetrical xanthates Vlc, mp 81-82° (60%),
Vid, mp 60-61° (66%), and Vie, mp, 124-125° (70%).

(20) B. Fetkenheuer, H. Fetkenheuer, and H. Lecus, Ber., 60, 2528 (1927) ;
Chem. Abstr., 22, 1136 (1928).

(21) M. Delepine, Ann. Chim. Phys., 26, 529 (1912); Chem. Abstr., 6,
1608 (1912).

(22) D. Lefort and G. Hugel, Bull. Soc. Chim. Fr., 172 (1952); Chem.
Abstr., 47, 4290 (1953).

Phthaloic Bis(pyrrolidinedithiocarbamic anhydride) (1Xa).—A
solution of 6.5 g (0.03 mol) of pyrrolidinedithiocarbamate in ether
(50 ml) was gradually added to an ether solution of I (2.5 g,
0.012 mol in 50 ml) at 5°, over a period of 30 min. The reaction
mixture was washed with water to remove any unchanged pyrroli-
dinedithiocarbamate, and the ether solution was dried over anhy-
drous sodium sulfate. Removal of the solvent under vacuum gave
a product which was recrystallized from a mixture (1:1) of ether
and methylene chloride to give 3.5 g (68%) of symmetrical
phthaloic bis(pyrrolidinedithiocarbamic anhydride) (I1Xa), mp
140-141°. The ir spectrum (KBr) of IXa showed absorption
bands at 1675 (C=0) and 1471 cm-1 (C=S). The uv spectrum
(CH2C12) of IXa was characterized by the following absorption
maxima: 290 npi (e 31,100) and 410 (400).

Anal. Calcd fcr CIBHZN2254: C, 50.94; H, 4.72; N, 6.60.
Found: C,51.24; H, 4.70; N, 6.61.

Treatment of Symmetrical Phthaloic Bis(pyrrolidinedithio-
carbamic anhydride) with Raney Nickel.—A mixture of 0.42 g
(0.001 mol) of IXa and 2 g of Raney nickel in 25 ml of alcohol was
stirred under reflux for 8 hr. Removal of the solvent and un-
changed nickel gave a residue which on treatment with a solution
of 2,4-dinitrophenylhydrazine gave 0.12 g (30%) of o-phthalalde-
hyde 2,4-dinitrophenylhydrazone, mp 265° (lit.23mp 270°), after
recrystallization from ethanol

Anal. Calcd for CZH MN»O8: C, 48.58; H, 2.83; N, 22.76.
Found: C, 48.83; H, 3.00; N, 22.55.

Photolysis of Symmetrical Phthaloic Bis(pyrrolidinedithio-
carbamic anhydride) (I1Xa).—A solution of (0.8 g, 0.002 mol) of
IXa in dry benzene (175 ml) was irradiated for 1 hr around 5°.
Removal of the solvent under vacuum gave a residue which on
treatment with methylene chloride gave 0.07 g (30%) of trans-
biphthalyl, mp 352-354° (mmp), after recrystallization from
acetic acid.

Removal of the solvent from the methylene chloride- soluble
fraction gave 0.35 g (75%) of pyrrolidyl thiuram disulfide
(XXI1l1la), mp 144°, on recrystallization from a mixture (1:1) of
ether and methylene chloride. There was no depression in the
melting point of XX 111a when mixed with an authentic sample.12

Thermal Isomerization of Symmetrical Phthaloic Bis(pyrroli-
dinedithiocarbamic anhydride) (I1Xa) to the Unsymmetrical
Derivative Xla.—A solution of 0.5 g (0.001 mol) of IXa in dry
benzene (25 ml) was refluxed for 1 hr. Removal of the solvent
under vacuum gave 0.35 g (70%) of unsymmetrical phthaloic
bis(pyrrolidinedithiocarbamic) anhydride (Xla), which melted
at 161-162°, after recrystallization from a mixture (1:1) of
methylene chloride and petroleum ether (bp 40-60°). The
infrared spectrum of Xla showed an absorption band at 1786
cm-1 (C=0, 7-lactone). The uv spectrum (CH2C12) was
characterized by the following absorption maxima: 284 m#x (t
14,900) and 330 (90). The nmr spectrum (CDC13 of Xla
showed two multiplets at r 6.36 (8 H) and 7.82 (8 H), respec-
tively, due to the methylene protons of the pyrrolidine ring.
Of these two multiplets, the one at r 6.36 is assigned to the
methylene protons near to the nitrogen atoms, whereas the
multiplet at « 7.82 is assigned to the methylene protons away
from the nitrogen atoms. The aromatic protons appeared as a
separate multiplet centered around r 2.52 (4 H) and characteristic
of an ABCD pattern.

Anal. Calcd for CifHAN20254: C, 50.94; H, 4.71; N, 6.60.
Found: C, 50.64; H, 4.60; N, 6.55.

Photolysis of Unsymmetrical Phthaloic Bis(pyrrolidinedithio-
carbamic) anhydride (Xla).—A solution of Xla (0.7 g, 1.6 mmol)
in benzene (175 ml) was irradiated for 1 hr. Removal of the
solvent under vacuum gave a residue which was treated with
methylene chloride to give 0.11 g (50%) of trons-biphthalyl, mp
352-354° (mmp), after recrystallization from acetic acid.

(23) F. Weygand and G. Eberliardt, Angew. Chem., 64, 458 (1952).
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The methylene chloride soluble portion gave 0.33 g (70%) of
pyrrolidyl thiuram disulfide (XXIl1la), mp 144-145° (mmp),
after recrystallization from a mixture (1: 1) of methylene chloride
and petroleum ether (bp 40-60°).

Reaction of Unsymmetrical Phthaloyl Dichloride with Pyr-
rolidinedithiocarbamate.— Treatment of a solution of 3 g (0.013
mol) of pyrrolidinedithiocarbamate in acetone (25 ml) with an
acetone solution of Il (1 g, 0.005 mol in 25 ml) around 5° and
work-up in the usual manner gave 1.2 g (60%) of symmetrical
phthaloic bis(pyrrolidinedithiocarbamic anhydride) (1Xa), mp
140-141° (mmp), after recrystallization from methylene chloride.

Symmetrical Phthaloic Bis(piperidinedithiocarbamic anhy-
dride) (IXb).—Treatment of a mixture of 10 g (0.04 mol) of
piperidinedithiocarbamate and 3.8 g (0.018 mol) of linether (100
ml) around 5° and work-up as in the case of I1Xa gave 5.7 g
(68%) of symmetrical phthaloic bis(piperidinedithiocarbamic an-
hydride) (I1Xb), which melted at 132-133° (lit.8mp 123°), after
recrystallization from a mixture (1:1) of ether and methylene
chloride. The ir spectrum (CCh) of 1Xb showed absorption
bands at 1684 (C=0) and 1471 cm“1(C=S). The uv spectrum
(CH2ZC12) of IXb was characterized by the following absorption
maxima: 296 m/j (e 18,700) and 410 (500). The nmr spectrum
(CDCI3 of I1Xb showed two broad singlets centered around r
5.89 (8 H) and 8.27 (12 H), due to the methylene protons situated
near the nitrogen atoms and those situated away from the nitro-
gen atoms in the piperidine rings, respectively. In addition, the
spectrum showed a symmetrical multiplet centered around r 2.5
(4 11), due to the aromatic protons, characteristic of an A2B2
pattern.

Anal. Calcd for CZH2AN2DXS4: C, 53.09; H, 5.31; N, 6.19.
Found: C, 53.23; H, 5.22; N, 6.30.

Treatment of IXb with Raney Nickel.—A mixture of IXb (0.4
g, 0.8 mmol) and Raney nickel (2 g) in ethanol (20 ml) was re-
fluxed for 10 hr. Removal of the solvent and unchanged nickel
gave aproduct which on treatment with a solution of 2,4-dinitro-
phenylhydrazine gave 0.12 g (30%) of o-phthaldehyde 2,4-
dinitrophenylhydrazone, mp 265° (mmp), after recrystallization
from ethanol.

Photolysis of Symmetrical Phthaloic Bis(piperidinedithio-
carbamic anhydride) (I1Xb).—A solution of 1.5 g (0.003 mol) of
IXb in dry benzene (175 ml) was irradiated for 1 hr at 5°.
Removal of the solvent under vacuum gave a product which on
treatment with methylene chloride gave 0.2 g (46%) of trans-
biphthalyl, mp 352-354° (mmp), after recrystallization from
acetic acid.

Removal of the solvent from the methylene chloride soluble
fraction gave 0.4 g (40%) of cyelopentamethylene thiuram
disulfide (XXI111b), mp 130° (mmp). The identity of XXIIIb
was further confirmed by a comparison of its infrared spectrum
with that of an authentic sample.2

Attempted Isomerization of IXb.—A solution of 0.5 g (0.001
mol) of IXb in benzene (25 ml) was refluxed for 45 min. Re-
moval of the solvent under vacuum gave a product which was
recrystallized from a mixture (1:1) of methylene chloride and
petroleum ether (bp 40-60°) to give 0.3 g (90%) of phthaloyl
dipiperidide, mp 65-66° (lit.8mp 54°). The infrared spectrum of
this product showed an absorption band at 1640 cm-1, char-
acteristic of an amide carbonyl group.

Anal. Calcd for Ci8BHAN2D 2. C, 72.00; H, 8.00; N, 9.33.
Found: C, 72.38; H, 8.31; N, 8.95.

Reaction of Unsymmetrical Phthaloyl Dichloride with Piperi-
dinedithiocarbamate.—A solution of 2 g (0.008 mol) of piperi-
dine)dithiocarbamate in acetone (20 ml) was treated with an
acetone solution of Il (0.8 g, 0.004 mol) around 5°. Work-up
of the mixture as in the earlier cases gave 0.75 g (44%) of sym-
metrical phthaloic piperidinedithiocarbamate, mp 132-133°
(mmp).

Symmetrical Phthaloic Bis(dimethylaminedithiocarbamic an-
hydride) (1Xc).— Treatment of a mixture of 6 g (0.036 mol) of
dimethylaminedithiocarbamate with 3 g (0.014 mol) of I in ether
(150 ml) around —30° and work-up as in the earlier cases gave
2.7 g (50%) of symmetrical phthaloic bis(dimethylaminedithio-
carbamic anhydride) (1Xc), mp 115-116° (lit.8 mp 107°), after
recrystallization from methylene chloride. The ir spectrum of
IXc showed absorption bands at 1686 (C=0) and 1493 cm“1

(C—S). The uv spectrum (CHZC12) of 1 Xc was characterized by
the following absorption maxima: 290 m/x (e 32,900) and 410
(600).

(24) E. S. Blake, J. Amer. Chem. Soc., 68, 1267 (1943).

Singh and George

Anal. Calcd for CMHIBND 5S4 C, 45.16; H, 4.30; N, 7.52.
Found: C, 45.41; H, 4.40; N, 7.40.

Photolysis of Phthaloic Bis(dimethylaminedithiocarbamic an-
hydride) (IXc).—Irradiation of a solution of 1 g (0.002 mol) of
IXc in benzene (175 ml) for 1 hr at 5° and work-up of the reaction
as in the earlier cases gave 0.13 g (37%) of irans-biphthalyl, mp
352-354° (mmp), and 0.3 g (48%) of tetramethyl thiuram di-
sulfide (XX11lc), mp 154° (mmp).

Attempted Isomerization of IXc.—A solution of 0.5 g (0.001
mol) of 1Xc in dry benzene (25 ml) was refluxed for 1 hr. Re-
moval of the solvent under vacuum and recrystallization of the
product from a mixture (1: 1) of methylene chloride and petroleum
ether (bp 40-80°) gave 0.25 g (83%) of N,N,N',N’-tetra-
methylphthalamide, mp 121-122° (lit.8 mp 121-122°). The
ir spectrum of this product showed an absorption band at 1640
cm*“1 characteristic of an amide carbonyl group.

Anal. Calcd for CIHEBND 22 C, 65.45; H, 7.27; N, 12.72.
Found: C, 65.11; H, 7.10; N, 12.80.

Symmetrical Phthaloic Bis(diethylaminedithiocarbamic an-
hydride) (I1Xd).—A solution of diethylaminedithiocarbamate
(4.5 g, 0.02 mol) in ether (75 ml) was treated with an ether solu-
tion of 1 (2 g, 0.01 mol, in 50 ml) around 30°. The reaction mix-
ture was worked up in the usual manner to give 3.2 g (76%) of
I1Xd, mp 86-87°, after recrystallization from methylene chloride.
The ir spectrum (KBr) of 1Xd showed absorption bands at 1686
(C=0) and 1476 cm“1(C=S). The uv spectrum (ethancl) of
IXd was characterized by the following absorption maxima:
290 m>i (« 24,300) and 410 (250). The nmr spectrum (CDC13)
of I1Xd showed a triplet centered around r 8.69 (12 H) due to the
methyl protons and a quartet centered around v 6.1 (8 H) due
to the methylene protons. In addition, the spectrum showed a
multiplet centered around r 2.37 (4 H) due to the aromatic pro-
tons, characteristic of an AZB2pattern.

Anal. Calcd for CIBH2N2D XS4 C, 50.46; H, 5.6; N, 6.54.
Found: C, 50.23; Id, 5.6; N, 6.72.

Photolysis cf Symmetrical Phthaloic Bis(diethylaminedithio-
carbamic anhydride) (1Xd).—A solution of 1 g (0.002 mol) of
1Xd in 175 ml of dry benzene was irradiated for 1 hr at 5°. Re-
moval of the solvent under vacuum gave a product which was
treated with methylene chloride to give 0.1 g (33%) of trans-
biphthalyl, mp 352-354° (mmp).

Removal of the solvent from the methylene chloride soluble
portion gave 0.2 g (34%) of tetraethyl thiuram disulfide
(XX111d), mp 71-72°, after recrystallization from methylene
chloride. There was no depression in the melting point of
XXI111d when mixed with an authentic sample.24%5

Attempted Isomerization of I1Xd.—A solution of 0.5 g (0.001
mol) of IXd in dry benzene (25 ml) was refluxed for 1 hr. Re-
moval of the solvent under vacuum and recrystallization of the
product from a mixture (1:1) of methylene chloride and petro-
leum ether (bp 40-60°) gave 0.22 g (64%) of N,N,N",N"-tetra-
ethylphthalamide, mp 39-40° (lit.9 mp 38°). The ir spectrum
of the product showed an absorption band at 1645 cm*“1, char-
acteristic of an amide carbonyl group.

Anal. Calcd for CEBH2AND 2. C, 69.56; H, 8.75; N, 10.21.
Found: C, 69.72; H, 8.55; N, 10.00.

Reaction of Symmetrical Phthaloyl Dichloride with a Mixture
(1:1) of Potassium O-Methyl Xanthate and Piperidinedithio-
carbamate.—To a solution of 4 g (0.02 mol) of I in ether (25 ml),
maintained at 5°, was added an ether solution (50 ml) of a mix-
ture of potassium O-methyl xanthate (3 g, 0.02 mol) and piperi-
dinedithiocarbamate (5 g, 0.02 mol), over a period of 30 min.
Removal of the solvent under vacuum gave a residue which was
washed with water to remove all unchanged xanthate and piperi-
dinedithiocarbamate. Treatment of this residue with ether (50
ml) gave an ether-soluble portion, which on recrystallization from
a mixture (1:1) of methylene chloride and petroleum ether (bp
40-60°) gave 4.0 g (45%) of symmetrical phthaloic bis(piperidine-
dithiocarbamic anhydride) (1Xb), mp 143-144° (mmp).

Removal of the solvent from the ether-soluble portion gave a
product which was recrystallized from methylene chloride to give
1.7 g (25%) cf unsymmetrical di-O-methyl S.S-phthaloyl di-
xanthate (Via), mp 119-120° (mmp). None of the mixed prod-
uct could be isolated from this run.

Registry No.—Via, 27193-06-2;
Vid, 27193-08-4; Vie, 27193-09-5;

Vic, 27193-07-3;
IXa, 27193-10-8;

(25) M. Grodzki, Ber., 14, 2756 (1881).
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1Xd, 27193-13-1;
XXl1lla, 496-08-2.

IXb, 27193-11-9;
Xla, 27193-14-2;

1Xc, 27193-12-0;
XX1, 482-23-5;
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Disproportionation of 2-(phenyldithio)benzoic acid (2) to phenyl disulfide and 2,2'-dithiodibenzoic acid is

much faster for the salt than for the acid.

salt anchimerically facilitates disproportionation are the following:

Among the facts which suggest that the o-carboxylate moiety of the

an increase in rapidity with increasing pH

near pH 7; decreased rapidity for the meta isomer; lack of a marked effect cf dilution; inhibition of dispropor-
tionation by A-ethylmaleimide (through trapping of benzenethiolate ion) but acceleration by addition of thiolate
ion; accordance with expectation as to the relative rapidity of disproportionation of other dithiobenzoic acids;
and, evidence for existence and consistent reactions of o-sulfenobenzoic acid anhydride (Sa) as an unstable
intermediate generated by anchimeric displacement of benzenethiolate ion by the o-carboxylate moiety.

0-(2-Protoaminoethyldithio)benzoate (1) is active as
an antiradiation drug.2 That the methyl ester, the

a sseri»
cohdn con
1 2

meta isomer, and the para isomer of 1showed no signifi-
cant antiradiation activity2®led us to suspect anchi-
meric involvement of the carboxylate moiety of 1 with
the disulfide linkage. In a similar vein, inactivity of
the cyclohexyl analog of | Zbis understandable, since this
analog is believed to have trans substituents, which
should resist anchimeric involvement. This suspicion
of anchimeric involvement was strengthened during
work with a phenyl counterpart (2) of 1, since the so-
dium salt of 2 (3) disproportionated far more readily to
the two symmetrical disulfides than did 2 itself (eq I).3

- hd
2 + OH- — >

o0 Z2CaH4SSCaH5
3

VAo 0 TCHB)2+ VIACHS)2 (1)

This paper further supports the probability of such an
anchimeric involvement in the reaction of eq 1.

The extent of disproportionation of 2 proved to be
highly dependent on the pH of the solution (Table I).
At pH 14 disproportionation is 95% complete in 0.6 hr
(calculated as usual).4 Attack of the hydroxyl ion on

(1) (@ Paper XXX: L. Field and P. R. Engelhardt, J. Org, Chem., 36,
3647 (1970). (b) Thisinvestigation was supported by Public Health Service
Research Grant AM 11685 from the National Institute of Arthritis and
Metabolic Diseases, (c) Abstracted from the Ph.D. Dissertation of P. M. G.,
Jr. (Vanderbilt University, May 1970), which may be consulted for further
details, (d) Reported in part at the Southeastern Region Meeting of the
American Chemical Society, Tallahassee, Fla.,, Dec 1968, Abstracts, p 98,
and at the IVth Symposium on Organic Sulfur, Venice, Italy, June 1970.

(2 (@ R. R. Crenshaw and L. Field, J. Org, Chem., 30, 175 (1965);
(b) L. Field and P. M. Giles, Jr., J. Med. Chem., 13, 317 (1970).

(3) L. Field and P. M. Giles, Jr., J. Org. Chem., 36, 309 (1971).

(4) L. Field, T. C. Owen, R. R. Crenshaw, and A. W. Bryan, J. Amer.
Chem. Soc., 83, 4414 (1961).

Table |

pPH Dependence of the

Disproportionation of Disulfide 2“

Time, Time,
pH* hr 04° pH* hr %cC
14 0.6 95 6.8 164 31
8.5 48 81 6.8 73 31
8.5 24 70 6.8 56 26
8.5 3 39 6.8 24 14
8.5 2 32 6.4 216 25
7.6 24 46 6.4 44 17
7.6 24 45d 6.4 24 13
7.6 24 88 6.4 18 12
7.6 24 3f 6.4 2 3

7.6 24 39» 6.4 24 100*

i i <2
°1In 10 ml of HD (except as noted) at 25-26°; solutions re-
sulted in each instance. *Measured both before and after the
reaction; not more than 0.4 pH unit change in 216 hr and no
change in 72 hr. 5"Disproportionation, % ” ; see ref 4. dCon-
taining 10 mol % of IV-ethylmaleimide (4). ‘ Containing 31 mol
% of 4. f Containing 115 mol % of 4. 5In 100 ml of H20.
hContaining 10 mol % of CAH5-Na+ (6). ‘ After being dissolved
completely in 10 ml of AcOH and heated for 119 hr at 100°, 2

was recovered unchanged.3

the disulfide bond may be a major path of reaction at
high pH.6 At much lower values of pH, on the other
hand, the notable increase in disproportionation with
increasing pH points toward increasing anchimeric in-
volvement of carboxylate ion with the disulfide moiety.
For example, with a 24-hr reaction period, Table | shows
that for the pH sequence 6.4, 6.8, 7.6, and 8.5, the se-
guence in “disproportionation, % ” was 13, 14, 46, and
7°.

Disproportionation reactions of disulfides can be ho-
molytic, heterolytic, or some combination of these path-
ways.6 Although 2 also may be subject to light-in-
duced disproportionation,3the carboxylate-assisted re-

(5) For a discussion of the effect of base on symmetrical disulfides and of
the resistance of sodium 2,2'-dithiodibenzoate to attack by OH- even at
high pH, however, see J. P. Danehy and K. N. Parameswaran, J. Org.

Chem., 33, 568 (1908).
(6) L. Field, T. F. Parsons, and D. E. Pearson, ibid.., 31, 3550 (19°0).

mMuQIwWwL
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action seems likely to involve mainly heterolytic cleav-
age, since all of the studies described in this paper were
dope,in the dark.. o

Scheme 1 outlines the best rationalization that has

Scheme |

occurred to us for the disproportionation of 2, after an
accumuylation of experiments designed to test possibili-
ties.  Scheme | res m?les one Pro 0sed earlier’in whlgh
an anchimeric effect of a /3-amino molety was invoked./
We re?ird Scheme | as a foymulation”of s,?vgral Q-
cesses likely to play a role and not as a detajled exposi-
tion of mechanism. Th reactl?ns Involyed in the dis-
roportionation of 2 undoubtedly are quite complex in
heir d?gendence on lonization and_dlsglace_ment equi-
|bria; T0r example, the effect of the increase in pH men-
tioned ab?v%_ma result [far,tl from an increase in the
amount of thiolate 1gn relative to that of thiol. Even

50, the experimental facts which have emerged in testing

conse uence? of Scheme | have predictive v?lue per se,
mte%part from th? s%ppnort they seem to lend to the
8enera credibility o Scheme I~ Some exPerlments sug-

ﬂqes%ed durin thﬁ_evolﬁmon of Scheme | are outling
the sections which follow, along with a discussion 0
theH gredlctlve value and their apparent consistency
WIEl cRemeé. dence like that seen in Table | would

_dependence like that seenin Table | wou

be e;pectgc!-l in é)ceheme | _
82) The meta jsomer of 2 should be less ﬁusc,eptlb_le
to disproportionation, at least 1o the extent that its dis-
groportlonatlon fails to be itiated via an anchimeric
ffect, At pH 6.8, %he alt of 1015 10% s rogortlon-
ated In 24hr_$14% or2) and 18% after 73 fir (31% for
2). That differences are not greater may result from

COH

10
he known considerably greater susceptibility of m-car-
il L

the extent of disproportignation should not be much af-
fected. by concentration if this step is slow relative to
the thiolate interchange. When the disproportionation

(7) M. Bellas, D. L. Tuleen, and L. Field, 3. org. chem., 32, 2591 (1967).

Since the conversion of 5 t0 sa IS intramolecular,

Field, Giles, and Tuleen

of 2 at pH 7.6 was carried out at one-tenth the usual
concentration, the extent of disproportionation de-
creased only from 46 to 39% (see Table I).

(4) Trapping of the thiolate ion 6 should greatly in-
hibit disproportionation, since 6 has a chain-propagat-
ing function in Scheme |I. A similar function for the
dianion 8 seems likely, although it should be less impor-
tant because of the lower acidity of 8 (pfcgH 8.20 con-
trasted with pASH 6.62 for 6) ;6facile protonation of the
thiolate ion of 8 thus should reduce its relative avail-
ability.

When 10 mol % of N-ethylmaleimide (4) was added
at pH 7.6 (Table 1), the disproportionation of 2 (46%)
was not affected (45%), but 31 mol % of 4 began to
cause an effect (39%) and 115 mol % virtually shut
down the disproportionation (3%). Thiolate ion thus
certainly seems to be implicated in the disproportion-
ation of 2.

As an incidental matter, this effect with the imide 4
led us to try it with disproportionations studied earlier
of aminoalkyl aryl disulfide hydrochlorides6 and of 2-
(n-decylamino)ethyl benzyl disulfide hydrochlorides.7
The first of these evidently involves either a lack of
marked dependence on thiolate-disulfide interaction
or ineffective trapping, since the results were quite dif-
ferent from those with 2. For example, we observed
for 2-(phenyldithio)ethylaminehydrochloride (11), 80%
disproportionation without 4 and 71% with 100 mol %

cthGs(ch22nh3+c:-
1

p—CIEOeIhCKUSSCCHZZ)ZN H2+-n-CKH2CI ~
1

of 4 (160 hr, 68°). With p-methylbenzyl 2-(n-decyl-
amino)ethyl disulfide hydrochloride (12), results were
more as expected, 35% without 4 and only 1% with 100
mol % of 4 (100°, 480 hr).

The results in Table | for the early phases of reactions
seem consistent with first-order reactions, as did those
with 11 and 12 (for which the significance still is uncer-
tain),6'7but the different effects of 4 imply that the dis-
proportionation of 2 may differ from that of 11, al-
though perhaps not from that of 12.

(5) Addition of the thiolate ion 6 should accelerate
disproportionation. Table | shows that disproportion-
ation increased from 13 to 100% when 10 mol % of
6 was added (pH 6.4, 24 hr).

(6) The p-chlorophenvl analog of 2 (13) might be ex-
pected to disproportionate more rapidly than 2, if the
generation of thiolate ion 6 were rate determining, since
Parker and Kharasch report that “the greater the an-
ionic stability of the displaced mercaptide ion, the more
susceptible to scission is the parent disulfide,” 8and since
p-chlorothiophenol has a p/fSHof 5.9 in water, compared
with 6.62 for thiophenol.9 Conversely, 2-(n-butyl-
dithio)benzoic acid (14) should react less rapidly than
2 (I-butanethiolhasapAsnof 11.51).9

n-Butyl disulfide was isolated in 40% vyield using the
sodium salt of 14 (24 hr, 25°, pH 8.5; Table | shows that
3 underwent 70% disproportionation under these con-
ditions). The sodium salt of the p-chlorophenyl analog

(8) A. J. Parker and N. Kharasch, 3. Amer. Chem. Soc., 82, 3071 (1960).
(9) J. P. Danehy and K. N. Parameswaran, J. Chem. Eng. Data, 13, 386
(1968).
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13 was 90% disproportionated under the same condi-
tions.

At first, the stability of the aminoalkyl disulfide 1
seemed to contradict the views above. The remainder
of this section deals with experiments carried out in an
effort to clarify this point. 2-Aminoethanethiol has the
rather low piisH of 8.23;9 1 might therefore be thought
to undergo disproportionation not a great deal less
rapidly than 2. However, disulfide 1 was only 1% dis-
proportionated under conditions which resulted in 46%
disproportionation of 2 (pH 7.6, 24 hr, 25°). Further-
more, 1 is less reactive than its hydrochloride,2® not
more so. We are inclined to attribute these paradoxes
to anomalies with 1. In part, a tight ion-pair involve-
ment of the carboxylate ion of 1 with an ammonium
moiety may hinder its usual anchimeric function. In
part also, since 2 undergoes an essentially irreversible
reaction driven by sparing solubility of phenyl disulfide
(9) inwater (vide infra), the reversible reaction of 1 may
be slowed relative to that of 2 by accumulation of 15
(eq 2), which is soluble.

(062 c i 4)2(H3NCh Z h X)2
15

2 002CCeH4SSCH2CH2NH3+  (2)
1

With respect to this matter of reversibility, it is true
that the disproportionation of 2 does not readily go to
completion at pH 6.4-8.5 (although it does do so at
higher pH). This result could indicate attainment of
equilibrium, but it seems more likely to be caused by an
accumulation of a species such as 7 in such concentra-
tion as to compete with 3 for thiolate ions (6). In this
respect therefore, 2 resembles 1 except that only one
soluble symmetrical disulfide is accumulating rather
than two, as a competitor for thiolate ions. To test
these points, examination of the extent of reversibility
within Scheme | and eq 2 was desirable. The equilib-
rium with 2 (Scheme |) was examined by approaching
the reaction of Scheme | from the product side. When
typical amounts of 7 and 9 were maintained in water at
25° for 24 hr at pH 7, i.e., under conditions for 14-46%
disproportionation of 2, only 7 and 9 could be isolated,
although tic (after acidification) did suggest the pres-
ence of a trace of 2. Thus, although the possibility of
an equilibrium cannot be ignored, the precipitation of 9
surely tends to force 3 toward 7 and 9.

The slower disproportionation of 1 than of its hydro-
chloride was tentatively attributed earlier to the solubil-
ity of the disproportionation product formed by 1 (i.e.,
cystamine 2,2'-dithiodibenzoate, 15);2a the hydrochlo-
ride leads to only one soluble product, cystamine dihy-
drochloride, since the other (2,2'-dithiodibenzoic acid)
precipitates. To confirm the supposed reversibility of
eq 2, the salt 15 was heated in water until reaction was
complete. The sparingly soluble 1 then could be sep-
arated in 41% vyield, permitting the estimate that K for
eq 2 approximates 2 (the statistical value is 4).10

©) o-Sulfenobenzoic acid anhydride (5a), in com-

mon with sulfenyl species in general, should be highly
reactive and unstable, although it might persist long
enough for its existence to be corroborated; 5a has been

(10) L. Haraldson, C. J. Olander, S. Sunner, and E. Varde, Acta Chem.
Scand., 14, 1509 (1960).
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proposed as an intermediate in the oxidation of 2,2'-di-
thiodibenzoate ion.11 A few sulfenyl carboxylates hav-
ing the moiety -SOC (0)- are known.12 Most are quite
unstable and exhibit ir absorption at 1710-1780 cm_1.1%b

The preparation of a red oil (5b) that appeared to be
largely 5a was achieved as shown by eq 3. During 0.5

EtsN
ocHOXCH4SH + Cla— > [oHO0ZCeH4sCl] — >

5b + EtsNH+CI- (3)

hr after preparation, this oil (5b) oxidized iodide to
iodine (86% of expectation), showed strong ir absorp-
tion appropriate for 5a at 1790 cm-1, and had a mass
spectrum peak at m/e 152 of relative abundance 25%
(calcd for 5a, 152). The oil contained no chlorine, thus
eliminating a sulfenyl chloride as a cause of its reactions.
Sulfenyl character nevertheless could be demonstrated
by conversion of 5b by thiophenol to 2 (81%), and by
the dianion 8 (after acidification) to the conjugate acid
of 7 (29%); these reactions also support the feasibility
of the two similar processes in Scheme |. After 0.5 hr
5b began to stiffen, and both the ir band at 1790 cm-1
and the peak at m/e 152 began to shrink. After 24 hr,
5b had solidified. Repeated recrystallization then gave
red solid (16) with a constant melting point of 110-114°.
The 16 (in solution) no longer oxidized iodide to iodine;
it had ir absorption at 1680 cm-1 but not at 1790 cm-1,
a mass spectrum peak of relative abundance only 1% at
m/e 152, and an elemental analysis roughly consistent
with a polymer of 5a; unfortunately, sparing solubility
of 16 precluded determination of its molecular weight.

Experimental Section13

Materials.— Disulfides 1,2a 2,3 14,3 and 15,2 and o-carboxy-
phenyl o-carboxybenzenethiolsulfonate3were prepared according
to established procedures. Disulfide 11 was kindly provided by
Dr. T. F. Parsons6 and disulfide 12 by Dr. M. Bellas.7 o-
Mercaptobenzoic acid was recrystallized from EtOH~H 2 , mp
165-166° (lit.4mp 163-164°). All other materials were used as
purchased. The pKaof disulfide 2 determined by titration using
a Model 72 Beckman pH meter was 6.5 in 3:7 EtOH-H2 and
8.0 in 1:1 EtOH-EXD. The mass spectrum of 2 was as follows:
m/e (rel intensity) 264 (6), 263 (8), 262 (46), 155 (6), 154 (12),
153 (100), 152 (37), 136 (10), 111 (3), 110 (8), 109 (65), 108 (46),
107 (21), 98 (19), 82 (10), 77 (12), 69 (31), 65 (35), 63 (12),
51 (17), 50 (12), 45 (17).

Preparation of 3-(Phenyldithio)benzoic Acid (10).— A solution
of m-mercaptobenzoic acid? (0.77 g, 5 mmol) and phenyl benzene-
thiolsulfonate? (1.25 g, 5 mmol) in EtOH (25 ml) was heated
(reflux, 4 hr). Water (100 ml) was added, the solution was ex-
tracted with three 50-ml portions of EtD, and the combined
ethereal extracts were dried (MgS04). Solvent was removed to
give crude 10, 1.30 g (99%), mp 160-170°. Repeated recrystal-
lization of 10 from MeOH-HZX) and from EtD-hexane gave 10

(11) J. P. Danehy and M. Y. Oester, J. Org. Chem,, 32, 1491 (1967).

(12) (a) A. J. Havlik and N. Kharasch, 3. Amer. Chem. soc., 78, 1207
(1956); (b) R. E. Putnam and W. H. Sharkey, ibid., 79, 6526 (1957); (c)
J. H. Uhlenbroek and M. J. Koopmans, Reel. Trav. Chim. Pays-Bas, 76, 666
(1957)

(13) Melting points are corrected. Elemental analyses were by Galbraith
Microanalytical Laboratories, Knoxville, Tenn. Mass spectra were obtained
with an LKB Model 9000 instrument, operating at 70 eV using the direct-
inlet system, which was obtained through Science Development Program
Grant GU-2057 from the National Science Foundation; we are indebted to
Mr. C. Wetter for these spectra. Ir spectra were obtained using a Beckman
Model IR-10 with films of liquids and KBr pellets of solids. Solvents were
evaporated under reduced pressure with a rotary evaporator. Eastman
Chromagram sheet type 6060 (silica gel) was used for tic (developed at 25°
with 9:1 CHCIs-EtOH and then exposed to \i vapor in a sealed container).

(14) C. F. H. Allen and D. D. MacKay, “Organic Syntheses,” Collect.
Vol. 11, Wiley, New York, N. Y, 1943, p 580.

(15) L. Field and T. F. Parsons, J. org. Chem., 30, 657 (1965).
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having mp 170-175°: tic showed only one spot (Ri 0.13); ir
(KBr) 3300-2300, 1690, 1590, 1565, 1440, 1300, 900, 740, 720,
and 550 cm*“1; mass spectrum m/e (rel intensity) 264 (10), 263
(17), 262 (100), 198 (6), 155 (6), 154 (9), 111 (3), 110 (12), 109
(64), 77 (8), 69 (17), 65 (30), 51 (9), 45 (8) (note the absence of
m/e 152 which is found in the mass spectrum of 2).

Anal. Calcd for UsHKA Ss: C, 59.51; H, 3.84; S, 24.45.
Found: C, 59.71; H, 3.91; S, 24.66.

Preparation of 2-(4-Chlorophenyldithio)benzoic Acid (13).—A
solution of p-chlorothiophenol (1.45 g, 10 mmol) and o-carboxy-
phenyl o-carboxybenzenethiolsulfonate (3.38 g, 10 mmol)3 was
stirred for 1 hr at 25° in 95% EtOH (50 ml). A white solid
began to separate after 0.25 hr. Cooling (ca. 0°) and filtration
gave 2.60 g (88%) of 13 having mp 195-197°. Recrystallization
from EtOH-HXD gave 13 having a constant melting point of
204-206°: tic gave only one spot (fh 0.05); ir (KBr) 3200-2300,
1670, 1590, 1560, 1465, 1420, 1315, 1270, 1260, 815, 740, 690,
and 640 cm"1

Anal. Calcd for CIHC1052: C, 52.61; H, 3.06; Cl, 11.95;
S, 21.61. Found: C, 52.89; H, 3.11; ClI, 12.01; S, 21.33.

Studies of Disproportionation.— Carefully weighed samples of
disulfide 2 (ca. 1 mmol) were dissolved in 10 ml of H2D containing
an exactly equivalent amount of NaOH (ca. 1 mmol) in 10-ml
flasks. The pH of the solution was measured using pHydrion
paper (accuracy of +0.1 pH unit) and was adjusted to the value
given in Table I. The flasks were wrapped with aluminum foil
for protection from light. They were kept at 25-26° for the time
intervals designated in Table I, after which they were chilled in
ice and the pH was measured again. "Disproportionation, %"
was determined by isolating phenyl disulfide (9) formed using
filtration (identity and purity were established by melting point,
ir, and tic after recrystallization from hexane) and then by
calculation as usual;4 the results are given in Table |I. The
disproportionation of the meta isomer 10 was measured similarly,
as was that of 2-(n-butyldithio)benzoic acid (14; «-butyl disulfide
was isolated by extraction with Et2 and was identified by ir and
tic) and of 2-(4-chlorophenyldithio)benzoic acid (13; p-ehloro-
phenyl disulfide was isolated by filtration, recrystallized from
hexane, and identified by melting point, ir, and tic). Disulfide 1
(ca. 1 mmol) was dissolved in 10 ml of HD (100°) in a 10-ml
foil-wrapped flask, and the solution -was cooled quickly to 25°;
a relatively small amount of the solid 1 precipitated. After 24 hr
at 25°, chilling (0°) and filtration gave unchanged 1in ca. 99%
yield (identified by melting point and ir). Disproportionation of
11 and 12 were determined essentially as reported earlier,67with
or without dissolved 4; the symmetrical disulfides were char-
acterized by ir and melting point; "disproportionation, % ” was
calculated as usual.4

Equilibration Studies.—Cystamine 2,2'-dithiodibenzoate (15)
(0.41 g, 0.90 mmol) in HD (10 ml) was heated at 100° for 72 hr.
The solution was cooled (0°), and crude 1 (very sparingly soluble)
was separated by filtration. Recrystallization from HD (100°)
gave 0.17 g (41%) of material identical with authentic 1 by ir,
mp 202-204° dec (lit.22 mp 205° dec and 198-200° dec). After
144 hr, an identical sample of 15 again yielded 0.17 g (0.74 mmol)
of 1 thus confirming that equilibrium had been achieved in 72
hr; hence K for eq 210 = [1] 2[15] [15] = [0.74]2 [0.90 - 0.5-
(0.74)]2 = ca. 2.

In the study of the reversibility within Scheme I, phenyl di-
sulfide (9, 1.09 g, 5.0 mmol) was suspended in a solution of salt
7 (1.75 g, 5.0 mmol) in HD (100 ml). After 24 hr (pH 7, 25°),
disulfide 9 was isolated by filtration (1.03 g, 95% recovery,
identified by melting point and ir). The filtrate was acidified
(pH 1, 10% HC1) and extracted (EtD). Tic showed two spots,
Rt 0.00 and 0.19, the former corresponding to the conjugate acid

Field, Giles, and Tuleen

of 7 and the latter to a trace of disulfide 2 (2 being done con-
currently).

Possible Existence of 5a. A. Preparation of 5b.—o-Mer-
captobenzoic acid (5.00 g, 32.4 mmol) was suspended in CH2C12
(70 ml) and cooled to 0°. Chlorine (1.61 ml, 2.62 g, 35 mmol)
was added slowly (0.5 hr) with stirring. Dry N2then was swept
through the solution until no HC1 or Cl2was evident. Triethyl-
amine (4.55 ml, 3.28 g, 32.4 mmol) in CH2C12 (50 ml) was added
(0.25 hr). After 3 hr at 0° the solution was washed twice with
100-ml portions of cold HD [triethylammonium chloride was
recovered from the HD wash (3.34 g, 75% yield), identical with
authentic material by melting point (253-255°) and ir], and the
organic layer was dried (CaS04). Evaporation of the solvent
below 25° gave a red oil (5b), presumed to be largely 5a: 4.59 g
(93%); ir 1790 cm-1 (C=0); negative Beilstein test. A sample
of 5b (0.1900 g, 1.25 mequiv if pure 5a) liberated 1.08 raequiv
of 12(86%) when treated with excess K1 in a modification of the
procedure of Kharasch and Wald;® this technique has been used
for the assay of sulfenyl carboxylates.22% The mass spectrum
of 5b (peaks above m/e 152 were small) was as follows: m/e
(rel intensitv, assignment) 154 (1), 153 (3), 152 (25, CH4 X)),
104 (100, C,H®), 96 (20), 95 (6), 77 (11), 76 (76, CEH4), 75 (16),
74 (20), 73 19), 70 (21), 69 (30), 63 (6), 62 (5), 61 (5), 58 (5),
50 (60), 49 (9), 48 (16); ir (NaCl plates) 3500-2300, 1790,
1700, 1590, 1440,1270, 1220,1150, 1020, 990, 890, and 750 cm "1

The solidified oil which resulted after 5b had stood at ca. 25°
for ca. 24 hr was recrystallized repeatedly (EtD-hexane and
MeOH-HD) to give material 16 having a constant melting point
of 110-114°. A sample of 16 did not liberate 12from KI; the
ir and mass spectra are mentioned in the discussion.

Anal. Calcd for polymer of CH4€2S: C, 55.25; H, 2.65;
S, 21.08. Found: C, 54.56; H, 3.82; S, 20.16.

B. Reaction of 5b with Thiols.—The red oily 5b (4.03 g, 26.6
mmol if pure 5a) was stirred with thiophenol (2.69 ml, 26.2 mmol)
in EtOH (50 ml). Water (100 ml) was added after 1 hr; solid 2
which precipitated amounted to 5.63 g (81%, based on thio-
phenol), mp 190-195° dec. Recrystallization from EtD-
pentane and from EtOH-H2 gave 2 with a constant melting
point of 198-199° dec (identical with authentic 2 by ir and tic)
(lit.3hip 197-198.5° dec).

Another sample of 5b (1.92 g, 12.6 mmol if pure 5a) was added
in one portion with stirring to HD (50 ml) containing the dianion
8 [2.52 g, 12.6 mmol, prepared by neutralizing o-mercapto-
benzoic acid (12.6 mmol, in MeOH) with NaOMe (25.2 mmol, in
MeOH) and carefully removing the solvent]. After the mixture
had been stirred at 25° for 0.25 hr, acidification (pH 1, 10%
HC1) gave a mixture of o-mercaptobenzoic acid and 2,2'-dithio-
dibenzoic acid, which was separated by fractional recrystallization
from EtOH-HD. The 2,2'-dithiodibenzcic acid produced (1.10
g, 29%) had mp and mmp 285-290° dec (identical with authentic
material by ir) (lit.7 mp 287-288°). A sample of o-mercapto-
benzoic acid alone did not react under comparable conditions in
a control experiment (tic and melting point unchanged).

Registry No.—2, 26929-62-4; 5, 27396-44-7; 10,
27396-45-8; 13,27396-46-9.
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1V-Benzylisoqumolmium halides, when combined with carbon disulfide in alkaline aqueous dioxane, give both
the mesoionic cycloadducts first described by Krohnke and Steuernagel3and products identified as A-benzyliso-

quinolinium 4-dithiocarboxylates.

The derivation of this structural assignment through physical methods and

deuterium-labeling experiments and a plausible rationale for the formation of these novel adducts are presented.

Mesoionic adducts derived from X-benzylisoquino-
linium bromides (1) and carbon disulfide in alkaline
aqueous dioxane are 3-phenylthiazolo[2,3-a]isoquino-
linium-2-thione betaines (2).356

It was observed3that the isolated yields of the betaine
2 increased as the substituent became more electronega-
tive; from 1 (I.'-X = CI, CH=CH2 CN, NO02 the
yields of the corresponding adducts 2 were 20, 34, 40,
and 66% of theory. In the chlorobenzyl case, an antici-
pated6 side product, iV-(4-chlorobenzyl)isoquinolone
(3), was obtained in low yield.3

In the course of studies directed toward reducing the
mechanistic ambiguities associated with this cycloaddi-
tion process, we prepared and subjected a series of sub-
stituted benzylisoquinolinium salts to the reaction con-
ditions. Eleven representatives of a new class of ad-
ducts were obtained. This manuscript describes the
structural elucidation of these hitherto unexamined
products.

Results

An N-benzylisoquinolinium halide, carbon disulfide,
and aqueous alkaline dioxane react to give the corre-
sponding mesoionic adduct 2, iV-benzylisoquinolone
(3), and a third major product having a molecular for-
mula relative to the isoquinolinium starting material
corresponding to loss of hydrogen halide and gain of
carbon disulfide.

The new adducts had prominent mass spectrometric
fragmentation ions at m/e 172 (CiGH@a\S), 128 (CHEN),

(1) Supported initially by Public Health Service Research Grants GM
14381 and GM 16576, and currently by the National Science Foundation
Grant GP 9259.

(2) National Institute of General Medical Sciences Predoctoral Fellow,
1969-present.

(3) F. Krohnke and H. H. Steuernagel, Angew. Chem., 73, 26 (1961);
Chem. Ber., 97, 1118 (1964).

(4) J. E. Baldwin, M. C. McDaniel, M. G. Newton, and I. C. Paul,
Tetrahedron Lett., 4239 (1966).

(5) M. G. Newton, M. C. McDaniel, J. E. Baldwin, and I. C. Paul,
J. Chem. Soc. B, 1117 (1967).

(6) R. D. Haworth and W. H. Perkins, J. Chem. Soc., 127, 1434 (1925) .

M — 76 (loss of carbon disulfide), and at values corre-
sponding to substituted tropylium ions (€., 169 and
171 from the 4-bromobenzyl product). The elemental
compositions for these fragments were confirmed by
high resolution data. The mass spectrum of the adduct
derived from X'-(4-bromobenzyl-a-disoquinolinium
bromide contained the intense tropylium ion peaks at
m/e 171 and 173 and molecular ions at 375 and 377, thus
demonstrating complete retention of the deuterium
labels.

The ultraviolet spectra of the new adducts typically
exhibited Xmex236 nm (log €4.5) and 335 (4.0) in ethanol,
values in close agreement with those appropriate for N-
benzylisoquinolinium systems7 (Figure 1).

The mass and ultraviolet spectra thus provide sound
grounds for assigning the new adducts as A-benzyliso-
quinolinium dithiocarboxylates.

The correct position of the dithiocarboxylate group
on the isoquinolinium nucleus was uncovered through
deuterium-labeling experiments.

1-Deuterio-, 4-deuterio-, and 8-deuterioisoquinolin-
ium salts in the 4-bromobenzyl series were synthesized
and converted to products. Mass spectrometric anal-
yses (Table 1) of the new adducts indicated that most of
the 1-deuterium label was lost during the process; all of
the 4-deuterium label was eliminated; none of the 8-deu-
terium tag was removed.

Table |
D euterium Analyses in Isoquinolines and
Dithiocarboxylate Adducts
% of o\ in derived

Label in % of a\in adduct 4
isoquinoline isoquinoline® (X = 4-Br)"
1 936 1.4
4 96.4 0.3
8 50.2 52.0
° Except as noted, by mass spectrometry. 6By nmr.

Exchange experiments were used to learn when ex-
change at Ci occurred: in alkaline deuterium oxide-
dioxane, the salt 1 (X = 4'-Br) incorporated 86% of one
deuterium atom at Ci in 4 min; the 1l-deuterio salt (1,
X = 4'-Br, Hi = D) in aqueous alkaline dioxane-car-
bon disulfide incorporated 60% of one hydrogen at Ci in
4 min; and the unlabeled adduct, resubmitted to deu-
terated media under the reaction conditions for 9.5 hr,
gave no detectable d\component in the reisolated prod-
uct. Thus the exchange at Ci is a reaction of the N-
benzylisoquinolinium salt, and the dithiocarboxylate

(7) “UV Altas of Organic Compounds,” Vol. Il, Plenum Press, New York,
N. Y., 1966, Section H2.
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Figure 1l.—Ultraviolet absorption spectra in ethanol for
iV-(3-bromobenzyl)isoquinolinium bromide (-—--- ) and the derived
CnHiBrNS2adduct (--—--).

group in the new class of adducts must be located at C4
The structure is thus assigned as 4.

The nmr spectra of these adducts provide valuable
confirmatory evidence. In trifluoroacetic acid, the un-
substituted adduct (4, X = H) has absorptions at 56.0
(s, 2), 7.6 (s, 5), 8.4 (m, 5), and 9.7 (s, 1). Similar spec-
tra were obtained in hexafluoroacetone. Interpretation
of these data in terms of structure 4 follows at once from
literature precedent for isoquinolines8%nd for the very
similar isoquinolinium salt 5,10-13 which in trifluoroace-
tic acid has corresponding absorptions at 6.0 (s, 2), 7.50
(s, 5), 8.2 (m, 4), 8.87 (s, 1), and 9.68 (s, 1), assigned
respectively to the methylene, phenyl, H5678 H3 and
H1

A still more conclusive conformation has been secured
through an X-ray single-crystal structure determination
on4 (X = 4'-Br).u

Discussion

A reaction scheme in conformity with the labeling re-
sults given above may be easily constructed. The most
accessible conjugate base of the 1V-benzylisoquinolinium

(8) B. J. Black and M. S. Heffernan, Aust. 3. Chem., 19, 1287 (1966).

(9) W. L. F. Armarego and T. J. Batterham, J. Chem. Soc. B, 750 (1966).

(10) E. E. Betts, D. W. Brown, S. F. Dyke, and M. Sainsbury, Tetra-
hedron Lett., 3755,(1966).

(11) M. Sainsbury, S. F. Dyke, D. W. Brown, and W. G. D. Lugton,
Tetrahedron, 24, 427 (1968).

(12) F. Ktohnke, Ber., 68, 1351 (1935).

(13) H. Ahlbrecht and F. Krohnke, Tetrahedron Lett., 967 (1967).

(14) P. Coleman, J. A. Duncan, and B. W. Matthews, unpublished work.

Baldwin and Duncan

salt is not 7 but rather 6, produced through abstraction
of Hi; the pseudobase 8 of the isoquinolinium salt be-
haves as an enamine sufficiently reactive to attack car-
bon disulfide nucleophilically. Base-catalyzed 1,4 elim-
ination of water from the 1,4-dihydroisoquinoliniun in-
termediate so produced (9) gives the isolable adduct 4.

The apparent discrepancy between the labeling re-
sults, which provide no basis for postulating reversible
formation of the 1,3-dipolar intermediate 7, and the ob-
tention of mesoionic compounds 1, which can be most
promptly rationalized166in terms of cycloadditions be-
tween 7 and carbon disulfide, followed by an oxidation,
will be considered in another context.T/

Experimental Section

Except when noted otherwise, nmr spectra were determined at
60 MHz as solutions in CDC13 using a Varian spectrometer;
mass spectrcmetric data were obtained at the Battelle Memorial
Institute High Resolution Mass Spectrometry Center, Columbus,
Ohio, and by Mrs. Mary Mitchell on a CEC 21-110 at the
University of Oregon; elemental analyses were done by J.
Nemeth and associates, Urbana, 111, and by Chemalytics,
Tempe, Ariz.; melting points were determined on a "Kofler”
micro hot state.

4-Chlorobenzyl Bromide.—A 500-ml three-necked flask fitted
with a thermometer and gas inlet and outlet tubes was charged
with 14.9 g of 4-chlorobenzyl alcohol (Aldrich) in 300 ml of
benzene. Hydrogen bromide was bubbled into the cooled solu-
tion. The reaction temperature rose to 11°, and, when it sub-
sequently fell to 5°, the addition was terminated. Sodium sulfate
was added, the mixture was stirred overnight, and, upon filtra-
tion and concentration, a white solid was obtained. Recrystal-
lization of this solid from petroleum ether (bp 30-60°) gave 16.8
g (78%) of 4-chlorobenzyl bromide, mp 50-52° (lit.8 mp 51°).
This lachrymator had nmr singlets at 54.39 (2) and 7.25 (4).

Through similar reactions, 4-methoxybenzyl bromide [bp 94°
(@ mm), lit.®bp 128-129° (16 mm)], which was promptly com-
bined with isoquinoline, and 3-methoxybenzyl bromide [bp 75°
@ mm), lit.©®bp 127° (16 mm)] were prepared from the corre-
sponding alcohols. The other substituted benzyl bromides
utilized were commercially available. All were lachrymatory.

iV-Benzylisoquinolinium bromides (1) were prepared in 74-98%
yields by heating solutions of a benzyl bromide and isoquinoline
in benzene at reflux from 9 to 14 hr and then collecting the
precipitated salt from the cooled reaction mixture. Samples for
elemental analysis (Table I1) were recrystallized at least twice
from methanol-ethyl acetate.

iV-(3-Trifluoromethylbenzyl)isoquinolinium chloride, mp 215°,
from the reaction of 8.3 g of isoquinoline and 12.5 g of 3-trifluoro-
methylbenzyl chloride in 150 ml of toluene at reflux for 24 hr,
was obtained in 31% yield (6.49 g).

Reaction of ,V-(3-Methylbenzyl)isoquinclinium Bromide with
Carbon Disulfide in Alkaline Aqueous Dioxane.—A 500-ml
three-necked flask, containing 9.12 g (0.029 mol) of IV-(3-methyl-
benzyl)isoquinolinium bromide, 30 ml of water, 30 ml of dioxane,

(15) R. Huisgen, R. Grashey, and E. Steingruber, Tetrahedron Lett.,
1441 (1963).

(16) H. Beyer and E. Thieme, J. Prakt. Chem., 21, 293 (1966).

(17) J. E. Baldwin and J. A. Dunean, unpublished work.

(18) Jv B. Shoesmith and R. H. Slater, 3. chem. Soc., 214 (1926).

(19) A. Lapworth and J. B. Shoesmith, ibid., 121, 1391 (1922).
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Tabte Il

N-Benzylisoquinolinium Bromides" 1

Benzyl Molecular ;=== (Haled, %- FHBund, %
substituent formula Mp, °C c H N C H N Nmr data, 8, ppm
H CieHoBrN 157-158 64.01 4.70 4.67 63.61 4.65 4.38 6.40 (s 2), 7.0-8.5 (m, 9), 8.84 (AB, 2), 11.04 (s, 1)
3-CH3  CnHisBrN 156-158 64.97 5.13 4.46 6470 5.33 4.25 226 (s, 3), 6.50 (s, 2), 7.0-8.6 (M, 8), 8.94 (AB, 2),
1126 (s, 1)
4-CHD C,HIBrNO  235-236 61.83 4.88 4.24 62.15 4.67 4.03
3-N02  CiHiBrND2 228-229 55.66 3.80 8.12 55.66 3.76 7.88 634 (s, 2), 7.6-9.2 (m, 10), 10.66 (s, 1)8
3-Br CieHI13BraN 210-211 50.68 3.46 3.69 50.62 3.28 3.68 6.16 (s 2), 7.2-8.7 (m, 8), 8.84 (AB, 2), 10.56 (s, 1)6
4-Br Ci6Hi3Br2N 161-162 50.68 3.46 3.69 50.76 3.71 3.85 6.58

“ Other N-benzylisoquinolinium bromides prepared and utilized synthetically: 4-CHa (mp 79-81°), 3-F (155°), 4-CN (193-194°)

3-CHsO (172-173°), 4-N02(206-207°), 3-C1 (164°), and 4-C1 (100-124°).

8In DMSO-d«.

Tabie Il

Analytical Data for AZBenzylisoquinolinium 4-Dithiocar30xylate Adducts 4

Benzyl Molecular e

substituent formula Mp, °C C

H CnHIINS2 209-210 69.12
4-ch3 cl8HIaNS2 198-201 69.86
4-CHaO CIBHIiINOS2 191-193 66.43

3-F c,h2fns2 204-205 65.15

3-C1 clth2cins?2 210-213 61.90

3-Br Ci,HIZBrNS2 207-208 54.55

and 20 ml of carbon disulfide was heated to 52°. Over a 3-min
period, 30 ml of 11 N sodium hydroxide was added to the vigor-
ously stirred mixture, which was then brought to and maintained
at about 72° for 8 hr. After 2 hr at room temperature with
stirring and 4 days at —20° without, the mixture was filtered.
The solid collected was washed with three 30-ml portions of warm
water and dried; 3.0 g of dark solid was obtained.

The filtrate was extracted with chloroform; the chloroform
solution was washed twice with 0.1 N hydrochloric acid and once
with water, dried over calcium carbonate, filtered, and concen-
trated, leaving a thick black oil. Chromatography of this dark
oil and the 3.0 g of dark solid obtained above on 250 g of neutral
Woelm Il alumina with chloroform gave a sequence of 20-ml
automatically collected fractions.

The early fractions contained jV-(3-methylbenzyl)isoquinolone
(3, X = 3-CH3: nmr 622 (s, 3), 51 (s, 2), 7 (q, 2), 7-8
(m, 7), and 8.4 (m, 1).

The middle fractions contained the 3-tolyl mesoionic adduct
2 (X = 3-CH3: mp 201-204° (176 mg after recrystallization
from chloroform); nmr 52.36 (s, 3), 7-8 (m, 10).

When concentration of the oil prior to chromatography was
incomplete, and dioxane remained in the residue, the isoquinolone
and mesoionic adducts were separated only after a second
chromatographic development on 50 g of alumina.

The sand and alumina on the top of the column were extracted
with hot _V,iV-dimethylformamide, and the extract was concen-
trated to give 0.56 g of red solid, mp 191-194°. Recrystallization
from DMF-acetonitrile gave 327 mg of an analytically pure
CjsH”~NSi sample (4, X = 3'-CH3), mp 195-197°.

Molecular formulas for this and other isoquinolinium dithio-
carboxylate adducts prepared and isolated through similar pro-
cedures were secured through elemental analysis (Table I11)
and/or high resolution mass spectrometric determinations of m/e
values for molecular ions (Table 1V). These adducts had very
strong infrared bands at 1040 cm-1 (KBr).

The dithiocarboxylate adducts were obtained in yields ranging
from 16.5% for the 4-CH3® compound to only 2.9% for the 3-CF3
case. No adducts in this class were isolated from reaction mix-
tures derived from the two nitrobenzyl- and the cyanobenzyl-
isoquinolinium salts.

Molecular formulas for the mesoionic adducts obtained in these
reactions were confirmed by elemental analyses (Table V) and/or
high resolution mass spectrometry (Table VI). The yields of
these adducts ranged from 2.1% for the 4-CH3 derivative to
52.2% for the 4-CN analog.

4-Bromobenzyl-a-d- Alcohol.—A 100-ml three-necked flask
fitted with a 50-ml dropping funnel, condenser, and drying tube
was flushed with nitrogen and charged with 0.50 g (11.9 mmol) of
lithium aluminum deuteride (Stohler) and 25 ml of anhydrous
ether. A solution of methyl 4-bromobenzoate (2.80 g, 13 mmol)
in 17 ml of ether was added to the funnel. The ester was added

Calcd, % . Found, %=
H N C H N
4.44 4.74 69.23 4.33 4.47
4.89 4.53 69.58 4.82 4.79
4.64 4.30 66.64 4.76 4.11
3.86 4.47 64.98 3.55 4.68
37.6 4.25 62.04 4.09 4.38
3.23 3.74 54.32 3.22 3.82
Table IV

High Resolution M ass Spectrometric Molecular lons for

N-Benzylisoquinolinium 4-Dithiocarboxylate Adducts 4

Benzyl

sub- Molecular m/e > Error
stituent formula Mp, °C Calcd Found (X10>)
H C,HiNS2 209-210 295.0489 295.0504 1.5
3-CH3 CigHINS2 198-199 309.0646 309.0644 0.2
4-CH3 198-201 309.0645 0.1
3-CH® ckh nos2 215-218 325.0595 325.0552 4.3
4-CH3D 191-193 325.0613 1.8
3-FCI CiMHiZ2INS2 210-213 329.0100 329.0133 3.3
4-FCI 208-209 329.0116 1.6
3-CF3 clh Fhs2 135-155 363.0363 363.0372 0.9
3-7Br CIHIZBrNS2 207-208 372.9595 372.9609* 1.4
4-TBr 206-207 3729709 11.4
3-81Br 374.9574 374.9599¢ 2.5
4-81Br 374.9633 5.9

“ Purdue University Mass Spectrometry Center data.

dropwise over 15 min to the stirred reaction mixture heated to
reflux. After another 1 hr at reflux, the reaction mixture was
cooled, decomposed through the cautious addition of 0.5 ml of
water, 0.5 ml of 15% sodium hydroxide, and an additional 1.5
ml of water, and filtered. The solid was washed several times
with ether. The total filtrate was dried over magnesium sulfate,
filtered, and concentrated to afford 2.29 g (93%) of light yellow
solid, mp 76-78° (lit.D mp 76-76.5°). The nmr showed 5 2.65
(s, 1) and 7.33 (AA'BB’, 4).

4-Bromobenzyl-a-d. Bromide.— Treating 4-bromobenzyl-a-d2
alcohol (1.74 g) with hydrogen bromide by the procedure detailed
above gave 1.98 g (86%) of light yellow crystals, mp 50-59°
(lit.2A mp 63°). The nmr spectrum showed only the AA'BB'
pattern at 57.42.

N - (4-Bromobenzyl-o:-ii2(isoquinolinium Bromide.—A solution
of 1.73 g of 4-bromobenzyl-a-d2bromide and 0.89 g of isoquinoline
in 30 ml of benzene was heated at reflux for 7.5 hr with stirring.
The reaction mixture was cooled to give 1.9 g of a colorless solid.
The mother liquor, after an additional 22 hr at reflux, gave an
additional 0.3 g of solid when cooled. The two crops of salt, mp
115-145°, showed no benzylic proton absorption in the nmr.

I-Cyano-2-benzoyl-1,2-dihydroisoquinoline:: was prepared

(20) W. H, Carothersand R. Adams, J. Amer. Chem.Soc., 46, 1682 (1924).

(21) “Handbook of Chemistry and Physics,” 48th ed, R. C. Weast, Ed.,
Chemical Rubber Publishing Co., Cleveland, Ohio, 1967—1968, p C575,

(22) J. J. Padbury and H. G. Lindwall, 3. Amer. Chem. soc., 67, 1268

(1945).
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Table V
Analytical Data M esoionic Adducts 2

Phenyl Molecular -Calcd, %------m---- #-------------- ——Found, % -
substituent formula Mp, "C c H N c H N

3-F c,h®Fns2 213-215 65.57 3.24 4.50 65.32 3.05 4.82

4-C1 c,h1xins2 288-291 62.28 3.07 4.27 62.53 2.92 4.41

4-Br° CIH,,BrNS2 299-300 54.84 2.71 3.76 55.03 2.68 3.56

3-NO2 CIHIN 20252 279-287 60.34 2.98 8.28 60.54 2.88 8.00
“Anal. Calcd: S, 17.22; Br, 21.46. Found: S, 17.52; 21.80. 6Anal. Calcd: S, 18.95. Found: S, 18.74.

Table VI

High Resolution Mass Spectrometric Molecular lons for

M esoionic Adducts 2

Phenyl

sub- Molecular P— m/e Error
stituent formula Mp, °C Calcd Found (X1CF)
H CnHuNSz 223-225 293.0333 293.0303 3.0
3-CHs CIHINS2 203-206 307.0489 307.0474 2.5
4-CHs 267-269 307.0489
4-CN CIEHIN & 335-337 318.0285 318.0267 1.8
3-CH3D C1A INOS2 170-172 323.0405 323.0417 1.2
4-CHO 255-257 323.0403 0.2
3-%CI CiTHICINS2 206-207 326.9943 326.9982 3.9
4-FCI 288-291 326.9959 1.6
3-N02 CiHIN2D2X2 279-287 338.0184 338.0153 3.1
4-NO2 300-302 338.0159 2.5
3-CF3 clBh Fhs2 218-219 361.0207 361.0194 1.3
3-7Br CIHIBrNS2 229-230 370.9438 370.9442 0.4
4-1Br 299-300 370.9463“ 2.5

“ Purdue University Mass Spectrometry Center data.

from 8.6 g of isoquinoline and benzoyl chloride in aqueous sodium
cyanide. The crude product (8.8 g, 51%, mp 123-127°) was
recrystallized from 95% ethanol to obtain 4.68 g of nearly color-
less crystals, mp 125-127° (lit.2 mp 124-126°). The nmr in
CDCh had 86.4 (AB, 2), 6.6 (s, 1), and 7.2-7.8 (m, 9).

1- Deuterioisoquinoline..—A mixture of I-cyano-2-benzoyl-
1.2- dihydroisoquinoline (4.3 g), tetrahydrofuran (10 ml), and
deuterium oxide (10 ml) was stirred and heated at reflux for 6 hr.
The cooled reaction mixture was extracted with three 20-ml
portions of ether, and the ethereal solution was washed with
water, dried over magnesium sulfate, filtered, concentrated, and
distilled. The colorless product, bp 48° (0.3 mm), 1.57 g (73%
yield), which froze readily just below room temperature, was
93% di according to nmr analysis.

A-(4-Bromobenzyl)-l-deuterioisoquinolinium Bromide—A
mixture of 1-deuterioisoquinoline (1.57 g, 93% di), a slight
excess of a,4-dibromotoluene (3.15 g, Aldrich Chemical), and 60
ml of benzene was stirred at reflux for 19 hr and then cooled
overnight at 5°. The colorless salt was collected and dried 7 hr
over phosphorus pentoxide (0.5 mm); it had mp 126-143° and
the expected nmr spectrum.

4-Deuterioisoquinoline...— A solution of 4-bromoisoquinoline
(2.50 g, Aldrich) in 35.2 ml of 2 A deuteriosulfuric acid and 1.84
g of zinc dust were stirred and heated to reflux for 2 hr. The
cooled reaction mixture was filtered and the filtrate was made
just basic with about 7 ml of 11 A sodium hydroxide. Steam
distillation and the normal work-up gave 988 mg (63%) of crude
product; distillation gave 817 mg of colorless 4-deuterioisoquino-

line: bp 97° (13 mm); mp 25°, containing less than 3% of the
starting material. The nmr spectrum of the neat product [5
7.2- 8.0 (m, 4), 8.84 (s, 1), and 9.52 (s, 1)] indicated at least 90%

dlmaterial and 96.4% dlby mass spectrometry.
A-(4-Bromobenzyl j-4-deuteriosoquinolinium bromide, from
1.52 g of a-4-dibromotoluene and 790 mg of 4-deuterioisoquino-
line, had mp 105-145° (2.07 g, 89%).
2-
bromobenzonitrile (Aldrich, carcinogen), 37.2 g of zinc dust,

(23) Compare V. Boekelheide and J. Weinstock, 3. Amer. Chem. Soc., 74,
660 (1952); A. Albert and G. Catterall, 3. chem. Soc. ¢, 1533 (1967).

(24) Compare B. Bak, L. Hansen, and J. Rastrap-Andersen, ./. Chem.
Phys., 22, 2013 (1954); A. Murray, Ill, and D. L. Williams, “Organic
Synthesis with Isotopes,” Interscience, New York, N. Y., 1958, p 1384.

(25) B. Bak and J. T. Nielsen, z. Elektrochem., 64, 560 (1960).

Deuteriobenzonitrile.3—In a 200-ml three-necked flask, 2-

38.8 ml of deuterium oxide, and 17.6 g of acetic anhydride were
vigorously stirred and heated to reflux for 21 hr. The cooled
reaction mixture was extracted with four 20-ml portions of ben-
zene, which were combined, washed several times with aqueous
sodium bicarbonate, washed once with water, dried over mag-
nesium sulfate, filtered, and concentrated. Distillation afforded
3.04 g (49%) of 2-deuteriobenzonitrile, bp 59° (5 mm).

2 -Deuteriobenzylamine .s—A 200-ml three-necked flask fitted
with an overhead stirrer, a reflux condenser and drying tube, and
a 50-ml addition funnel was charged with 1.11 g of lithium alu-
minum hydride and 50 ml of anhydrous ether. To this stirred
mixture heated to reflux was added a solution of 2-deuteriobenzo-
nitrile (3.04 g) in 30 ml of ether over a 25-min period. After
another hour at reflux the reaction mixture was cooled; 5.6 ml
of water was added slowly to the stirred mixture, followed by
72 ml of 20% aqueous potassium sodium tartrate. The milky
aqueous suspension separated; it was separated from the ether
layer and was extracted twice with 25-ml portions of ether. The
ethereal solutions were combined, dried over magnesium sulfate,
filtered, concentrated, and distilled. The 2-deuteriobenzylamine
obtained [1.41 g, 45% yield; bp 40° (2.2 mm)] had nmr absorp-
tions (neat) at 8 1.40 (s, 2), 3.65 (s, 2), and 7.21 (broad s, 4).

Schiff's Base from : -Deuteriobenzylamme and Glyoxal Semi-
diethyl Acetal »—2-Deuteriobenzylamine (1.05 g) and glyoxal
semidiethyl acetalB(1.35 g, partially polymerized according to the
nmr spectrum) were combined and warmed on a steam bath 1 hr.
The cooled reaction mixture was dissolved in ether, and the
ethereal solution was dried, filtered, concentrated, and distilled
to give 0.34 g of pale yellow product, bp 123° (5 mm).

s -Deuterioisoquinoline.—To 0.5 ml of cooled, concentrated
sulfuric acid was added 0.337 g of the Schiff's base derived from
2-deuteriobenzylamine and glyoxal semidiethyl acetal. The
resulting tan solution was added dropwise in 5 min with stirring
to 1 ml of sulfuric acid held at 160°. The reaction mixture was
cooled, slowly made alkaline with 11 A sodium hydroxide, and
steam distilled. The distillate was extracted with ether (three
6-ml portions). The ethereal material was dried, filtered, and
concentrated to give 70 mg (36%) of 8-deuterioisoquinoline, 50%
di, according to the mass spectrum (Table I).

A-(4-Bromobenzyl)-8-deuterioisoquinolinium Bromide.— A
solution of 70 mg of 8-deuterioisoquinoline, 50% d\, and 227 mg
of a-4-dibromotoluene in 10 ml of benzene was heated at reflux
for 14.5 hr. After the usual work-up, the salt obtained (208 mg)
had mp 105-143°.

A-(4-Bromobenzyl)isoquinolinium Bromide Exchange Re-
actions. A. In Alkaline Deuterium Oxide-Dioxane.—Un-
labeled isoquinolinium bromide (2.0 g) and 5.5 ml each of deu-
terium oxide and dioxane were heated to 72°, and 5.5 ml of
approximately 11 A sodium deuterioxide (from 2.5 g of sodium
hydroxide and deuterium oxide) was added in one portion.
After 4 min at 72°, the reaction mixture was cooled in an ice
bath with stirring, neutralized at temperatures below 20° with
a solution of about 5 g of hydrogen bromide in 2.7 ml of deuterium
oxide, and finally diluted with 75 ml each of water and chloro-
form. Concentration of the organic phase gave a residue from
which the isoquinolinium bromide was isolated from sodium
bromide and organic impurities by sequential extractions and
concentrations with warm water and chloroform. The 100-MHz
nmr spectrum of the recovered starting material (410 mg) was
integrated and found to contain only 14% of hydrogen at the
Ci position.

(26) R. F. Nystrom and W. G. Brown, J. Amer. Chem. Soc., 70, 3738
(1948).

(27) E. Schutter and J. Mlller, Helv. Chem. Acta, 31, 914 (1948).

(28) A. Wohl and C. Newberg, Ber., 33, 3099 (1900); E. J. Witzemann,
W. L. Evans, H. Hass, and E. F. Schroeder, “ Organic Syntheses,” Collect.
Vol. 11, A. H. Blatt, Ed., Wiley, New York, N. Y , 1943, p 307.
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In a trial run omitting deuterated reagents, the material from
the chloroform extract which failed to dissolve in warm water was
thoroughly dried and shown by nmr spectroscopy to be mostly
IV-(4-bromobenzyl)isoquinolone (1.29 g, 78%).

B. 1-Deuterio Salt in Aqueous Alkaline Dioxane-Carbon Di-

sulfide.—A stirred mixture of A-(4-bromobenzyl)-lI-deuterioiso-
quinolinium bromide (93% di), 5.5 ml of water, 5.5 ml of dioxane,
and 3.7 ml of carbon disulfide was heated to 72°, and 5.5 ml of
11 N sodium hydroxide was added in one portion. After 4 min,
the reaction mixture was quenched in an ice bath with stirring,
made just acidic at temperatures below 16° with concentrated
sulfuric acid, and diluted with water (100 ml) and chloroform
(50 ml). The aqueous layer was concentrated, the remaining
water was removed with benzene as the azeotrope, and the dry
salts obtained were extracted with chloroform. The isoquinoli-
nium salt obtained from the chloroform extract (357 mg) had
60% hydrogen at Ci, according to nmr analysis.

Reactions of Deuterium Labeled A-(4-Bromobenzyl)iso-
quinolinium Bromides with Carbon Disulfide in Alkaline Aqueous
Dioxane. A. A-(s -Bromobenzyl-a-<iz)isoquinolinium Bromide.
—A 100-ml three-necked flask was charged with 2.00 g of this
isoquinolinium salt, 5.5 ml of water, 5.5 ml of purified dioxane,
and 3.7 ml of carbon disulfide. The mixture was stirred mechanic-
ally, heated, and diluted with 5.5 ml of 11 N sodium hydroxide;
the red mixture obtained was stirred at 72° for 8 hr, cooled to
room temperature with stirring, stored at —15° for 2 days, and
filtered on a sintered glass funnel. The crude products were
washed on the funnel with three 6-ml portions of warm water
and dried in the air. The red solid obtained (1.07 g) was
chromatographed in the usual way on 50 g of neutral Woelm 11
alumina. The yellow band was isolated and concentrated to give
A-(4-bromo-o:-d2benzyl)isoquinolone. No benzyl hydrogens
were detected by nmr analysis. The dark material at the top of
the column was extracted with hot A ,N-dimethylformamide;
concentration of the extract gave a dark red solid, mp 197-201°.
Recrystallization of the solid from DMF-acetonitrile gave 100
mg of adduct, mp 202°, having a mass spectrum indicative of the
a-d2benzyl moiety.

B. A>(4-Bromobenzyl)-lI-deuterioisoquinolinium Bromide.—
Following the given reaction procedure, 2.0 g of the isoquino-
linium salt gave rise to 1.04 g of red solid. A slurry of the solid
in chloroform was delivered to the top of a column of alumina,
which was eluted with more chloroform. The residue in the sand
at the top of the column was extracted with hot DMF. The
red solid isolated, mp 190-260°, was extracted in a Soxhlet
with chloroform for 23 hr. The residue in the thimble, 83 mg,
mp 200-202°, was recrystallized to give a sample for mass spec-
trometric analysis, 52 mg of bright red crystals, mp 202-204°.
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Most, but not all, of the deuterium in the starting material had
been lost (Table I).

C. A'-(4-Bromobenzyl)-8-deuterioisoquinolinium Bromide.—
The reaction of 208 mg of the isoquinolinium bromide was carried
through in the normal manner. The crude product was ex-
tracted in a micro Soxhlet with 10 ml of chloroform for 16 hr.
The residue from the thimble, 10.4 mg, mp 200°, was analyzed
mass speetrometrically; the adduct retained the deuterium
present in the starting material (Table I).

D. IV-(4-Bromobenzyl)-4-deuterioisoquinolinium Bromide.—
The crude product from 1.0 g of the isoquinolinium salt, amount-
ing to 312 mg, was continuously extracted with chloroform for
22.5 hr. The residue was thoroughly dried; it had mp 198-205°
and a mass spectrum showing no deuterium label (Table I).

Attempted Exchange in jV-(4-Bromobenzyl)isoquinolinium 4-
Dithiocarboxylate Adduct.— To 50 mg of the CnH1BrNSi2adduct
was added 5.5 ml each of deuterium oxide, dioxane, and 11 N
sodium deuterioxide, and 3.7 ml of carbon disulfide. The
stirred mixture was heated at 72° for 9.5 hr, cooled, and filtered
to give 37 mg of starting material. Recrystallization from DM F-
acetonitrile gave red crystals, mp 202-204°, having no deuterium
incorporation detectable by mass spectrometric analysis.

Registry No.— 1 H, 23277-04-5; 13-CH3 27415-57-2;
14-CH3®, 27415-58-3; 1 3-N02 27410-57-7; 1 3-Br,
27410-58-8; 1 4-Br, 27371-56-8; 2 3-F, 27371-57-9;
2 4-C1, 27371-58-0; 2 4-Br, 27371-59-1; 2 H, 27371-60-
4; 2 3-CHa, 27371-61-5; 24-CH3 27371-62-6; 2 4-CN,
27410-59-9; 2 3-CH3®, 27410-60-2; 2 4-CH3, 27410-
61-3; 2 3-8Cl, 27410-62-4; 2 3-N02 27410-63-5;
2 4-N02 27410-64-6; 2 3-CF3 27410-65-7;, 2 3-7Br,
27410-66-8; 2 4-7Br, 27410-67-9; 4 3-F, 27410-68-0;
4 3-C1, 27410-69-1; 4 3-Br, 27410-70-4; 4 H, 27371-63-
7, 4 3-CH3 27371-64-8; 4 4-CH3 27410-71-5; 4
3-CH®, 27410-72-6; 4 4-CH3®, 27410-73-7; 4 4-FClI,
27410-74-8; 4 3-CF3 27410-75-9; 4 3-™Br, 27410-76-0;
4 A-7TBr, 27410-77-1; 4 3-8Br, 27371-65-9; 4 4-8Br,
27410-78-2; N- (4-bromobenzyl- a-~isoquinolinium
bromide, 27410-79-3; A-(4-bromobenzyl)-l-deuter-
ioisoquinolinium bromide, 27410-80-6; A%(4-bromo-
benzyl)-4-deuterioisoquinolinium bromide, 27410-81-7;
iV-(4-bromobenzyl)-8-deuterioisoquinolinium bromide,
27410-82-8; carbon disulfide, 75-15-0.

Synthesis of Fluoroarenes by Photolysis of Aryldiazonium
Salts in the Solid StateIl

R. C. Petterson,” A. DiMaggio, Ill, A. L. Hebert, T. J. Haley,lIb
J. P. MYKYTKA,I0Od AND I. M. SARKAR

Department of Chemistry, Loyola University (New Orleans), New Orleans, Louisiana 70118

Received September 16, 1970

Photolysis of crystalline aryldiazonium fluoroborates and fiuorophospha.es gives the corresponding fluoro-

arenes.

The photochemistry of aryldiazonium salts in the
solid state seems to have been ignored except for one
study?2 of gas evolution from slurries in which the or-
ganic products were not identified. As the first step in
a mechanistic study of this phenomenon, the principal

(1) (a) Part of this work has been described by R. C. P. and A. D. in
U. S. Patent 3,481,850 (1969); (b) Fellow of the Cancer Association of
Greater New Orleans, Inc., summer 1966; (c) National Science Foundation
Undergraduate Research Participant; (d) taken ip. part from the B.S.
Thesis of J. P. Mykytka, Loyola University, New Orleans, 1968.

(2) G. Gavlin, “Increased Light-Sensitivity of a Diazotype Substance,”
Report of Armour Project No. 90-595C, Armour Research Institute, Depart-
ment of Army Project, 3-99-04-052.

In some cases yields are much better than those obtained by pyrolysis.

products formed upon irradiation of crystalline films of
a number of aryldiazonium salts have been determined.

In the photolysis of diazonium tetrafluoroborates and
hexafluorophosphates, the corresponding fluoroarenes
were usually the only volatile product as in pyrolysis.
In some cases the yields of fluoroarenes were higher than
those obtained by pyrolysis of these salts (the Balz-
Schiemann reaction), which remains the most generally
used means of introducing a fluorine substituent into an
aromatic ring.3 The Balz-Schiemann reaction fails

(3) K. O. Christe and A. E. Pavlath, 3. org. chem., 30, 3170 (1965).
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Table |

Photolysis of Solid Aryldiazonium Fluoroborates and Fluorophosphates

hv

RN2+BF4-(PF6) — > RF + N2+ BF3PFH

Registry Light Scale, Time, Yield of
Diazonium compd no. source g hr RF, %
4-(CHHNCEHANBF4 347-46-6 3500 A 1 4.5-49 53-55
10 39 66
4-(CH5)NCEHANPF6 733-51-7 3500 A 1 4 72
10 94 74
4-(CH3NCHEH,NBF4 24564-52-1 3500 A 2 17 55
4-CH30CEHNBF4 18424-07-2 3500 A 1 19 69»
4-C6HIAH CEHANBF4 2367-19-3 3500 A 0.6 24 37
C6HEN BF4 369-57-3 3000 A 0.5 2 34
Uviarc 0.5 48 25
4-CICEHANBF4 673-41-6 Uviarc6 0.1 8 10»
3-CHECEHAN BF 323-96-6 3500 A 0.1 2 29
NZPFe
27388-25-6 3500 A 1 12 40
o p
27388-19-8 3500 A 1 54 19
N,BF,

Product distilled as formed. 6Quartz vessel.

completely or gives low yields occasionally. We have
made a preliminary investigation of the generality and
utility of the photolytic variation for small scale syn-
thesis of fluoroarenes, the results of which are summar-
ized in Table I. The best results by far were in making
fluorobenzenes with electron-donating substituents, par-
ticularly three N-substituted fluoroanilines.

Pure 4-fluorodiphenylamine was isolated in 37% yield
on the first attempt when the corresponding diazonium
fluoroborate was irradiated as a solid film at 30° with
3500-A Ii.ght, although pyrolysis of this salt has been re-
ported4 to give only a “carbonaceous mass.”

Schiemann and Winkelmiiller5 converted p-N,N-di-
methylaminobenzenediazonium fluoroborate to 4-flu-
oro-W,IV-dimethylaniline by heating in only 17% vyield,
and later workers6have preferred other methods for pre-
paring the compound. By pyrolyzing a mixture of the
diazonium salt with sand we improved the yield to 36%,
but photolysis gave a 56% vyield. Both methods also
produced a small amount of the reduction product,
A JA7-dimethylanilinc.

The synthesis of 4-fluoro-A,A-diethylaniline was
studied more extensively. Pyrolysis of the correspond-
ing diazonium fluoroborate gave a poor yield (20%) of
the fluoro amine in agreement with Schiemann’s re-
port.6 Worse, the ir spectrum of the product indicated
that a significant amount of reduction product had been
formed. The fluoro compound was produced by pho-
tolysis of 1 g of the fluoroborate in higher yield (55%)
and, surprisingly, was uncontaminated by A%V-diethyl-
aniline. On a 10-g scale the yield was better (66%).
W e have not tried any of these reactions on a scale over

10 g.

Hexafluorophosphates sometimes give better yields
than tetrafluoroborates in the Balz-Schiemann reac-
tion.7 This is also true for the photoreaction, at least
for the preparation of 4-fluoro-A,A-diethylaniline, the

(4) J. Lichtenberger and R. Thermet, Bull. Soc. Chim. Fr, 318 (1951).

(5) G. Schiemann and W. Winkelmtiller, ser., 66, 727 (1933).

(6) N.J. Leonard and L. E. Sutton, 3. Amur. Chem. Soc., 70, 1564 (1948).

(7) K. G. Rutherford, W. Redmond, and J. Rigamonti, ./. org. Chem., 26,
5149 (1961).

yields being over 70% on both a 1-g and a 10-g scale.
The photolysis method is the method of choice in this
case for reasons of both purity and yield.

With 4-methoxybenzenediazonium fluoroborate a
new complication arose: the product is somewhat un-
stable to the 3500-A light used for photolysis. The
yield of 4-fluoroanisole was only 6% using the normal
photolysis method. However, by vacuum distilling
the product into a cold trap as it formed the yield was
raised to 69%. 4-Fluorochlorobenzene was also un-
stable to the light used and had to be removed in the
same way.

Photolysis of aryldiazonium salts substituted with
electron-withdrawing groups gave much lower yields of
fluoroarenes, perhaps because with the light sources
available the products absorbed light about as well as
the starting material and competing reactions destroyed
them.

An ionic intermediate or transition state of some sort
appears to be implicated in the photolysis of solid aryl-
diazonium fluoroborates and fluorophosphates. If aryl
radicals were intermediates, they would be expected to
abstract hydrogen atoms from other molecules of start-
ing material, especially when side chains with alkyl
groups are present. However, little or no reduction
product was produced in the photolysis of even the di-
methyl- and diethylamino compounds. In contrast,
when crystalline A,A-dimethylaminobenzenediazonium
chlorice was irradiated, reduction to ATA-dimethylani-
line (25%) competed strongly with conversion to 4-
chloro-A,A-dimethylaniline (33%).

These observations are in accord with the results of
studies of isomer distribution in the phenylation prod-
ucts formed when solid benzenediazonium chloride and
various haloborates are pyrolyzed8or photolyzed9in the
presence of substituted benzenes. The solid chlorides
react as if they possessed the covalent structure ArN =
NCI and lose nitrogen to give radicals, although their

(8) G. A. Ola.i and W. S. Tolgyesi, ibid., 26, 2053 (1961); R. A. Abramo-
vitch and F. F. Gadallah, 3. chem. soc. B, 497 (1968).
(9) R. C. Petterson and J. P. Mykytka, unpublished work.
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ir and uv spectra are very much like those of other aryl-
diazonium ions.

The lack of parallelism between fluoroarene yields for
photolysis VS. pyrolysis makes it unlikely that these re-
actions proceed exclusively through a common inter-
mediate. Lewis and his coworkersl0 compared photo-
chemical with thermal reactions of diazonium salts in
aqueous solution and concluded definitely that there
was no single intermediate common to both.

Experimental Section

Starting Materials.— Aryldiazonium fluoroborates were gener-
ally prepared by diazotizing the corresponding amines in fluo-
boric acid.ll 4-AhAADialkylaminobenzenediazonium fluoro-
borates were purchased,2 and the 4-chloro- and 4-phenylamino
compounds were made by reaction of 48% fluoboric acid with the
corresponding diazonium chlorides which happened to be avail-
able from another study.

4-N ,/V-Diethylaminobenzenediazonium Fluorophosphate—To
20 g of the commercial fluoroborate in water (700 ml) was added
35 ml of 65% hexafluorophosphoric acid. The yellow crystals
which formed were filtered off, washed with a 1:1 methanol-
ether solution, and dried in vacuo. The fluorophosphate (22.6 g)
melted at 129.5-130.5°.

Anal. Calcd for CXHMaNF: C, 37.40; H, 4.39; F, 35.50;
N, 13.09; P, 9.65. Found: C, 37.75; H, 4.11; F, 35.40; N,
13.20; P, 9.71.

8-Quinolinediazoninm fluoroborate was prepared but not
characterized by Roe and Hawkins.18 It melts at 138° dec and
is converted by irradiation to 8-fluoroquinoline (see Table 1), the
picrate of which melted at 170° (lit.13170-172°).

Anal. Calcd for CH®BFANS8 C, 44.71; H, 2.48.
C, 44.92; H, 2.70.

4-A7,A'-Dimethylaminobenzenediazonium chloride was pre-
pared from 4-A”AAdimethylaminoaniline monohydrochloride
(1.7 g) by reaction with isoamyl nitrite (1:4 g) in absolute ethanol
(8 ml) at 0°, a variation of Knoevenagl's method.4 After re-

Found:

(10) E. S. Lewis, R. E. Holliday, and L. D. Hartung, J. Amer. Chem. Soc.,
91, 430 (1969).

(11) A. Roe, org. React.. 6, 205 (1949); E. B. Starkey, “Organic Synthe-
sis,” Collect. Vol. 11, Wiley, New York, N. Y., 1943, p 225.

(12) Fairmount Chemical Co., Inc., Newark, N. J. 07105.

(13) A. Roe and G. F. Hawkins, 3. Amer. Chem. Soc., 71, 1785 (1949).

(14) E. Knoevenagl, Ber., 28, 2048 (1895).
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crystallization from an ethanol-ether mixture, the melting point
was 210° (slow dec above 135°): y'"i012152, 2240 cm-1; (-N+==N)
Ami 375 nm (log e 4.52).

Anal. Calcd for C84i0C1IN3: N, 22.88. Found: N, 23.01.

The zinc chloride double salt was yellow, mp 151° dec, X8R 375
nm (log e 4.53).

Anal. Calcd for C8Hi0CINs-72Znci2: C, 38.14; H, 3.97;
Cl, 28.2. Found: C, 38.33; H, 3.95; CI, 27.85.

Methods.—Diazonium salts were irradiated as crystalline
films on the inner surfaces of borosilicate glass test tubes or
round-bottomed flasks of 50 ml to 3 1 capacity, except for the
4-chloro compound, which was irradiated in a quartz tube.
The films were deposited by evaporation of solutions of the salts
in acetonitrile or methanol at room temperature or below using
a rotary evaporator. Most irradiations were done in a Rayonet
photochemical chamber reactor (So. New England Ultraviolet
Co.) equipped with 16 8-W F8T5/BLB lamps (3500 A) or RPR
3000 “erythemal” lamps. In two experiments (see Table I), we
used a 500-W high-pressure mercury lamp (General Electric
“Uviarc”) mounted in a reflector, similar to a Gates Model
420-U1.

Except for 4-fluoroanisole and 4-chlorofluorobenzene, which
were produced at a pressure of 1 Torr in a tube connected to a
dark trap cooled to —78°, into which they distilled as they
formed, the products were isolated by conventional extractive
techniques. In most cases, it was advantageous to first make the
reaction mixture basic and then steam distil the fluoro com-
pound. The products were identified by comparing their ir
spectra and glc retention times with those of authentic specimens,
which were either available commercially or were made by the
Balz-Schiemann method.

Crystalline 4-N,Al-dimethylaminobenzenediazonium chloride
(0.5 g) was irradiated (3500 A) for 7 hr in a 50-ml Pyrex test
tube. Base was aided and the organic products extracted with
ether. Glc analysis of the concentrated extracts with an internal
standard showed that the yield of 4-chloro-N,N-dimethylaniline
was 33% and that of N-IV-dimethylaniline was about 25%.

Registry No.— 4-iV,iV-Dimethylaminobenzenediazon-
ium chloride, 100-04-9, 6023-44-5 (zinc chloride salt).

Acknowledgments.— We thank the National Science
Foundation (GP-11004), the Academic Grant Fund of
Loyola University (New Orleans), and Photo-dek, Inc.,
for support, and Mr. T. G. Troendle for valuable as-
sistance.



634 J. Org. Chem,, Vol. 36, No. 5, 1971

Taylor and Buntrock

A Reinvestigation of Some Purported 1,2,4-Oxadiazetidines
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The reaction of methyleneanilines (hexahydro-1,3,5-triazines) (6) with. aryl nitroso compounds, previously

claimed to proceed via intermediate 1,2,4-oxadiazetidines, has been reinvestigated.

It has been found that

oxadiazetidines are not involved in the above reaction which (under the previously described conditions) yields
formanilides (10) and azoxybenzene and, under modified conditions, yields a-arylamino-lIV-arylnitrones (9).

Mechanisms for these reactions are discussed.

Intramolecular cyclization of 2-(2'-nitro-2-biphe-
nylyl)-A-phenylglycinonitrile (1) to 6-eyanophenan-
thridine (2) occurs under either photolytic or basic reac-
tion conditions.1 The mechanism proposed for this
unusual conversion involved spontaneous cyclization of
an intermediate nitrosoimine 4 to a 1,2,4-oxadiazetidine
(3), followed by collapse to 2 and nitrosobenzene (which
was shown to be formed in the reaction). An apparent
intermolecular precedent for the cyclization of 4 to 3 is
the reportedZformation of oxadiazetidines 7 from the
reaction of aryl nitroso compounds (5) with “methylene-

CN

1
-CH— NHCe&H5

anilines” (6).3 However, the products of these reac-
tions were later claimed to be A-hydroxy-A,A'-diaryl-
formamidines (8), a-arylamino-A-arylnitrones (9),8

(1) E. C. Taylor, B. Furth, and M. Pfau, 3. Amer. Chem. Soc., 87, 1400
(1965).

(2) C. K. Ingold, 3. chem. soc., 125, 87 (1924).

(3) “Methyleneanilines” were earlier believed to be either monomeric (6)
or dimeric,246but more recent studies have shown that they exist primarily
in the trimeric hexahydro-l1,3,5-triazine form (6a).6? Evidence for partial
dissociation of the trimer to the monomeric imine has been advanced;6 we

with the oxadiazetidines 7 suggested as probable reac-
tion intermediates.4

R- NO + RV \- N=CH,
5a, R=H
b, =d 6a, R'=H
c, R = CH3 Br=c
¢, R'=CH3
d, R'= OCH3
e, R'=Br
OH

A A_N—CH=N—$ ~ R

H
9a, R=R'=H
bhrR=HrR' =
c, R=H;R'=Br
d, R= H;R' = CH3
e, R=H;R'= OCH3
f, R=CLR=H

g R=CH3R'=H

have found no peaks at m/e higher than those corresponding to monomer in
the mass spectra of 6, indicating dissociation of the trimer to the monomer
under thermal and/or electron impact conditions.

ATIX*NAT

3ArN=CH2
6 V

Ar

6a

(4) M. D. Farrow and C. K. Ingold, 3. chem. soc., 125, 2543 (1924).

(5) C. K. Ingold and H. A. Piggott, ibid., 121, 2793 (1922); 123, 2745
(1923).

(6) W. Y. Farrar, Rec. Chem. Progr., 29, 85 (1968).

(7) E. M. Smolin and L. Rapoport, “s-Triazines and Derivatives,”
Interscience, New York, N. Y., 1959, pp 473-544.

(8) These compounds appear to be the tautomeric nitrones 9 rather than
W-hydroxyformamidines 8.9 We have observed M — 16 peaks of moderate
intensity in the mass spectra of all of the derivatives of 9 prepared. No
M — 17 peaks were observed with the above compounds with the single
exception of a very weak M — 17 peak for 9a itself. Nitrones have been
shown to exhibit significant M — 16 peaks,10 Il while aryl hydroxylamines
exhibit both significant M — 16 and M — 17 peaks.12

(9) H. G. Aurich, chem. Ber., 101, 1761 (1968).

(10) T. H. Kinstle and J. G. Stam, Chem. Commun., 185 (1968).

(11) B. Soegaard Larsen, G. Schroli, S.-O. Lawesson, J. H. Bowie, and
R. G. Cooks, Tetrahedron, 24, 5193 (1968).

(12) R. T. Coutts and G. Mukherjee, org. M ass Spectrom., 3, 63 (1970).
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Some sort of symmetrical intermediate {€.0., 7?) was
indeed implied by the earlier work because, €.0., 9d was
claimed to be the product of the reaction of 5a and 6c,
as well as the product of 5¢c and 6a.4 However, no rea-
son was advanced for unilateral ring opening of the sug-
gested symmetrical intermediate 7 to give only one of
the two possible isomeric nitrones 9.

The intermediacy of oxadiazetidines such as 7 in these
condensation reactions was challenged13 on the basis of
conflicting analytical results for degradation products
of 9. No further experimental work has appeared, how-
ever; the existence of 7 as a reaction intermediate has
recently received further support in reviews on cycload-
dition reactionsl4and imines.’6

This ambiguous situation, coupled with refutationsi’
of earlier claims of other four-membered systems,17 led
us to a reinvestigation of this phase of “oxadiazetidine
chemistry.”

Contrary to the original work,4we found that different
nitrones 9 were formed from the reaction of permuted
pairs of aryl nitroso compounds (5) and “methyleneani-
lines” (6). Thus, reaction of 5a with 6b gave 9b, and re-
action of 5b with 6a gave 9f. The nonidentity of the
products of these reactions was established beyond ques-
tion by comparison of ir, uv, nmr, tic, and mass spec-
tral data. Furthermore, many of the nitrones 9 were
synthesized independently from aryl hydroxylamines
and imidate esters, according to the method of Farrow
and Ingold.4 Our results are thus incompatible with a
symmetrical intermediate such as 7. We note, how-
ever, that this refutation of an intermolecular precedent
for the intermediate 3 does not necessitate rejection of
the previously proposed mechanismlfor the formation
of 6-cyanophenanthridine (2) from the biphenyl 1, since
steric proximity of the ortho,ortho' substituents in bi-
phenyls leads to many unique cyclization reactions
which have no intermolecular precedent.18

We have found that the reaction of equimolar
amounts of an aryl nitroso compound (5) and a
“methyleneaniline” (6), or reaction of an excess of 6

(13) G. N. Burkhardt, A. Lapworth, and E. B. Robinson, J. Chem. Soc.,
127, 2234 (1925).

(14) L. L. Muller and J. Hamer, “1,2-Cycloaddition Reactions,"” Inter-
science, New York, N. Y., 1967, pp 301—304.

(15) R. W. Layer, chem. Rev., 63, 489 (1963).

(16) (a) G. N. Burkhardt and A. Lapworth, J. chem. Soc., 127, 1742
(1925); (b) G. N. Burkhardt, A. Lapworth, and J. Walkden, ibid., 127,
2458 (1925); (c) N. F. Hepfinger and C. E. Griffin, Tetrahedron Lett., 1361
(1963); (d) C, E. Griffin, N. F. Hepfinger, and B. L. Shapiro, Tetrahedron,
21, 2735 (1965); (e) J. Hamer and A. Macaluso, Tetrahedron Lett., 381
(1963); (f) E. Fahr and H. Lind, Angew. Chem., Int. Ed. Engl., 5, 372
(1966); (g) reference 14, pp 257-261.
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with 5, is required for the formation of the nitrones 9.
Use of the previously prescribed ratio of reactants (a
2:1 molar excess of 5)24led to the formation of form-
anilides (10) and azoxybenzene (11). That these prod-
ucts arose by condensation of the initially formed
nitrone 9 with excess 5 was demonstrated by the inde-
pendent observation that preformed 9 reacted with an
equimolar amount of 5 to give both 10 and 11.19

We suggest that the reaction of aryl nitroso com-
pounds (5) with “methyleneanilines” (6) proceeds by
nucleophilic attack by the nitrogen lone pair of 5 on the
monomeric imine form of 63to give 9 directly. How-
ever, the reaction of 5 with the nitrones 9 to give
formanilides (10) and azoxybenzene (11) may well in-
volve a discrete 1,2,3-oxadiazetidine intermediate (13).

0"

|+
Ar— N-— CH— NHAr'

Experimental Section2l

Preparation of Intermediates.— “ Methyleneanilines” (s ) were
prepared from the appropriate aniline and aqueous formaldehyde
as previously described.2 Aryl hydroxylamines were prepared by
standard methods.2 Nitrosobenzene (5a) (Aldrich Chemical
Co.) was purified by sublimation before use. Other aryl nitroso
compounds were prepared by dehydrogenation of aryl hydroxyl-
amines with diethyl azodicarboxylate.23 Formimidates were
prepared from the corresponding anilines and ethyl orthoformate
as described. 22 The nitrones 9 were prepared by a modification
of the published procedure.2

a-Anilino-JV-p-chlorophenylnitrone (9f).—A solution of 2.10
g (0.02 mol) of p-chloronitrosobenzene and 1.41 g (0.01 mol) of
“methyleneaniline” (sa) in 150 ml of chloroform was allowed to
stand in the dark at room temperature for 2 days. Evaporation
of the solvent gave a solid which was recrystallized from benzene
to give 0.70 g (28%) of almost colorless crystals, mp 148.5-149.5°.

Anal. Caled for CuHUNNOCI: C, 63.27; H, 4.50; N, 11.36;
01,14.38. Found: C, 63.41; H, 4.43; N, 11.08; Cl, 14.45.

a-p-Anisidino-A-phenylnitrone (9e).—In a similar manner,
2.02 g (0.015 mol) of nitrosobenzene and 1.61 g (0.015 mol) of
“methyleneanisidine” (6d) gave 1.96 g (40%) of almost colorless
crystals, mp 149-150°.

(17) (a) C. K. Ingold and 3. D. Weaver, J. Chem. Soc., 125, 1456 (1924);
(b) C. K. Ingold and S. D. Weaver, ibid., 127, 378 (1925).

(18) R. E. Buntrock and E. C. Taylor, chem. Rev., 68, 209 (1968).

(19) A precedent for this condensation of nitrosobenzene with the nitrone
9 to give a formanilide and azoxybenzene is found in the reported reaction of
nitrosobenzene with the nitrone i to give piperonal and azoxybenzene.D

(20) L. Alessandn, Gazz. Chim. Ital., 64, 426 (1924).

(21) All melting points are uncorrected. Mass spectra were determined on
an AEl MS-9 instrument.

(22) (a) G. E. Utzinger and F. A. Regenass, He!». chim. Acta, 37, 1895
(1954); (b) G. E. Utzinger, Justus Liebigs Ann. Chem., 556, 50 (1944);
(c) A. A. Staklis, Ph.D. Thesis, University of Nebraska, Lincoln, 1965;
Diss. Abstr., 26, 1354 (1965).

(23) E. C. Taylor and F. Yoneda, chem. Commun., 199 (1967).

(24) R. M. Roberts and D. J. Vogt in “Organic Syntheses,” Collect.
Vol. IV, N. Rabjohn, Ed., Wiley, New York, N. Y., 1963, p 464.
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Anal. Calcd for CUHMN2D 22 C, 69.40; H, 5.83; N, 11.56.
Found: C, 69.26; H, 5.74; N, 11.59.

All other nitrones were prepared similarly;
summarized in Table I.

the results are

Table |

Preparation of Nitrones (9)

Yield,
Reactants Product Mp, “C Lit. mp, °C %
5a + 6ad 9a 119-122 126-127¢ 29
5a + 6hbd 9b 158-158.5 1626 32
5a + 6c¢cd 9c 166-168 1716 35
5a + 6ad 9d 148.5-149 1506 54
5c + 6ae 9g 148.5-150 151-152= 39

1Beilstein’s “Handbuch der Organischen Chemie,” 4th ed,
Vol. 15, Springer Yerlag, Berlin, 1932, p 8. 6Reference 2. cRef-
erence 4. d2:1 molar excess of 6. ‘ Equimolar amounts of
reactants employed.

In addition, these nitrones were prepared independently by
condensation of aryl hydroxylamines with imidate esters as
previously described.4

p-Bromoformanilide (10, R* = Br). Method A.—A solution
of 4.28 g (0.04 mol) of nitrosobenzene and 3.66 g (0.02 mol) of
“methylene-p-bromoaniline” (6e) in 150 ml of chloroform was
allowed to stand in the dark at room temperature. After 1day,
tic examination of the reaction mixture revealed the presence of
the nitrone 9c. After 4 days, the reaction mixture was evaporated
to dryness and the residue recrystallized from benzene to give

Halasa and Smith

2.05 g (52%) of tan crystals of 10 (R = Br), identical with an
authentic sample prepared independently. The presence of
azoxybenzene in the reaction mixture was confirmed by vpc.

Method B.— A mixture of 1.46 g (0.005 mol) of the nitrone 9c,
0.54 g (0.005 mol) of nitrosobenzene, and 50 ml of chloroform
was allowed to stand at room temperature in the dark for 5 days.
Evaporation of the reaction mixture and recrystallization of the
residue from benzene gave 0.28 g (28%) of tan crystals of p-
bromoformanilide, identical with the material prepared by
method A above. Again, azoxybenzene was present in the crude
reaction mixture, as determined by vpc.

Other substituted formanilides (10) were prepared analogously;
the results are summarized in Table I1.

Table Il

Preparation of Para-Substituted Formanilides (10)

Reactants Product Yield, %
25a + 6a 10,R = H a
2 5a + 6b 10, R = ClI 49
5a + 9b 10, R = CI 38
2 5a + 6¢C 10, R = CH3 a
5a + 9d 10, R = CH3 a
5a + 9e 10, R = OCHs a

° Product identified by vpc but not isolated.

Registry No.—9e, 27396-35-6; 9f, 27396-36-7.

(25) L. F. Fieser and J. F. Jones in “Organic Syntheses,” Collect. Vol.
111, E. C. Horning, Ed., Wiley, New York, N. Y., 1955, p 590.

Study of the Michael and Mannich Reactions with Benzothiazole-2-thiolla

A. F. Halasa* and G. E. P. Smith, Jr.

The Firestone Tire & Rubber Company, Central Research Laboratories, Akron, Ohio 44-317

Received May 7, 1970

The reaction of the anion of benzothiazole-2-thiol (MBT) with activated olefins in the presence of sodium

hydride with Michael reaction acceptors produced 3-substituted benzothiazoline-2-thiones.

Similarly, the

Mannich reaction of MBT anion with formaldehyde and primary or secondary amines produced the N- (or 3-)

substituted benzothiazoline-2-thiones.

Possible mechanisms and supporting nmr, ir, and uv data are discussed.

The N substitution of MBT anion is discussed within the framework of the oxibase scale which can predict the
condition for formation of N products or S products from this ambideni anion.

The object of the present investigation was to study
the Michael and Mannich reactions of the ambident
anion of benzothiazoline-2-thione (l), the so-called 2-
mercaptobenzothiazole or MBT of the rubber industry,
with various activated vinyl compounds as well as
with formaldehyde and various amines. Harman,Ilb'2

1 1A

studying the reaction of organic mercaptans such as |
with acrylonitrile, formulated the MBT addition prod-
uct as an S-substituted benzothiazole-2-thiol derivative.
We have now found that the correct structure is the N
derivative. Likewise we have shown that the Michael
reaction products with activated carbon-carbon double
bonds such as methyl vinyl ketone, phenyl vinyl ketone,2

(1) (a) Presented in part before the Organic Chemistry Division of the
American Chemical Society, Atlantic City, N. J., Sept 17, 1965; (b) M. W.
Harman, ini. Eng. Chem., 29, 205 (1937).

(2) M. W. Harman, U. S. Patents 1,951,052 (1934); 2,010,000 (1935);
and 2,049,229 (1935).

2-vinylpyridine, 4-vinylpyridine, divinyl sulfone (which
produces a diadduct), and 2-nitro-lI-butene, are all IN=
substituted benzothiazoline-2-thione derivatives.

The fact that benzothiazoline-2-thione (1) also enters
into a variety of Mannich reactions with formaldehyde
and various aliphatic and aromatic amines or phenols to
give N-substituted 3-alkylbenzothiazoline-2-thiones is
not well known. This paper constitutes a correction for
a number of such products incorrectly postulated as S-
substituted compounds3-9 reported in the older Ilit-
erature. The structural assignments of the few N-
substituted products were made by Morton and
Stubbsi0based on the absorption at 320-325 m/a indica-
tive of the (-N-(S=)C-S dithio carbamate) structure.
These results were confirmed later by Koch1land Moore

(3) M. H. Zimmerman, U. S. Patent 1,960,197 (1934),

(4) W. J. S. Naunton, W. Baird, and H. M. Bunbury, J. Soc, Chem, Ind.
London Trans., 33, 127 (1934); Rubber Chem. Technol., 7, 417 (1934).

(5) D. F. Twiss and F. A. Jones, J. Soc. Chem. Ind. London Trans., 54,
13 (1935).

(6) J. L. Kur.yehek, U. S. Patent 2,358,402 (1944).

(7) M. Bogemann and E. Zauker, German Patent 575,114 (1933).

(8) C. Cokman, U. S. Patent 1,901,582 (Sept 13 1933).

(9) It. Robinson, H. Bunbury, J. Davies, and W. J. S. Naunton, British
Patent 377,253 (1944).

(10) R. A. Morton and A. L. Stubbs, J. chem. soc., 1321 (1939).

(11) H. P. Koch, ibid,, 401 (1949).
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Table |

M ichael Reaction Products'

<1)o0

Nmr (ppm)*“
AB type
splitting
(Figure 2)
Yield, 4,5,6,7 aromatic
Products' R Solvent Mp, °C % Ir data, » Uv data, protons
1 -CHXHXOCH3 THF 140-141 70-75  5.95, 9.20, 228, 240, 262, 7.0
6.90 320
11 -CHXHXOPh THF 144.5-145 95.0 5.86, 6,20, ...y 242, 260, 7.20
9.30 320
Vs 2-Pyridylethyl THF (1) 94-95 80.0 6.10, 9.30, 236, 258, 321 7.20
(2) 123-124 13.20
V6 4-Pyridylethyl THF (1) 141-142 80 6.10, 9.30, 235, 258, 321 7.21
(2) 159-160 13.20
Vi -CHXHXH(N02CH3 EtOH 89-90 85 6.45, 7.30, 240, 255, 321 7.30
9.10, 13.50
Vil -chXZhZXn EtOH 165-166 90 4.50, 6.20, 240, 154, 320 7.20
9.30
Vili THF 215-216 50 6.70, 9.30, 240, 270, 320 7.40
-CH THS0XHXH2— N- /| b 8.30

° The AB type splitting, accompanied by some secondary splitting, we describe as the one envelope type (AB) as compared to the

two envelope (AB2).

6Two crystalline modifications of each of the pyridyl compounds were observed.

In each case, the low-melting

modification was formed from the reaction mixture, and after melting and resolidification, then crystallized in the more stable, high

melting modification.

uv, ir, and nmr spectra, indicated the absence of organic structural isomers.

for C, H, N, and S, Ed.

and Wright.22 Stavroskaya and Kolosoval3offered ad-
ditional chemical evidence.

Discussion of Results

The reaction of benzothiazoline-2-thione (1) with
compounds containing activated carbon-carbon double
bonds proceeded readily at ambient temperature in tet-
rahydrofuran as a solvent using catalytic amounts of
sodium hydride.

activated base

olefin c=s

S
H=Vii

The products were isolated as white crystalline solids
and characterized as indicated in Table I. The adducts
from the 2- and 4-vinylpyridines gave two different
solids for each starting material, identified as two crystal
modifications of the same product in each case.

Similarly, the reactions of benzothiazoline-2-thione
(I) with primary and secondary amines in anhydrous
ether produced the amine salts of compound | in quanti-
tative yield. When these salts were dissolved in water
and allowed to react with formaldehyde at ambient tem-

Cc=S )

(12) C. G. Moore and E. S. Wright, 3. Chem. Soc., 4237 (1952).
(13) V. I. Stavroskaya and M. O. Kolosova, zh. Obshch. Khim., 30, 711
(1960).

In each case, the low- and high-melting forms showed identical elementary analysis, which, coupled with identical

' Satisfactory analytical data were reported (+0.35%)

peratures, the corresponding Mannich reaction products
were formed in high yields (eq 2).

The Michael as well as the Mannich reaction prod-
ucts (Tables | and Il) all showed among other absorp-
tions a distinct band at 320-325 m/x in the ultraviolet.
This intense band was assigned to the ir-*m ir* transition
of the nonbonding (3p2 electron pair of the sulfur atom
and the other irelectron of the heterocyclic ring. The
infrared absorption at 1074 cm-1 (medium) was as-
signed to the thione (C=S) vibrational frequency.

The 3-alkylbenzothiazoline-2-thiones (see eq 4) were
prepared from the corresponding 2-alkylthiobenzothia-
zoles, which in turn were prepared by modification of
the procedures of Mooreld and Sexton;155 see Table I11.
The 2-alkylthiobenzothiazoles were prepared by nucleo-
philic displacement on the corresponding alkyl halides
using sodium hydride in tetrahydrofuran (eq 3). These
were rearranged thermally to the 3-alkylbenzothiazo-
line-2-thione in accordance with eq 4.

Examination of the nmr spectra of all the described
products, 11-X X 1V resulted in the discovery of charac-
teristic differences in the nature of the aromatic protons

(14) C. G. Moore, J. Chem. Soc., 4237 (1952).
(15) W. A. Sexton ibid., 470 (1939).
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Table Il

M annich Reaction Products”

k

Products” Y Solvent Mp, °C
I1X Piperidino* Water 159-161
X Pyrrolidino Water 122-125
X1 Benzylamino Water 128-130
X1 V,V-Diethyl- W ater 88-89
amino”

X111 Cyclohexyl- W ater 157-158
amino®

X1V Morpholino* Water 149-150

CH—Y

Nmr data
AB type
splitting
(Figure 2)
Yield, 4,5,6,7 aromatic
% Ir data, p Uv data, protons
73.4 6.20, 9.30, 244, 258, 7.06
13.40, 14.20 320
80.3 6.20, 9.28, 245, 252, 7.10
13.40, 14.20 320
75.6 6.20, 9.36, 230, 258, 7.40
13.40, 14.20 325
80.5 6.35, 9.38, 240, 260, 7.80
13.80,14.50 322
88.0 6.40, 9.40, 245, 265, 7.60
13.70, 14.59 325
79.0 6.32, 9.42, 240, 260, 7.50
13.69, 14.60 320

“ These compounds were reported in the literature, see ref 13. 6The AB type of splitting, accompanied by some secondary splitting,

we describe as the one envelope type (AB) as compared to the two envelope (AB2.

(x0.35%) for C, H, N, and S, Ed.

1.0 3.0 4.0

—&-51 -

L T T T e L
8.0 7.0 6.0

Figure 1.

on the benzene rings for the two classes of the deriva-
tives of various benzothiazoles and similar aromatic
heterocyclic compounds. In the S-alkyl esters of ben-
zothiazole-2-thiol (XV-XX), the heterocyclic ring is
aromatic and in conjugation with the benzene ring.
The ring current in the heterocyclic ring causes a change
in the electronic environment, different for the 5 and 6
protons. Hence, the resonance peaks from the four
aromatic protons are split into two distinct envelopes of
several lines, each representing two protons close to-
gether or sometimes overlapping, resembling a some-
what off-symmetrical AZB2type splitting, Figure 1.
Thus, the 4,7 protons of compounds XV -X X, which
are highly deshielded by the heterocyclic ring current,
form the downfield envelope. The degree of deshield-
ing in the benzothiazole system depends on the density

” Satisfactory analytical data were reported

of the circulating current from the heterocyclic ring.
Since the sulfur and nitrogen atoms of the heterocyclic
thiazole ring cannot produce identical environments for
the adjacent protons on the benzene ring, it is highly
improbable for the two envelopes to be perfectly sym-
metrical. Still, elements of symmetry can be seen.
Analogy is made with the nmr spectra of aromatic pro-
tons of a,a’- and /~'-substituted naphthalene deriva-
tiveslB6where for similar reasons, two perfectly symmet-
rical envelopes are formed.

On the other hand, the N- or 3-substituted deriva-
tives of benzothiazoline-2-thione, 11-X1V and X X 1-
X X1V including the 3-alkyl esters as well as the Mi-
chael and Mannich reaction products, even including com-
pound 1, all showed a single envelope for the four aro-
matic protons, resembling an AB type splitting in which
the chemical shift, 5 of the 4,7 protons Vs. that of the
5,6 protons, is much smaller than the J values (split-
ting constants), Figure 2.

Application of the Oxibase Scale to Rationalize the
Production of N-Substituted Products.—The anion of
MBT can be formulated as follows

in which two nucleophilic sites, either nitrogen or sulfur,
can be easily identified. The sulfur atom is the most
easily oxidized site as treatment of MBT- with mild
oxidants produce the disulfide in a half-cell reaction

E=t"+ 260 V = 223V

(16) See J. A. Pople, W. G. Schneider, and H. J. Bernstein, "High Resolu-
tion Nuclear Magnetic Resonance,” McGraw-Hill, New York, N. Y.,
1959, p 147.
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Table 111

2-Alkylthiobenzothiazoles and 3-Alkylbenzothiazoline-2-thiones

R

AB type of
Nmr data splitting
A2B2 type (Figure 2)
(Figure 1) 5,6 4,5,6,7
Mp or 4,7 protons, protons, protons,
Products R bp (mm), C° Solvent Yield, % Ir data, p Uv data, mp ppm ppm ppm
2-Substituted Thiobenzothiazoles*"
XV CMsz 48-49 THF 93 6.20, 13.30, 244, 275, 7.80 7.50
133-135 (0.5) 14.20 289, 298
XV1 chXhZXh2« 168-175 (15) THF 81 6.23, 13.34, 246, 278, 7.69 7.50
14.20 289, 298
xvii (CHYXL H-« 110-115 (0.5) THF 79 6.10, 13.30, 245, 2717, 7.70 7.50
14.24 286, 298
XVIII CH3CH23'* 145-146 (1) THF 80 6.0, 13.30, 244, 275, 7.70 7.50
14.24 287, 298
X1X (CH3)ZCHCHZXCH2 125-128 (0.5) THF 73 6.10, 13.30, 242, 280, 7.80 7.50
14.24 285, 301
XX chXhZhch?2 139-140 (0.5) THF 70 6.20, 13.30, 240, 279, 7.80 7.50
14.24 284, 298
SF)
3-Substitituted Benzothiazoline-2-thionesée
XXl CHa-6 90-91 None 71.5 6.20, 9.30, 225, 281, 7.0
14.20 298, 320
XX11 CHaCHXCH2 & 74-75 None 65.0 6.10, 9.30, 298, 281, 7.10
14.30 290, 321
XXI111 (CHahC-* 66-67 None 53.0 6.20, 9.30, 245, 278, 7.40
f{} 14.30 298, 320
XX1V CH3CH23 None 45.0 6.05, 9.41, 245, 278,
14.30 300, 320 6.9

“ Some of the compounds were reported in literature ref 15.

6Some of the compounds were reported in literature ref 15.

*Satis-

factory analytical data were reported (£0.35%) for C, H, N, and S, Ed.

The oxidation potential of this oxidative dimerization
potential has been estimated to be —0.37 V (American
convention) in water at 25° by O’Connor.I® Relative
to water, the oxibase scale E value is 2.23 V. The high
E value of MB T- can be explained within molecular or-
bital theory by noting that the highest filled molecular
orbital on the sulfur is quite large (large coefficient of
the atomic orbital) and that its energy is high.

Thus the electrons are easily removed by an oxidant.
Secondly, the charge density on the sulfur atom in the
MBT- is quite low, on the basis of Hiickel ttelectron
theory.

In terms of the oxibase scalel8-21 the result is that the
E value of the S- is high and the H value, defined as
H = pK&+ 1.74, is small.

GL)es i-Hih

Ha small

The nitrogen anion, on the other hand, has a larger
charge density than the sulfur anion, thus indicating

(17) J. O’Connor, Ph.D. Thesis, Purdue University, June 1969.

(18) R. E. Davis in “Survey of Progress in Chemistry,” A. Scott, Ed.,
Academic Press, New York, N. Y., 1964, pp 189-238.

(19) R. E. Davis, R. Nehring, W. J. Blume, and C. R. Chuang, J.
Amer. Chem. Soc., 91, 91 (1969).

(20) R. E. Davis, S. P. Molnar, and R. Nehring, ibid., 91, 97 (1969).

(21) R. E. Davis, H. Nakshbendi, and A. Ohno, 3. org. chem., 31, 2702
(1966).

that the nitrogen is a stronger base toward a proton.
The HN is therefore larger than Hs-, a fact well at-
tested by the observation that MBT exists in the thion
form (eq 6).22-24

The orbital on nitrogen which would serve as the
source of the nucleophilic electrons is smaller and of
lower energy. Thus AN- is low compared to Es~

Attack of a H.—The proton in solution® has an
a of 0.00 and a j3 of 1.00; therefore one observes an
N-11 attack.

log Ks-/Kn- = 1.00[iTs- — .Hn-]

log K s-/Kf,~ < 0since HN > H$~

Attack on CH3a.— Methyl iodide is an areagent (a =
2.95 while 3 = —0.003). To a good approximation
the méthylation is controlled by the E term and S
méthylation results.

log As’/An- = 2.96[Es - En-} + 0.003[fls- - # n]

log Ks/Kt, > 0 because Es- > En- and ifN- > Hs-

(22) B. Stanovnik and M. Tisler, Vvestn. Sloven. Kem. Drust., 10, 1 (1963).
(23) B. Ellis and P. J. F. Griffiths, spectrochim. Acta, 22, 2005 (1966).
(24) R. A. Morton and A. L. Stubbs, J. chem. Soc., 1321 (1939).

(25) J. O. Edwards, 3. Amer. Chem. Soc., 76, 1540 (1954).
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The oxibase scale also predicts that the amount of N
methylation would increase relative to S methylation
with the series CH,I, CH®3r, CH31, and CH8)Ts.

Attack on Benzoyl Chloride.'—Benzoyl chloride® is
an areagent (& = 3.5 and 3 = 0.01). The avalue is
large because the lowest unfilled acceptor orbital is of
low energy while the p value is low because of the re-
duced amount of positive charge on the carbonyl carbon
caused by the electronic effects of the benzene ring.

log Ks/Kn- = 352?b — -En-1+ 0.01[ifs- — -Hn-]
£ 3.5[Es- - Et-]» O

Thus, the result is -S-(0=)C-P h.

Attack on Acetyl Compounds.—Data are availableZ
from which a and P values can be computed on
CH3 (=0)0- as an acetylating agent: a = 0.70; p =
0.46. The value of P is the dominate term (I3 range up
to 1.0 for H+) and the acetylation is controlled by the
pH term.

log Ks-/Kn- = 0.70[Us- — -En-] T 0.46[ffs- — 77N ]

The first term is small and the second term is nega-
tive; therefore the resultisN (0=)CCH 3

The foregoing discussions should show the power of
the oxibase scale to predict ambident anion reactivities.

As predicted by the oxibase scale, our experiments
showed that the reaction of MBT with benzoyl chloride
gave the S-substituted thio ester S(0=)CP h, whereas
the reaction with acetyl chloride gave the N-substituted
amide, N(0=)CCH3 The physical data obtained by
ir, nmr, and uv supported the structural assignments.
The thio ester, S(0=)CP h, showed a strong absorption
at 5.92 Xin the ir spectrum characteristic of thio esters,
whereas the amide, N (0=)C C H 3 showed a strong ab-
sorption band at 6.20 N indicative of amide absorption.
The nmr spectrum of the benzoyl derivative of MBT
gave the usual pattern of the AZB2 type absorption
showing the double envelope pattern, indicative of S

(26) R. E. Davis, “Organosulfur Chemistry,” M. J. Janssen, Ed., Inter-

science, New York, N. Y., 1967, pp 311-328. (Data taken from Table 18.1
except for b.)

(27) W. P, Jencks and J. Carriuolo, 3. Amer. Chem. Soc., 82, 1778 (1960).

Halasa and Smith

substitution. However, the acetyl derivative showed
the usual AB type pattern at 7.30 ppm, indicative of
N substitution. Similarly the CH3(0=)CN methyl
group appeared at 2.70 ppm, at lower field than the
CH3(0=)C S methyl group which appeared at 2.40 ppm
downfield from TMS.

Thus the experimental facts indeed support the pre-
dictions based on the oxibase scale, that benzoylation
proceeds on the sulfur to give the S-substituted benzo-
thiazole while the acetylation gives the N-substituted
benzothiazoline-2-thione.

Let us now consider the addition of a nucleophile to
an unsaturated ketone, such as methyl vinyl ketone, or
to an aldehyde, such as formaldehyde, in the Mannich
and Michael reactions.

1

c=C—-C—-C a low
0

Methyl vinyl ketone

Formaldehyde H—C—H 3 high

The structural analogies between these compounds
and acetylation agents for the introduction of the acetyl
group are at once obvious, and in contrast to the case of
the introduction of the benzoyl group. That is, where-
as the presence of the benzene ring reduces the amount
of the positive charge on the carbonyl carbon (high a)
of the benzoyl, the methyl and ethylenic groups and pro-
tons exert an opposite influence on the carbon in formal-
dehyde and methyl vinyl ketone. Hence, these ali-
phatic carbonyl substrates have low a values, and, cor-
respondingly, relatively high pvalues. Examination of
the literature shows that Mannich and Michael addi-
tives are fast with strong bases (e.g., toward protons
with the highest avalues) and slow with poor bases (e.g.,
toward 1-), in spite of the fact that the attacking spe-
cies are “good” nucleophiles in the sense that they have
high E values toward carbon.

In the present case, the attacking ambident MBT an-
ion offers two choices, S- with high Es and low HS as
against N - with low E”- and high H™-.  As with the
acetylating reagents, the substrate species exhibit a low
aand high p. Hence, in the equation derived from oxi-
base scale considerations

log Ks-/Kn- = a[Es. - ENI + I3{HS - Hn-]

the high value of 1?N- makes the second term negative,
while a low EN makes the first term small; therefore K N-
is larger than Ks~ the N~ anion wins out in the compe-
tition, and the N-substituted benzothiazoline-2-thiones
are the products observed.

Attempts were made to isolate the S-substituted
Michael addition products by interrupting the reaction
at various times before completion; however, only N-
substituted products were prepared and no S-substi-
tuted products could be isolated at any time during the
reaction.

Experimental Section

General Procedure for the Michael Reaction Products.—The
Michael reaction adducts generally were prepared by adding the
freshly distilled activated olefinic compounds to a cooled solution
of benzothiazole-2-thiol in tetrahydrofuran containing a catalytic
amount of sodium hydride. The resulting solution was then
heated for 48 hr at 40-45°. The products isolated from solution
were solids which were purified by recrystallization from suitable
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solvents. Specific examples are detailed below including some
special cases where the activated olefinic compounds were pre-
pared in situ. See Tables I—I11.

3-(3-Oxobutyl)benzothiazoline-2-thione (I1).—A solution of
benzothiazole-2-thiol (1) (17.0 g, 0.101 mol) in 200 ml of anhy-
drous tetrahydrofuran and 50 mg of sodium hydride contained in
a 58.1% oil dispersion was cooled to 5° and methyl vinyl ketone
(8.0 g, 0.114 mol) was added over a period of 15 min. The
reaction mixture was stirred for 48 hr at 40-45°. Concentrating
the solvent to half its volume by evaporation under reduced
pressure followed by cooling to —78° resulted in 17.5 g, 70-72%
yield, of crude crystalline product, I, mp 138-140°. Two re-
crystallizations from isopropyl ether gave analytically pure Il:
mp 140.0-140.5°; X™a@ 5.85 (C=0), 6.30 (C=C), and 9.30
M(C=S).

Anal. Calcd for CnH,NOS2: C, 55.76; H, 4.67; N, 5.90.
Found: C, 55.50; H, 4.83; N, 5.86.

The oxime of compound Il was prepared in the usual manner.B
A 90% vyield of the product was obtained after recrystallization
from absolute ethanol, mp 149-150°.

Anal. Calcd for C,HIIN2S2 C, 52.35; H, 4.79; N, 11.10;
S, 25.41. Found: C, 51.85; H, 4.84; N, 11.08; S, 25.44.

3-(2-Benzoylethyl)benzothiazoline-2-thione (l1l).-——Into a
500-ml round bottom flask were placed 95% ethanol (200 ml),
compound | (16.70 g, 0.10 mol), and sodium hydride (4.10 g,
0.10 mol, contained in a commercial 58.1% dispersion in oil).
To this cooled solution was added dropwise 50 ml of an ethanol
solution of ,8-chloropropiophenone (16.8 g, 0.10 mol). The re-
action mixture was heated to 40-45° for 48 hr. After filtration of
the sodium chloride, the reaction mixture was cooled to —78°
and filtered, resulting in 27.10 g, 90% yield, of white, crystalline
product, Il1l, mp 140-145°. Recrystallization from ethanol
produced analytically pure material: mp 144.5-145°; XA7i“l
5.85 (C=0), 6.20 (C=C), and 9.30 n (C=S).

Anal. Calcd for CIEHIINOS2: C, 64.21; H, 4.35; N, 4.68;
S, 21.40. Found: C, 64.22; H, 4.39; N, 4.70; S, 21.59.

Bis[2-(2-benzothiazolinethion-3-yl)ethyl] Sulfone (VIII).—To
a solution of compound | (16.70 g, 0.10 mol) in 200 ml of anhy-
drous tetrahydrofuran was added 50 mg of sodium hydride con-
tained in a 58.1% dispersion in oil. After cooling to 5°, freshly
distilled divinyl sulfone (11.8 g, 0.10 mol) was added slowly with
stirring. The reaction mixture was heated to 40-45 °, with stirring
for 48 hr. Cooling to —78° and filtration resulted in 22.0 g (50%
yield) of crude compound VII1I, mp 214-216°. Recrystallization
from isopropyl ether produced analytically pure material: mp
215-216°;, X™id6.20 (C=C), 9.30 (C=S), and 8.30 M(S02.

Anal. Calcd for CiaHBND 2S6: C, 47.76; H, 3.56; N, 6.19;
S, 35.42. Found: C, 47.63; H, 3.56; N, 5.97; S, 35.62.

3-(2-Nitrobutyl)benzothiazoline-2-thione (VI1).—To compound
I (16.70 g, 0.10 mol) dissolved in 100 ml of ethanol were added
sodium hydride (4.10 g, 0.10 mol, contained in 58.1% oil disper-
sion) and then, dropwise, freshly distilled 2-nitro-ra-butyl ace-
tate® (16.10 g, 0.10 mol). The reaction mixture was heated
with stirring 48 hr at 40-45°. Acidification with 10% hydro-
chloric acid and cooling to —78° and filtration produced 20.99 g,
83% vyield, of white, crystalline, crude VI, mp 88-90°. Re-
crystallization from isopropyl ether resulted in analytically pure
material: mp 89.5-90°; X'al” 6.45 and 7.30 (N02), 9.10 (thione),
13.50, and 14.20 /x (aromatic).

Anal. Calcd for CnHIN2D S2: C, 49.23; H, 4.51; N, 10.44;
S, 23.89. Found: C, 48.80; H, 4.72; N, 9.95; S, 23.66.

Procedure for the Synthesis of the 2-Alkylthiobenzothiazoles.
—The 2-alkylthiobenzothiazoles were prepared by addition of

(28) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, “The Systematic
Identification of Organic Compounds,” 4th ed, Wiley, New York, N. Y.,
1964, p 254.

(29) H. Feuer and R. Miller, 3. org. Chem., 26, 1348 (1961).
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the appropriate alkyl halide, with stirring, to a solution of the
sodium salt of benzothiazole-2-thiol prepared from compound I
and sodium hydride in tetrahydrofuran under reflux. The re-
action was usually completed in 2-3 hr. After completion, the
reaction mixture was filtered, the filtrate was distilled to remove
the solvent, and the products were isolated as liquids by vacuum
distillation. This is similar to the previous method5except that
a cleaner reaction was obtained by the use of sodium hydride in
tetrahydrofuran solvent.

2- n-Butylthiobenzothiazole (XVIII).—To a solution of com-

pound 1 (50.1 g, 0.30 mol) in anhydrous tetrahydrofuran was
added sodium hydride (7.20 g, 0.30 mol) with constant stirring.
While heating to a gentle reflux, »-butyl bromide (48 g, 0.35
mol) was added dropwise. The reaction was then cooled to
room temperature and filtered. The solvent was removed by
distillation and the resulting oil was washed with distilled water
and dried. Distillation under reduced pressure gave a clear liquid,
yield 80%, bp 145-146° (1 mm).

Anal. Calcd for CUHINS2: C, 59.13;
Found: C, 58.98; H, 5.76; S, 29.12.

Procedure for the Synthesis of 3-Alkylbenzothiazoline-2-
thiones.— The 3-alkylbenzothiazoline-2-thiones were prepared by
rearrangement of the 2-alkylthiobenzothiazoles in the presence
of catalytic amounts of iodine®’ without solvent at 200-250°.
Yields of the 3-alkylbenzothiazoline-2-thiones decreased with the
length of the alkyl group, and alkyl groups above isopropyl
produced liquids which were purified by distillation in vacuo.

H, 5.86; S, 28.71.

3- Methylbenzothiazoline-2-thione (XXI).—Into a 50-ml round

bottom flask equipped with thermometer and condenser were
placed 2-methylthiobenzothiazole (9.0 g, 0.05 mol) and 0.50 g
of iodine. The mixture was heated to 200-250° and the tempera-
ture was maintained for 6-8 hr. Cooling and washing with 10%
hydrochloric acid produced 6.47 g, 71.5% yield, of yellowish
solid, mp 85-90°. Recrystallization from ethanol gave mp
90.0-90.5° (lit.15mp 90-91°).

Procedure for the Preparation of Mannich Reaction Products.
—The Mannich reaction products were prepared from the corre-
sponding substituted ammonium salts of compound | and
formaldehyde at room temperature in aqueous solution. The
ammonium salts were prepared by adding the desired amine to
a solution of compound | in ether. The crystalline salt was
filtered, washed with ether, dried, and dissolved in water.
Aqueous formaldehyde (40%) was added in excess to form the
Mannich reaction products of compound 1 in excellent yields.

3-Pyrrolidinomethyl-2-benzothiazoline-2-thione (X).—To a
solution of compound | (16.7 g, 0.10 mol) in 800 ml of anhydrous
ether was added pyrrolidine (7.10 g, 0.1 mol). The salt pre-
cipitated immediately and was filtered, washed with ether, and
dried. The salt was formed in quantitative yield. (A solution
was prepared by dissolving 23.6 g (0.10 mol) of this salt in 200 ml
of distilled water). To this solution was added with stirring 30
ml of 40% formaldehyde. A white solid formed immediately,
which was collected and dried, 20.0 g, 80% yield, mp 122-125°.
Recrystallization from acetone gave analytically pure material,
mp 124-125°.

Anal. Calcd for CIHMUNZS2 C, 57.54;
S, 25.62. Found:

I, 542; N, 11.19;
C, 57.40; H, 5.63; N, 11.09; S, 26.08.

Registry No.—I1A, 149-30-4; 11, 27410-83-9; oxime
of 11, 27410-84-0; 111, 27410-85-1; 1V, 5525-04-2;
V, 27410-87-3; VI, 27410-88-4; VII, 27410-89-5; VIII,
20752-60-7; 1X, 6957-11-5; X, 23124-36-9; X1, 27410-
38-4; X1, 22075-92-9; X111, 27410-40-8; X1V, 27410-
41-9; XV, 615-22-5; XVI, 27410-43-1; XVII, 27410-

44-2; XVIII, 2314-17-2; XIX, 27410-46-4; XX,
27371-67-1; XX, 2254-94-6; XXII, 27410-48-6;
XX, 27410-49-7; XX1V, 21261-91-6.
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Studies on 4-Quinazolinones.
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1.1

Self-Condensation of Anthranilamide

S. C. Pakrashi

Indian Institute of Experimental Medicine, Calcutta-32, India
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Condensation of phenylacetic aeid with anthranilamide in xylene in the presence of phosphorus pentoxide
furnished 2-benzyl-4-quinazolinone (l), o-aminobenzonitrile, tricycloquinazoline (111), 2-(o-aminophenyl)-4-
quinazolinone (1V), 6,12-diaminophenohomazine (VI), and a compound, C29H2IN50, mp 281°, for which the

most probable structure VII has been advanced.
discussed.

In connection with some oxidation and reduction
studies, we required glycosminine (1), one of the minor
alkaloids23 from Glycosmis arhorea (Roxb) DC (Ru-
taceae), in quantities. Though a single-step syn-
thesis®bof arborine (11) from V '-methylanthranilamide
has been recorded in the literature, the condensation
of anthranilamide with phenylacetic acid in boiling
xylene in the presence of phosphorus pentoxided af-
forded | in only ca 10% vyield. Among a number
of side products (tic), compounds A-E could be def-
initely characterized. Since the first four were ob-
tained when anthranilamide alone was similarly treated,
only compound E involved phenylacetic acid also.
Thus, the modified general method of synthesis of
4-quinazolinones reportedl from this laboratory ap-
pears to be the method of choice for the preparation
of I.

Compound A was o-aminobenzonitrile. Compound B
was a trimer; the tricycloquinazoline structure 1116-10

(1) Part I: S. C. Pakrashi, A. De, and S. C. Chattopadhyay, Indian J.
Chem., 6, 472 (1968).

(2) S. C. Pakrashi and J. Bhattacharyya, Ann. Biochem. Exp. Med., 23,
123 (1963).

(3) S. C. Pakrashi, J. Bhattacharyya, L. F. Johnson, and H. Budzikie-
Wi.cz, Tetrahedron, 19, 1011 (1963).

(4) A. Chatterjee and S. G. Majumdar, J. Amer. Chem. Soc., 75, 4365
(1953).

(5) S. K. Roy, S. G. Majumdar, and A. Chatterjee, Proc. Ifith Indian Sei.
congr., Part 111, 145 (1960).

(6) R. W. Baldwin, K. Butler, F. C. Cooper, M. W. Partridge, and C. J.
Cunningham, Nature, 181, 838 (1958).

(7) R. W. Baldwin, C. J. Cunningham, and M. W. Partridge, Brit. J.
cancer, 13, 94 (1959).

(8) P. Jacobson and L. Huber, Ber., 41, 660 (1908).

(9) J. Kozak and A. Kalmus, Bull. Acad. Pol. Sei., Cl. Troisi¢me, 10, 532
(1933); chem. Abstr., 28, 4424 (1934).

(10) F. C. Cooper and M. W. Partridge, J. Chem. Soc., 3429 (1954).

The mass spectra, fragmentation of 111, 1V, and VII are

was confirmed by its preparation from 2-(o-amino-
phenyl)-4-quinazolinone (1V). The infrared spectrum
of the compound (Nujol) deserves comment in view
of the varied observationsll on the position of C=N
stretching vibration particularly in conjugation in a
cyclic system. The sharp and intense bands at 1618
and 1592 cm-1 appear to be those for C =N stretching
frequency, considerably lowered by conjugation with
aromatic rings. Similarly, VI exhibits the correspond-
ing bands at 1613 and 1567 cm*“ 1

The mass spectrum of the compound is charac-
terized by strong peaks for both M + 1and M — 1.
It, however, shows only a few major fragmentations
and no metastable peak. The peaks at m/e 293 (M —
27) and at m/e 230 (M — 90) clearly result from
the expulsion of a molecule of HCN and CefEN radical,
respectively, supported by a prominent peak at m/e
90 in the latter case. Loss of a CN radical and HCN
from m/e 230 would lead to the respective ions 204+
and 203+ Either further loss of HCN from m/e 204
or expulsion of a neutral C8H6\N8 fragment assigned
to structure a directly from the M+ appears to be
the genesis of peak at m/e 177. Species b would ac-
count for m/e 102.

Compound C, Ci4HuUN3X, gave a crystalline acetyl
derivative and is assigned the structure of 2-(o-amino-
phenyl-4-quinazolinone) (1V), which has been sug-
gested1218 as the precursor of 11l. Further condensa-
tion of IV with anthranilic acid gave 111, ruling out
the other possible isomer V. The mass spectrum of
IV showed a base peak at M + 1, compatible with a
free amino group.

The first fragmentation step appears to follow that
of the other 4-quinazolinones,3 viz,, loss of atoms 2
and 3 with substituent, except hydrogen transfer has
to be envisaged in this case. The ion peak at m/e
121 and a more intense one at m/e 120 could be as-
signed to species ¢ and d or e, respectively. The ob-
served metastable peaks at m/e 61.75 (ealed for 238+
-v 121+, 61.52; 237+ 121+, 61.79) and m/e 60.75
(ealed for 238+ -* 120+, 60.50; 237+ 120+, 60.77)
favor the transition from M+ rather than M + 1
ion. Species e may either lose a molecule of HCN
to afford ion peak at m/e 93, corroborated by the
metastable peak at m/e 72.0 (ealed for 120+ —» 93+,
72.1), or species d may expel CO to lead to m/e 92.

Compound D, mp 94°, retained a molecule of solvent
of crystallization, but analysis of the base and the

(11) L. J. Bellamy, “The Infrared Spectra of Complex Molecules,”
Wiley, New York, N. Y., 1956, p 226; “Advances in Infrared Group Fre-
quencies,” Methuen, London, 1968, p 49.

(12) K. Butler and M. W. Partridge, 3. Chem. Soc., 2396 (1959).
(13) M. W. Fartridge, H. J. Vipond, and J. A. Waite, ibid., 2549 (1962).
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dihydrochloride were in agreement with the molecular
formula, CidHi2N4 The physical constants are in ac-
cord with 6,12-diaminophenohomazine (V1) prepared
by Cooper and PartridgeDDthough, however, the slight
discrepancy in the uv data reported by them cannot
readily be explained.

m /e 120

The formula CZHZNS was indicated by analysis
of compound E, mp 280-281°. The M+ and M 2+
ion peaks respectively at m/e 455 and 227.5 in the
mass spectrum confirmed the molecular formula. To
gain insight into the mode of combination of 3 mol
of anthranilamide with 1 mol of phenylacetic acid,
2-(o-aminophenyl)-4-quinazolinone (IV) was con-
densed first with 2-benzyl-4-quinazolinone (1) and then
separately with iW-phenylacetylanthranilamide, the
intermediate in the synthesis of I, in presence of phos-
phorus pentoxide. The desired compound was only
obtained in the latter case along with |1 which was
also recovered unchanged from the former reaction.
Among a number of possible structures, VIl and VIII
(or their tautomers) appeared to be the most likely
representation of compound E.

The infrared band at 3030 cm' lindicated the pres-
ence of a bonded NH, and a number of typical bands
between 1681 and 1417 cm-1 supported8 the presence
of an intact 4-quinazolinone rather than a phenyl
acetamide moiety. The structure VIl appears also
to explain the mass spectral fragmentation pattern
better.

The intense M — 1 ion peak and the corresponding
peaks at m/e 91 and at m/e 364 (M — 91) are char-
acteristic of a free benzyl substituent in the molecule
in this series.3 The two equally strong peaks at m/e
336 and m/e 335 must be due to the expulsion of
species f from the 4-quinazolinone moiety of M+ and
M — 1 ions, respectively. The ion peak at m/e
119 and its protonated species at m/e 120 as well as
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the metastable peak at m/e 248.5 (calcd for 455+ -*m
336+, 248.1) corroborate the above transition.

Primary loss of OH from the M — 1 peak (m*
observed 420.5 — 0.5; calcd for 454+ -*e 437+, 420.6)
followed by expulsion of 116 mass units assignable
to radical g appears to be the genesis of the peak
at m/e 321. The more important and intense peak
at m/e 310 may result directly from the M+ as evi-
denced by the presence of metastable peak at m/e
211 (calcd for 455+ -*m 310+, 211.2). Expulsion of
the 4-quinazolinone moiety as such (loss of 145 mass
units) would lead to a highly stabilized ion species h.
Further loss of benzyl group would lead to ion at
m/e 219 and subsequent expulsion of HCN to m/e
192.

When, however, V'-methylanthranilamidc was con-
densed with phenylacetic acid in the presence of phos-
phorus pentoxide under similar condition, arborine (11)
was indeed4 obtained as the major product. The
only recognizable side product was o-(V-methylamino)-
benzonitrile.

The above result was not unexpected in view of
our observedldifference in the rate of dehydrocycliza-
tion between INP-acylated anthranilamides and their
V'-methyl derivatives. The iW-methylation has also
been found to have remarkable influence on the oxida-
tionMand reduction16 Bof 4-quinazolinones.

(14) S. C. Pakrashi and S. C. Chattopadhyay, unpublished results.
(15) S. C. Pakrashi and J. Bhattacharyya, Abstracts, 3rd IUPAC Sym-
posium on the Chemistry of Natural Products, Kyoto, Japan, April 12-18,

1964, p 74.
(16) S. C. Pakrashi, J. Indian Chem. Soc., 44, 887 (1967).
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Experimental SectionT7

Condensation of Anthranilamide with Phenylacetic Acid.—
Anthranilamide (2 g) and phenylacetic acid (2 g) were dissolved
in dry xylene (100 ml) and refluxed with excess phosphorus
pentoxide for 1 hr under anhydrous conditions. After cooling,
the reaction mixture was poured over crushed ice. The xylene
layer was separated, extracted once with 2 N hydrochloric acid
(50 ml), then washed, dried (Na2504), and evaporated to obtain
the neutral fraction A (1.5 g). The pooled aqueous acid part
was basified (Na20C>3) and filtered. The filtrate was thoroughly
extracted with chloroform which yielded fraction B (1.43 g) as a
viscous mass. The residue (0.15 g) was crystallized (five times)
from chloroform-ethanol to afford compound E in granules:
mp 280-281° dec; Rt 0.42 (light brown); uv max (0.1 N HC1-
EtOH) 201, 240, and 310 m/i (log e 4.45, 4.43, and 4.20); ir
(Nujol) 3030, 1681, 1631, 1608, 1570, 1538, 1490 (m), 1417,
1412, 1359, 1311, 1267, 950, 882, 760, 748, 722 cm-1, mass
spectrum (70 eV) m/e (rel intensity) 455 (M+, 100), 454 (59.5),
437 (2.2), 364 (6), 336 (5.5), 335 (6), 322 (6), 321 (9), 310 (21),
309 (6), 308 (6), 234 (5.5), 227.5 (M2+, 7.1), 219 (9), 218 (8.5),
192 (6), 120 (8.5), 119 (12), 102 (8.8), 92 (12), 91 (36). 90 (10.5).

Anal. Calcd for CH2IN®: C, 76.46; H, 4.65; N, 15.38.
Found: C, 75.98; H, 4.64; N, 15.82.

Fraction B was subjected to column (1.5 X 12 cm) chromatog-
raphy over alumina. After separation of phenylacetic acid (0.43
g), mp 77-78°, Ri 0.53 (light pink, iodine chamber), benzene
(1.5 1) eluted fraction C (0.27 g), mp 210-215° (frothing),
containing a mixture of components. Benzene-chloroform (4:1,
450 ml) separated a solid (0.1 g) which crystallized from ethanol
in long white needles of glycosminine, mp 249°. Further in-
crease in the polarity of solvents up to chloroform-methanol
(98:2) eluted fraction D as a brownish yellow, viscous oil (0.5 g)
responding positively to alkaloidal test.

Fraction C was resolved by preparative tic into glycosminine
(0.23 g) and two minor components, one of which could only be
obtained crystalline, mp 240-241°.

Fraction D was converted to the picrate (0.23 g) in benzene
solution, fractionally crystallized from methanol-benzene, and
separately regenerated through ion-exchange resin (IRA-400).
The bases liberated from the first two craps (0.12 g, yellow, mp
200-215°) were identified as unconverted anthranilamide (0.03
g), mp 107-109° (benzene), Ri 0.27 (yellowish brown, iodine
chamber). The regenerated bases from the third crop (0.1 g,
brown, mp 225-230°) and the mother liquor of the above picrates
on chromatography and crystallization from petroleum ether gave
white long rods (0.25 g), mp 50-51°, identified as 0-aminobenzo-
nitrile through their alkaline hydrolysis to anthranilamide: Rt
0.67 (orange); ir (Nujol) 2203 cm*“1

Anal. Calcd for C,HaN2 C, 71.25;
Found: C, 70.67; H, 5.31; N, 23.92.

Fraction A (xylene layer) was chromatographed through an
alumina column (1.2 X 15 cm). After the initial separation of
an oil, petroleum ether eluates (total 550 ml) furnished a crude
material (0.03 g) crystallizing (0.02 g) out of benzene-chloro-
form to give Il in long yellow needles: mp 315-316°; Rt 0.74
(light green); uv (dioxane) max 252, 284, 296, and 310 m/i (log
64.51, 4.26, 4.38, and 4.33); ir (Nujol) 1618, 1592, 1565 (m),
1475, 1333 (m), 1295 (w), 1280 (w), 1136, 768, 762, 755, 695
cm*“1; mass spectrum (70 eV) m/e (rel intensity) 321 (M + 1,
25.5), 320 (M+, 100), 319 (M - 1, 7.7), 293 (1.1), 292 (0.8),
291 (0.5), 230 (0.5), 218 (0.6), 217 (0.65), 204 (1.3), 203 (0.9),
191 (0.5), 186 (0.5), 177 (1.1), 176 (0.6), 165 (0.5), 164 (0.7),
160.5 (M2+ 5), 160 (19.4), 159.5 (1.9), 129 (0.6), 106.6 (M 3+,
0.8), 102 (6.2), 90 (1.3), 76 (5), 74 (4).

Anal. Calcd for C2HIN4: C, 78.82;
Found: C, 78.83; H, 3.75; N, 17.22.

H, 5.13; N, 23.74.

H, 3.78; N, 17.51.

17) All melting points are unoorreeted.
carried out oyer acid-washed alumina (E. Merck), thin layer chromatography
was run with benzene-ethyl acetate (6:4) for identification and ethyl ace-
tate-methylene chloride-formic acid (5:4:1) for preparative purposes using
silica gel G, iodine was used as spot developer, and Dragendorff's reagent was
used as spraying agent. ldentity with known compounds was established
by direct comparison (tic, mixture melting point, and ir) where possible.
The mass spectra were recorded on a CEC 21-110 B mass spectrometer;
samples were introduced through direct inlet system at 150, 140, and 230°,
respectively, for the samples 111, 1V, and VII. The ionizing current used
rvas 50 tA.

Column chromatography was

Pakrashi

Petroleum ether-benzene (3:1, 600 ml) eluted o-aminobenzo-
nitrile, mp 50-51°, and benzene (650 ml) gave phenylacetic acid,
mp 77-78°.

In one experiment, the xylene layer, after being extracted with
acid and left overnight, deposited a substance (0.1 g) which re-
crystallized from benzene-chloroform in colorless needles: mp
187-188°; ir (Nujol) 1690, 1668, 1600, 1580, 1525, 1405 (m),
1261 cm-1 (vs). In an attempted chromatography through
neutral alumina, chloroform-methanol (98:2) eluted a compound
(7 mg), mp 249°, while traces of the mother substance could only
be separated from the benzene-acetic acid (5%) eluate. As such,
it could not be further characterized.

Self-Condensation of Anthranilamide.—Anthranilamide (5 g)
was dissolved in dry xylene (400 ml) and refiuxed for 3 hr with an
excess of phosphorus pentoxide under anhydrous conditions.
Processed as before, the acid and xylene layers, respectively,
furnished 3.67 and 1.15 g of viscous residues.

The basic fraction was chromatographed over alumina (1.5 X
22 cm). Petroleum ether-benzene (3:1, 150 ml) eluted o-amino-
benzonitrile (0.85 g). The fractions eluted with benzene and
chloroform, and their mixtures in various proportions (1.15 1)
gave an oil embedded with solid (2.4 g) which on crystallization
several times from benzene-chloroform afforded light yellow
needles (0.25 g), mp 240-241°, of 2-(c-aminophenyl)-4-quinazo-
linone. Another 0.35 g of the material was obtained from the
filtrate: Ri 0.5 (violetish brown); uv (EtOH) max 208, 242,
and 286 m/i (log e 4.25, 4.25, and 4.02); ir (Nujol) 3425 (sh),
3330, (3171, 3125 sh), 1670, 1613, 1577 (m), 1550, 1504 (w),
1480, 1337 (m), 1266, 950, 772, 764, 740, 692 cm*“1, mass spec-
trum (70 eV) m/e (rel intensity) 238 (M + 1, 100), 237 (M+, 6),
121 (20.5), 120 (64), 119.5 (M2+ + 1, 11), 119 (6.5), 103 (2), 93
(16), 92 (8), 91 (5), 77 (1.5).

Anal. Calcd for CMHUN®: C, 70.90; H, 4.70; N, 17.70.
Found: C, 70.57; H, 4.94; N, 17.50.

It formed an acetate, mp 273-274° (lit.2mp 274-275°), with
acetic anhydride and pyridine.

The acid extract was made ammoniacal, the base taken up in
chloroform, and the residue (1.7 g) chromatographed. Benzene-
chloroform (6:4, 1.5 1.) eluted anthranilamide (1.03 g), mp 109°;
an increase in polarity up to chloroform yielded fraction E as an
oil (0.45 g), while chloroform-methanol (98:2) separated an oil
(0.32 g) containing a number (tic) of unisolated alkaloidal com-
ponents.

Fraction E was converted to the picrate, mp 230° (frothing)
after repeated crystallizations from methanol. The regenerated
base (0.4 g) was chromatographed (silica gel, column, 1 X 8 cm).
Benzene and its mixture with chloroform (3:1) eluted a material
(0.38 g) which on several crystallizations from benzene yielded
Dragendorff-positive light yellow prisms (0.3 g) of 6,12-diamino-
phenohomazine: mp 93-94°; Rt 0.48 (reddish brown); uv
(EtOH) max 237, 250, 262 (sh), and 298 mu [log 4.3, 4.3, 4.21,
and 3.96 (calcd with 1 mol of C8H60f crystallization), 4.17, 4.17,
4.08, and 3.8 (without)]; ir (Nujol) 3413, 3279, 3125, 1634,
1613, 1567, 1538 (m), 1497, 1480, 1359, 1307 (w), 1277 (w),
1244 (m), 1157 (m), 767, 748, 690 cm*“1 (vs).

Anal. Calcd for CuH1N4-CaH6: 0,76.42: H,5.78; N, 17.82.
Found: C, 76.25; H, 5.70; N, 17.83.

It formed a hydrochloride which was crystallized from ethanol
in yellow needles, mp 288° dec.

Anal. Calcd for CMHIN4-2HC1: C, 54.38;
18.13. Found: C, 54.18; H, 4.41; N, 18.40.

The neutral part (xylene layer) on recrystallization from chloro-
form-benzene furnished yellow needles (0.14 g) of tricyclo-
quinazoline, mp 315-316° dec; 15 mg more of the compound
could be recovered from the mother liquor.

Petroleum ether-benzene (3:1, 500 ml) separated o-amino-
benzonitrile (0.33 g).

Condensation of IV-Methylanthranilamide with Phenylacetic
Acid.—N-Methylanthranilamide (2 g) and phenylacetic acid (2
g) in dry xylene (150 ml) were refluxed over phosphorus pentoxide
for 1 hr and worked up as described earlier.

The basic fraction (1.4 g) was chromatographed through a
column (1.5 X 19 cm) of alumina. Benzene (150 ml) separated
phenylacetic acid (0.2 g), mp 77°. With increasing proportions
of chloroform and finally chloroform itself arborine was eluted
(0.9 g), mp 156-157° (benzene).

The neutral part (2.5 g) was subjected to column (1.5 X 25
cm) chromatography. The only definite product (0.9 g) ob-
tained was o-(N-methylamino)benzonitrile eluted by petroleum
ether-benzene (9:1, 1.25 1.). It solidified on standing overnight

H, 4.57, N,
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and crystallized from petroleum ether in colorless flakes: mp
72-73°; Ri 0.68 (light orange); ir (Nujol) 2212 cm*“1

Anal. Calcd for C8HaN2: 0,72.79; H.6.1; N,21.2. Found:
0, 72.55; H, 5.90; N, 21.5.

Condensation of Anthranilamide with Anthranilic Acid.—
Thionyl chloride (3 ml) was added to a pyridine (3 ml) solution
of anthranilamide (1 g) and anthranilic acid (1 g) and kept for
24 hr (i) at room temperature and (ii) at 0° in separate experi-
ments. Crushed ice was then added; the reaction mixture was
left for 2 hr and extracted with chloroform. The aqueous layer
was filtered, an insoluble residue (0.4 g), not yet characterized,
was kept aside, and the filtrate was mixed with the 2 N hydro-
chloric acid extract of the chloroform layer. The latter yielded a
mixture of solid substances (1 g).

The combined acid aqueous solution was basified and extracted
with chloroform, and the crude product (0.26 g) was chromato-
graphed. Benzene-chloroform (9:1) eluted first an unchar-
acterized yellow crystalline compound (0.04 g), mp 208-212°,
giving a positive test for alkaloid, and then 2-(o-aminophenyl)-4-
quinazolinone (0.04 g), mp 240-241°. Further increase in the
chloroform percentage (20%) eluted uncoverted anthranilamide
(0.15 g) along with VI, mp 94°.

The reaction at 0° afforded the insoluble residue (0.8 g), solid
substance (0.6 g) from the original chloroform layer, and a mix-
ture of bases liberated from the acid aqueous part. The base on
chromatography resolved into 1V (0.09 g), mp 241°, anthranila-
mide (0.26 g), an uncharacterized compound (0.07 g), mp 210-
212°, and trace amount of VI.

Tricycloquinazoline (I11) from IV.—A mixture of 2-(o-amino-
phenyl)-4-quinazolinone (0.06 g) and an equal amount of an-
thranilic acid dissolved in xylene (25 ml) was refluxed in the
presence of phosphorus pentoxide for 3 hr. The insoluble residue
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(0.01 g) left after being treated with crushed ice was filtered and
chromatographed over acid-washed alumina. The benzene
eluate (30 ml) afforded tricycloquinazoline, mp 316° (benzene-
chloroform).

Preparation of VII from IV.—2-(o-Aminophenyl)-4-quinazoli-
none (25 mg) and V Z&phenylacetylanthranilamide (50 mg) in
xylene were refluxed in the presence of phosphorus pentoxide for
3 hr. The acid layer, after usual work-up and chromatography
with benzene-chloroform (8:2) as eluents, yielded VII (3 mg),
mp 280-281°, identical in all repects with compound E, besides
1V (8 mg) and | (6 mg).

On the other hand, equal proportions (40 mg) of IV and 2-
benzyl-4-quinazolinone (l) on similar treatment led only to the
recovery of the starting materials and not even a trace of VII
could be detected.

Registry No.—o-Aminobenzonitrile (compound A),
1885-29-6; 111 (compound B), 195-84-6; 1V (compound
C), 27259-73-0; VI (compound D), 27259-74-1; VI
2HC1, 27259-75-2; VIl (compound E), 27259-76-3;
anthranilamide, 88-68-6; o-(Armethylamino)benzo-
nitrile, 17583-40-3.
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The reaction of l-acetyl-3-piperidinoindole (2) with dimethyl acetylenedicarboxylate and methyl propiolate
gave the benzazepine derivatives 3a and 3b, respectively. These products were subjected to a degradation sequence
(3 *m5 — 7 — 8), each step of which was supported by spectral evidence; in the case of 8b, direct correlation
with authentic material was made. An alternative structure (9) for the product of the transformations 7 8

was ruled out by synthesis.

Compound 11 was obtained and shown to be an intermediate for the formation of

3b. Compounds 3a and 3b as well as a number of their degradation products exhibited geometrical isomerism

due to restricted rotation about the A-acetyl function.

spectra have been recorded and discussed.

Even a cursory reading of the literature of indole
compounds reveals that the chemistry of simple 2-
and 3-aminoindole derivatives has received scant at-
tention.1 The lack of activity in this area is undoubtedly
related to the absence of versatile methods for the
preparation of these compoundsZand to their pro-
nounced inherent instability.13 Recent work dealing
with new aspects of aminoindole chemistry45 further

(1) A. Albert, “Heterocyclic Chemistry,” 2nd ed, Oxford University Press,
New York, N. Y., 1968, pp 205-206, and references to reviews therein.

(2) There are recent scattered investigations which may have a bearing on
any new developments in aminoindole syntheses: (a) M. Colonna, P.
Bruni, and G. Guerra, Gazz. Chim. Ital.,, 99, 3 (1969); (b) A. S. Bailey,
M. C. Chum, and J. J. Wedgwood, Tetrahedron Lett.,, 5953 (1968); (c) T.
Hino, M. Nakagawa, and S. Akoboshi, chem. commun., 656 (1967); (d)
F. Yoneda, T. Miyamae, and Y. Nitta, chem. Pharm. Bull., 15, 8 (1967);
(e) D. Raileanu, V. Daniel, E. Mosanu, and C. D. Nenitzeseu, Rev. Roum.
chim., 12, 1367 (1967). For an obvious but apparently unexplored approach,
see E. Coxworth, Alkaloids, 8, 40 (1965).

(3) J. Kebrle and K. Hoffmann, Helv. chim. Acta, 39, 116 (1956).

(4) J. Schmitt, M. Langlois, G. Callet, and C. Perrin, Bull. Soc. Chim. Fr.,
2008 (1969), and previous papers in this series.

(5) M. Colonna and L. Greci, Gazz. Chim. Ital., 99, 1264 (1969), and
references cited therein.

In the case of 3b, temperature-variable 100-Mc nmr

emphasizes the latter point. The above survey gave
impetus to devise new synthetic routes to ammoin-
doles6 and to investigate some of their reactions. In
particular, our intention was to put to experimental
test the hypothesis that the system | may behave

to some extent like an enamine (arrows). This proposal
had potentially important synthetic implications since
enamine behavior of the Arbenamine system would
allow acylation and alkylation reactions to occur at

(6) For an unsuccessful attempt, see V. Snieckus and M.-S. Lin, J. Org.
Chem., 35, 3994 (1970).
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the indole 2 position.7 Our investigations with the
reasonably accessible l-acetyl-3-piperidinoindole (2)2
have failed to uncover this desired enamine behavior
notwithstanding the fact that the presence of the N-
acetyl function may have been predicted to impart
favorable effect on such reactions. 811 On the other
hand, in agreement with a generalized reaction in
enamine chemistry,2 we have found that 2 undergoes
smooth cycloaddition-ring expansion with dimethyl
acetylenedicarboxylate and methyl propiolate to yield
the benzazepine derivatives 3a and 3b, respectively.
Although the reactions of indole with acetylenic esters
have been extensively studied,13 our results constitute
only the second example of this type of ring expansion
reaction in the indole series.}4 When a mixture of 2
and dimethyl acetylenedicarboxylate was refluxed in
dioxane solution for 1 day, a 96% vyield of a 1:1 crys-
talline adduct was obtained. The ir spectrum of the
adduct 3a showed absorptions at 1725 and 1665 cm" 1
while the 60-Me nmr spectrum exhibited the following
peaks: r 2.0-2.38 and 2.40-2.76 (m, 4, aromatic),
2.97 (brs, 1, vinyl H), 6.28 (s, 6, 2C0AXH3J, 6.82 (br
s, 4, a-CHi of piperidine ring), 7.77 (br d, 3, COCH3J3),
8.25 (br s, 6, /3- and 7-CH 2of piperidine ring). It was
suspected that the broad doublet at r 7.77 was caused
by hindered rotation about the acetyl function. This
observation foreshadowed the more well-defined result
of the same phenomenon obtained with compound 3b
(vice infra). The uv spectrum is tabulated in Table I.
The spectral evidence was in agreement with two for-

dioxane

coZh3

3a

(7) There are only two known methods by which such substitution can be
safely introduced: (a) via the 2-lithio derivative, the formation of which
requires prior Na alkylation8which decreases the overall synthetic utility of
the method; and (b) via a 3-substituted indole in which intermolecular
alkylation usually leads mainly to 2-substituted product.9 There are many
examples of intramolecular 2 substitution which lead to 2,3-bridged systems.10

(8) J. Kebrle, A. Rossi, and K. Hoffmann, Helv. chim. Acta, 42, 907
(1959); F. E. Ziegler and E. B. Spitzner, 3. Amer. Chem. Soc., 92, 3492
(1970).

(9) See G. Casnati, M. Francioni, A. Guareschi, and A. Pochini, Tetra-
hedron Lett., 2485 (1969); M. Wakselman, G. Decodts, and M. Vilkas,
C. R. Acad. Sci., Ser. C., 266, 1089 (1969).

(10) See, for example, F. E. Ziegler, J. A. Kloek, and P. A. Zoretic,
J. Amer. Chem. Soc., 91, 2342 (1969).

(11) Recent work shows that 2-carbethoxy-3-hydroxyindole undergoes
facile alkylation at the 2 position: H. Plieninger and H. Herzog, Monatsh.
Chem., 98, 807 (1967). In this case, the ester function obviously enhances
the observed reactivity.

(12) For reviews, see (a) A. G. Cook, “Enamines,” A. G. Cook, Ed.,
Marcel Dekker, New York, N. Y., 1969, pp 230-232; (b) R. Fuks and H. G.
Viehe, “Chemistry of Acetylenes,” H. G. Viehe, Ed., Marcel Dekker, New
York, N. Y., 1969, pp 435-439.

(13) R. M. Acheson, Advan. Heterocycl. Chem., 1, 138 (1963).

(14) H. Plieninger and D. Wild, chem. Ber., 99, 3070 (1966).

Lin and Snieckus

mulations 3a and 4 as reasonable structures for the
adduct.

In order to distinguish between structures 3a and 4,
the chemical degradation outlined in Scheme | (series a)
was undertaken. When the adduct from the reaction

of 2 with dimethyl acetylenedicarboxylate was care-
fully hydrogenated over palladium on carbon, a dihydro
derivative was obtained whose spectral properties
[ir absorption at 1725 (saturated ester C=0), 1700
(unsaturated ester C=0), and 1665 (amide C=0)
cm-1; uv, see Table I; nmr absorption at r 2.51-3.08
(m, 4, aromatic), 4.94-5.38 (m, 1), 6.02 (m, 1), 6.32
(s, 3, unsaturated COZHJ3, 6.40 (m, 1), 6.82 (s, 3,
saturated CO0ZH3, 7.03 (m, 4, a-Cll2 of piperidine
ring), 8.19 (s, 3, COCH?J), 8.32 (brs, 6, /3- and y-CH 2of
piperidine ring) ] were clearly consistent with structure
5a and eliminated the alternate dihydro compound
(4, reduced side-chain double bond). The nmr spectral
evidence also ruled out any of the other possible dihydro
tautomers corresponding to 5a. Parenthetically, the
readily accessible enol 6a did not prove useful in at-
tempts to develop an alternate degradation plan for
compound 3a.

Further evidence for structure 5a was obtained by
hydrolysis to 7a which was then converted to 8a ac-
cording to Scheme |I. At this point, however, literature

Scheme |
a, R = CO2CH3
b,R=H

° Only in the case of 7a.

precedent® led us to seriously consider the alternate
structure 9 for the product of the above three-step
sequence (7a—) 8a). Clearly, ir and uv data could not

(15) J. A. Moore and E. Mitchell, Heterocycl. Compounds, 9, 271, 284,
(1967). Seealso E. D. Hannah, W. C. Pearson, and G. R. Proctor, J. Chem.
Soc. C, 1280 (1968), and A. H. Rees and K. Simon, can. J. Chem., 47, 1227
(1969).
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distinguish between 8a and 9 and the complicated nmr
spectrum of the product added a final element of un-
certainty. Independent synthesis of 9 from the known
l-acetyl-1,2,3,4-tetrahydro-4-quinolone (10)16 ruled out
the potential rearrangement and supported the struc-
tural assignment 8a.

7a

A~ HO+

1 pyrrolidine, CaHf

2 BrCHZ02CH3 CeHG
3 HD

Our original plan was to convert 8a into the known
l-acetyl~Iff-2,3,4,5-tetrahydrobenzazepin-5-one (8b).I7
However, several attempts to achieve this goal proved
unsuccessful and we turned to the reaction between 2
and methyl propiolate in the expectation2 that the
adduct 3b would be formed, thus allowing for an unam-
biguous proof of ring structure by a similar degradative
sequence to that carried out for adduct 3a.

Indeed the reaction between 2 and methyl propiolate
in refluxing dioxane gave l-acetyl-4-carbomethoxy-5-
piperidino-I(IH)-benzazepine (3b) in 68% yield. The
structure was fully supported by spectral and chemical
data. The ir spectrum again showed unsaturated ester
(1700 cm-1) and iV-acetyl (1665 cm-1) carbonyl ab-
sorptions while the uv spectrum was similar to that of
compound 3a. The 60-Mc nmr spectrum showed, in
addition to absorptions due to the protons of the piperi-
dine ring (7.07, br s, 4, a protons and 8.39, brs, 6, 6
and 7 protons), peaks at r 8.01 and 7.85 (2, 3, COCH?J),
6.26 (s, 3), 3.82 (m, 2) and 2.07-3.11 (m, 4). The
multiplet at r 3.82 assignable to the vinyl protons H2
and Hein 3b was in good agreement with observed vinyl
proton chemical shifts in a similar 4,5-disubstituted
benzazepine system.18 Moreover, on the basis of the
nmr data, the alternate 3-carbomethoxybenzazepine
structure arising from the less likely opposite mode of
cycloaddition12a could be dismissed from further con-
sideration.

Monitoring the formation of compound 3b by thin
layer chromatography led to the isolation of an inter-
mediate in the reaction which was assigned structure 11
on the basis of the following spectral and chemical
data. The uv spectrum showed lack of extensive
conjugation and similarity to that of acetanilide (see
Table 1) while the salient features of the nmr spectrum

(16) R. F. Collins, 3. chem. soc., 2063 (1960).
(17) W. H. Bell, E. D. Hannah, and G. R. Proctor, ibid., 4926 (1964).
(18) A, Cromarty and G. R. Proctor, Chem. Commun., 842 (1968).
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Table |

Ultraviolet Spectra op Benzazepine D érivatives
AND R e LATED M oDEL SYSTEMS

Compd X™, , mM(«)“
2b 222 (22,000), 248 (sh, 9900),
307 (8730)
3a 234 (18,000), 350 (8400)

225 (36,300), 267 (12,000),
356 (18,600)

236 (19,200), 295 (9500)
255 (12,000), 351 (8200)

PhNHCOCHSs'1 242 (12,000)

7a 232.5 (15,600), 257 (7500), 306
(3600)
8a 227 (11,600), 250 (sh, 6750),
298 (1600)
237 (23,400), 261 (10,800), 322
(3000)
10 237 (22,600), 261 (10,600) 321
(3150)
3b 234 (19,600), 267 (6900), 350
(6900)
1 248.5 (12,700), 255 (11,700),
280 (3700)
6b 233 (19,300), 255 (sh, 10,200),
321 (6500)
5b 254 (15,000), 348 (9400)
7b 220 (sh, 18,800), 290 (15,700)
8b 226 (13,300), 250 (sh, 6750),
295 (1600)
“sh = shoulder. bReference 2e; determined in ethanol.

cReference 14. dA. I. Scott, “Interpretation of the Ultra-violet
Spectra of Natural Products,” Pergamon Press Ltd., Oxford,
1964, p 130.

were two slightly broadened one-proton singlets at r
5.00 and 3.52 which may be assigned to the H?2a and
H 2 protons, respectively, in 11.19 Chemical confirma-
tion of this structure was obtained by its conversion
into the benzazepine derivative 3b using longer reaction
times.

Final structure proof of the ring expansion product
3b and, by implication, that of the analogous compound
3a, was obtained by the degradation sequence outlined
in Scheme | (series b). Mild acid hydrolysis of the
adduct 3b gave compound 6b which was not amenable
to further degradation due to the same reason as already
mentioned for compound 6a. Like 3a, however, adduct
3b was transformed to the analogous saturated keto
ester 7b by successive hydrogenation and hydrolysis
reactions. The latter compound was easily converted
to the known l-acctyl-I(1//)-2,3,4,5-tetrahydrobenz-

(29) For assignments in analogous adducts, see (a) D. C. Neckers, J. H.
Dopper, and H. Wynberg, Tetrahedron Lett., 2913 (1969); (b) K. C. Bran-
nock, R. D. Burpitt, V. W. Goodett, and J. G. Thweatt, J. Org. Chem., 29,
818 (1964).
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Figure 1.—Variable-temperature 100-Mc nmr spectrum of
I-acetyl-4-carbomethoxy-5-piperidino-I(lii)-benzazepine  (3b).
Determined at 250-Hz sweep width except for « 6.0-9.0 portion
at 31° which was run at 500 Hz.

azepin-5-one (8b).I7 An authentic sample of 8b was
prepared from the corresponding 1-tosyl derivative 12
according to the published procedurel7 and identity of
the two substances was established.D

The mechanism of cycloaddition and ring opening of
the resulting adducts has been previously dis-
cussed.19521

Temperature-Variable Nmr Spectra of 3b.—The
well-known phenomenon2 of restricted rotation about
formal single bonds in amides has received substantial
attention recently in connection with studies of
heterocyclic systems.Z3 Among the large number of
benzazepine systems at various levels of oxidation in
the heterocyclic ring which have been studied,1517 8
only Plieninger has briefly referred to observing such
an effect.l4 The temperature-variable nmr spectrum
of 3b (Figure 1) at 31° shows approximately equal
intensity spikes at t 7.85 and 8.01 separated by
8 Hz which may be assigned to the W-acetyl methyl
function in the exo and endo isomers, respectively, on
the basis of the expected deshielding effect by the aro-

(20) We are indebted to Professor Proctor for a sample of 12 and for
helpful correspondence.

(21) G. A. Berchtold and G. F. Uhlig, 3. org. chem., 28, 1459 (1963);
L. A. Paquette and R. W. Begland, 3. Amer. Chem. Soc., 88, 4685 (1966);
A. Risaliti, E. Valentin, and M. Forchiassin, chem. Commun., 233 (1969);
T. W. Doyle, can. 3. chem., 48, 1629, 1633 (1970).

(22) G. Binsch, Topics Stereochem., 3, 97 (1968).

(23) Systems investigated include (a) pyrroles: T. Matsuo and H.
Shosenji, chem. commun., 501 (1969); (b) indolines: H. Wyler and J.
Chiovini, Helv. chim. Acta, 61, 1476 (1968); (c) isoindolines: K. Fang and
J. T. Gerig, 3. Amer. Chem. Soc., 91, 3045 (1969); (d) 1,2,3,4-tetrahydroiso-
quinolines: D. R. Dalton, K. C. Ramey, H. J. Gisler, Jr., L. J. Lendvay,
and A. Abraham, ibid., 91, 6367 (1969); (e) 1,2,3,4-tetrahydroquinolines:
A. M. Monro and M. J. Sewell, Tetrahedron Lett., 595 (1969).

Lin and Snieckus

matic ring on the methyl group of the exo isomer. Anal-
ogous effect has been observed in the JV-acetyl-1,2,3,4-
tetrahydroquinoline and W-acetylindoline series.23be
The multiplet centered at r 2.14 (1 H) is attributed to
overlapping signals of C9H for both exo and endo iso-
mers. 24 At 108° this multiplet collapses to four lines
as a result of rapid interconversion of the two conform-
ed. This pattern now appears to be a deceptively
simple X portion of an AB X system which cannot be
further analyzed owing to the inability to extract the
AB part from the other complex aromatic multiplet.5
The vinyl proton region displays two overlapping AB
quartets at r 3.59 and 3.79 (J = 7 Hz) and at 3.69 and
3.84 (J = 7 Hz), the former pair corresponding to H2
and H3of "he exo isomer and the latter to H2and H3
of the endo isomer.

At 60° the V-acetyl signals coalesce (AG4l « 14
kcal) indicating an averaging of signals from the sep-
arate conformers. As the temperature is raised further,
this peak begins to sharpen (75°) and becomes a singlet
at 108°. Likewise, the two overlapping AB quartets
due to H2and H3collapse to a broad peak at 60°, and
then this in turn resolves into a quartet (/ = 7 Hz) at
108°. The averaging effect is probably due to a com-
bination of two rapid processes: (a) that of exo-endo
rotational interconversion and (b) that due to confor-
mational inversion of the seven-membered ring.5
Finally, it is noted that at 31° the methyl ester reso-
nance at r 6.26 appears as two lines separated by 1.5
Hz and that these signals collapse to a single peak at
60°. We attribute this observation to the presence of
two conformational isomers which result from restricted
rotation about the carbomethoxy group.

Experimental Section

Microanalyses were performed by A. B. Gygli Toronto, and
Microtech Laboratories, Skokie, 111 Melting points were mea-
sured on a Fisher-Johns apparatus and are uncorrected. Infrared
spectra were determined with Beckman IR-5A and -10 instru-
ments in chloroform solution unless otherwise indicated; in
recording the spectra, abbreviations used are w = weak and
sh = shoulder. Ultraviolet spectra were recorded on a Hitachi
EPS-3T spectrophotometer in methanol solution. Nuclear
magnetic resonance spectra were obtained with JEOL C-60,
Varian T-60, A-60, and HA-100 spectrometers in deuteriochloro-
form solution using tetramethvlsilane as internal standard and
are tabulated in the order: chemical shift (t value), multiplicity
(s = singlet, d = doublet, g = quartet, m = multiplet, br =
broad), number, coupling constant in hertz, and assignment of
protons. Column, thin layer, and thick layer chromatography
was carried out with silica gel obtained from Brinkmann (Canada)
Ltd. Solvents were reagent grade and distilled before use.

The Preparation of I-Acetyl-3,4-dicarbomethoxy-5-piperidino-
1(177)-benzazepine (3a).—A mixture of 1.21 g (5 mmol) of 1-
acetyl-3-piperidinoindole (2) and 1.14 g (8 mmol) of dimethyl
acetylenedicarboxylate in 10 ml of dioxane was refluxed for 24
hr. Evaporation of solvent and trituration of the residue with
ether gave 1.86 g (96%) of yellow crystals, mp 171-172°. Three
recrystallizations from methanol-ether gave an analytical sample,
mp 171-174°; see text for spectral data.

Anal. Calcd for CZHZ2ND 5. C, 65.60; H, 6.25; N, 7.29.
Found: C, 65.64; H, 6.32; N, 7.40.

(24) This may be contrasted to the situation in the tetrahydroquinoline
and indoline series in which only the similarly disposed peri proton in the
endo isomers is shifted substantially downfield from the rest of the aromatic
resonances.”*"*

(25) F, A. Bcvey, “Nuclear Magnetic Resonance Spectroscopy,” Aca-
demic Press, New York, N. Y., 1969, p 105 ff.

(26) For an analysis of this effect in dibenzoazepine derivatives, see M.
Nogradi, W. D. Ollis, and I. O. Sutherland, chem, Commun., 158 (1970).



1-Acetyl-3-piperidinoindole

I-Acetyl-3,4-dicarbomethoxy-5-hydroxy-1(1// )-benzazepine
(s @).—A mixture of 100 mg (0.26 mmol) of 3a in 5 ml of methanol
containing 2 drops of concentrated hydrochloric acid was heated
to boiling and then treated with 1 ml of water. After a reflux
period of 10 min, the solution was concentrated to a small volume
and the resulting crystalline material was collected and dried
yielding 74 mg (88%) of colorless crystals, mp 160-162°. Three
recrystallizations from methanol furnished the analytical sample:
mp 163-165°; ir 3400-3100 (OH), 1720 (ester C=0), 1655
(enolic C=C and amide C=0) cm-1; nmr r —2.35 (s, 1, OH,
exchanged with D), 2.07-2.30 and 2.46-3.09 (m, 4, aromatic),
6.27 (s, 3, CO2XH3J), 6.33 (s, 3, COXCH3), 7.9 (br s, 3, COCHJ).

Anal. Calcd for CIHIINO06: C, 60.57; H, 4.77; N, 4.41.

Found: C, 60.42; H, 4.65; N, 4.56.

I-Acetyl-3,4-dicarbomethoxy-5-piperidino-1(1H )-2,3-dihydro-
benzazepine (5a).—A solution of 1.54 g (4 mmol) of 3a in 25 ml
of alcohol was hydrogenated over 0.5 g of 10% palladium on
charcoal and the reaction was stopped after 1 equiv of hydrogen
(100 ml) was consumed. Normal isolation procedure and tritura-
tion with ether gave 1.06 g of crystals, mp 145°. Consecutive
recrystallizations from ether and acetone-ether gave an analytical
sample, mp 150-152°; see text for spectral data.

Anal. Calcd for CZHBEND 5 C, 65.27; H, 6.78; N, 7.25.
Found: C, 65.50; H, 7.04; N, 7.25.

I-Acetyl-3,4-dicarbomethoxy- 1 (1//) -2 ,3,4,5-tetrahydrobenza-
zepin-5-one (7a).—The procedure described for the preparation
of s a was followed except that the reflux time was extended to
1 hr. The mixture was concentrated, diluted with water, and
extracted with chloroform. From 664 mg (1.71 mmol) of 5a
there was obtained 540 mg (98%) of crude 7a. Four recrystal-
lizations from acetone-ether gave an analytical sample: mp 116—
119°; ir 3400-3050 (OH), 1740 (ester C=0), 1670 (br, enolic
C=C, ketone and amide 0 =0) cm-1; nmr ¢« 2.02 and 2.35-2.87
(m, 4, aromatic), 5.68 and 6.12-6.77 (m, 4, aliphatic), 6.25 (d,
6, 2CO02CH3J), 7.87 (s, 3, COCHs). The spectrum was strongly
concentration and solvent dependent.

Anal. Calcd for CEHINO06: C, 60.18; H, 5.37; N, 4.39.
Found: C, 60.40; H, 5.40; N, 4.32.

I-Acetyl-3-carbomethoxy-I(1//)-2,3,4,5-tetrahydrobenzazepin-
5-one (s a).—A suspension of 540 mg (1.7 mmol) of 7a in 5 ml
of 4 N hydrochloric acid was refluxed for 2 hr. The mixture was
evaporated to dryness in vacuo and the residue was dissolved in
10 ml of absolute methanol. This solution was saturated with
gaseous hydrochloric acid and refluxed for 14 hr. The reaction
mixture was evaporated to dryness and the residue was treated
with aqueous sodium bicarbonate solution. Extraction of the
basic solution with methylene chloride followed by evaporation
to dryness of the organic extract yielded 380 mg of solid which,
upon acetylation with acetic anhydride and pyridine gave 430
mg (94%) of sa. Three recrystallizations from methanol-ether
gave an analytical sample: mp 96-97°; ir 1735 (ester C=0),
1685 (C=0), 1665 (amide C=0) cm-1; nmr £2.06 and 2.28-2.79
(m, 4, aromatic), 5.74 (br s, 1, CH), 6.40-6.79 (m, 4, C2 and
C, H), 6.33 (s, 3, CO2XH3J), 8.0 (s, 3, COCH3).

Anal. Calcd for CMHIENO4: C, 64.36; H, 5.79; N, 5.36.
Found: C, 64.40; H, 5.76; N, 5.36.

The Preparation of I-Acetyl-3-carbomethoxymethyl-I1,2,3,4-
tetrahydro-4-quinolone (9).— In an adaption of the conventional
Stork procedure,Z a solution of 386 mg (2 mmol) of :-acetyl-
1,2,3,4-tetrahydro-4-quinolone (10), 2 ml of pyrrolidine, and a
trace of p-toluenesulfonic acid in 50 ml of dry benzene was re-
fluxed under a Dean-Stark trap for 18 hr. An additional 2 ml
of pyrrolidine was added and reflux was continued for 72 hr.
The pale yellow solution was evaporated to dryness in vacuo,
treated with 25 ml of benzene, and again evaporated to dryness.
This process was repeated. The residue was dissolved in 25 ml
of benzene; the resulting solution was flushed with dry nitrogen
and then treated with 1.22 g (8 mmol) of methyl bromoacetate.
The mixture was refluxed for 21.5 hr and treated with 15 ml of
water. Following a further reflux period of 1.5 hr, the solution
was cooled, diluted with 5 ml of water, and extracted with ether.
The ether extracts were dried (Naz04), filtered, and taken to
dryness in vacuo. The resulting mobile oil was chromatographed
(25 g). Elution with ether-benzene (1:3) gave 422 mg of an oil
from which 247 mg of starting material could be recovered by
crystallization from ether. The filtrate was subjected to prepara-
tive tic (ether) to yield 50 mg (25% based on recovered starting

(27) L. H. Hellberg, R. J. Milligan, and R. N. Wilke, J. chem. Soc. C,
35 (1970).
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material) of a pale yellow oil which crystallized on standing.
Recrystallization from petroleum ether (bp 30-60°)-ether
yielded an analytical sample: mp 100-101.5°; ir (CCh) 1735
(ester C=0), 1680 (amide and ketone C=0) cm-1; nmr ¢ 2.15
and 2.47-3.30 (m, 4, aromatic), 5.60 (m, 1, H3, 6.38 (s, 3,
COZXH3), 6.20-6.49 and 7.08-7.64 (m, 4, CH2N - and CHX 02
CH3J), 7.78 (s, 3, COCH3J).

Anal. Calcd for CiAHiNO4 C, 64.36; H, 5.79;
Found: C, 64.20; H, 5.92; N, 5.16.

I-Acetyl-4-carbomethoxy-5-piperidmo-I(l//)-benzazepine (3b).
—A mixture of 2.8 g (11.5 mmol) of 2 and 1.7 g (20 mmol) of
methyl propiolateBin 25 ml of dioxane was refluxed for 11 days.
Evaporation of solvent in vacuo and trituration of the residue with
ether gave 2.5 g (68%) of yellow crystals, mp 149-151°. Three
recrystallizations from acetone-ether gave an analytical sample,
mp 150-151°; see text for spectral data.

Anal. Calcd for CigHZND 3. C, 69.92; H, 6.79; N, 8.58.
Found: C, 70.16; H, 7.03; N, 8.48.

3-Acetyl-2a,7b-dihydro-7b-piperidino-3Z/-cyclobut [s Jindole-1-
carboxylic Acid Methyl Ester (11).—When a mixture of 484 mg
(2 mmol) of 2 and 336 mg (4 mmol) of methyl propiolate in 10 mi
of dioxane was refluxed for 2 days and the crude reaction product
treated as above, there was obtained 168 mg (26%) of 11, mp
172-174°. Two recrystallizations from acetone-ether furnished
an analytical sample: mp 172-174°; ir 1725 (C=0), 1665 (amide
C=0) cm-1; nmr t 1.82 and 2.34-3.21 (m, 4, aromatic), 3.52
(s, 1, H2), 5.00 (s, 1, H2a), 6.28 (s, 3, COXHD3), 7.57 (br s, 4,
a-piperidine protons), 7.67 (s, 3, COCH3J), 8.44 (br s, 6, 0- and
7-piperidine protons).

Anal. Calcd for CIHZ2ND 3 C, 69.92; H, 6.79; N, 8.58.
Found: C, 69.82; H, 6.89; N, 8.51.

When 11 was refluxed in dioxane solution for 44 hr, it re-
arranged completely to 3b as shown by tic, ir, and uv comparison
with an authentic sample.

1 -Acetyl-4-carbomethoxy-5-hydroxy-1(1 H )-benzazepine (s b).—
The procedure was essentially that used for the preparation of s a
except that the reflux time was extended to 2 hr. From 417 mg of
3b there was obtained 145 mg (43%) of yellow crystals of s b, mp
133-135°.  Two recrystallizations from methanol-ether and
then one from ether gave an analytical sample: mp 137-139°;
ir 3200 (br, OH), 1735 (w sh, >CHCO2H3J3), 1655 (br, C=C,
C=CCOZXH3 and amide C=0) cm"L nmrr -3.36 (s, 1, OH,
exchanged with D), 2.02 and 2.38-3.14 (m, 4, aromatic), 3.67
(m, 2, H2 HJ3), 6.10 (s, 3, COXHJ), 7.78 and 8.00 (2s, 3, COCH3
conformational isomers in ratio 1:2).

Anal. Calcd fcr CMHINO4 C, 64.86; H, 5.05;
Found: C, 65.04; H, 5.13; N, 5.45.

I-Acetyl-4-carbomethoxy-5-piperidino-1.1//)-2,3-dihydrobenz-
azepine (5b).—Following the procedure described for the prep-
aration of 5a, 1.06 g of 3b was hydrogenated to yield 1.0 g (95%)
of yellow crystals of 5b. Three recrystallizations from methanol-
ether gave an analytical sample: mp 165-166°; ir 1680 (C=0),
1655 (amide C=0) cm“L nmr r 1.85-2.61 (m, 4, aromatic),
4.78-5.42 (m, 1, C2or C3H), 6.1 (s, 3, COXH3), 6.36-7.34 (m,
7, remaining C2and C3H and a-piperidine protons), 8.15 (s, 3,
COCH3J3), 8.29 (br s, 6, 0- and 7-piperidine protons).

Anal. Calcd for CIHZND 3 C, 69.49; H, 7.37; N, 8.53.
Found: C, 69.33; H, 7.27; N, 8.56.

I-Acetyl-4-carbomethoxy-1(1//)-2,3,4,5-tetrahydrobenzazepin-
5-one (7b).—Compound 7b was obtained from 5b (1.57 g, 98%
yield) according to the procedure used for the preparation of 7a.
Three recrystallizations from acetone-ether gave an analytical
sample: mp 93-97°; ir 3200 (br, OH), 1745 (>CHCOZ2XZH?3),
1650 (br, C=C, C=CCOZXH3 and ketone C=0) cm-1; nmr
r —2.53 (s, 0.67, OH, exchanged with D), 1.94-2.92 (m, 4,
aromatic), 4.91-5,48 (m, 0.33, C4H of keto form), 5.7 (d, 0.67,
J = 4, C20r C3H of enol form), 6.16 and 6.23 (2 s, 3, COXH3
of enol and keto forms, respectively), 6.32-6.77 and 6.93-7.82
(m, 3, remaining C2and C3H), 8.00 and 8.21 (2s, 3, COCH3
conformational isomers in ratio 1:2).

Anal. Calcd for CMHI6N 04 C, 64.36; H, 5.79; N, 5.36.
Found: C, 64.31; H, 5.88; N, 5.54.

1-Acetyl-1(\H )-2,3,4,s -tetrahydrobenzazepin-s -one (s b) —A
suspension of 480 mg (1.8 mmol) of 7ain 4 ml of 4 N hydrochloric
acid was heated until carbon dioxide evolution ceased (45 min).
Water was added and the solution was extracted with methylene
chloride. Evaporation to dryness of the organic extract yielded

N, 5.36.

N, 5.40.

(28) H. O. House, W. L. Roelofs, and B. M. Trost, J. Org. Chem., 31, 646
(1966).
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350 mg (94%) of crude product. Trituration with ether gave
crystals of 8o which were recrystallized consecutively from ace-
tone-ether, methanol-ether, and petroleum ether (bp 60-80°)-
acetone to yield colorless crystals: mp 115-117° (Ut.T7 122°);
ir 1680 (w, C=0), 1655 (amide C=0) cm-1; nmr t 1.97-3.0
(m, 4, aromatic), 5.97, 7.33, and 7.7-8.42 (m, 6, aliphatic), 8.08
(s, 3, COCH3). This sample was characterized by identical ir,
uv, and nmr spectra, melting point, and mixture melting point
with those of authentic material prepared from the corresponding
1-p-toluenesulfonyl derivative 12 according to the method of
Proctor.I7
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A spiroindenopiperidine 2a is obtained by pyrolysis of the 1,1-dialkylated 3-phenylindene 1.
treatment of the 1,3-substituted isomer 4 yields a fused indenopyrrole 5.
On refluxing 10 with alcoholic potassium hydroxide, competing

ethyl chloroformate causes ring opening to 10.

intramolecular cyclization to 5 and bimolecular displacement of halogen by ethoxide ion to 12 occurs.

nisms of these transformations are discussed.

Our interest in alkylamino-3-phenylindene deriva-
tives as CNS agentslled us to investigate the synthesis
of some phenylindeno- and phenylindano heterocycles.
Publications by Dykstra, et al.,1 and by Ganellin,
Loynes, and Ansell,2 established the structure of the
products of alkylation of 3-phenylindene with sodium
amide and 2-dimethylaminoethyl chloride. They iden-
tified three monoalkylated materials as well as the 1,1-
and 1,3-dialkylated materials. The present paper dis-
cusses some interesting transformations of these dialkyl-
ated compounds 1 and 4.

The dialkylated indenes were obtained by a modifica-
tion of the previously used method.2 On pyrolysis of
the diamine 1 monohydrochloride, according to the

Ph Ph
2a, R= Me 3a, R= Me
b, R= COZEt b, R=H
¢,R=H

(1) S. J. Dykstra, J. M. Berdahl, K. N. Campbell, C. M. Combs, and
D. G. Lankin, 3. Med. Chem., 10, 418 (1967).

(2) G. Ganellin, J. Loynes, and M. Ansell, chem. Ind. {London), 1256
(1965).

However, similar
Attempted N-demethylatior of 5 with

Mecha-

method of Blicke, et al.,1compound 2a was isolated in
high yield along with trimethylamine.

Treatment of the indene derivative 2a with ethyl
chloroformate4yielded the carbamate 2b, which hydro-
lyzed to the secondary amine 2c with ethanolic potas-
sium hydroxide. The spiroindenes 2a and 2c were con-
verted to the corresponding indans by hydrogenation
over a palladium-on-carbon catalyst.

Pyrolysis of the 1,3-substituted compound 4, how-
ever, did not give the bridged indene 7 but yielded a
mixture of products from which 5 (42%) and 6 (9.5%)
were separated by column chromatography.

Ph  (CH22NMe2 Ph
4 7

(3) F. F. Blicke, J. A. Faust, J. Krapeho, and E. Tsao, J. Amer. Chem.
Soc., 74, 1844 (1952).

(4) J. D. Hobson and J. G. McCluskey, 3. chem. Soc. C, 2015 (1967),
and references therein.
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The structure of 5 was established by analysis, and
nmr and mass spectra. The nmr spectrum showed 5
to be a 70:30 mixture of isomers (Table 1) from which
a pure sample of the major isomer was separated by re-
peated crystallizations of its picrate salt.

Table |
Nmr Spectrum op 5 in CCl14

Multiplicity
. and
frmmmnnen Position, Q ppm-—-- —V coupling
Major Minor Type or No. of constant
isomer isomer proton protons (3 in Hz)
7.0-7.9 7.0-7.9 Aromatic 9 m
6.15 5.65 =CH 1 q.,“7Hz
3.73 3.17 >CH 1 s°
2.45-2.95 2.45-2.95 -CHZXH2 4 m
2.37 2.30 >nch3 3 S
1.90 2.07 = cch3 3 d, 7Hz

aFine splitting (/ ~ 1 Hz) was also observed.

Four enantiomeric pairs of isomers of 5 are possible
owing to geometrical isomerism at the olefinic bond and
the possibility of cis or trans fusion of the five-membered
rings. Rigorous stereochemical assignments could not
be made on the basis of the nmr spectrum. However,
since the compounds with cis ring fusion are probably
much more stable6 than the trans-fused isomers, the
products 5 are likely to be cis fused as in structures 5a
and 5b.

The conversion of a 95:5 mixture of the isomers of 5
to a 65:35 mixture by ultraviolet irradiation provides
additional evidence for isomerization at the olefinic
bond rather than at the ring junction.

On the basis of the chemical shifts of the olefinic hy-
drogen atoms, structure 5a is favored for the major
isomer and 5b for the minor isomer. The chemical
shifts in 5a and 5b were calculatedb to be 8 5.86 and
5.57, respectively, which agree well with the values 8
6.15 and 5.65 found for the major and minor isomers
(Table 1).

The structure of 5 was further confirmed by hydro-
genation of its hydrochloride salt over a palladium-on-
carbon catalyst to yield 8 HC1. The two doublets due
to the A-methyl group in the nmr spectrum of 8 HC1
showed it to be a 50:50 mixture of two isomers. The
same isomer distribution was obtained on hydrogena-
tion of either the pure major isomer of 5 or a mixture of
the isomers, in agreement with the expected products
from hydrogenation of 5a and 5b.

Reaction of 5 with ethyl chloroformate failed to give
the expected product 9. Instead, a product was ob-
tained in quantitative yield which was identified as 10
by its analysis, and nmr and infrared spectra. Struc-
ture 10, rather than 11, was assigned to the product be-

(5) H. Booth, F. E. King, K. G. Mason, J. Parrick, and R. L. St. D.
Whitehead, 3. chem. Soc., 1050 (1959).
(6) C. Paseual, J. Meier, and W. Simon, Helv. Chim. Acta, 49, 164 (1966).
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cause the nmr signals for the vinylic and tertiary hydro-
gen atoms appear as a sharp singlet at 86.55 and a quar-
tet at 85.15, respectively. Structure 11 would require
the quartet, in this case for the vinyl hydrogen atom, to
be downfield from the singlet due to the tertiary hydro-
gen atom.

10,R=COZEt; X = Cl
12,R= H; X = OEt

N R=COXELX=Cl
13,R=H;X = OEt

On refluxing the ethoxycarbonyl compound 10 with
ethanolic potassium hydroxide, two products were
formed, one of which was identical with 5 (65:35 mix-
ture of isomers) and the other was identified as the ether
12 by its analysis, and nmr and infrared spectra.
Structure 13 was ruled out, since the nmr signals due to
the vinylic and tertiary hydrogen atoms appeared as a
singlet at 86.36 and a quartet at 84.58, respectively.

N-Demethylation of compound 8 with ethyl chloro-
formate occurred normally to yield the ethoxycarbonyl
compound 14, which hydrolyzed with ethanolic potas-
sium hydroxide to the secondary amine 15.

14,R= COZEt
15, R=H

Discussion and Mechanisms

Formation of Compounds 2a and 5.—The formation of
the spiro compound 2a from 1 presumably occurs by
an initial intramolecular disproportionation involving
migration of a methyl group, followed by nucleophilic
displacement of trimethylamine.

MeNx NHMe2 Meqny "NHMe
r\ A Y "MeN
u LJ
ph Ph
1

A similar mechanism was proposed by Snyder, etal.,7
to account for the formation of dibenzylmethylamine
and trimethylamine by heating benzyldimethylamine
with an acid catalyst or with a catalytic amount of its
methiodide salt.

The formation of 5 rather than 7 from 4 may be ac-
counted for by a similar process. In this case, cycliza-
tion gives the strained eight-membered ring system 7,
formed via 16 by nucleophilic displacement of trimethyl-
amine by the secondary amine function. Due to the
close proximity of the A-methyl group and the olefinic
bond in the eight-membered ring, this species may then

(7) H. R. Snyder, R. E. Carnahan, and E. R. Lovejoy, J. Amer. Chem.
Soc., 76, 1301 (1954).
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undergo transannular rearrangement to yield the ob-
served product 5. Similar transformations are known
to occur during alkaloid degradations.8

|-MeaN

7

Reaction of 5 with Ethyl Chloroformate.— Chloro-
formates4are well known for their ability to cleave terti-
ary aliphatic and alicyclic amines to the corresponding
dialkyl carbamates via the intermediate 17. The alkyl
group that forms the most stable carbonium ion is
cleaved.9

r r
CICOR' 1 —RC1
= Fc \ JE— > _LRN—COR' Cl- - >RNCOR'

17

In the reaction of 5 with ethyl chloroformate, the
chloride ion attacks the allylic carbon atom rather than
the iV-methyl carbon atom. This ring-opening reaction
may occur by an Sn2' process (route a), by synchronous
displacement of the amino function to give 10. Alter-
natively, C-N bond breaking may occur first (Snl,
route b) to afford a resonance-stabilized allylic carbo-
nium ion 19, which then adds chloride ion.

a

Hydrolysis of 10.—On refluxing an ethanolic potas-
sium hydroxide solution of 10, two competing reactions
occur. Direct bimolecular displacement of halogen
by ethoxide ion yields the intermediate 20, which hy-
drolyzes further to 12. Hydrolysis of the carbamate
function before displacement of halogen, however, af-
fords 21, which then either undergoes intramolecular

Bl. "W. Bentley, “lIsoquinoline Alkaloids,” 1st ed, Pergamon Press,
London, 1965, p 173.
(9) W. B. Wirght, Jr.,, and H. J. Brabander, J. Org. Chem., 26, 4057
(1961).

M atter and Dykstra

cyclization to 5 or forms 12 by reaction with ethoxide
ion.

Experimental Section10

1,1- and I,3-Bis(2-dimethylaminoethyl)-3-phenylindene (1 and
4).—A solution of 3-phenylindenell (64 g, 0.33 mol) in dry ben-
zene (250 ml) was stirred and refluxed with sodium amide (15.6 g,
0.4 mol) for 1 hr. A solution of 2-dimethylaminoethyl chloride
(43 g, 0.4 mol) in dry benzene (100 ml) was added dropwise, and
the mixture was stirred and refluxed for 1.5 hr. The cooled
mixture, after further treatment with sodium amide (0.4 mol)
and 2-dimethylaminoethyl chloride (0.4 mol) as described above,
was stirred overnight at 25°. Water was added dropwise to the
stirred mixture and the benzene layer was separated, washed
with water, and extracted several times with 3 N HC1. The
combined acid extracts were washed with benzene and made
basic with NaOH. The precipitated oil was extracted with
ether, washed with water, and dried (anhydrous K2C03) to give
a yellow oil (93 g), showing three spots on tic on silicagel/DMF-
ethanol-hexane (3:1:1) at R{ values 0.15. 0.40, and 0.75. The
products were separated by the method of Ganellin, Loynes, and
Ansell,2to afford pure I-(2-dimethylaminoethyl)-I-phenylindene
hydrochloride (21%), 1 dihydrochloride 111%), and 4 dihydro-
chloride (32%).

Pyrolysis of |I-Bis(2-dimethylaminoethyl)-3-phenylindene
Hydrochloride (1 HC1).—A solution of 1 (5.0 g, 0.0148 mol) and
its dihydrochloride salt (6.0 g, 0.0148 mol) in methanol was
evaporated, and the residual oil was heated under reduced pres-
sure (water pump) at 270-280° for 10 min. The evolved gas
was collected in aDry Ice trap and converted to its hydrochloride
salt to yield trimethylamine hydrochloride (1.55 g, 54%). The
pyrolyzed product was dissolved in chloroform and shaken with
10% NaOH solution. The chloroform layer was separated,
washed with water, and dried (anhydrous K2C03). The oil
obtained by evaporation of the solvent was identified as N-
methyl-3-phenylspiro[indene-1,4"-piperidine] (2a): Rj 0.4 on
silica gel/MeOH-DMF (9:1); nmr (CDC13) 57.2-7.8 (m, 9 H,
aromatic), 6.90 (s, 1 H, =CH), 2.8-3.2 (m, 2 H, ring CH),
2.0- 2.8 (m, 3 H, ring CH), 2.43 (s, 3 H, NCH3), 0.7-1.9 (m,
3H,ringCH). 2awas converted to its hydrochloride salt (83%),
mp 292-294° dec, which crystallized from isopropyl alcohol-
isopropyl ether.

Anal. Caled for CZH2C1IN: C, 77.02; H, 7.11; CI, 11.37.
Found: C, 77.15; H, 6.98; CI, 11.21.

Ethyl 3-Phenylspiro[indene-1,4"-piperidine]-1-carboxylate (2b).
—A solution of 2a (17.6 g, 0.064 mol) in benzene (30 ml) was
added dropwise with stirring to a hot solution of ethyl chloro-
formate (21.7 g, 0.2 mol) in benzene (20 ml). A precipitate
formed immediately and the reaction mixture became almost
solid. After refluxing the mixture for 6 hr, water and ether were
added until all the precipitate dissolved. The layers were
separated and the organic phase was extracted with 3 N HC1,
from which a precipitate of 2a HC1 (1.7 g, 8.5%) separated.
The organic layer was dried and evaporated to yield 15.4 ¢
(72%) of crude product, which, on crystallization from absolute
ethanol, gave 13.6 g (63.5%) of the ethoxycarbonyl derivative 2b:
mp 116-118°; ir absorption (Nujol) 1695 cm-1 [NC(=0)0Et];
nmr (CDCh) 57.2-7.8 (m, 9 H, aromatic), 6.85 (s, 1H, =CH),
4.2 (g, 2 H, OCH2 J = 7 Hz), 4.0-4.5 (m, 2 H, ring CH),
1.1- 3.5 (m, 6 H, ring CH), 1.30 (t, 3H, CCH3 J = 7 Hz).

Anal. Caled for C2H2N02: C, 79.25; H, 6.95; O, 9.60.
Found: C, 79.55; H, 6.55; O, 9.90.

3-Phenylspiro [indene-1,4'-piperidine] Hydrochloride Mono-
hydrate (- ¢ HC1).—A solution of the ethoxycarbonyl derivative
2b (12.5 g, 0.038 mol) in 95% ethanol (80 ml) containing KOH
(50 g) was refluxed under nitrogen for 10 hr. The mixture was
diluted with water, concentrated under reduced pressure to
remove ethanol, and extracted with ether. On shaking the
ethereal extract with 2 N HC1, a precipitate formed. This solid
(10.3 g), mp 220-223°, was filtered off and crystallized from 95%
ethanol to yield 9.2 g (76%) of ¢ HC1 monohydrate.

(10) Nmr spectra were recorded on a Varian A-60 spectrometer with
tetramethylsiiane as the internal standard. Ir spectra were obtained on a
Beckman IR-9 spectrometer. Mass spectra were recorded at 70 eV using
a direct inlet system on a Consolidated Electrodynamics CEC Model 21104
instrument.  Melting points were determined with a Thomas-Hoover
capillary apparatus and are uncorrected.

(11) K. N. Campbell, U. S. Patent 2,884,456 (1959); Chem. Abstr., 63,
18931C (1959).



3-Phenylindene Derivatives

Anal. Calcd for CIH22C1NO: 0,72.25; H, 7.02; 01,11.23;
HD, 5.71. Found: C, 72.52; H, 7.30; CI, 10.98; HD, 6.1.

2c (free base): ir absorption (Nujol) 3275 cm“1 (NH); nmr
(CDCh) 5 7.1-7.8 (m, 9 H, aromatic), 6.95 (s, 1 H, =CH),
2.7-3.3 (m, 4 H, ring CH), 1.7-2.4 (m, 3 H, NH and ring CH),
1.2-1.6 (m, 2 H, ring CH).

I-Methyl-3-phenylspiro [indan-1,4"-piperidine] (3a).—A solu-
tion of the indene 2a (7.1 g, 0.0257 mol) in absolute ethanol (70
ml) was hydrogenated in a Parr apparatus at 60 psi over a 10%
palladium-on-carbon catalyst for 1.5 hr. After removal of the
catalyst and solvent, the residue (5.8 g) crystallized from heptane
to give 3.7 g (52%) of the indan 3a: mp 105-108°; nmr (CDCh)
56.8-7.5 (m, 9 H, aromatic), 4.36 (t, 1H, >CH, J = 9 Hz),
2.33 (s, 3H, NCH3), 1.4-3.0 (m, 10 H, ring CH).

Anal. Calcd for CZH2Z2N: C, 86.59; H, 8.36;
Found: C, 86.33; H, 8.32; N, 4.74.

3-Phenylspiro[indan-1,4"-piperidine] Hydrochloride (3b).—A
solution of the indene 2c (31.3 g, 0.12 mol) in 95% ethanol (100
ml) was hydrogenated in a Parr apparatus at 60 psi over a 10%
palladium-on-carbon catalyst for 30 hr. After removal of the
catalyst and solvent, the solid residue was dissolved in ether and
extracted with 3 N HC1 (100 ml). The white precipitate that
formed in the aqueous layer was collected and crystallized from
95% ethanol to yield 32 g (81%) of the indan 3b HC1: mp 238-
239.5°.

Anal. Calcd for CIH2CIN: C, 76.10; H, 7.40; CI, 11.83.
Found: C, 76.17; H, 7.51; CI, 11.88.

3b (free base): ir absorption (film) at 3340 cm-1 (broad, NH);
nmr (CDC13) 86.9-7.5 (m, 9 H, aromatic), 4.45 (t, 1H, > CH,
J = 8Hz), 1.4-3.3 (m, 11 H, NH and ring CH).

Pyrolysis of |,3-Bis(2-dimethylaminoethyl)-3-phenylindene
Hydrochloride (4 HC1).—A solution of 4 (16.7 g, 0.05 mol) and
its dihydrochloride salt (20.3 g, 0.05 mol) in methanol was
concentrated to an oil, which was heated under reduced pressure
(water pump) at 270-280° for 10 min. Volatile material, that
collected in a Dry Ice trap, was identified as trimethylamine by
converting it to its hydrochloride salt (3.2 g, 38%). The non-
volatile residue, dissolved in 3 N HC1, was converted to the free
base with NaOH and extracted with ether to yield a yellow oil
(23 g). Tic of the oil on silica gel/methanol-DMF (9:1) showed
at least four spots at Ri 0.8, 0.6, 0.5, and close to the origin.
The oil was chromatographed on silica gel (600 ml).

Elution with ether-petroleum ether (1:3) gave a single product
(9.5 g), R{ 0.8, identified by nmr (Table 1) as a 70:30 mixture
of isomers of 8-ethylidene-l,2,3,3a,8,8a-hexahydro-l-methyl-3a-
phenylindeno [2,1-b] pyrrole (5). The mass spectrum showed a
molecular ion at m/e 275, a M + 1+ peak at 276, and abundant
peaks at m/e 246, 232, 219, 218 (base peak), 217, 216, 215, 203,
202, and 44. The free base, in boiling methanol, formed a mucate
monohydrate salt, mp 162-164°, which crystallized from metha-
nol-isopropyl ether as a 85:15 mixture of isomers.

Anal. Calcd for C*H”~NOs: C, 70.52; H, 6.86; N, 3.78.
Found: C, 70.50; H, 6.85; N, 3.53.

Repeated recrystalhzations of 5 picrate from ethanol afforded
the pure major isomer, mp 198-200°, which was converted to 5
hydrochloride monohydrate, mp 149.5-159°.

Elution with ether-petroleum ether (1:1) gave a yellow oil
(3.1 g), Ri 0.6 and 0.5, which was converted to its hydrochloride
salt and crystallized several times from acetone to yield 1.8 g
(9.5%) of 1-(2-dimethylaminoethyl)-3-methyl-lI-phenylindene
hydrochloride12 (6 HC1): Rt0.5; mp and mmp 197-199°. The
other components of the mixture were not identified.

Hydrogenation of 5 HC1. A.—A solution of 5 hydrochloride
3.15 g, 0.02 mol) in ethanol was hydrogenated in a Parr ap-
paratus at 50 psi over a 10% palladium-on-carbon catalyst.
After removal of the catalyst and solvent, the residue crystallized
from acetone-isopropyl ether to yield 2.6 g (84%) of 8-ethyl-
1,2,3,3a,8,8a-hexahydro- I-methyl-3a-phenylindeno [2,1-5] pyrrole
hydrochloride (8 HC1): mp 154-160°; nmr (CDCh) 8 3.0 (d,
/| = 4Hz)and 2.6 (d, J = 4 Hz) due to JV-methyl protons in-
dicates a 50:50 mixture of isomers. 8 (free base): bp 143-146°
(0.1 mm); nmr (CC14) 57.0-7.4 (m, 9 H, aromatic), 2.4-3.2
(m, 8H, >CH, NCH<, NCH?2), 235 (s, 3 H, NCH3), 0.7-1.7
(m, 5H, CH2CH?J3). The mass spectrum showed a molecular ion
at m/e 277, aM + 1+ peak at 278, and abundant peaks at m/e
220, 205, 192, 191, 172, 159, 158, 144, 91, 58, 57, 44 (base peak),
and 42.

N, 5.05.

(12) H. Ueberwasser, U. S. Patent 2,798,888 (1957); Chem. Abstr., 52,
1261 (1958).
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Anal. Calcd for CZHZN: C, 86.60;
Found: C, 86.55; H, 8.24; N, 4.99.

B.—The same 50:50 mixture of isomers was obtained by
hydrogenation of the pure major isomer of 5 as described above.

Photolysis of 5 HC1.—A solution of 5 hydrochloride (0.2 g,
95:5 isomer mixture) in isopropyl alcohol (25 ml) was irradiated
with a short-wave uv lamp UVS-11 for 60 hr. After evaporation
of the solvent, the residue was converted to the free base with
NaOH. Nmr showed the product to be a 65:35 mixture of the
isomers.

Reaction of 5 with Ethyl Chloroformate.—A solution of 5 (5.5
g, 0.02 mol) (85:15 mixture of isomers), in dry benzene (25 ml),
was added slowly to a boiling solution of ethyl chloroformate (6.5
g, 0.06 mol) in benzene (15 ml). The solution, after being re-
fluxed for 18 hr, was cooled and washed with 3 N HC1 and water.
The dried (MgS04) solution was concentrated to a pale yellow
oil (7.5 g), identified as 3-(I-chloroethyl)-I-(2-ethoxycarbonyl-
methylamino)-lI-phenylindene (10): rf 0.4 by tic on silica
gel/chloroform; ir absorption (film) at 1695 cm-1 [C(=0)];
nmr (CC14) 87.0-7.6 (m, 9 H, aromatic), 6.55 (s, 1 H, =CH),
5.15 (q, 1H, tert-GR, J = 7Hz), 4.1 (9, 2H, OCH2 J —7 H2),
2.1- 35 (m, 4 H, CH2), 275 (s, 3 H, NCHJ3, 1.95 (d, 3 H,
=CCH3J = 7Hz), 1.2 (t, 3H, CCH3 J = 7 Hz).

Anal. Calcd for CZH2BC1NO2: C, 71.97; H, 6.83; CI, 9.23;
N, 3.65. Found: C, 72.19; H, 6.74; CI, 9.33; N, 3.65.

Hydrolysis of 10.—A solution of the carbamate (5.2 g, 0.0136
mol) and KOH (11.2 g, 0.2 mol) in 95% ethanol (30 ml) was
refluxed under nitrogen for 36 hr. The cooled solution was
diluted with water and extracted with ether. Basic material was
extracted from the ether with 3 N HC1. Product was isolated
by basifying the acid solution with 10% NaOH, followed by
extraction of the precipitated oil with ether. The ether solution
was washed with water, dried (anhydrous K2C03), and concen-
trated to a yellow oil (3.9 g), which showed spots at ri 0.8 and
O. 35 by tic on silica gel/methanol-DMF (9:1). The products
were separated by column chromatography on silica gel.

Elution with ether-petroleum ether (1:2) gave 1.60 g (43%) of
a colorless oil: Rt 0.8; ir and nmr spectra identical with 5.
The nmr spectrum indicated a 65:35 mixture of isomers.

Elution with ether and ether-methanol yielded 2.2 g (50.5%)
of 3-(I-ethoxyethyl)-I-(2-methylaminoethyl)-lI-phenylindene (12)
as a colorless oil: ir absorption (film) at 3300 (broad, NH), 1100
and 1170 cm”1(COC); nmr (CDC13)57.1-7.7 (m, 9 H, aromatic),
6.40 (s, 1H,=CH), 460 (q, 1H, OCH,J = 7Hz), 3.52 (q, 2
H, OCH2 / = 7 Hz), 2.3-2.8 (m, 4 H, CH2XCHXN), 2.30 (s, 3
H, NCH3), 2.03 (s, 1H, NH), 1.55 (d, 3H,=CCH3J = 7 Hz),
I. 22 (t 3H, CCH3 J - 7 Hz). 12 oxalate crystallized readily
from isopropyl alcohol, mp 183-184°.

Anal. Calcd for C2HZNO06: C, 70.05; H, 7.10; N, 3.40.
Found: C, 70.07; H, 7.02; N, 3.34.

12 hydrochloride, mp 164-166°, crystallized slowly from
acetone-isopropyl ether.

N-Demethylation of 8 with Ethyl Chloroformate.— A solution
of 8 (2.89 g, 0.01 mol) in dry benzene (20 ml) was added dropwise
with stirring to a hot solution of ethyl chloroformate (3.3 g, 0.03
mol) in benzene (5 ml). After refluxing the mixture for 24 hr,
solvent and excess ethyl chloroformate were removed under
reduced pressure. A solution of the residual oil in ether was
washed with 3 N HC1 and water. The dried (MgS04) ether
solution was concentrated under vacuum to a pale yellow oil
(3.2 g): ir absorption (film) at 1700 cm-1 [NC(=0)0Et];
nmr (CDCh) 86.9-7.5 (m, 9 H, aromatic), 4.20 (g, 2 H, OCHZ2,
J = 7 Hz), 2.0-S.7 (m, 6 H, >CH, NCH< and ring CH),
1.1- 1.7 (m, 5H, OCCH3 CH2, 0.90 (t, 3H, CCH3 J = 7 Hz).

A solution of the oil in 95% ethanol (25 ml), containing KOH
(9 g, 0.15 mol), was refluxed under nitrogen for 48 hr. The
mixture was cooled, diluted with water, and extracted with ether.
Basic material was isolated by extraction of the ether solution
with 3 N HC1, basification of the acid extract with 10% NaOH,
and extraction of the precipitated oil with ether. Concentration
of the dried (anhydrous K2C 03) ether solution gave a colorless
oil (2.3 g) identified as 8-ethyl-1,2,3,3a,8,8a-hexahydro-3a-
phenylindeno[2.1-6]pyrrole (15): ir absorption (film) at 3300
cm-1 (broad, NH); nmr (CDCh 87.0—+.6 (m, 9 H, aromatic),
3.73 (broad, 1H, NCH<), 2.0-3.4 (m, 6 H, ring CH and NH),
1.1- 1.8 (m,2H, CHZX), 0.97 (t, 3H, CCH3J = 7 Hz). Com-
pound 15 formed a hydrochloride salt, mp 200-203°, which
crystallized from acetone-isopropyl ether.

Anal. Calcd for CIH2CIN: C, 76.08; H, 7.30; N, 4.67.
Found: C, 76.08; H, 7.33; N, 4.81.

H, 8.35; N, 5.05.
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The pressure dependences of the rates of thermal decomposition of the mCl-, p-Cl-, H-, p-CH3, and p-CHX-

substituted ;erf-butyl phenylperacetates in cumene have been determined.

The observed decomposition activa-

tion volumes are lower than expected for two-bond homolytic scission reactions and are also pressure dependent.
The values of AF*0sd are concluded to be a composite of contributions from bond stretching and solvation of a

polar transition state.

The data indicate that the polarity of the transition states varies with substituent and

also that the pressure dependence of the values of AF*0bsd probably resides in the pressure dependence of solvent

compressibility.

Activation volumes3 for homolytic scission reactions
in which the primary radical pair cannot return to start-
ing material reflect the pressure dependence of the bond
breaking process.la'30'4 Examples of general systems
which would be expected to fit this category are azo
compounds and peresters, which decompose via simul-

taneous two-bond scission (eq 1 and 2). Activation
RN=NR --> R- N2-R 1)
RCODR'— > R- C02-OR' )

volumes for representative cases (Table |) seem to fall

Table |

Some Activation Volumes for Homolytic Scission*

AV*,
Compd T, °C cc/mol Ref
CH,CO0C(CH33 79.6 +3.9 3b, 5a
(CH3ICON=NOC(CH33 55.0 + 4.3 la
CEH5C(CH3IN=NC(CH3ZXa5 55.0 + 4.9 b
NCC(CH3IN=NC(CH3ZXN [eje) + 4.0 6

“ Cumene solvent. bR. Neuman and M. Amrich, unpublished
results. cToluene solvent.

within the range of +4 to +5 cc/mol, and they are rela-
tively constant over a range of several thousand atmo-
spheres. 1a.3b.6.6

(1) (a) Part V: R. C. Neuman, Jr, and R. J. Bussey, 3. Amer. Chem.
Soc,, 92, 2440 (1970). (b) Support by the National Science Foundation
(GP-4287, 7349, and 8670) is gratefully acknowledged.

(2) Taken from the Ph.D Dissertation of J. V. Behar, University of
California, Riverside, 1969.

(3) (a) Activation volumes are related to the pressure dependence of re-
action rate constants according to the equation d In k/£>p = —AvV*/RT. A
detailed list of reviews has been presented.3' (b) See R. C. Neuman, Jr.,
and J. V. Behar, 3. Amer. Chem. Soc., 91, 6024 (1969).

(4) For the general scheme for homolytic scission reactions, the observed

fd fed
initiator geminate radicals--—---free radicals
decomposition rate constant isgiven by the equation feobsd = kiz (1 + fc-ififcd).
The quantity &bsd ~ hi (and AF*0Obsd — A7*i) only when the geminate
radicals cannot recombine to regenerate initiator (3c-i = 0).la3b

(5) (a) R. C. Neuman, Jr., and J. V. Behar, Tetrahedron Lett., 3281 (1968);
(b) 3. Amer. Chem. Soc., 89, 4549 (1967).

(6) A. H. Ewald, Discuss. Faraday Soc., 22, 138 (1956).

The ring-substituted ;ert-butyl phenylperacetates (1)
are also thought to decompose by two-bond scission7'8

A'>C H TODC(CH33

1

and would be expected to show similar behavior in pres-
sure studies. However, we have previously reported
that the low pressure activation volume for ferf-butyl
phenylperacetate (1, X = H) while positive is signifi-
cantly lower (+0.5 cc/mol) than those for the com-
pounds in Table | and is pressure dependent.8b We
have suggested3b'6that this is due to the polar character
of the homolytic scission transition state 2.0 Forma-

5+ r
CH2— C02— OC(CH33

2

tion of such a transition state should lead to an increase
in solvent organization over that for the reactant.
Such a process would be facilitated by pressure (AY *adv
< 0) and might be expected to partially compen-
sate for the positive activation volume associated with
bond stretching.9

We now' report the effect of ring substitution on the
pressure dependence of the decomposition rates of tert-
butyl phenylperacetate. The data are in agreement
with the general conclusions previously outlined for the
unsubstituted perester.3 Additionally they suggest
that transition state polarity 2 varies with substituent,
and they also provide a basis for explaining the pressure
dependence of the observed activation volumes.

(7) (@) On the basis of kinetic and product data for these? and other
peresters,7® Bartlett concluded that the peresters 1 decompose by simul-
taneous two-bond scission (eq 2). (b) P. D. Bartlett and C. Richardt,
J. Amer. Chem. Soc., 82, 1756 (1960). (c) P. D. Bartlett and R. R. Hiatt,
ibid., 80, 1398 (1958).

(8) For leading references to Bartlett's studies of peresters, see J. P.
Lorand and P. D. Bartlett, ibid., 88, 3294 (1966).

(9) (a) Activation volumes expected for solvation or solvent électrostric-
tion are reviewed by W. J. LeNoble, Progr. Phys. Org. Chem., 5, 207 (1967);
(b) see also M. G. Evans and M. Polanyi, Trans. Faraday Soc., 31, 375
(1935).
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Figure 1.—-Pressure dependence of the decomposition rate
constants for the m-Cl- (m), p-CI- (A), H- (C), and p-CH3 (=)
substituted ;erf-butyl phenylperacetates (cumene, 79.6°).

Results and Discussion

The rate constants for decomposition of 0.1 M cu-
mene solutions of the M-Cl- (la), p-Cl- (Ib), H- (lc), p-
CH3 (1d), and p-MeO- (le) substituted terf-butyl phe-
nylperacetates at several pressures are given in Table I1.
Each high-pressure rate constant was determined using
at least five sets of duplicate kinetic points and the er-
rors shown are standard deviations arising from a least-
squares analysis of all of the data for a perester at a
given pressure. Each Kinetic point for a high-pressure
rate constant represents a separate experiment (see Ex-
perimental Section). The rates were determined by
monitoring the decrease of the perester carbonyl band
(1783 cm-1) in the infrared. Most of the data were
gathered at 79.6°; however, the rapid decomposition
rate precluded high pressure studies of le at this tem-
perature and these data were obtained at 60.0°.10

The pressure dependences of log Kfor each of the per-
esters (Figures 1 and 2) are somewhat different from
each other, and all give low-pressure activation volumes
significantly less than +4 cc/mol (see Table Il). Error
bars are shown in Figure 1 for the top curve (m-Cl) and
for the bottom curve (p-CH3). While these are rather
large, it is clear that the pressure dependence plots of
the decomposition rate constants for the m-Cl- and p-

(10) (a) It is unlikely tliat these rate constants contain contributions from
induced decomposition. While Bartlett noted that a small amount of in-
duced decomposition may have been present in studies of the peresters 1 at
relatively high concentration in chlorobenzene, the use of cumenelb and the
lower concentration used in these studies should have precluded such
problems. Decomposition rates for Ic are higher in chlorobenzene than in
cumene; however, the apparent decomposition activation volumes are very
similar.3% A previous pressure study in which induced decomposition was
proposed showed a dramatic rate increase at high pressures, a result quite
contrary to those found here.10c (b) See P. D. Bartlett and J. M. McBride,
J. Amer. Chem. Soc., 87, 1727 (1965). (c) C. Walling, H. N. Moulden, J.
H. Waters, and R. C. Neuman, Jr., ibid., 87, 518 (1965).
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Figure 2.—Pressure dependence of the decomposition rate
constant for tert-butyl p-methoxyphenylperacetate (cumene,
60.0°).

Tabie Il

Rate Constants for Decomposition of
Substituted tert-Butyl Phenylperacetates as

a Function of Pressure (Cumene, 79.6°)

Pressure, k X 104 ATV
Perester® atm sec-1 cc/mol
la, m-Cl +0.399 1 0.298 + 0.001
2000 0.266 + 0.001 1.6
4000 0.235 + 0.002 1.8
6000 0.199 + 0.003 2.4
Ib, p-CI +0.114 1 0.654 + 0.010
2000 0.601 + 0.006 1.2
4000 0.527 + 0.008 1.9
6000 0.445 + 0.007 2.5
Ic, H 0.0 1 0.677 + 0.004
2000 0.657 £+ 0.002 0.4
4000 0.584 + 0.006 1.7
6000 0.474 + 0.004 3.0
Id, p-CH3 -0.311 1 1.649 + 0.022
2000 1.622 + 0.019 0.2
4000 1.469 + 0.015 1.4
6000 1.180 + 0.008 3.2
le, p-OMe -0.778 1 5.942 + 0.039
1 0.685 + 0.010«*
2000 0.675 + 0.007«* 0.2
4000 0.531 + 0.017«* 3.5
«0.1 M in cumene. b<+ substituent constants for the ring

substituents; see J. E. Leffler and E. Grunwald, “Rates and
Equilibria of Organic Reactions,” Wiley, New York, N. Y.,
1963, p 204. cObtained from the slope of the line connecting the
data points at pressures P and P + 2000. d60.0°.

CH3substituted peresters are different; the former is
relatively linear while the latter shows distinct curva-
ture. These two substituents possess the extreme val-
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0 2000 4000 6000
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Figure 3.—Effect of pressure on the volume of cumene at
“room temperature” (see text).

ues of <r+ (Table 11) among those represented in Figure 1,
and the evident trends in these plots are an increase in
curvature and a decrease in initial slope as O decreases.

The observed decomposition activation volumes can
be thought of as the resultant of separate contributions
for bond stretching (AF*b(Ohd) and solvation changes
(AF*soiv) (eq 3).9 If it is assumed that AF*bod

A7*,bad = A7*pbond + AF*, v (3)

can be approximated by the observed decomposition
activation volumes in Table I, €.g., +4 cc/mol, the low
pressure values for AF*siv (units of cc/mol) would be
-2.4 (m-Cl), -2.8 (p-Cl), -3.6 (H), and -3.8 (p-
CH3).1I'2 The negative signs of these numbers support
a transition state 2 more polar than the reactant, and
their magnitudes increase as the electron-donating abil-
ity (as measured by <+) of the substituent group in-
creases. 13 This trend suggests that the amount of polar
character in the transition state increases as the substit-
uents become better able to stabilize electron deficiency
on the benzylic carbon (see 2).

The activation volumes for those systems in Table |
used as models for AF*bod are pressure indepen-
dent.la3d66 The increasing slopes of the log K vs. P
plots (he., increasing values of AF*d®d for the cerf-
butyl phenylperacetates (Figures 1 and 2) thus suggest
that the magnitudes of the quantities AF*solv decrease
with increasing pressure. The solvation activation
volumes (AF*sov) reflect the solvent’s response to a
change in polarity between the reactant and transition

(11) The assumption that AV*bond can be approximated by the values in
Table | is based on the presumed absence of transition state polarity for
those compounds and the similarity of their values of AV*0bsd in spite of
their structual differences.

(12) The "low pressure” values of AV*soiv were obtained using the equa-
tion AT*Qiv = AT*gzm- AF*bond (see Table I1).

(13) Negative activation volumes indicate a contraction of the system on
proceeding from reactants to the transition state.
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Figure 4.—Plot of log kx at atmospheric pressure vs. <+ for the
variously substituted ierf-butyl phenylperacetates in cumene at
79.6° (C = 6) (O) and chlorobenzene (Bartlett, see text) at 90.7°
(C =5)(9).

state. This response should depend on the solvent's
compressibility (xr) (eq 4),4 and it seems reasonable

XT = (-1/F Q(5V/dP)T (4)

that a decrease in Xr would lead to a smaller value of
AF*3V. The compressibility of cumene at “room
temperature” is given by the slope of the plot in Figure
3.6 Its decrease with pressure thus provides a ration-
ale for the observed decreases in the magnitudes of
AF*aiv with pressure.

The variation in AF*soiv with pressure should be
most noticeable in those systems with the greatest
transition state polarity. In agreement, the pressure
dependence of AF*d®d is greatest for jerf-butyl p-me-
thoxyphenylperacetate (le) (Figure 2).6 However,
the low pressure value of AF*dsdf°r this system rather
than being lower is about the same as that for feri-butyl
p-methylphenylperacetate (Id) (Table I1). This dis-
crepancy may be due to the 20° temperature differential
between the decomposition temperatures for Id and le.
Compressibility decreases as temperature is decreased
and the values of xt at each pressure for cumene at 60°
would be lower than at 79.6°. These differences in
compressibility are in the correct direction to explain
the larger values of AF*dsd (smaller values of AF*soiv)
for le than expected.

Plots of the decomposition rates at atmospheric pres-
sure VS. I+ are shown in Figure 4. The data using chlo-
robenzene (90.7°) are those of Bartlett7/ and those using
cumene (79.6°) are taken from Table Il. In calculating
an apparent pvalue of ca —1.1, Bartlett excluded the
data point for the p-nitro-substituted perester, and our
data also give essentially the same apparent p value.

(14) See W. A. Steele and W. Webb, ‘‘High Pressure Physics and Chemis-
try," Vol. 1, R. S. Bradley, Ed., Academic Press, New York, N. Y., Chapter
4i.

(15) P. W. Bridgman, ‘‘Collected Experimental Papers,” Vol. VI, Harvard
University Press, Cambridge, Mass., 1964, pp 3915-3931.

(16) A determination of the decomposition rate for le at 6000 atm (60°)
was in progress when the high pressure apparatus failed. The apparatus had
to be dismantled and overhauled precluding further studies on these systems
by Dr. Behar.
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However, in view of the proposals made to explain the
variable pressure results {vide supra), the Hammett re-
lationship should not rigorously apply to any of these
data. If this constraint is removed, the p-nitro point
need not be interpreted as an abnormally fast rate for
this substituted perester.o Rather, the upward curva-
ture in the plot of Bartlett’'s data including the latter
point can be interpreted as a reflection of both the in-
creasing polar character and solvation of the transition
state with an increase in electron-donating ability of
the substituent {vide supra).

Based on our limited high pressure data at 79.6°
(cumene solvent) for the p-CH3 H, p-Cl, and to-Cl per-
esters, the apparent P value is pressure insensitive {ca.
—1.1). This is not surprising in view of the small vari-
ation in the rate constants with pressure and the narrow
range of <I# covered by these substituents. However,
this result does indicate that no major mechanism vari-
ations occurred at high pressure.l/

A small inverse viscosity dependence of the decompo-
sition rate for Ic at atmospheric pressure had led to the
suggestion that its decomposition mechanism involves
both one-bond (O-O) and concerted two-bond (C-C
and 0-0, eq 2) scission processes.l8 The rates of de-
composition of Id and le were viscosity invariant.18
However, observed activation volumes of +7 to +10
cc/mol for authentic one-bond scission peresters® in-

(17) (a) The reaction products from decomposition of the substituted
peresters are analogous to those formed from ¢eri-butyl phenylperacetate,sb
and their relative yields show the expected dependence on pressure.1? (b)
R. C. Neuman, Jr., and J. V. Behar, 3. org. chem., 36, 657 (1971), ac-
companying paper.

(18) (a) W. A. Pryor and K. Smith, Intra-Sci. Chem. Rep., 3, 255 (1969);
(b) 3. Amer. Chem. soe., 92, 5403 (1970).

(19) (a) These data were obtained from a study of ieri-butyl perbenzoate
in cumene3 and from a study of the cis and trans isomers of ieri-butyl 2-

propyl-2-peroxypentenoate in cumene.1% (b) R. C. Neuman, Jr., and G. D.
Holmes, unpublished results.

High Pressure Studies. VII.

Cage Effects.
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dicate that those of the peresters 1 are too small to be
consistent with such a mechanism.& Additionally, the
similarity in the plots for Ic and Id (Figure 1) precludes
the gross mechanistic variation implied by the compara-
tive viscosity results. All other observations support
the two-bond scission mechanisms.2

Experimental Section

Perester Syntheses.—-The substituted ieri-butyl phenylper-
acetates were synthesized from the corresponding phenylacetyl
chlorides and ieri-butyl hydroperoxide.3o%b The acid chlorides
and ieri-butyl hydroperoxide were distilled prior to their use.
All peresters showed a carbonyl absorption in the infrared at
1783 cm-12

Attempts at iodometric titration of the peresters gave widely
varying results on portions of the same sample. Samples were
rechromatographed until their infrared spectra were free of
extraneous carbonyl bands as well as any OH absorption. In
addition, infrared spectra of completely decomposed samples
(infinite time samples) in cumene exhibited only solvent absorp-
tion bands in the carbonyl stretching frequency region, indicating
the absence of any contaminating carbonyl containing species
among the decomposition products. The peresters were crys-
stalline solids and decomposition rate constants did not vary
for different samples of the same perester. All peresters were
stored at low temperature.

High Pressure Apparatus and Kinetic Studies—A complete
description of the apparatus and experimental techniques has
been presented.®b Kinetic runs and the data analysis were
carried out following the procedures reported for unsubstituted
ieri-butyl phenylperacetate.3 Each kinetic point represented a
separate pressure experiment.&

Registry No.-la, 27396-17-4; Ib, 27396-18-5; Ic,
3377-89-7; 1d, 27396-20-9; le, 27396-21-0.

(20) (a) T. Koenig and R. Wolf, 3. Amer. Chem. Soe., 91, 2574 (1969);
(b) T. Koenig, J. Huntington, and R. Cruthoff, ibid., 92, 5413 (1970).

The Pressure Dependence of

Products from Substituted tert-Butyl Phenylperacetates]?2

Robert C. Neuman, Jr.,* and Joseph V. Behar

Department of Chemistry, University of California, Riverside, Riverside, California 92502

Received August 10, 1970

Thermal decompositions of ring-substituted ieri-butyl phenylperacetates in cumene (79.6°) give the corre-
sponding ieri-butyl benzyl ethers, toluenes, bibenzyls, benzylcumyls, bicumyl, and ieri-butyl alcohol as reaction

products.

The pressure dependences of the ether/ieri-butyl alcohol ratios give the pressure dependence of the

cage effect (combination vs. diffusion) for the initially generated geminate benzyl and ieri-butoxy radicals. The

cage effects increase with pressure but not so rapidly as might be expected.
the potential role of the intervening carbon dioxide molecule is outlined.

An analysis of the trends involving
The remaining products reflect the

distribution of diffused benzyl radicals, and the pressure dependences of yields indicate that a major source of
the toluenes involves hydrogen abstraction by the benzyl radicals from the solvent cumene.

We have been investigating the effects of pressure on
the rates of free-radical reactions in solution. Studies
of homolytic scission reactions have shown that care
must be used in interpreting the significance of the ob-
served activation volume (AF*osd) for decomposition
of radical initiators.883 If the initially formed gemi-

(1) (a) Part VI: R. C. Neuman, Jr., and J. V. Behar, J. org. Chem., 36,
654 (1971), accompanying paper, (b) Support by the National Science
Foundation through Grants GP-4287, 7349, and 8670 is gratefully acknowl-
edged.

(2) Taken from the Ph.D. Dissertation of J. V. Behar, University of
California, Riverside, 1969.

nate radicals (eq 1) can return to starting material

A B e > 1)

{k~i), AF*0sd is not simply related to the activation
volume for homolytic scission (AF*i) but depends as
well on the competition between recombination (fc-i)
and other processes {k) available to the caged pair (eq
D).

AF*0b3l = AF*i + RTd In (1 + k-x/k)/bP 2)

(3) R. C. Neuman, Jr., and J. V. Behar, J. Amer. Chem. Soc., 91, 6024
(1969).
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Table |

Product Ratios for Substituted terf-BuTYL Phenylperacetates (1) in Cumene (79.6°.i"

p
X (atm) % ND1 Etherc
TOC1 1 0.26
2000 0.57
4000 5 0.82 (0.86)
6000 13 1.04 (1.24)
p-Cl 1 0.26
2000 4 0.69 (0.72)
4000 5 0.79 (0.83)
6000 12 1.15 (1.38)
H 1 0.37
2000 0.78
4000 4 1.01 (1.05)
6000 13 1.26 (1.49)
p-CH3 1 0.33
2000 7 0.64 (0.67)
4000 19 0.84 (1.02)
6000 37 1.18 (2.50)
p-OMe 1 0.33s
\% 0.38s
2000/ 11 0.98s
4000/ 28 1.29s
6000/ 1.25s

° Determined by glpc;
conditions (see text).

moles of product divided by moles of ierf-butyl alcohol.
‘ Numbers in parentheses are corrected for decomposition during nonequilibrium conditions (see text).

Benzyl-

Toluene Bibenzyl cumyld Bicumyl
0.19 0.15 (0.28) 0.21
0.29 0.14 (0.31) 0.16
0.32 0.22 (0.30) 0.16
0.43 0.20 (0.22)

0.15 (0.4)»
0.30 (0.4)»
0.31 (0.3)»
0.39 (0.3)«
0.17 0.19 (0.29) 0.27
0.30 0.15 (0.25) 0.30
0.41 0.11 (0.27) 0.25
0.49 0.09 (0.37) 0.16
0.11 (0.5)« 0.26

0.22 (0.3)* 0.20
0.26 (0.3)« 0.17
0.29 (0.4)« 0.21
0.04 0.18 (0.24) 0.16
0.04 0.16 (0.26) 0.15
0.12 0.13 (0.17) 0.12
0.18 0.17 (0.31) 0.27
0.20 0.13 (0.21) 0.17

bPer cent decomposition under nonequilibrium

dAu-

thentic samples were not available; the correction factor used for relative thermal conductivity comparison was the average of those

for the bibenzyl and bicumyl; see Experimental Section.
see Experimental Section. / 60.0°.
other ethers in this table.

In the simplest case described by eq 1, the rate con-
stant K is that for separative diffusion (KA. Informa-
tion about the pressure dependence of such combina-
tion-diffusion competitions would thus be helpful in
interpretations of values of AF*(osd for systems de-
scribed by eq 1.

We recently completed a study of the pressure de-
pendence of the decomposition rates and products
from ring-substituted ferf-butyl phenylperacetates (1).
These compounds decompose as shown in Scheme 1.4

Scheme |
X.
CHZ02DC(CH33
1
1
— U )>CH2 C02 -OC(CH33—
X
CH20C(CH33 CH:  + *OC(CH33
(CH3ZOH cumene
+
cumyl

The rate data have been reported and demonstrate vari-
ations in AF*i when polar effects are important in free-

(@) P. D. Bartlett and C. Riehardt, 3. Amer. Chem. Soc., 82,1756 (1960).

*Only peak for bibenzyl detected; peak for benzylcumyl assumed to overlap;
“ Authentic sample not available; thermal conductivity correction used was average of those for

radical reactions.la The product data provide infor-
mation about the pressure dependence of combination-
diffusion competitions as well as about the pathways
leading to the formation of the various reaction prod-
ucts subsequent to separative diffusion of the initial
geminate radicals.

Results and Discussion

Cumene solutions (ca. 0.1 M) of the unsubstituted,
and TO-Cl-, p-Cl-, p-Cllr, and p-OCH3substituted tert-
butyl phenylperacetates (1) were completely decom-
posed at a thermostated bath temperature of 79.6° at
various pressures. The products were analyzed by
glpc and the mole ratios of each product relative to
(erf-butyl alcohol are reported in Table 1. In these sys-
tems, (erf-butyl alcohol is formed by reaction of diffused
ferf-butoxy radicals with cumene, and the virtual ab-
sence of acetone indicates that the reaction is quantita-
tive. Thus, the ether/ferf-butyl alcohol ratio is a direct
measure of the cage effect (Scheme I) and the other
ratios (except that for bicumyl) represent the partition-
ing of the diffused benzyl radicals among the various
reaction products.6

During the initial phase of each high-pressure decom-
position reaction, the sample was subjected to nonequi-
librium pressure and temperature conditions. During
pressurization of samples, heat is generated in the hy-
draulic fluid surrounding the reaction vessel due to com-

(5) Absolute yields were not determined in these studies; however, they

appeared to be essentially quantitative in a previous study of unsubstituted
ieri-butyl phenylperacetate.8 No extraneous peaks were observed in the glpc
traces.
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pression of the fluid. Temperature equilibration is us-
ually achieved within about 12 min after a run has been
started by dissipation of the heat into the walls of the
high pressure bomb. This annoying problem can be
eliminated in Kinetic studies by the choice of an appro-
priate zero time after equilibration and careful repro-
duction of the procedures used during pressurization for
each subsequent sample.3 However, it could not be
avoided in the product analyses, since products were
analyzed by glpc and samples containing unreacted per-
ester could not be accurately analyzed. Thus, the
product ratios are composite quantities including the
product distributions during both the equilibrium and
nonequilibrium portions of each decomposition.

The amount of decomposition of the samples during
the nonequilibrium period was estimated by comparing
the intensities of the perester carbonyl infrared absorb-
tions in the master solutions with those of samples with-
drawn from the high pressure apparatus after 15 min
from initial insertion. The available data are included
in Table I and indicate that the product ratios for all
systems at 6000 atm, those at 4000 atm for the p-CH3
and p-CH3 perester, and those at 2000 atm for the
P-CH3 system may contain significant contributions
from nonequilibrium decomposition.

Cage Effect.—The ether/terf-butyl alcohol ratios,
which represent the competition between combination
and separative diffusion of the initial geminate radical
pair (Scheme 1), increase for each perester with in-
creasing pressure. During the nonequilibrium por-
tion of each run, the mean pressure was lower than
that at equilibrium and the temperature was higher
(vide supra). Since cage effects generally decrease
with increasing temperature6 (compare the data for
the p-CH3 perester at 60 and 79.6°), both features
of the nonequilibrium period would tend to lower the
cage effectt. We have estimated a maximum correc-
tion by assuming that the decomposition during the
nonequilibrium period of the pressure runs was charac-
terized by an ether/tert-butyl alcohol ratio equal to that
for the corresponding perester at 1 atm. This leads to
the corrected values of ether/ierf-butyl alcohol shown
in Table I.

The values of log (ether/fefif-butyl alcohol) are plotted
as a function of pressure in Figure 1. Both the ob-
served and corrected values at each pressure are in-
cluded and they are connected by the bars. If the
ether/;erf-butyl alcohol ratios are equal to kdkd
(Scheme 1), the slopes of the various curves for each
perester are directly related to the difference in the acti-
vation volumes for diffusion and combination (AF*d —
AF*0.37 These differences appear to be pressure de-
pendent and the approximate values are given in Table
1.

We have previously reported the effect of pressure on
the competition between coupling and diffusion of two
geminate ferf-butoxy radicals generated from di-tert-
butyl hyponitrite in n-octane (45°) (Scheme 11).7 The
pressure dependence of the rate constant ratio kdkd
(2 X di-ferf-butyl peroxide/terf-butyl alcohol) is qualita-
tively similar to the perester data, and the values of
AF*d — AF*Cdecrease with increasing pressure (Table
111). The low pressure values of AF*d — AF*0 are

(6) S.F. Nelsen and P. D. Bartlett, J. Amer. Chem. soc,, 88, 143 (1966).
(7) R. C. Neuman, Jr., and R. J. Bussey, ibid., 92, 2440 (1970).
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Pressure, atm.

Figure 1.—Pressure dependence of the ether/;eri-butyl alcohol
product ratios. Each division on the vertical axis corresponds to
0.2 log units and the placement of the curves was arbitrary (see
Table ).

Table Il

Pressure Dependence op Values
of AF*d — AF*Crfor D ecomposition of
tert-Butyl Phenylperacetates in Cumene (79.6°)

Pressure

range, P AF*a — AF*G cc/mol°-

atm X 10-3 m-Cl p-Cl H p-CHa
0-1 + 14 + 14 + 14 + 12
1-2 + 8 +9 + 7 + 8
2-3 +6 +7 +5 + 6
3-4 +5 +6 +4 +5
4-5 +5 +5 +4 +5
5-6 +4 +5 +4 -f-4

a Calculated from the slopes of chords connecting points on
the plots (Figure 1) at the extremes of the pressure ranges in-
dicated in the first column.

Scheme Il

(CH33TON==NOC(CH3)3

(CH3X0- N2 =0C(CH33

ksz’

(CH30OC(CH33 2(CH3TO- + n2

significantly larger in the di-teri-butyl hyponitrite sys-
tem; however, it is interesting to note that the low-pres-
sure cage effect is simultaneously much smaller than for
the perester systems. When the cage effect for tert-
butoxy radical combination becomes approximately
equal to those at atmospheric pressure for the peresters,
the values of AF*d — AF*Care rather comparable for
the two systems (see Table I11).
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Tabte Il
Comparison of the Pressure
D ependences of the Cage E ffects and Values of
AF*d — AF*, for Di-ieri-BuTYL Hyponitrite
and tert-Butyl to-Chlorophenylperacetate

—————— Hyponitrite0---------. —-------—-Pereste+

AV*d - AvVd -

AV*0> AF*C

P .c atm ke/kd cc/mol ke/kd cc/mol

1 0.10 0.26

1000 0.27 +26 (0.427 + 14
2000 0.46 + 15 0.57 +8
3000 (0.717 + 11 (0.687 +6
4000 0.88 +8 0.82 +5

° Taken from the data given in ref 7; ra-octane, 45°. bFrom
Tables | and Il; cumene, 79.6°. 'Values of faska are those ob-
served, or calculated from the plots, at each pressure; values
of AF*d — AF*, for each pressure P were calculated from the
slopes of chords connecting points on the plots at P and P + 1000
atm. dCalculated from the plots; see c.

Limited data indicate that values of AF*d are posi-
tive;8diffusion processes are retarded by increasing pres-
sure. It is well documented that pressure increases the
viscosity of most liquids9 and diffusion constants de-
crease with increasing viscosity at atmospheric pres-
sure.D Since homolytic scission reactions are pressure
retarded,18 87 one would anticipate that their reverse,
radical combination during an encounter, would be
pressure accelerated;1l values of AF*Cshould be nega-
tive. A priori the observed values of AF*d — AF*C
(Tables Il and 111) do not disagree with these predic-
tions; however, it should be noted that these activation
volume differences become rather small in the perester
systems above atm. For a value of AF*d— AF*C
equal to -f-5cc/mol, approximate extreme cases conform-
ing to the predictions above would be AF*d and AF*C
equal to + 4 and —1 cc/mol, respectively, or equal to +1
and —4 cc/mol, respectively. We have previously es-
timated a value of —5 cc/mol for ieri-butoxy radical
combination, and this might suggest that the latter case
was applicable. However, the requisite value of AF*d
seems small.2

In our previous discussions of AF*0we have ignored
the possible presence of an inert molecule (nitrogen or
carbon dioxide) between the geminate radicals in the
primary cage.13 While recombination of two nearest
neighbor radicals would seem in most cases to require a
negative activation volume, it seems equally true that
radicals in the primary cage could not recombine with-
out first becoming nearest neighbors. Such a reorgani-
zation could be formally represented as shown in eq 3

AOTtB -X T T X AB (- X (3)

(fcr), and since it should be akin to diffusion it seems
quite possible that its rate would decrease with increas-

(8) (@) D. W. MccCall, D. C. Douglass, and E. W. Anderson, J. Chem.
Phys., 31, 1555 (1959); (b) W. A. Steele and W. Webb in “High Pressure
Physics and Chemistry," Vol. 1, R. S. Bradley, Ed., Academic Press, New
York, N. Y., 1963, pp 163-176.

(9) See, for example, P. W. Bridgeman, “ Collected Experimental Papers,"
Vol. IV, Harvard University Press, Cambridge, Mass., 1964, p 2043.

(10) See, for example, G. Houghton, J. Chem. Phys., 40, 1628 (1964).

(11) Previous attempts to determine combination activation volumes
have required rather severe approximations and the results are ambiguous.
See ref 20 and 21 in our previous report.7

(12) There is some indication that values of AV*d decrease with increasing
pressure.8a However, it is hard to imagine that they would become almost
zero.

(13) We wish to thank Professor T. Koenig for helpful comments which
prompted us to begin worrying about this feature of certain primary cages.

Neuman and Behar

ing pressure (AF*r> 0). This could lead to the small
positive values observed for AF*d — AF*Csince the
apparent activation volume for combination might be
actually positive at all pressures or become so as pres-
sure increased. There seems to be ample precedent for
assuming that the rate of the reorganization process is
comparable to those for combination and separative dif-
fusion. 4

This analysis indicates that the pressure dependence
of cage effects for systems initially containing an inert
molecule interposed between the radical pair may not be
good models for the pressure dependence of the quantity
fc-iffc (eq 2) even when K is simply equal to ki. It
seems probable that this ratio might increase more rap-
idly with pressure in the absence of an intervening inert
molecule and perhaps be characterized by a slope with
a significantly smaller pressure dependence.

Pressure Dependence of Products Formed Sub-
sequent to Diffusion.—The net result of separative
diffusion is the formation of equivalent amounts of
solvent-separated benzyl and cumyl radicals (Scheme
1). We have previously indicated3that eq 4-9 repre-

£b b

benzyl + benzyl -—-> bibenzyl 4)
£b ,ch

benzyl + cumene — > toluene + cumyl (5)
t'B.C

benzyl + cumyl — > toluene + a-Ms (6)
k'B,C
— >mbenzylcumyl (7)
ke.c

cumyl + cumyl — > cumene + a-Ms (8)
k'c.c
— > bicumyl 9)

sent the reactions available to these radicals and the
more extensive product data now available (Table I) do
not disagree with this. However, contrary to our previ-
ous suggestion,3these data indicate that reaction 5 (hy-
drogen abstraction from cumene) must be a major
source of the toluenes.

Toluenes can be formed from benzyl radicals by hy-
drogen abstraction either from cumene (eq 5) or cumyl
radicals (eq 6). The latter bimolecular reaction must
be competitive with coupling to yield the benzylcumyls
(eq 7). Data obtained in a study of the pressure depen-
dence for competition between coupling and dispropor-
tionation of a cyclohexyl radical-feri-butoxy radical
pair suggest that these two processes have very similar
activation volumes.3 Since the yields of the benzyl-
cumyls remain relatively constant as pressure is in-
creased (see data for H-, m-Cl-, and p-MeO-substituted
peresters) while those for the toluenes increase signifi-
cantly, the major source of the toluenes must not be via
reaction 6. Reaction 5 is the only one among the com-
petitive group of reactions 4-9 which is monomolecular
in radicals. Since the efficiency of radical production
decreases with pressure, all of those processes which in-
volve bimolecular radical interactions should become
decreasingly competitive with reaction 5, and this is
borne out in the product data.

Scatter in the product data and overlap of the peaks
for the bitenzyl and benzylcumyl products from the p-

(14) (a) H. Kiefer and T. Traylor, J. Amer. Chem. Soc., 89, 6667 (1967);

(b) T. Koenig, ibid., 91, 2558 (1969); (c) F. D. Greene, M. A. Berwick, and
J. C. Stowell, ibid., 92, 867 (1970); (d) K. E. Kopecky and T. Gillan, Can.
J. Chem., 47, 2371 (1969).



Substituted feri-BuTYL Phenylperacetates

Cl- and p-CH3substituted peresters preclude a de-
tailed analysis of substituent effects on the product
yields. However, it should be noted that, with the ex-
ception of the data for the unsubstituted perester, the
toluene yields appear to follow a reactivity trend with
tr+ which parallels the expected stability of the benzyl
radicals (Figure 2).

Experimental Section

Peresters.—The synthetic origins have been outlined.1'34

Benzyl ierf-Butyl Ethers.—The ethers were prepared by the
dropwise addition of the corresponding benzyl bromide or benzyl
chloride to a refluxing solution prepared by the addition of tert-
butyl alcohol to a suspension of sodium hydride in dry tetra-
hydrofuran.18 The reaction mixtures were refluxed for several
hours, washed with water, dried over anhydrous magnesium
sulfate, and distilled under reduced pressure.

The nmr spectrum of each ether is consistent with structure
(vide infra) and the glpc retention time of each ether corresponded
to that of the product identified as ether in each reaction mixture.
The ether retention times varied with structure in a manner
analogous to those of the substituted toluenes and bibenzyls (see
Table 1V). (a) Unsubstituted: bp 84-87° (12 mm) [lit.15 98°

Table IV
Glpc Retention Times for Toluenes,
Ethers, and Bibenzyls“'s

—*_Time, min--—--

Substituent Toluene Ether Bibenzyl
H 5.4 15.7 211
p-CH3 8.3 16.6 23.0
TOC1 10.1 17.4 23.9
p-Cl 10.5 18.2 25.1
p-OCH3 13.0 (18.7Y 24.5

“ Samples in cumene solution. bAnalyzed using conditions
outlined in the section describing product analyses. “ Authentic
sample not available; retention time of supposed ether peak in
glpc traces of reaction mixtures.

(20 mm)]; nmr three singlets at 71, 259, and 430 Hz in the ratio
9:2:5, respectively, (b) m-Chloro: bp 56-59° (0.5 mm); nmr
singlets at 74 and 264 Hz, multiplet at 436 Hz, in the ratio 9:2:4,
respectively, (c) p-Chloro: mp 33.5-34.5°; nmr three singlets
at 73, 260, and 431 Hz in the ratio 9:2:4, respectively, (d)
p-Methyl: bp 49-50° (0.1 mm); nmr three singlets at 72, 136,
and 267 Hz, multiplet at 432.5 Hz, in the ratio 9:3:2:4, re-
spectively. (e) p-Methoxy: attempts to prepare the benzyl
halide precursor were unsuccessful; this compound was not syn-
thesized.

Substituted Toluenes.—All of the variously substituted tolu-
enes were reagent grade chemicals obtained from Matheson Cole-
man and Bell.

Substituted Bibenzyls.—Bibenzyl was furnished to us by Dr.
Kenji Kawoka. The 3,3'-dichloro-, 4,4'-dichloro-, and 4,4'-
dimethylbibenzyl were prepared from the corresponding benzyl
bromides using the procedure of Boekelheide, et al.m The 4,4'-
dimethoxybibenzyl was prepared by reaction of p-methylanisole

(15) H. Normant and T. Cuvigny, Bull. Soc. Chim. Fr., 6, 1866 (1965).
(16) W. S. Lindsay, P. Stoker, L. G. Humber, and V. Boekelheide, J.
Amer. Chem. Soc., 83, 947 (1961).

J. Org. Chem,, Vol. 36, No. 6, 1971 661

Figure 2.—Pressure dependence of the toluene/ierf-butyl
alcohol product ratio from decompositign_of the m-Cl- (O), p-Cl-
(A), H- (0), p-CH3 (O), and p-MeO- (a) substituted tert-butyl
phenylperacetates.

with ¢erf-butyl peroxide. The physical properties of all of the
bibenzyls corresponded to those previously available in the
literature,1618and the nmr spectra were consistent with structure.

High Pressure Apparatus.—A complete description of the
apparatus and experimental techniques has been presented.3

Product Analyses.—The products were determined by glpc
analyses of completely reacted samples of the peresters in cumene
using an F & M Model 700 gas chromatography instrument with
W X filaments equipped with an F & M Model 240 power propor-
tioning temperature programmer. The instrument contained a
matched pair of 6 ft X Vs in. columns packed with 10% SE-30
on 80-100 AWDMCS-700; helium was the carrier gas. For all
analyses the columns were held at 65° for 4 min after sample
injection and then programmed to 220° at a rate of 10°/min.

Products (Table 1) were identified by comparison with au-
thentic samples and quantitatively determined by comparison
with standard solutions containing authentic samples, with the
exception of the benzylcumyls and p-methoxybenzyl ;erf-butyl
ether.

A sample containing unsubstituted benzylcumyl along with
bibenzyl and bicumyl was prepared by decomposition of ierf-
butyl peroxide in a mixture of toluene and cumene. This per-
mitted assignment of the benzylcumyl retention time for studies
of cerf-butyl phenylperacetate but precluded quantitative yield
measurements. The quantitative data presented for benzylcumyl
were calculated using an average of the area ratio-molar ratio
proportionality factors for bibenzyl and bicumyl. The latter
procedure was also used for the substituted benzylcumyls, and
their assignments were based on an elimination process. Sepa-
rate peaks for the benzylcumyls in the p-Cl and p-CH3systems
were not observed. They are assumed to overlap the correspond-
ing bibenzyl peaks because of the large apparent areas for the
latter (see Table I).

Registry N o .-1 (X = m-Cl), 27396-17-4; 1 (X

p-Cl, 27396-18-5; 1 (X = H), 3377-89-7; 1 (X
p-CH,), 27396-20-9; 1 (X = p-OMe), 27396-21-0.

(17) W. Baker, J. F. W. McOmie, and J. M. Norman, J. Chem. Soc.,
1114 (1951).
(18) K. M. Johnston and G. H. Williams, ibid., 1168 (1960).
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Olefmic products from reactions of 2-butyl halides with a variety of bases in alcoholic, dipolar aprotic, and

mixed solvents are reported.

Comparison of these results with those from the literature for other base-solvent

systems reveals a striking dichotomy between orientation in base-catalyzed fi elimination in alcoholic and in

dipolar aprotic solvents.
per cent of 1-butene exists.

In alcoholic solvents, an inverse dependence of the ira?is-: cis-2-butene ratio and the
However, in dipolar aprotic solvents, high £rans-:«s-2-butene ratios of 3.0-4.0,
which are independent of the per cent of 1-butene, are observed.

Novel linear free-energy relationships between

log (% frcras-2-butene/% 1-butene) and log (% cis-2-butene/% 1-butene) for 52 base-solvent-leaving group com-

binations are discussed.

During the last decade, a number of investigations of
the factors affecting positional and geometrical orienta-
tion2in base-catalyzed /? eliminations from 2-alkyl ha-
lides have appeared.3 The effects of the nature of the
leaving group, the base, the solvent, and the 2-alkyl
group have been examined.

The base-solvent systems employed in these studies
have usually been alkoxide ions in the corresponding al-
cohols or in dipolar aprotic solvents. When compared
to alcoholic solvents, unusually high trans-:.cfs-2-alkene
ratios have been noted in eliminations from 2-alkyl ha-
lides (excluding 2-alkyl fluorides) induced by alkoxide
ions in dipolar aprotic solvents.3be Recently the vari-
ety of base-solvent, combinations was expanded by re-
port of halide ion promoted dehydrohalogenation of 2-
but.yl halidesin DMF and DMSO.3® In this investiga-
tion, unusual orientation was again observed: trans-
cts-2-butene ratios were uncommonly high and were es-
sentially invariant with change in the per cent 1-butene.
Thus it appeared that high trans-:ds-2-alkene ratios
might be characteristic of base-catalyzed eliminations
from 2-allcyl halides in dipolar aprotic solvents. In
order to investigate this possibility, a study of elimina-
tions from 2-butyl halides induced by several previously
unexamined bases in dipolar aprotic solvents was under-
taken. In addition, eliminations promoted by a num-
ber of alkoxide and phenoxide ions in alcohols and alk-
oxide ions in mixed solvent systems were examined to
further delineate the differences between the effects of
alcoholic and dipolar aprotic solvents.

Results

Using gas-liquid partition chromatography (glpc),
the relative proportions of the three isomeric olefins
formed in reactions of 2-butyl iodide, bromide, and chlo-
ride with a variety of base-solvent combinations have
been determined (Scheme 1). The reactions were all
conducted at 50° for comparison with reported values
from other systems.

(1) National Science Foundation Undergraduate Research Participant.

(2) Positional orientation refers to the relative proportions of 1- and 2-
alkenes formed, whereas geometrical orientation compares the relative
amounts of trans- and cis-2-alkene produced.

(3) (@ R. A. Bartsch, J. Org. Chem., 35, 1023 (1970); (b) ibid., 35, 1334
(1970); (c) R. A. Bartsch and J. F. Bunnett, J. Amer. Chem. Soc., 90, 408
(1968); (d) ibid., 91, 1376 (1969); (e) ibid., 91, 1382 (1969); (f) H. C. Brown
and R. L. Klimisch, ibid., 88, 1425 (1966); (g) D. H. Froemsdorf, M. E.
McCain, and W. W. Wilkison, ibid., 87, 3984 (1965); (h) D. L. Griffith,
D. L. Meges, and H. C. Brown, Chem. Commun., 90 (1968); (i) W. H.
Saunders, Jr., S. R. Fahrenholtz, E. A. Caress, J. P. Lowe, and M. Schreiber,
J. Amer. Chem. Soc., 87, 3401 (1965); (j) W. H. Saunders, Jr., S. R. Fahren-
holtz, and J. P. Lowe, Tetrahedron Lett., 1 (1960).

Scheme |
chXhZhch3 N > ch&XhZXZh= ch2 +
1 solvent, 50
X
X=1,BrCl
h3 h3
CH\ / H © ©
> =< > = <
H CH3 K H

Reactions of 2-Butyl lodide with Unusual Bases in
DMF.—The relative amounts of isomeric olefins re-
sulting from reactions of cyanide, acetate, benzoate,
and phenoxide ions with 2-butyl iodide in DMF are
presented in Table | (systems 1-5). In all cases, the
2-butenes, Saytzeff olefins, strongly predominate and
high trans-:cfs-2-butene ratios (3.3-3.8) obtain. Com-
parison of systems 1 and 2 indicates an insensitivity of
orientation to the identity of the metal counterion. In
previously reported fluoride ion promoted eliminations
(Table I, systems 12, 13, 14, and 15; Table I1I, systems
34, 35, 36, and 37; Table 1V, systems 52, 53, 54, and 55),
an apparent dependence of orientation upon the cation
has been attributed to small amounts of water in the
solvent for reactions of the tetraalkylammonium fluo-
ride hydrates.3®

Under the reaction there is a negligible contribution
from E | processes.3® Sodium nitrite, nitrate, and thio-
cyanate were of insufficient strength to produce clean
E2 reactions. No attempt was made to measure the
low butene yields.

Reactions of 2-Butyl Halides with Phenoxide and
Alkoxides in Alcohols.—The relative proportions of
isomeric butenes resulting from a number of previously
unreported phenoxide and alkoxide ion induced elim-
inations from 2-butyl halides in alcoholic solvents are
presented in Table Il (systems 16, 17, 18, 19, and 21),
Table 111 (systems 26, 27, 28), and Table IV (systems
46 and 47).

Control experiments demonstrated the absence of a
significant unimolecular elimination pathway under the
reactions conditions. That phenoxide ion is the effec-
tive base in the phenoxide-alcohol systems was demon-
strated by the constancy of olefinic proportions in elim-
inations from 2-butyl bromide promoted by varying
concentrations of phenoxide in ethanol containing an ex-
cess of phenol (see Experimental Section).

The effects upop'butene composition of variation of
the alcoholic solvent for a common base are shown in re-
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Table |

Olefinic Products from Reactions of 2-lodobutane with Various Bases in Dipolar Aprotic Solvents at 50°

System e ----——---Total butenes, %— irons-2-Butene:
no. Base Solvent 1-Butene irons-2-Butene cis-2-Butene cis-2-butene
| KCN*“'6 DMF 3.3+ 0.P 74.4 + 0.5 223 + 0.5 3.34 £ 0.11
2 NaCN*“'6 DMF 3.7+ 0.2 73.8 + 0.6 226 + 0.7 3.27 £ 0.09
3 NaOAc“'6 DMF 6.7 + 0.2 73.7 + 0.3 19.6 + 0.3 3.76 + 0.06
4 NaOCOPh“6 DMF 74 £ 0.1 72.8 + 0.6 19.8 + 0.6 3.68 + 0.14
5 PhOKM DMF 115 + 0.1 695+ 0.4 19.0 £0.5 3.66 £+ 0.11
6 Lip DMF 1.5 76.8 21.6 3.55
7 Lil< DMSO 2.2 75.2 22.6 3.33
8 LiBre DMF 2.1 77.6 20.3 3.83
9 LiBr" DMSO 3.3 74.4 22.3 3.33
10 LiCP DMF 2.4 78.0 19.6 3.95
11 LiCP DMSO 2.6 75.8 21.7 3.50
12 LiF» DMF 18.9 63.1 18.0 3.51
13 LiFe DMSO 19.4 61.5 19.1 3.23
14 MeNF» DMF 9.5 71.1 194 3.66
15 n-BuNFe DMF 10.6 69.6 19.7 3.53

“ Saturated solution. 6[2-Bul] = 0.4 M. O0Standard deviation. d[PhOK] =0.4 1. ‘ Reference 3a.

Tabte Il

Olefinic Products from Reactions of 2-lodobutane with Various Bases in Alcohols and Toluene at 50°

System -Total butenes, %-— trans-2-Butene:
no. Base Solvent 1-Butene trans-2-Butene «s-2-Butene cis-2-butene
16 EtOK* EtOH 11.7 + 0.36 67.6 + 0.2 20.8 + 0.2 3.25 £+ 0.02
17 PhOK"* EtOH 7.9 £ 04 72.2 £+ 0.2 199 + 0.5 3.62 £+ 0.11
18 xec-BuOK* sec-BuOH 171 + 0.3 61.0 £ 0.3 21.8 + 0.2 2.79 £+ 0.03
19 PhOK' sec-BuOH 89+ 04 70.8 + 0.5 203+ 0.4 3.48 + 0.08
20 tert-BuOKd ierf-BuOH 33.5 44.5 22.0 2.02
21 PhOK' iert-BuOH 106 + 0.4 67.8 + 0.6 215 + 0.3 3.16 + 0.06
22 EtjCOK" Et3COH 49.3 30 20 1.50
23 tert-BuOKd Toluene 36.1 40 23 1.70
24 EtaCOK* Toluene 46.8 34 19 1.75

° [2-Bul] and [base] = 0.1-0.2 M. 6Standard deviation. * [2-Bul] = 0.15 M, [PhOK] = 0.11, [PhOH] = 1.0 M. dReference
3h.

Table Il

Olefinic Products from Reactions of 2-Bromobutane with Various Base-Solvent Systems at 50°

System jTTTTTTTm s -Total butenes, %--— iro7is-2-Butene:
no. Base Solvent 1-Butene irans-2-Butene m-2-Butene cis-2-butene
25 MeONa*" MeOH 14.6 65.8 19.6 3.36
26 EtOK®6 EtOH 179 + 0.2' 62.3 + 0.2 19.8 £+ 0.2 3.14 £ 0.03
27 PhOKd EtOH 11.8 + 0.1 67.8 £+ 0.3 204 + 0.4 3,32 £+ 0.08
28 sec-BuOK6 sec-BuOH 26.3 + 0.2 53.7 + 0.2 20.0 + 0.2 2.68 £+ 0.04
29 tert-BuOK' ieri-BuOH 53.5 27.7 18.8 1.47
30 EtsCOK" Et3TOH 71.3 16 13 1.26
31 i«rf-BuOK" Toluene 52.2 28 20 1.38
32 EtaCOK' Toluene 65.8 20 14 1.37
33 LiCP DMF 9.8 70.1 20.1 3.48
34 LiF' DMF 29.3 55.0 15.7 3.50
35 LiF' DMSO 29.5 54.2 16.3 3.32
36 MeNF' DMF 15.5 66.5 18.0 3.68
37 »-BUMNFi DMF 16.7 64.5 18.7 3.45
38 EtOK«.* DMSO 27 57 16 3.35
39 i«rt-BuOK® DMF 30.5 55.1 14.4 3.82
40 tert-BuOKL.i DMAC 26.7 + 0.1 57.0 + 0.1 16.3 + 0.2 3.50 £+ 0.04
41 tert-BuOKiA Sulfolane 27.7 £ 0.3 54.1 + 0.1 18.2 + 0.2 2.97 + 0.03
42 iert-BuOK* DMSO 30.4 53.8 15.8 3.40
43 iert-BuOK1 50% tert-

BuOH-50%

DMSO 29.4 + 0.2 53.1 +0.2 175 + 0.2 3.03 £+ 0.04
44 tert-BuOK> 75% tert-

BuOH-25%

DMSO 29.1 +0.2 52.4 + 0.3 185 + 0.2 2.84 + 0.04
45 tert-BuOK> 90% tert-

BuOH-10%

DMSO 329 + 0.1 48.7 + 0.1 184 + 0.1 2.65 + 0.0
° Reference 3b. 6[2-BuBr] = 0.1-0.6 M, [base] ==0.1-0.2 M. ' Standard deviation. [2-BuBr] = 0.17 M, [PhOK] = 0.
[PhOH] = 1.0 M. ‘ Reference 3h. t Reference 3a. »At55°. hReference 3g. *V,V-Dimethylacetamide. i[2-BuBr] = 0.
[ierf-BUuOK] = 0.5 M. kTetramethylene sulfone.

1
.1 M,
2 M,



664 J. Org. Chem, Vol. 36, No. 6, 1971

Bartsch, Kelly, and Pruss

Table IV

Olefinic Products from Reactions of 2-Chlorobutane with Various Base-Solvent Systems at 50°

System  mmmmmmmsmsmoooeees
no. Base Solvent 1-Butene
46 EtOK» EtOH 22.3 + 0.26
47 sec-BuOKc sec-BuOH 33.7+ 0.3
48 (eri-BuOKn (eri-BuOH 67
49 EtsCOK~" EtaCOH 80.1
50 ;ert-BuOK™ Toluene 66.8
51 EtuCOK* Toluene 77.0
52 LiFe DMF 39.8
53 LiF' DMSO 40.8
54 Me.NF' DMF 22.1
55 n-BudNFe DMF 22.5
» [RC1] = 0.4 M, [EtOK] = 0.1 M. bStandard deviation.
erence 3a.

actions of 2-butyl iodide with potassium phenoxide in
ethanol, sec-butyl alcohol, and ;«'¢-butyl alcohol (Table
11, systems 17, 19 and 21). The relatively small
changes in butene proportions indicate that the much
larger effects noted for variation of alkoxides in the re-
spective alcohols (Table Il systems 16, 18, and 20) are
attributable primarily to differing base strengths and
not to a solvent effect.

Reactions of 2-Butyl Bromide with Potassium tert-
Butoxide in Dipolar Aprotic Solvents and in («¢-Butyl
Alcohol DMSO Mixtures.—Previous investigations of
base-catalyzed eliminations from 2-alkyl halides in
dipolar aprotic solvents have been confined to DMF
and DMSO. Orientation in elimination from 2-butyl
bromide promoted by potassium ;«-¢-butoxide in N ,N -
dimethylacetamide and tetramethylene sulfone are re-
ported in Table 111 (systems 40 and 41). The trans-:
czs-2-butene ratios are high, in agreement with earlier
studies in DMF and DM S0.3ab

The results from a study of olefinic proportions from
reactions of 2-butyl bromide with potassium ¢«'¢-butox-
ide in the mixed solvent system of ;«'¢-butyl alcohol-
DMSO are presented in Table 111 (systems 43, 44, and
45). As the proportion (by volume) of DMSO is in-
creased from O to 10%, a pronounced effect upon both
positional and geometrical orientation is observed (com-
pare systems 29 and 45). Further increases in the pro-
portion of DMSO to 25 and then 50% (systems 44 and
43, respectively) exhibit much smaller effects. Dra-
matic enhancement of the rate of elimination from 2-
arylethyl bromides promoted by potassium ;«-;-butoxide
in ¢«-¢-butyl alcohol upon addition of small amounts of
DMSO has been reported by Saunders and coworkers.4

Discussion

In addition to the results of the present study, re-
ported olefinic proportions from dehydrohalogenation
of 2-butyl halides with other base-solvents systems at
5003,b,f-h are couected ]n Tables I-1V. In all, 55
base-solvent-leaving group combinations are included.

Reactions of 2-Butyl Halides with Bases in Dipolar
Aprotic Solvents.—Orientation in eliminations from
2-butyl iodide, bromide, and chloride induced by a
wide variety of bases in DMF and DMSO at 50° has
now been observed (Table I ; Table 111, systems 33-39,
42; Table 1V, systems 52-55). The first atoms of these
bases range from oxygen (alkoxide, phenoxide, carbox-

4) A. F. Coekerill, S. Rottschaefer, and W. H. Saunders, Jr., J. Amer.
Chem. Soc., 89, 901 (1967).

------- -Total butenes, % -----

c[RC1] =

ircms-2-Butene :

frcms-2-Butene cis-2-Butene cis-2-butene
58.9 + 0.2 188 + 0.3 3.13 £+ 0.05
47.2 £+ 0.3 19.1 + 0.6 2.46 £ 0.09
18.5 14.5 1.28

11 9 1.14

17 16 1.03

13 10 1.29

47.6 12.6 3.79

45.6 13.6 3.36

61.3 16.6 3.72

61.1 16.4 3.76

0.15 M, [sec-BuOK] = 0.2 M. dReference 3h. el

ylate ions) to carbon (cyanide ion) to halogen (halide
ions). With this variety of bases, the proportion of 1-
butene varies from 2 to 40%. However, the trans-:cis-
2-butene ratios remain high and essentially constant in
the range 3.3-4.0. It is apparent that the concomitant
changes observed in the per cent of l-butene and the
trans-:cfs-2-butene ratios for reactions of 2-alkyl halides
with alkoxide ions in alcohols3b~d'£ i are not found
when DMF and DM SO are the reaction solvents.

The geometrical orientation noted for eliminations in-
duced by potassium ;«-;-butoxide in ATW-dimethylacet-
amide and tetramethylene sulfone (Table 111, systems
40 and 41) suggests that high ;raws-:m-2-butene ratios
are a general feature of base-catalyzed eliminations from
2-butyl halides in dipolar aprotic solvents.

In eliminations from 2-substituted alkanes, trans- :cis-
2-alkene ratios have been interpreted as indicating the
extent of double bond formation in the internal olefin
transition states.30'd'g’i The greater the degree of dou-
ble bond character, the greater is the eclipsing of cis-
destined alkyl groups, resulting in a higher trans-:cis-2-
alkene ratio. According to this criterion, a high degree
of double bond character exists in the internal olefin
transition states for all base-catalyzed eliminations from
2-butyl halides in dipolar aprotic solvents.5 The reason
for this divergence of orientation for eliminations in di-
polar aprotic solvents from that observed in alcoholic
solvents is not evident at this time.

Effect of Base and Solvent upon Orientation in
Elimination from 2-Butyl Halides.'—The availability
of data on such a large number of base-solvent-leaving
group combinations encourages a search for novel
relationships. In Figure 1, log (% cis-2-butene/% 1-
butene) (i.e., the relative rates of formation of cis-2-
butene and l-butene) is plotted against log (% trans-
2-butene/% l-butene) for eliminations in dipolar
aprotic solvents. Figure 2 is a similar plot for reactions
in which the solvents were alcohols and toluene. Both
plots exhibit excellent linearity when the number of
sources of data is considered. These linear free-energy
relationships attest to regularities in the effects of base,
solvent, and leaving group upon product compositions
in base-catalyzed /3 eliminations from 2-butyl halides.

The plot for eliminations in dipolar aprotic solvents
(Figure 1) has a slope of 1.00. Thus, the aforemen-
tioned insensitivity of the relative rates of formation of

(5) A high degree of double bond character exists in internal olefin transi-

tion states for reactions of 2-broraoalkanes with potassium ieri-butoxide in
DMSO.$
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Figure 1.—Plot of log (% cfs-2-butene/% 1-butene) vs. log (%
trans-2-butene/% 1-butene) for base-catalyzed elimination from
2-butyl halides in dipolar aprotic solvents at 50°: G = 2-butyl
iodide; El = 2-butyl bromide; A = 2-butyl chloride.

trans- and m -2-butene (he., the frans-:.cis-2-butene
ratio) to that for l-butene is clearly demonstrated.

The slope in Figure 2 for the alcoholic solvents is 0.70.
This means that as the per cent of 1-butene increases,
the per cent of frans-2-butene suffers a proportionately
greater decrease than the per cent of cfs-2-butene.
Thus, in alcoholic media, trans-'.cis-2-butene ratios of
3.2-3.6 are observed when the per cent of 1-butene has
a low value of 8-15% (systems 16, 17, 19, 21, 25, and
27). However, much lower trans-.cfs-2-butene ratios
of 1.1-1.5 are noted when the relative proportions of 1-
butene is49-80% (systems 22, 29, 30, 48, and 49). Ra-
tionalizations of this inverse relationship between the
trans—.cis-2-alkene ratio and the per cent of l-alkene
have been offered.Xdg It is indeed interesting that
the products of eliminations induced by alkoxide ions in
toluene (systems 23, 24, 31, 32, 50, and 51) correlate
with products from eliminations employing alkoxide
ions in alcohols (Figure 2).

The linear free-energy relationships presented in Fig-
ures 1 and 2 allow certain inferences concerning base-
catalyzed (@3 eliminations from 2-butyl halides to be
made. First, the linearity strongly suggests that the
stereochemistry of elimination in dipolar aprotic sol-
vents and in alcoholic media is invariant. A change
from anti- to syn-elimination stereochemistry should
produce significant irregularities in the relative rates of
formation of trans- and cfs-2-alkene because of the
strong destabilization of the syn elimination cfs-2-alkene
transition state by eclipsing effects.36 An anti-elim-
ination stereochemistry has been demonstrated in elim-
inations from eri/i/M-o-3-deuterio-2-bromobutane in a
variety of dipolar aprotic and alcoholic solvents.7 It
therefore appears that anti elimination occurs for the
entire series of base-solvent-leaving group combina-
tions.

Although the steric requirements of the base are var-

(6) D. S. J5ailey and W. Il. Saunders, Jr., Chem. Commun., 1598 (1968).
(7) R. A. Hartscli, Tetrahedron Lett., 297 (1970); R. A. Uartsch, unpublished
results.
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Figure 2.—Plot of log (% cis-2-butene/% 1-butene) vs. log (%
jrares-2-butene/% 1-butene) for base-catalyzed elimination from
2-butyl halides in alcohols and toluene at 50°: 0 = 2-butyl
iodide; 0 = 2-butyl bromide; A = 2-butyl chloride.

ied widely, Figures 1 and 2 exhibit no discontinuities in
the relative rates of formation of the internal olefins. A
sudden onset of steric interactions with bulky bases,8
such as potassium ferf-butoxide, would be expected to
strongly influence the relative rates of formation of
trans- and cfs-2-butene because of the different steric
interactions in the two transition states. Similar con-
clusions concerning the unimportance of the steric pro-
portions of the base upon orientation have been reached
previously.33

Orientation in eliminations from 2-butyl p-toluene-
sulfonate induced by 13 base-solvent combinations at
55° has been reported by Froemsdorf.9 When points
for these reactions were entered onto the plots for the
2-butyl halides, no correlation was found. This obser-
vation further reveals the significant differences between
halide and p-toluenesulfonate leaving groups,3 which
probably result from the asymmetry of the latter.

Experimental Section

Reagents.—Anhydrous dimethylformamide and dimethyl
sulfoxide (Baker, reagent) were stored over molecular sieves.
A,A-Dimethylace*wamide and tetramethylene sulfone (Aldrich,
reagent) and anhydrous ethanol were used directly. sec-Butyl
and ;erf-butyl alcohol were distilled from calcium hydride. 2-
Butyl halides were obtained as before.38 Potassium ¢erf-butoxide
(MSA) was used directly.

Base-Solvent Solutions.— Potassium ¢ erf-butoxide in ;erf-butyl
alcohol was prepared as before.3d Potassium ethoxide in ethanol
and sec-butoxide in sec-butyl alcohol were prepared in similar
fashion. Solutions of 0.1 N potassium phenoxide and 1.0 N
phenol in alcohols resulted from addition of 2.5 ml of 0.2 N
potassium alkoxide in alcohol to 0.52 g of phenol in a 5-ml
volumetric flask, addition of the 2-butyl halide, and dilution to
5 ml with the appropriate alcohol. Potassium ;erf-butoxide in
ierf-butyl alcohol-DM SO mixtures were prepared from potassium

(8) Evidence that orientation in elimination from 2-alkyl halides by
alkoxide ions of moderate proportions is not controlled by steric factors has
recently been obtained: R. A. liartsch, C. F. Kelly, and G. M. Pruss,
Tetrahedron Lett., 3795 (1970).

(9) D. If. Froemsdorf and M. D. Robbins, 3. Amer. Chem. Soc., 89, 1737
(1967).
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iert-butoxide and appropriate amounts (by volume) of ierf-butyl
alcohol and DMSO.

Reaction Procedine.— Reactions of 2-butyl halides with potas-
sium phenoxide and alkoxides in alcohols,3 and with bases in
dipolar aprotic solvents and iert-butyl alcohol-DMSO mix-
tures,B were conducted and elimination products were analyzed
as before.

Control Experiments.—Negligible amounts of butenes (de-
termined by glpc) were formed in the reaction of 2-butyl iodide
(starting material most prone to EIl reaction) with an equivalent
amount of 2,6-lutidine (sterically hindered base, present to
inhibit acid-catalyzed reaction) in iert-butyl alcohol at 50° for
24 hr.

Reaction of 2-butyl iodide with varying concentrations of
potassium phenoxide in ethanol in the presence of excess phenol

Jezorek and M ark

gave the following olefinic proportions ([PhOK], [PhOH], % 1-
butene, % irans-2-butene % cfs-2-butene): 0.05 M, 1.05 M,
78 + 0.2,723 + 0.2,199 + 0.1; 0.10 M, 1.00 M, 7.9 = 0.3,
72.1 + 0.6,20.0+ 0.3; 0.15M,0.95M, 80 + 0.2,71.6 = 0.2,
20.4 + 0.4. Within experimental error, the relative amounts
of butenes are invariant, indicating the absence of significant
ethoxide ion promoted elimination. Based upon the pita's of
ethanol and phenol in ethanol, less than 1% of ethoxide is
calculated to be presentin an ethanolic solution of 0.1 M phenox-
ide and 1.0 M phenol.

Registry NoO.—2-lodobutane, 513-48-4; 2-bromo-
butane, 78-76-2; 2-chlorobutane, 78-86-4.

(10) B. D. England and D. A. House, J. Chem. Soc., 4421 (1962).
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In this study are reported the polarographic half-wave reduction potentials in dimethylformamide of a series

of alkyl-substituted phenanthrenes and biphenyls.

The shifts in the half-wave potential vis-a-vis the unsubsti-
tuted parent compounds are discussed in terms of hyperconjugative, inductive, and steric strain effects.

Using

the inductive model for alkyl substitution and making suitable correction for the hyperconjugative effect, correla-

tion of half-wave potential shifts with HMO coefficients is attempted.

Deviations from the expected correla-

tion are explained in terms of steric interactions, and a semiquantitative estimate of these interactions is presented.

There has been rather sustained interest in recent
years in the effects that substituent alkyl groups have on
the physical and chemical properties of fused and
bridged aromatic hydrocarbons. Changes in electronic
spectra,3-7 polarographic half-wave potentials (E¥,),6-11
and ionization potentials712 have been discussed. In
certain cases, such as that of biphenyl, the steric re-
quirements of substitution can result in a change in the
planarity of one part of the conjugated system relative
to the rest of the molecule. Such perturbations of the
conjugative resonance interaction have been shown to
result in shifts of the so-called ultraviolet conjugation
band (~250 nm)3-6'1113 and in shifts of polarographic
E i/ 2values.1011

Where rigid conjugated systems, such as fluorenes
and phenanthrenes, are involved, changes in planarity
on substitution are not so significant. However,
Streitwieser and Schwager9 showed that, besides the
normal inductive effect, hyperconjugative interaction
of the added alkyl group with the irsystem of the aro-

(1) This work was supported in part by the National Science Foundation,
Grant No. GP-9307, and in part by the American Chemical Society, Petro-
leum Research Fund, Grant No. 2880~A3,5.

(2) Chemistry Department, The University of Cincinnati, Cincinnati,
Ohio 45221.

(3) G. H. Beaven, D. M. Hall, M. S. Lesslie, and E. E. Turner, J. Chem.
Soc., 854 (1952).

(4) G. H. Beaven, and G. R. Bird, ibid., 131 (1954).

(5) E. A. Braude and W. F. Forbes, ibid., 3776 (1955).

(6) A. Zweig, J. E. Lancaster, M. T. Neglia, and W. H. Jura, J. Amer.
Chem. Soc., 86, 4130 (1964).

(7) E. S. Pysh and N. C. Yang, ibid., 85, 2124 (1963).

(8) R. Gerdil, and E. A. C. Lucken, ibid., 88, 733 (1966).

(9) A. Streitwieser, Jr., and I. Schwager, J. Phys. Chem., 66, 2316 (1962).

(10) A. J. Bard, K. S. V. Santhanam, J. T. Maloy, J. Phelps, and L. O.
Wheeler, Discuss. Faraday Soc., 167 (1968).

(11) R. Diet/, and M. E. Peover, ibid., 154 (1968).

(12) A. Streitwieser, Jr., J. Phys. Chem., 66, 368 (1962).

(13) H. Suzuki, Bull. Chem. Soc. Jap., 32, 1340, 1350, 1357 (1959).

matic parent compound constitutes an appreciable por-
tion of the shift in E./, when substitution is made at a
site with a fairly large Hiickel molecular orbital (HMO)
coefficient (c). When a correction is made for the con-
jugative interaction, fairly successful correlation of E>2
shifts (with respect to the unsubstituted parent) with
the HMO coefficients was obtained.9 If the hypercon-
jugative interaction is neglected, the results are not so
satisfactory.89 Valenzuela and Bard have also shown
hyperconjugation to be an important consideration.}4

When the alkyl substituent takes the form of a bridge
between two parts of a conjugated system (such as in
fluorene and 9,10-dihydrophenanthrene) AE,/, values
are even more difficult to correlate with inductive effects
alone.8 Steric effects may be important in the E,/,
shifts of these compounds, but in earlier studies they
have either not been a major factor or they have not
been considered where inconclusive results were ob-
tained.8

In this investigation the reduction E,/, values of a
series of biphenyl- and phenanthrene-related com-
pounds (where the added substituent is an alkyl group)
were obtained in dimethylformamide (DMF) media.
All of the factors enumerated above have been con-
sidered, with particular attention paid to molecules pos-
sessing steric strain, and to those species where the alkyl
substituent is a bridging group. For many molecules
it was found that correlation of Ei/2shifts (corrected for
conjugation effects) with the inductive effect of the
added alkyl group is far from successful. These devia-
tions from the “normal” correlation behavior are
equated to steric strain, and this strain is estimated
semiquantitatively.

(14) J. A. Valenzuela and A. J. Bard, J. Phys. Chem., 73, 779 (1969).
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Experimental Section

Instrumentation.—Polarograms were obtained using a three-
electrode system based on the operational amplifier circuits of
DeFord®Eand were recorded on an Electro Instruments Model
500 X-Y recorder without damping. The reference electrode
employed for all measurements was an anodized silver wire im-
mersed in a 0.01 M AgCIOr-O.1 M tetra-ra-butylammonium per-
chlorate (TBAP) solution in DMF. The stability of this system
has been discussed earlier.’6 Details of the construction of the
reference and salt-bridge compartments have been given else-
where.ll Measured E7, values are accurate to at least +10 mV
except for those above —3.2 V, as background breakdown begins
to be significant in this region making determination of accurate
values difficult. Procedures for deaeration of the solution have
been elaborated in an earlier report.18

Chemicals and Solutions.—The DMF solvent was Matheson
Coleman and Bell Spectroquality grade. Purification was
effected by passing dried solvent (Linde Type 4A Molecular
Sieves) through an approximately 4-ft column of Woelm
alumina at a rate of about 15 drops per minute.l9 This method
of purification resulted in a product as free of reducible impurities
as that obtained by an earlier reported distillation procedure,18
and it had the advantage of being a much easier and faster
method.

Phenanthrene (purchased from Matheson Coleman and Bell),
4.5- methylenephenanthrene (4,5-MeP) (from Aldrich Chemical
Company), fluorene (Baker photosensitizer grade), and 2-
methylbiphenyl (K and K Laboratories) were used as received.
Biphenyl was recrystallized by standard methods. The 4,5-
methylene-9,10-dihydrophenanthrene (4,5-Me-9,10-DHP) was
recrystallized from methanol and melted at 140-141°. The 9,10-
dihydrophenant.hrene (9,10-DHP), from K and K Laboratories,
was recrystallized from ethanol at acetone-Dry Ice temperatures,
filtered, and washed with cold ethanol. The solid, melting near
room temperature, was stored over silica gel in a refrigerator.
Pure samples of 2,7-dimethylphenanthrene (2,7-DMeP), 4,5-
dimethylphenanthrene (4,5-DMeP), 2,4,5,7-tetramethylphenan-
threne (2,4,5,7-TMeP), 3,4,5,6-tetramethylphenanthrene (3,4,-
5.6- TMeP), and 1,8-dimethylfluorene (1,8-DMeF) were obtained
from Professor M. S. Newman (Department of Chemistry, Ohio
State University, Columbus, Ohio).

Hydrocarbon solutions in DMF were 0.1 M in TBAP and
millimolar in sample.

Results and Discussion

As is the usual practice, it is assumed that the electron
added in the reduction process occupies the lowest un-
occupied molecular orbital of the hydrocarbons. Ac-
cording to Streitwieser and Schwager,9 a substituent
alkyl group can be considered as making the carbon
atom to which it is attached less electronegative by its

electron-donating (inductive) ability. The altered
coulomb integral can be defined as
a, = @+ hrpPt (60}

where hr is negative. The change in the energy, «mti,
of the lowest vacant molecular orbital is given by

1= Cw, rear ®)

where a7t ris the coefficient of the rth atomic orbital
in the (m + 1)st molecular orbital, the lowest vacant
orbital. However as

6ar = Qr — ao = hr@ 3)

1* CGmt1, r hrfio 4)

(15) (a) D. D. DeFord, Analytical Division, 133rd National Meeting of
the American Chemical Society, San Francisco, Calif., 1958; (b) W. M.
Schwartz and I. Shain, Anal. Chem., 35, 1770 (1963).

(16) J. Janata and H. B. Mark, .Tr.,, J. Phys. Chem., 73, 3616 (1968).

(17) J. R. Jezorek and H. B. Mark, Jr., ibid., 74, 1627 (1970).

(18) J. Janata, J. Gendell, R. C. Lawton, and H. B. Mark, Jr., J. Amer.
Chem. Soc., 90, 5225 (1968).

(19) N. S. Moe, Acta Chem. Scand., 21, 1389 (1967).
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The result is that the inductive effect raises the energy
of the vacant orbital and shifts Ey, to more negative
potentials. It is also expected that inductive effects
are additive so that, if more than one alkyl group is in-
volved then

r = 1, r hr(So (5)
r
Therefore a linear correlation of shifts of half-wave re-
duction potentials from those of the unsubstituted com-
pound with 2,c2w{!, Tshould be obtained in this case.
It is assumed that, the a1l values do not change on
methyl substitution.

As mentioned earlier, Streitwieser and Schwager have
shown that hyperconjugative interaction of the added
alky] group also may be an important factor in changes
in Et/J Correction for this effect is easily made, how-
ever, based on the assumption that the ultraviolet con-
jugation band, which is related to transitions of an elec-
tron from the highest occupied to the lowest vacant u-
molecular orbital, is affected solely by conjugative and
not by inductive effects.9 Likewise, as the spatial ge-
ometry is assumed not to change during an electronic
transition (Franck-Condon principle), shifts in the con-
jugation band ought not to reflect strain effects except
as they give rise to changes in resonance interaction.B8
Therefore the bathochromic shift in the frequency of
the conjugation band (? parent-? substituted) can be
converted to volts (1 eV = 8066 cm”™1) and added to the
measured E,fy values. This correction has been ap-
plied to all compounds in this study. Where significant
deviation from the expected correlation behavior (where
only hyperconjugative and inductive effects are pres-
ent) is found, the cause is attributed to steric effects,
as discussed below. Apparently steric strain is more
extensive in the excited state than in the ground state,
and the LVMO is raised in energy more than the
HFEMO.

Phenanthrene Related Compounds.'— Polarographic
and ultraviolet spectral data for phenanthrene and
related compounds is given in Table I. Analysis of
the polarograms showed them to be reversible, one-
electron waves.1688 The EY, of 4,5-MeP was corrected
for the small anodic shift (about 20 mV) resulting from
the self-protonation (ECE) sequence. This correction
was estimated from the results of Janata and Mark.162D
Also given in Table | are the can+, rvalues for phenan-
threne.

All of the compounds in this series are considered to
be essentially planar, although some twist of the phen-
anthrene ring system occurs with substitution in the 4
and 5 positions.2la Even phenanthrene itself is some-
what strained because of proton-proton interaction at
the 4 and 5 positions,2 although some of the strain is
relieved by a slight twist away from coplanarity.2la

In Figure 1 is shown the correlation of Ev, (corrected
for conjugation effects) Vs. 2rc2m+i,r obtained by Streit-

(20) Estimates of the pk & of this and other compounds in this study
containing the methylene bridge range from 20 [C. D. Ritchie and R. E.
Ushold, 5 . Artier. Chem. soc., 89, 1721 (1967)1 to 25 (A. Streitwieser, “ Molec-
ular Orbital Theory,” Wiley, New York, N. Y., 1962, pp 414-415). A
radical anion of the hydrocarbon is able to abstract a proton from another
molecule of hydrocarbon at the electrode giving an anodic shift to i?*/2.

(21) (a) H. Suzuki, “Electronic Absorption Spectra and Geometry of

Organic Molecules,” Academic Press, New York, N. Y., 1967, pp 380-383;

(b) p 287.
(22) A. Streitwieser, “Molecular Orbital Theory,” Wiley, New York,

N. Y., 1962, p 344.
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Table |

POLAROGRAPHIC AND ULTRAVIOLET SPECTRAL UATA FOR P hENANTHRENES IN DMF

e'A’ /-From phenanthrene—* Correction, ®'A ae‘A’ 2¢>W, r  Spectral

Compd measured*1 X (nm) v(em ) AX Ar mV corrected corrected r ref
Phenanthrene -2.904 292.1 34,235 b, c
2,7-DMeP -2.946 295 33,898 +2.9 -337 42 -2.988 84 0.004 b
4,5-DMeP -2.814 312.5 32,020 +20.4 -2215 275 -3.089 185 0.108 b
4,5-MeP -2.881 299 33,445 +7 -801 99 -3.000 96 0.054 c

+20 mV 0.108
(ECE) = -2.901

2,4,5,7-TMeP -2.853 315.9 31,598 +23.8 -2637 327 -3.180 276 0.112 d
3,4,5,6-TMeP -2.948 316.8 31,565 +24.7 -2670 332 -3.280 376 0.306 d
« Reference electrode is Ag/AgCIO, (0.01 M) in DMF. bP. Nounou, J. Chin. Fhys. Physicochim. Biol., 64, 276 (1967). cC. Karr,

Jr., Appl. Spectrosc., 13, 15 (1959).

Figure 1.—Attempted correlation of polarographic half-wave
potentials, corrected for conjugation, with the effect of alkyl
substituents in phenanthrene using the inductive model. The
solid line was obtained by Streitwieser for unstrained, methyl-
substituted, alternant aromatic hydrocarbons.

wieser and Schwager for alkyl-substituted, unstrained,
alternant aromatic hydrocarbons.9 That this line does
not go through the origin seems strange. Streitwieser
and Schwager do not discuss this problem, and while
Neikam and DesmondZalso note the situation, they do
not offer any explanation. However, the effect seems
real, and the experimental correlation will be used. Re-
sults of the present study are then compared with this
correlation line. Satisfactory fit is obtained for 2,7-
DMeP and 4,5-MeP. The deviation of4,5-DMeP from
the purely inductive correlation line is about 100 mV.
This is equivalent to about 2.3 kcal/mol of steric energy
(L ev = 23 kcal/mol) over and above that which is pres-
ent in phenanthrene itself. When further substitution
is made alongside the 4- and 5-methyl groups to give
3,4,5,6-TMeP, an even greater deviation is observed,
equivalent to about 4.4 kcal/mol. The additional 2.1
kcal/mol results from methyl-methyl crowding in the
3,4 and 5,6 positions, as well as increased overlap of the
4- and 5-methyl groups, the so-called “buttressing ef-
fect” noted by Newman, et al.u The steric overlap of
the 4- and 5-methyl groups is evident for 2,4 5,7-TMeP
as well, but it seems as if other effects are present be-
yond this, as the deviation from the correlation is

(23) W. C. Neikam and M. M. Desmond, J. Amer. Chem. Soc., 86, 4811
(1964).

(24) H. A. Karnes, B. D. Kybett, M. H. Wilson, J. L. Margrave, and
M. S. Newman, ibid., 87, 5554 (1965).

dThis work, in CH3sCN, Cary 14 spectrometer.

greater than the sum of those of 2,7-MeP and 4,5-MeP.
A form of “buttressing” interaction is possible in the
2,3,4 and 5,6,7 positions, i.e.,, methyl-proton-methyl

crowding. Interactions of this type have been dis-
cussed by Braude and Forbes for meta substitution in
biphenyl.6

Biphenyl and Related Compounds.—In Table 11

are given the polarographic and spectral data for
biphenyl and substituted biphenyl compounds. Of
these species biphenyl and 9,10-DHP deviate from
planarity.5 In order to relieve steric overlap in the
ortho position, biphenyl is twisted about the bridging
bond, while twisting in 9,10-DHP occurs in order that
the sp3angles of the ethylene bridge be more closely ac-
commodated.3613 A twist of up to 20° in both com-
pounds has been shown to cause very little reduction in
the #-Tinteraction of the aromatic rings compared to
the hypothetical planar molecule.b Indeed the slight
loss of resonance interaction is balanced by the decrease
in steric overlap of the ortho protons.5 For those com-
pounds containing bridging methylene groups, the as-
sumption is made that the Ay, shift of the self-ECE
process is the same as that of 4,5-MeP, and a 20-mV
correction is applied, as estimated from Janata and
Mark.® In Figure 2 is shown the shift in Ey, (cor-
rected for conjugation) Vis-a-vis biphenyl, of the com-
pounds under study, the experimentally determined cor-
relation line of Streitwieser and Schwager,9and the c2
values for biphenyl. Because some doubt exists as to
whether a bridging methylene or ethylene group is
equivalent to one or two substituent methyl groups, all
possibilities have been considered. As mentioned
above, the 2,2,-proton interaction of biphenyl is mini-
mized with the twist about the bridging bond.613
When the bridging methylene group is introduced be-
tween the 2 and 2' positions to give fluorene, however,
the ortho protons remaining are now forced into a
strained, eclipsed conformation. The minimum devia-
tion from the correlation line, using the rather doubtful
assumption that the methylene group is considered to
have the same effect as two methyl groups,8is equiva-
lent to about 4.8 kcal/mol of steric strain compared to
biphenyl itself.

That 4,5-DMeP seems to have less strain energy than
fluorene which has only two protons sterically interact-
ing instead of two larger methyl groups, is understand-
able when it is remembered that this method of estimat-

(25) Braude and Forbes (ref 5) contend that 9,10-DHP, while twisted in
the ground state, is nearly coplanar in the excited state. This contention
is disputed by Suzuki (ref 13) who assumes no geometric rearrangement

during an electronic transition according to the Franck-Condon principle.
(26) K. Ishizu, Bull. Chem. Soc. Jap., 37, 1093 (1964).
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Tabte Il

POLAROGRAPHIC AND ULTRAVIOLET SPECTRAL UATA FOR BIPHENYL AND SUBSTITUTED BIPHENYLS IN DMF

E'h' /— From biphenyl— m  Correction, E'/i AEi/- 2csmH, r - Spectral
Compd measuredO X (am) vem ¥ AX Av mVv corrected corrected r ref
Biphenyl -3.034 249.5 40,080 b
Fluorene -3.123 261.5 38,241 + 12 -1839 +228 -3.371 -337 0.089 b
+20 mV (ECE) 0.178
= -3.143
9,10-DHP -3.043 263.5 37,951 + 14 -2129 +264 -3.307 -273 0.089 b, c
0.178
4,5-Me-9,10- -3.240 272 36,765 +22 -3315 +412 -3.652 -638 0.178 d
DHP +20 mV (ECE) 0.267
= -3.260 0.356
1,8-DMeF -3.004 255.4 39,154 +5.9 -926 + 115 -3.139 -105 0.127 e
+20 mV (ECE) 0.216
= -3.024
2-Me-biphenyl -3.202 235 42,548 -14.5 +2468 +52°' -3.254 -220 0.089 b
4-Me-biphenyl 253 39,525 +3.5 -555 b

“ Reference electrode is Ag/AgC104 (0.01 M) in DMF.
1658 (1941). eThis study, in CHsCN, Cary 14 spectrometer.
ing strain energies does not give “absolute” energies,
but only yields a value with respect to the parent com-
pound. In 4,5-DMeP two overlapping methyl groups
are substituted for the two overlapping 4- and 5-posi-
tion protons of phenanthrene. In fluorene two protons
are brought into geometric interaction, whereas in bi-
phenyl they are able to avoid each other via the twist of
the molecule. In addition there is probably a certain
amount of internal strain in the fluorene molecule as it is
forced into a planar or near planar configuration.3'1321b
It may be that this “internal” ring strain is of the “hy-
bridization effect” type discussed by Streitwieser,Z
whereby the ring juncture carbon atoms rehybridize to
accommodate the small bond angles of the strained por-
tion of the molecule. This situation results in an anodic
shift to Eli/,, as discussed by Rieke, et al, for some
naphthalene base compoundsZ or the internal strain
could be of a type which introduces a further cathodic
shift to Ei/, beyond that of spatial overlap of the ortho
protons. It is also noticed that the bathochromic shift
produced by hyperconjugation of the methylene bridge
is considerably larger than one would expect even for
two methyl groups. This large effect probably results
from the possibility of stabilization of the hyperconju-
gat-ed conformation by both phenyl rings, the liklihood
of some 7f interaction of the phenyl rings through the
methylene bridge,5and also from the planar structure
which allows better conjugation across the bridging
bond.3132lb The Ei/, value of fluorene has been cor-
rected for all these increases in conjugative interaction,
viathe uv shift, in order to yield the steric strain energy.

If an ethylene bridge is introduced across the ortho
positions of biphenyl, yielding 9,10-DHP, the molecule
is still allowed a measure of twist,5so that the remain-
ing ortho protons are essentially staggered. However,
the protons of the ethylene bridge may still be subject
to some overlap as the ethylene carbon atoms may not
be able to attain the full tetrahedral angle. The esti-
mated strain energy of about 3.8 kcal/mol then seems
reasonable for partial overlap of the remaining ortho
protons and those of the ethylene bridge.

If the ortho protons of 9,10-DHP are replaced with a

(27) A. Streitwieser, Jr., G. R. Ziegler, P. C. Mowery, A. Lewis, and R. G.
Lawler, J. Amer. Chem. Soc., 90, 1357 (1968).

(28) R. D. Rieke, W. E. Rich, and T. H. Ridgway, Tetrahedron Lett.,
4381 (1969).

bReference 13.
f Correction calculated from shift of 4-Me-biphenyl.

‘ Reference 3. dR. N. Jones, J. Amer. Chem. Soc., 63,

0.089
©-~0>0 159

0*019

c2for biphenyl

Figure 2.—Attempted correlation of polarographic half-wave
potentials, corrected for conjugation, with the effect of alkyl sub-
stituents in biphenyl using the inductive model: (a) ethylene
equivalent to one methyl group; (b) ethylene equivalent to two
methyl groups; (c) methylene equivalent to one methyl group;
(d) methylene equivalent to two methyl groups. The solid line is
that obtained by Streitwieser for unstrained, methyl-substituted,
alternant aromatic hydrocarbons.

methylene bridge to give 4,5-Me-9,10-DHP, the mole-
cule is forced to assume a planar configuration.13 It is
noted that the deviation from the correlation line for
this compound is the most marked of any studied. The
strain energy equivalent is about 9.8 kcal/mol. This
energy can probably be traced in part to the interaction
of the four ethylene protons which are now “locked”
into an eclipsed configuration. The energy barrier for
rotation of ethane from the staggered to the eclipsed
conformation is about 3 kcal/mol.D Also probably
contributing to the total is the fairly significant “inter-
nal” strain in the molecule as a whole, as the ethylene
carbon atoms are not able to attain tetrahedral geom-
etry because of the forced coplanar structure. The
comments concerning the effect of this “internal” strain
on Ei/, which were made about fluorene are also appli-
cable here. The very large “strain energy” found

(29) C. R. Noller, "Chemistry of Organic Compounds,” W. B. Saunders,
Philadelphia, Pa., 1965, p 64.
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would seem to indicate that a cathodic shift of E»/, is
the result, not the anodic shifts observed by Rieke,
et al, B The reason for a cathodic shift is not apparent
at this time.

That 1,8-DMeF falls very close to the correlation
line is perhaps surprising. However, this good correla-
tion is actually indicative of the breakdown of the hy-
pereonjugative correction procedure for this nonalter-
nant hydrocarbon. In all other cases discussed so far,
alkyl substitution has been seen to produce a shift of the
ultraviolet conjugation band to lower energies, while
substitution in the 1 and 8 positions of fluorene has the
opposite effect. Sandorfy has stated that, for nonalter-
nant hydrocarbons, methyl substitution can cause either
bathochromic or hypsochromic shifts, depending on the
position of substitution.8 Despite the fact that, in
this case, methyl substitution would be expected to yield
a cathodic shift in addition to that resulting from the
inductive effect, the actual measured Eu. is more anodic
than that of fluorene itself. It appears then that the
usual relationships between ultraviolet spectral and
polarographic data do not hold for the nonalternant hy-
drocarbon fluorene.

The polarographic reduction potential for 2-methyl-
biphenyl has also been determined. However, the
usual hyperconjugative correction is not possible be-
cause the shift of the conjugation band is composed of
two components acting in opposite directions.13 Con-
jugation of the methyl group with the biphenyl € sys-
tem causes the typical bathochromic shift, while steric
overlap of the ortho methyl with the ortho proton, re-8

(30) C. Sandorfy, “Electronic Spectra and Quantum Chemistry,” Prentice-
Hall, Englewood Cliffs, N. J., 1964, p 344.
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suiting in increased twist about the bridging bond
(58°),13 causes a hypsochromic shift because of reduced
it & interaction. (The decrease in resonance interac-
tion across the bridging bond has been estimated by
Braude and Forbes5to be 7 kcal/mol, but their interpre-
tation has been strongly disputed by Suzuki.1l3) There-
fore the hyperconjugative shift for 4-methylbiphenyl,
multiplied by the ratio of the HM O coefficients for the
2 and 4 positions, has been applied as a correction to 2-
methylbiphenyl. When this is done, EV2 falls about
145 mV above the correlation line, equivalent to a strain
effect of about 3.3 kcal/mol. This energy results from
methyl-proton interaction at the ortho position, as well
as decreased ir-ir interaction across the bridging bond
with respect to biphenyl.

It is seen then that using the inductive model of alkyl
substitution in alternant aromatic hydrocarbons, and
applying an appropriate correction for hyperconjugative
effects, a rough estimate of steric interaction can be ob-
tained polarographically. It appears, however, as if
this procedure is not valid for substituted nonalternant
aromatic hydrocarbons such as fluorene.

Registry No.'—Phenanthrene, 85-01-8; 2,7-DMeP
1576-69-8; 4,5-DMeP, 3674-69-9; 4,5-MeP, 203-64-5;
2,45,7-TMeP, 7396-38-5; 3,4,5,6-TMeP, 7343-06-8;
biphenyl, 92-52-4; fluorene, 86-73-7; 9,10-DHP, 776-
35-2; 4,5-Me-9,10-DHP, 27410-55-5; 1,8-DMeF, 1207-
11-0; 2-methylbiphenyl, 643-58-3; 4-methylbiphenyl,
644-08-6.
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The acetylation of the three title olefins in the presence of aluminum chloride and of stannic chloride, em-

ploying a variety of conditions, has been surveyed.

Acetylation of cyclooctene using pure acetyl chloride and

aluminum chloride gives mainly ring-contraction products reported earlier, whereas use of stannic chloride

leads mainly to l-acetyl-4-chlorocyclooctane and 4-acetylcyclooctene.

Acetylation with acetic anhydride in

several solvents gives mixtures of acetylchlorocyclooctane, acetoxycyclooctyl acetate, and acetylcyclooctenes.
From the acetylation of 1,3-cyclooctadiene in the presence of stannic chloride, there was isolated l-acetyl-4-

chlorocyclooctene and a mixture of 1- and 2-acetyl~l,3-cyclooctadiene;

aluminum chloride gives only tars.

Acetylation of 1,5-cyclooctadiene using either catalyst produces 50-60% of 2-acetyl-6-chlorobicyclo[3.3.0]-
octane, which was degraded to bicyclo[3.3.0]octane-2,6-dione.

The Friedel-Crafts acylation of eight-membered
cyclic olefins is of interest both as part of the chemistry
of medium-ring compounds, a class noted for multi-
tudinous rearrangements and transannular reactions,?2
and as a synthetic entry into substituted eight-carbon
mono- and bicyclic systems. In an early investigation
the reaction of acetyl chloride-stannic chloride with
cyclooctene, followed by distillation of the product

(1) (a) Author to whom correspondence should be addressed; (b) National
Defense Education Act Fellow, 1965-1968.

(2) See, for example, V. Prelog and J. G. Traynham in “Molecular Re-

arrangements,” Vol. I., P. DeMayo, Ed., Wiley, New York, N. Y, 1963,
Chapter 9.

from base, was employed in the preparation of 1-
acetylcyclooctene.3 More recently, Jones, Taylor, and
Rudd stated that aluminum chloride catalyzed acetyla-
tion of cyclooctene, followed by treatment with base,
gave the same product.4 This result was subsequently
shown to be incorrect by two groups. We reported
in preliminary fashion the finding that aluminum chlo-
ride catalyzed acetylation of cyclooctene gave 4-chloro-
4-ethyl-l-acetylcyclohexane (40%) and 4-methyl-l-ace-

(3) L. Ruzicka and H. A. Boekenhoogen, Helv. Chim. Acta, 14, 1319
(1931).
(4) N. Jones, H. T. Taylor, and E. J. Rudd, J. Ckem, Soc., 1342 (1961).
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Table |
Acylating Temp,
Substrate Catalyst agent Solvent °c Products (yields, %)

sncuU AcCl CHZ12 -10 2 (67), 5 + 6 (20)

AlCh AcCl chzi2 -10 3 (45), 4 (12), 2 (9)
ets-Cyclooctene sncu AcCl cs2 -10 2 (54), 5 + 6 (28)

sncuU AcD -27 2 (~4), 5+ 6 (19, 1:1), 9 (~9)

sncu AcD CHX12 -5 2 (60), 6 (11), 9 (6)

CFsCOOH (CFX0)D -27 6 (73)

sncu AcCl cs2 25 2 (32) + 5and 6 (40)
1,3-Cyclcoctadiene AICU AcClI CHZX12 -55 Polymer

SnCU AcCl chzi?2 -55 10 (40), 11 (~8), 12 (12)

tylcycloheptane (10%), in addition to minor amounts
of an acetylchlorocyclooctane.5 Very recently Jones
and Groves have published their results of a reinvestiga-
tion of the acetylation reaction, in which they find
the nature of the products to be dependent on the
state of the aluminum chloride used.6 Freshly sub-
limed aluminum chloride gave the ring-contracted prod-
ucts mentioned above, whereas commercial material
from a bottle opened several days before gave almost
exclusively l-acetyl-4-chlorocyclooctane. We now re-
port the results of an exhaustive investigation con-
ducted in our laboratories of the acetylation of the
three eight-membered ring olefins, cyclooctene, 1,3-
cyclooctadiene, and 1,5-cyclooctadiene, employing a
variety of Lewis acid catalysts, solvents, and reaction
temperatures.

Cyclooctene. —The results of our study of the acyla-
tion of cyclooctene are summarized in Table I. As was
reported earlier by one of us, the use of highly pure
aluminum chloride leads to the ring contraction prod-
ucts 4-chloro-4-ethyl-l-acetylcyclohexane (3, 40-45%)
and l-acetyl-4-methylcycloheptane (4, 10-12%) ; under
the best conditions, less than 5% of l-acetyl-4-chloro-
cyclooctane (2) is produced. However, when aged
aluminum chloride is employed, high yields of 2 are
obtained, in agreement with the findings of Jones
and Groves.6

When stannic chloride is employed as catalyst, again
in methylene chloride at —10°, l-acetyl-4-chlorocylo-
octane (2) is obtained in 60-70% vyield, accompanied
by 18% of a mixture of 4-acetyl- and 1l-acetylcyclo-
octene (5 and 6). Compound 2 was initially identified
by means of analytical and spectral data (see Experi-
mental Section) ; its structure was confirmed by chemi-
cal degradation as shown below. Thus, Baeyer-Villiger
oxidation of 2 gave the corresponding chloro acetate

(5) T. S. Cantrell, J. Org. Chem., 32, 1667 (1967).
(6) J. K. Groves and N. Jones, J. Chem. Soc. C, 1718 (1969).

which was reduced with lithium aluminum hydride
to the carbinol. Subsequent oxidation with Jones re-
agent 4-chlorocvclooctanone (7), identical in every
respect with an authentic sample.7

1 CFXOH
2 LiAIH,

3 CrO,

The structure of compound 5 was inferred from
spectral data; particularly helpful was the infrared
carbonyl stretching band at 1710 cm-1, whose location
is indicative of a saturated ketone. Catalytic hydro-
genation of 5 gave l-acetylcyclooctane, whose semi-
carbazone showed no melting point depression on ad-
mixture with that of an authentic sample.6

The formation of 2 and of 5 can be accounted for
by the occurrence of 1,5- or 1,3-hydride transfers in
the initially formed 2-acetylcyclooctyl cation. Such
hydride shifts are a common phenomenon in medium-
ring compounds.2

Olefin acylations performed in carbon disulfide have
been reported to give improved yields of unsaturated
ketones.8 Jones and Groves reported that acetylation
of cyclooctene with stannic chloride in carbon disulfide
at room temperature gave 1-acetylcyclooctene (6, 38%)
and 2 (25%). Groves68 ascribes the increased yields
of the conjugated ketone 6 in carbon disulfide to a
medium effect, whereby in the solvent of lower polarity
hydride transfer is less efficient and more of the (3
chloro ketone which gives rise to 6 is produced. How-
ever, we believe that the critical factor is the tempera-
ture employed, rather than the medium. Conducting
the acetylation of cyclooctene with stannic chloride
in carbon disulfide at —10° gave a reaction mixture
whose composition was essentially identical with that
obtained using methylene chloride as solvent. Several
years ago Cantrell and Shechter had obtained l-acetyl-
cyclooctene as a major product of the stannic chloride

(7) J. G. Traynham and T. Couvillon, J. Amer. Chem. Soc., 89, 3205
(1967); we are grateful to Professor Traynham for furnishing us with a
sample of this material.

(8) R. E. Christ and R. C. Fuson, ibid., S9, 893 (1937); (b) W. Taub and
J. Szmuszkovicz, ibid., 74, 2117 (1952); (c) J. K. Groves, private communica-

tion.
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catalyzed acetylation of cyclooctene in carbon di-
sulfide, in contrast to our present experiences.9 The
earlier result may have been the consequence of im-
purities in the solvent or catalyst employed, or of
longer reaction times. Certainly Jones and Groves6
and we have found cases of profound changes in product
distribution caused by seemingly minor changes in
reaction conditions, €.0., reagent purity, in the acyla-
tion of olefins. Finally, we have observed that, when 2
is stirred with stannic chloride in carbon disulfide
at 25°, there is formed 1-acetylcyclooctene (6, 25%)
and 4-acetylcyclooctene (5, 15%). Treatment of 2
with stannic chloride at —15° for a similar period
produced far less rearrangement. Thus, the tempera-
ture at which the olefin acylations are conducted seems
to be of considerable importance in determining prod-
uct ratios. The work of Lansbury® has given in-
dication that transannular hydride transfers may some-
times have a large activation energy and the rates
of various such processes should therefore by strongly
temperature dependent.

Acetylation of olefins using acetic anhydride has
been reported to give cleaner reaction mixtures with
less residual chlorine in the dehydrohalogenated prod-
ucts.1l Acetylation of cyclooctene using stannic chlo-
ride-acetic anhydride without solvent gave a mixture
of products in low yield, with the unsaturated ketones 5
and 6 predominating. When the reaction was con-
ducted in methylene chloride, greatly improved yields
were obtained, the chloro ketone 2 now predominating.
Appreciable quantities of an acetoxyacetylcyclooctane
(8) are obtained when acetic anhydride is employed.
The location of the acetoxy group has been established
by conversion of 2 to 8 on treatment with silver acetate.
Even in the presence of excess acetic anhydride the
chloro ketone is the major product, rather than the
acetoxy ketone, 8.

1,3-Cyclooctadiene.—Acylation of 1,3-cyclooctadiene
with acetyl chloride-aluminum chloride in methylene
chloride at —60° afforded a mixture of products which
decomposed before they could be purified or char-
acterized. However, acetylation of 1,3-cyclooctadiene
using stannic chloride as catalyst did afford tractable
products. Under the above conditions there was
produced a mixture from which could be isolated 1-
acetyl-4-chlorocyclooctene (9) and 1l-acetyl-1,3-cyclo-
octadiene (10) (in yields of 12 and 40%, respectively),
together with 2-acetyl-1,3-cyclooctadiene (11, ca 8%)
which appears to be an artifact produced by isomeriza-
tion of 10. When the reaction was quenched at low
temperatures, the crude product showed infrared ab-
sorption for only a nonconjugated carbonyl group; it
seems likely that the actual primary product of the

(9) T. S. Cantrell and H. Shechter, 3. Amer. Chem. Soc., 89, 5867 (1967).

(10) P. T. Lansbury and F. D. Saeva, ibid., 89, 1890 (1967).

(11) For pertinent references, see C. D. Nenitzescu and A. T. Balaban in
“Friedel-Crafts and Related Reactions,” G. Olah, Ed., Interscience, New
York, N. Y., 1964, Chapter 37.
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acylation is 3-acetyl-8-chlorocyclooctene, which under-
goes facile isomerization to 9 and elimination to give 10.

\ CHaCOCl
CJ SnCl,

9

The structure of compound 9 was suggested by
analytical and spectral data. The infrared and ul-
traviolet spectra were as expected for an unsaturated
ketone. The nmr spectrum, which displays a one-
hydrogen triplet at r 3.35 (J = 8 H2), a complex multi-
plet at r 5.8 (hydrogen on C-4), a one-hydrogen doublet
at £ 7.19 (J = 8 Hz, HA on C-3), a one-hydrogen pair
of doublets at r 7.28 (J = 8,J" = 2 Hz, HBon C-3), a
two-hydrogen multiplet at r 7.5 (H on C-8), a methyl
singlet at r 7.72, and a six-hydrogen complex pattern
at r 8.1-8.6, is in fair accord with structure 9. Ir-
radiation of the signals at r 7.2-7.3 caused partial
collapse of the multiplet at 5.8, showing that the two
hydrogens responsible for the 7.2 signals are coupled
to the hydrogen on the chlorine-bearing carbon. Struc-
ture 9, in which the C-3 methylenes would be expected
to couple to the hydrogen a to chlorine, is in best
accord with this result.

Attempted dehydrohalogenation of chloro ketone 9
by distillation from sodium carbonate gave no reaction.
However, distillation from 1,5-diazabicyclo [4.3.0]non-
ene-5 (DBN) was successful, an 85:15 mixture of
dienones 10 and 11 being produced. Analysis of a
sample of pure 10 which had been stored for several
weeks at 5° showed that it had undergone isomeriza-
tion to an identical mixture of 10 and 11. Thus 11
seems likely to be a secondary product derived from 10.

Compound 10, purified by regeneration from the
semicarbazone, was initially identified by its spectral
properties, including infrared bands at 1662 and 1610
cm-1, indicative of an a/?-unsaturated ketone, its ul-
traviolet spectrum [Anmex 276 nm (e 10,000)], which
corresponds closely to that calculated for 10 using
Woodward's rules2 (Amex 273 nm), and the nmr spec-
trum, which exhibits, inter alia, a one-hydrogen ap-
parent triplet at r 3.06 (J = 2.0 Hz) whose chemical
shift is indicative of a vinyl hydrogen /? to a carbonyl
group. The signal of the vinyl hydrogen 3to carbonyl
in structure 11 (H-8) might also appear as a triplet.
However, in the nmr spectra of known 1,3-cycloocta-
dienes, 13 the coupling constant between vinyl and ad-
jacent allylic hydrogens (H-1 and H-8 of 11) is ob-
served to be 7-8 Hz, in contrast to our observed cou-
pling of 2 Hz. This small splitting is consistent with
that reported for / 23 of 1,3-cyclooctadienes and other
twisted dienes. In compound 10, ./24 should be of
the same magnitude, thus producing the observed ap-
parent triplet for the hydrogen at C-2. This assign-

(12) See L. F. Fieser and M. Fieser, “Steroids,” Reinhold, New York,
N. Y., 1959, p 15 ff.

(13) (a) J. G. Atkinson, D. W. Ayer, G. Buchi, and E. W. Robb, J. Amer.
Chem. Soc., 85, 2257 (1963); (b) L. A. Paquette and R. W. Begland, J. Org.
Chem., 34, 2896 (1969).
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ment was confirmed by a double resonance experi-
ment. Irradiation of the vinyl signal at r 4.2 while
simultaneously sweeping the low field signal at 3.06
caused the low field signal to collapse to a singlet,
as expected for structure 10. In the cross-conjugated
dienone 11 this would not occur, since the coupling
of H-1 would be to the allylic hydrogens at C-8.

On standing in the refrigerator for several weeks,
compound 10 underwent partial isomerization to 11.
This dienone was never obtained completely pure due
to the great similarity of the retention times of 10
and 11; a sample had been enriched in 11 by gc ex-
hibited a one-hydrogen vinyl signal as an apparent
triplet at r 3.26 (J =7 Hz) and an acetyl methyl singlet
at r 7.78. Gas chromatographic analysis indicates
that ca 8% of 11 was present in the original reaction
mixture.

In an attempt to secure additional proof of structure
for 10, this dienone (as an 85:15 mixture with 11)
was reduced with sodium borohydride to the cor-
responding carbinol 12 (contaminated with 13). The
carbinol mixture was irradiated in ether solution in
order to effect electrocyclic closure to bicyclo[4.2.0]-
oct-7-enes.¥ The linear dienone 10 would afford com-
pound 14 which possesses two vinyl hydrogens, whereas
the bicyclic carbinol 15 derived from the cross-con-
jugated dienone 11 would possess only one vinyl hy-
drogen. Irradiation through Vycor of an ether solu-

CHOHCHu

Ca

1 NaBH,

+
]1 2. hv

CHOHCHij

Cy.

tion of the dienol mixture gave, even after extended
periods of time, only a 70% conversion to two new
compounds, with ~30%. of 12 and 13 still being present.
The nmr spectrum of this mixture exhibited quartets
at r 5.85 and 6.35. The lower field position of the
first quartet suggests a methine hydrogen which is
both allylic and a to hydroxyl; we assign this signal
to compound 15. The proton at r 6.35 is evidently a
methine which is no longer allylic but is a to hydroxyl
and is still split by an adjacent methyl. The nmr
spectrum exhibits overlapping quartets near r 5.8
due to the unreacted dienols 12 and 13. Unfortu-
nately, the precise ratio of vinyl hydrogens could not
be determined from the complexity of the mixture
and overlapping signals; however, it is evident that
the predominant product is that exhibiting the quartet
at t 6.35, viz, 14, and that the major dienone has
structure 10.

Thus, the intermediate allylic cation formed in the
acylation of 1,3-cyclooctadiene does not undergo trans-
annular hydride transfer, but rather the simple chloride
capture or proton loss characteristic of cations pro-
duced from simpler enes and dienes. This would be
expected, since hydride transfers to produce less stable
cations from more stable ones are not favored.

(14) For pertinent examples, see R. O. Kan, “Organic Photochemistry.”
McGraw-Hill, New York, N. Y., 1966, pp 32 ff.
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1,5-Cyclooctaciene.—We previously reported the
isolation of 2-acetyl-6-chlorobicyclo[3.3.0]octane (16)
from the aluminum chloride catalyzed acetylation of
1,5-cyclooctadiene.6 Ketone 16 appears to be a mix-
ture of the endo- and erro-chloro compounds, as shown
by capillary gc. Use of stannic chloride as catalyst
also gave 16, albeit contaminated with a small amount
of an isomer which exhibited vinyl hydrogen nmr
signals, probably 5-acetyl-6-chlorocyclooctene. The
location of the chlorine atom in ketone 16 had not

3 COCH,

cHiCal

AICI3
or
SnCL

been securely established in our earlier work but only
inferred from spectral data. Its presence at C-6 has
now been confirmed by the chemical degradation out-
lined below. The accessibility of 16 and the reasonable
yields in the degradative scheme offer a practical syn-
thetic route to 2,6-disubstituted bicyclo[3.3.0]octane

16

18, R=R' = OAc
19, R=R'=OH

derivatives. The identity of the dione 20 was es-
tablished by comparison with an authentic sample.B
The first step in the sequence could also be accom-
plished with potassium acetate in refluxing acetic acid;
however, this method also led to considerable amounts
of the elimination products 21, 22, and 23. The

structure of the major component of the mixture (21)
followed from the presence of an infrared absorption
band characteristic of an unsaturated ketone function
(1681 cm-1) and the absence of any vinyl hydrogen
signal in its nmr spectrum. Hydrogenation gave endo-
2-acetylbicyclo [3.3.0 [octane, identical with an authen-
tic sample. The two minor components of the elimina-
tion product mixture were not separated ; the structures
are inferred from the nmr data (see Experimental
Section). The formation of 21 seems to require a
1,4- or 1,3-hydride shift. This seems quite reasonable
for the exo-chloro isomer of 16. Here abstraction of a

(15) Y. R. Ben, Ph.D. Thesis, University of Washington, Seattle, Wash.,
1953; see Chem. Abstr., 52, 16309 (1958).
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proton at C-2 could be followed by (or concerted
with) ionization of the chlorine and 1,3-hydride transfer
from C-1 to C-6, the ionization being assisted by the
enolate ion moiety.

Experimental Section

General.'—The aluminum chloride used was from a freshly
opened bottle of Baker and Adamson sublimed reagent grade
material, unless stated otherwise. Stannic chloride was Baker
and Adamson reagent grade. The methylene chloride and carbon
disulfide Were reagent grade materials, used without further
purification. Magnesium sulfate was used for all drying opera-
tions. The infrared spectra were obtained on a Beckman IR-8
instrument and the nmr spectra on a Varian A-56/60-A instru-
ment operating at 46°. Gas chromatographic work was per-
formed on a Varian Aerograph Model 202-1 instrument (thermal
conductivity detector) utilizing the following columns: column
A, 5ft X 0.25 in., 20% SE-30 on Chromosorb P; column B,
6 ft X 0.25 in., 10% QF-1 fluorosilicone on Chromosorb W;
column C, 5ft X 0.25 in., 15% Carbowax 20 M on Chromosorb
P; and column D, 5 ft X 0.25 in., 20% diethylene glycol suc-
cinate on Chromosorb W. Elemental analyses were performed
by Elek Laboratories, Torrance, Calif.

Acetylation of cis-Cyclooctene in the Presence of Aluminum
Chloride.'—This reaction has been described earlier;6 repetition
of the reaction using identical conditions gave, in addition to the
acetylcyclohexane and cycloheptane derivatives 3 and 4, 9% of
the saturated chloro ketone previously mentioned; this material
proved to be identical with I-acetyl-4-chlorocyclooctane (2),
obtained as described below.

Acetylation of cis-Cyclooctene Using Stannic Chloride as
Catalyst—To a solution of stannic chloride (26 g, 0.10 mol)
in 50 ml of methylene chloride at —10° was added dropwise a
solution of acetyl chloride (7.8 g, 0.10 mol) and cyclooctene
(11.0 g, 0.10 mol) in 50 ml of methylene chloride over 40 min.
The reaction mixture was stirred at —10° for 1 hr, allowed to
warm to 0°, and then poured onto a slurry of ice and dilute
hydrochloric acid. The aqueous layer was washed once with
methylene chloride and the washings were combined with the
original organic layer. The organic extracts were washed with
water until neutral, dried, and concentrated under reduced
pressure to give a yellow oil (15.6 g). Analysis on column B at
160° indicated the presence of 77% (68% yield) of 2 and 23%
(22% vyield) of three products of shorter retention times. The
oil was fractionally distilled to afford two fractions: A, bp 35-
60° (0.5 mm), was a mixture of 5and 6; B, bp 95-100° (0.5 mm),
was ~90% l-acetyl-4-chlorocycloctane (2). Further fractional
distillation led to considerable losses through decomposition; a
more efficient method of purification was by cleavage of the semi-
carbazone of 2. This derivative, obtained from the distilled
material by a standard procedure, crystallized from aqueous
ethanol as white flakes, mp 152-153° (lit.6 mp 157-158°).
Anal. Calcdfor CuHZN3C1: C, 53.76; H, 8.14. Found: C,
54.01; H, 8.49. Pure 2, from cleavage of the semicarbazone,
exhibited the following spectral parameters: ir (film) 1710
cm“1 nmr (CCU) £5.85 (1 H, pentet,/~5H z, -CHC1-), 7.55
(1 H, m,-CHCO), 7.93 (3H, s, CHXO), and 8.3-8.6 (12 H, m,
methylenes).

Fraction A showed the presence of two major and one minor
products on column B; the infrared spectrum of the mixture
displayed both conjugated and nonconjugated carbonyl stretch-
ing bands (1660 and 1710 cm-1). Conversion of the mixture to
the semicarbazones was performed in the usual manner; frac-
tional crystallization gave the semicarbazone of 4-acetylcyclo-
octene as white prisms, mp 176-177° (lit.é mp 177-178°). The
less soluble semicarbazone, mp 202-203°, was identical with that
of an authentic sample of 1-acetylcyclooctene semicarbazone.
The ratio of 5to 6 was ~30:70.

Cleavage of the semicarbazone of 5 by steam distillation from
phtahalic anhydride afforded pure 5: bp 52-56° (0.4 mm); nmr
(CCb!' + 43 2 H, m, C=CH), 7.7 (5 H, m, CHCO and CH2
C=C), 7.91 (3H, S, COCHSs), and 8.2-8.5 (6 H, m).

Degradation of I-Acetyl-4-chlorocydooctane to 4-Chlorocyclo-
octanone (7).—A solution of trifluoroperaeetie acid was prepared
by dropwise addition of trifluoroacetic anhydride (3.8 ml) to
90% hydrogen peroxide (0.74 ml) in 20 ml of cold (0°) methylene
chloride. The solution thus obtained was added dropwise to a
vigorously stirred solution of ketone 2 (5.0 g) whose infrared

Cantrell and Strasser

spectrum indicated it to be the desired ester contaminated with
ca. 20% of unchanged ketone 2. The ketone was removed by
treatment wiih Girard's reagent. A solution of the crude ester
(5.2 g) and 4.7 g of Girard's reagent T and 5 ml of acetic acid was
refluxed in ethanol (50 ml) for 1 hr. The reaction mixture was
cooled, poured into water, and extracted with ether. The ether
extracts were washed with 10% sodium carbonate, with saturated
brine, and with water, and then dried and concentrated under
reduced pressure. Distillation gave the chloro ester as a colorless
liquid (2.9 g): bp 92-98° (0.5 mm); ir (film) 1733 and 1240
cm-1.

A solution of the chloro ester as obtained above (2.9 g) in ether
(25 ml) was added dropwise to lithium aluminum hydride (0.5 g)
in ether (25 ml) over 0.5 hr. The reaction mixture was refluxed
for an additional hour, after which the excess hydride was
destroyed by addition of water (0.5 ml). The solution was
poured into ice and aqueous ammonium chloride. The ether
layer was separated, washed with water, dried, and concentrated
to give 4-chlorocyclooctanol as a colorless cloudy oil: ir (film)
3460 and 1045 cm*“ 1, no carbonyl absorption was present.

A solution of the crude 4-chlorocyclooctanol obtained above
(0.47 g) in reagent grade acetone (15 ml) was treated dropwise at
20-30° with Jones reagent until the color persisted for at least
0.5 hr (ca. 0.4 ml). The acetone was evaporated and the residue
was stirred with ice water (10 ml) and extracted four times with
ether (20 ml each); the combined extracts were dried and evapo-
rated. The residue was ~85% 4-chlorocyclooctanone, as shown
by comparison on columns B and C with an authentic sample.7
The 2,4-dinitrophenylhydrazone was prepared in the usual man-
ner and recrystallized from ethyl acetate-ethanol to give orange
needles, mp 151-152°, undepressed on admixture with the 2,4-
dinitrophenylhydrazone of authentic 7.

Acetylation of cis-Cyclooctene Using Stannic Chloride in
Carbon Disulfide.—To a solution of stannic chloride (26 g, 0.10
mol) in carbon disulfide (50 ml) at —10° was added over 0.5 hr
a solution of acetyl chloride (7.8 g, 0.10 mol) and cyclooctene
(11 g, 0.10 ir.ol) in carbon disulfide (40 ml). The solution was
stirred for 15 min at —10°, let warm to 0°, and worked up as
before. Evaporation of the solvents gave a yellow oil (18 g)
whose composition, as shown by gas chromatography on columns
B and D was essentially identical with that of the mixture ob-
tained when the acetylation was run in methylene chloride. The
infrared spectra of the two mixtures were identical.

When the acetylation in carbon disulfide was performed at
25-30°, the crude mixture obtained exhibited a gc pattern dif-
ferent from that of the reaction run at —10° in that the shorter
retention time peaks composed considerably more of the mixture.
Collection of the material of retention time 2-3 min at 160° gave
material which was shown to be 5 and 6 by preparation of the
semicarbazones and fractional crystallization. The 5:6 ratio was
~1:2 by analysis on column D, on which partial resolution was
obtained.

Treatment of I-Acetyl-4-chlorocyclooctane (2) with Stannic
Chloride—A solution of ketone 2 (0.2 g) and excess stannic
chloride (2 g) in carbon disulfide (50 ml) was stirred at room
temperature for 6 hr. The black solution was poured onto ice
and worked up in the usual manner to give an orange oil (0.12
g). Analysis of this material on columns B and D showed it to
be composed of ca. 45% 6, 20% conjugated ketone 5, and 35%
unchanged 2.

Acetylation of Cyclooctene Using Stannic Chloride-Acetic
Anhydride in Methylene Chloride— The reaction was performed
exactly as in the previously described cases with the exception
that acetic anhydride (10 g, 0.10 mol) was employed as the acylat-
ing agent. There was obtained 16 g of an orange oil, which
analysis on column A at 180° indicated to be composed of 15% 6,
75% 2, and 8% of 4-acetoxy-l-acetyleyclooctane (8). Frac-
tional distillation of this material on a 24-in. spinning-band
column gave a fairly pure sample of 6, bp 60-63° (0.5 mm),
identified by comparison of its semicarbazone with that of ma-
terial previously obtained and by comparison of spectral proper-
ties; a second fraction, bp 110-112° (1.2 mm), was almost pure
chloro ketone 2. The third fraction, bp 135-137° (1.2 mm) (1.4
g total) appeared on the basis of spectral data [ir (film) 1720
(ester C=0). 1706 (ketonic C=0), and 1250 cm-1; (CO) nmr
(CC14Hr51 (1H, m,-CHOAc-), 7.3 (1 H, br, -CHAc) 7.91 and
8.04 (3 H each, singlets, CH.CO), and 8.1-8.7 (12 H)] to be the
acetoxyacetylcyclooctane 8. The positions of the acetate and
acetyl groups were established by treatment of 2 (1.0 g) in acetic
acid (20 ml) with silver acetate (0.8 g) overnight at room tem-
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perature. Distillation of the reaction mixture gave a sample of
8 (-~95% pure), identical with that obtained as described above.

When the acetylation using acetic anhydride was performed
without additional solvent at 25°, there was obtained as crude
product a red oil (7.1 g) which was shown by gc to be mainly
(60%) the acetylcyclooctenes 5 and 6, with ca. 10% of 2 and
20% of 9.

Acetylation of 1,3-Cyclooctadiene with Acetyl Chloride-
Stannic Chloride.—A solution of 1,3-cyclooctadiene (21.6 g,
0.20 mol) in methylene chloride (80 ml) was added dropwise to a
solution of stannic chloride (52 g, 0.20 mol) and acetyl chloride
(15.6 g, 0.20 mol) in methylene chloride (200 ml) over 0.5 hr at
—50 to —60°. The reaction mixture was stirred at this tempera-
ture for an additional 0.5 hr, warmed to 0°, and then poured onto
ice-dilute hydrochloric acid slurry. The layers were separated;
the water layer was washed once with methylene chloride. The
combined organic phases were washed with water until neutral
(four times) and with brine, and then dried and concentrated
under reduced pressure to afford a yellow oil (16.9 g). This ma-
terial showed five peaks on column B at 155°, of retention times
22 (1% of area), 2.8 (28%), 3.5 (7%), 6 (2%), and 8 min
(62%). Rapid distillation, without fractionation, gave 14.5 g
of pale yellow liquid, bp 32-80° (0.2 mm). Redistillation on a
24-in. spinning-band column gave the following fractions.

A, bp 46-49° (0.4 mm), was essentially pure l-acetyl-1,3-
cyclooctadiene (10, 9.9 g, 41%), containing a small amount of 11
as shown by analysis on column B: ir (film) 3015, 1661, 1613,
and 695 cm-'; nmr (CC14) r 3.06 (1 H, t, / = 2 Hz, H-2),
417 (2 H, m, H-3 and H-4), 7.5-7.7 (4 H, m, allylic CH2),
772 (3 H,s, CHXO), and 8.4-8.6 (4 H, m); uv (EtOH) max
276 nm (e 10,000). A semicarbazone was prepared by the usual
procedure and recrystallized from aqueous ethanol to give white
leaflets, mp 204-205°. Anal. Calcd for C,H,ON3: C, 63.77;
H, 8.21. Found: C, 63.79; H, 8.24.

On standing at room temperature for several days, 10 was
converted to a mixture of 80-85% 10 and 15-20% 11, as shown
by the appearance of a second peak on column B at 155° (re-
tention *ime 2.1 min, as compared to 1.9 min for 10) and the new
triplet at r 3.3 in the nmr spectrum of the sample.

B, bp 50-73° (0.4 mm), 1.4 g, was a mixture of four com-
ponents; the two major ones were 10 and 11; one of the minor
components was a nonconjugated ketone, as shown by infrared
absorption at 1714 cm-1.

Fraction C, bp 75-77° (0.4 mm) (1.9 g), a pale yellow oil
which darkened rapidly on standing, was fairly pure l-acetyl-4-
chlorocyclooctene, 9. This material exhibited the following
spectral properties: ir (film) 3010, 1668, and 1639 cm-1; nmr
(CC14) 73.35 1 H, t, J = 8 Hz, H-2), 582 (1 H, m, CHC1-),
719 1 H,d,/ = 8Hz, Haon C-3), 728 1 H, 2d,J = 8,
/' = 2Hz, Hbon C-3), 7.50 (2 H, m, H on C-8), 7.72 (3 H, s,
CH3XO0), and 8.1-8.6 (6 H, m); uv (EtOH) max 240 nm (e
11,100). The semicarbazone, prepared in the usual manner, was
recrystallized from ethanol to give white prisms, mp 210-211°
dec. Anal. Calcd for CuHiGN3C1: C, 54.33; H, 7.39.
Found: C, 54.58; H, 7.74.

Distillation of compound 12 from sodium carbonate gave only
starting material. However, distillation of a mixture of 1.0 g
of 9 and 1.0 g of I,5-diazabieyclo[4.3.0]nonene at 1 mm gave a
distillate (0.4 g) which was a mixture of 10 and 11 in a ratio of
85:15; this material had an infrared spectrum identical with
that of a sample obtained by redistillation of dienone 10 which
had stood at room temperature for 2 weeks.

When the reaction mixture from acylation of 1,3-cyclooctadiene
as described above was not allowed to warm to 0° but was poured
while still cold into an ice-dilute hydrochloric acid slurry, there
was obtained as crude product a yellow oil whose infrared spec-
trum showed only one carbonyl band, at 1712 cm-1, indicative of
a nonconjugated ketone. The nmr spectrum of this material
exhibited, inter alia, a multiplet at £ 4.3 (vinyls) and two acetyl
singlets at 7.82 and 7.87. Distillation of the material so obtained
was accompanied by evolution of hydrogen chloride and the only
products in the distillate were 9, 10, and 11.

Conversion of Dienones 10 and 11 to Bicyclic Alcohols 14 and
15.—A solution of an 80:20 mixture of 10 and 11 (1.9 g) in
methanol (40 ml) was added at 0° to a solution of sodium boro-
hydride (1.0 g) in methanol (20 ml). The mixture was stirred
for 1 hr in the ice bath after addition was complete and was then
concentrated under reduced pressure. The residue was treated
with ice water and then extracted with three portions (30 ml) of
ether. The combined extracts were washed with saturated so-
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dium chloride, dried, and evaporated to give a colorless oil (1.8
g, 95%) which on column A at 165° showed one major peak (re-
tention time 7.8 min) and an incompletely resolved minor peak
(retention time 7.5) in a ratio of 88:12, assigned to compounds
12 and 13. This material exhibited infrared absorption at 3600,
3410, 1650, and 695 cm-1; no carbonyl absorption was present.
The nmr spectrum (CC14) displayed signals at r 4.15 (1 H, m,
vinyl), 4.32 (2 H. m, vinyls), 5.84 (1 H, quartet, J = 7 Hz,
CHOHCHD3), 7.09 (1 H, br, OH), 7.8 (4 H, m, CH2=C=C), and
8.75 3H, d, J = 7Hz, CHJ).

The 80:20 mixture of dienols obtained above (0.7 g) was dis-
solved in dry ether (100 ml) and irradiated through a Yycor
filter, using a Hanovia 450-W medium-pressure mercury arc,
for 13 hr. Evaporation of the ether and distillation of the residue
in a short-path apparatus gave 0.26 g of a pale yellow oil, bp
98-115° (bath) (0.3 mm). Analysis on column A at 145° showed
the presence of four components, the two minor ones of retention
times identical with those of the starting dienols. The two major
components could be isolated by preparative gc on column A at
150°. Silica gel tic of the collected material showed two spots;
preparative scale tic gave no separation. The nmr spectrum
(CCh) of the product mixture displayed signals at (inter alia) r
4.1-4.5 (complex vinyl absorption), 585 (q, J — 7 Hz, C=C-
CHOHCH3), 6.4 (q, J = 8 Hz, -CHOHCH3), 6.8 (broad singlet,
OH), and 8.85 and 8.80 two doublets, J = 7 and J = 8 Hz,
respectively, CHOHCH3). The number of vinyl hydrogens
could not be accurately determined; however, the quartet at r
6.4 was of much greater intensity than that at 5.85, allowing the
assignment of structure 14 to the major component. Anal.
Calcd for CiH¥BD: C, 80.03; H, 9.30. Found: C, 79.75;
H, 9.51.

Acetylation of 1,5-Cyclooctadiene with Acetyl Chloride and
Aluminum Chloride.—The acetylation was carried out as de-
scribed previously,6on a 0.2-mol scale; a temperature of —15 *
3° was maintained. The crude product was distilled rapidly
at 0.5 mm to give 27 g of faintly yellow oil. Fractional distilla-
tion of this material at 0.3 mm gave, first, a fraction, bp 32-50°
(0.3 mm), which consisted of chlorocyclooctenes and chlorocyclo-
otadienes, and then the product, exo-2-acetyl-6-chlorobicyclo-
[3.3.0]octane (16), bp 88-90° (0.3 mm) (identified by comparison
of its spectra with those of a sample prepared earlier.5) Analysis
on a 20-ft column of silicone rubber showed two partially resolved
peaks in a ratio of ~70:30, the exo- and endo-chloro compounds,
respectively.

When stannic chloride was added slowly to a equimolar mixture
of acetyl chloride and 1,5-cylooctadiene at —50°, there was
obtained on work-up a fraction which was mainly ketone 16,
corresponding to a yield of ca. 45%. However, the sample ob-
tained in this manner appeared to be less pure than that obtained
using aluminum chloride, as shown by the presence of vinyl
hydrogen signals at t 4.2 in its nmr spectrum. The intensity
suggests a content of ~5% of an unsaturated chloro ketone.

Conversion of Chloro Ketone 16 to Dione 20.—To a solution
of chloro ketone 16 (92 g, 0.50 mol) in acetic acid (400 ml) was
added silver acetate (100 g, 0.60 mol) and the resulting suspension
was heated at 100 + 5° for 12 hr. The bulk of the acetic acid
was removed by evaporation under reduced pressure; ether (300
ml) was added; and the suspension was filtered through Celite.
The solvents were evaporated from the filtrate and the residue
was distilled. After a small forerun of unsaturated ketones,
bp 45-50° (0.2 mm) (4 g), the mixture of 2-acetyl-6-acetoxy-
bicyclo[3.3.0]octane epimers, 17, bp 90-96° (0.2 mm), ir (film)
1705 and 1727 cm-1, was collected (59 g, 56%). Analysis on
columns A and B showed three components; however, the resolu-
tion was poor. When potassium acetate in refluxing acetic acid
was employed instead of silver acetate as described above, there
was obtained on distillation two fractions. The higher boiling
fraction, bp ~95° (0.2 mm) (45 g, 43%), was a mixture of
stereoisomers of structure 17, contaminated with -~2% of un-
changed 16. The lower boiling fraction, bp 40-46° (0.3 mm) (17
g, 22%), consisted of three components in the ratio 16:26:58
(10 ft X 0.25in. QF-1). The major component 21 was obtained
pure by collection from column A, or in larger amounts, by puri-
fication and cleavage of the semicarbazone. A sample thus ob-
tained exhibited the following spectral properties: ir (film) 1681
cm-1; nmr (CCh) complex absorption at r 6.9-8.6; uv (CH30OH)
max 244 1Im. Hydrogenation at 10 psi, over palladium/charcoal
in ethyl acetate solution, gave a quantitative yield of endo-2-
acetylbicyclo[3.3.0]octane, identical with an authentic sample.
The semicarbazone of 21 crystallized from ethanol as shiny white



676 J. Org. Chem, Vol. 36, No. 5, 1971

leaflets, mp 208.5-209.5°. Anal. Calcd for CIHIN3D: C,
63.77; H, 8.21. Found: C, 63.40; H, 8.33.

The isomeric olefins 22 and 23 were identified by the spectral
properties of the mixture [ir (film) 1712 and 3070 cm-1; nmr
(CCh) r 45 (1.3 H, m)].

A solution of the 2-acetyl-6-acetoxybicyclo[3.3.0]Joctane iso-
mers (17, 36 g) in chloroform (200 ml) was treated with m-
chloroperbenzoic acid (85%, 45 g) and was refluxed gently for
16 hr. Hexane was added to the warm solution and the mixture
was chilled in the refrigerator. The crystalline mass of m-
chlorobenzoic acid was filtered and washed twice with 9:1
hexane-chloroform. The combined filtrates were evaporated to
give a colorless, faintly cloudy oil whose infrared spectrum
(film) 1729 cm-1] indicated it to be the desired diacetate, 18.
Distillation gave a colorless oil, bp 84-88° (0.2 mm). The di-
acetate thus obtained (32 g) was hydrolyzed by stirring overnight
at 5-15° with 100 ml of 10% aqueous sodium hydroxide. The
reaction mixture was extracted continuously with ether for 30
hr; the ether extracts were washed with saturated sodium chlo-
ride solution and concentrated under reduced pressure. The
residue was distilled to give a mixture of sterecisomers of bicyclo-
[3.3.0]octane-2,6-diol (19) as a colorless, extremely viscous
syrup: bp 90-96° (0.3 mm) (11.4 g, 81% from 17); ir (film)
3500 (broad) and 1050-1100 cm-1. Analysis on a 20 ft X Vsin.
SE-30 column showed two components in a ratio 63:37, of
respective retention times 10.8 and 11.6 min at 215°. Treatment
of a sample with phenyl isocyanate at 80-100° without solvent
for 0.5 hr and fractional crystallization of the reaction mixture
from ethyl acetate-benzene gave two bis(phenylurethanes).
The major, less soluble, isomer had mp 190-192°, whereas the
minor isomer melted at 136-137°.

Mark and W eil

The diol mixture was oxidized by treatment of a solution in
reagent grade acetone (10 g in 100 ml) with Jones reagent®
(20 ml, 8 N in oxygen) and stirring at 20-39° for 6 hr. Most of
the acetone was removed by evaporation under reduced pressure
and the residue was treated with water (100 ml). The resulting
mixture was extracted continuously with ether overnight; the
ether extract was washed with saturated sodium chloride solution,
dried, and concentrated under reduced pressure. The oil thus
obtained (6.4 g) showed two peaks on column B at 200° in a
ratio of 80:20. The major component, collected from a 5 ft X
3 8in. Carbowax column, was identical (infrared spectrum and
mixture melting point) with an authentic sample of bicyclo-
[3.3.0]octane-2,6-dione. The minor component appeared to be a
mixture of the epimers of 6-hydroxybicyclo[3.3.0]octan-2-one.

Registry No.—cis-Cyclooctene, 931-87-3; 1,3-cyclo-
octadiene, 1700-10-3; 1,5-cyclooctadiene, 111-78-4;
9, 26908-76-9; 9 semicarbazone, 26908-77-0; 10,
26908-78-1; 10 semicarbazone, 26963-84-8; 14, 26908-

79-2; 21,26908-80-5; 21 semicarbazone, 26908-81-6.
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Decachlorobi-2,4-cyclopentadien-I-yl, C10CI110 mp 125° (1), yielded on heating above its melting point or on
contacting with aluminum chloride a mixture of isomeric chlorocarbons with extended conjugation (linear and

Cross).
obtainable also from each of the pure isomers.

Structural assignments are given to the three major constituents of the equilibrium mixture, which is
A new structure is offered for the major photochlorination

product of 1, CioClu, mp 221-223° (7), replacing the methanoindene structure (“Diels-Alder dimer” of CsCk)

previously assigned to this derivative.

were shown to be the endo and exo isomers of the true methanoindene chlorocarbons.
13 nmr, &C1 ngr, ultraviolet, infrared, and mass spectral

signed to the known CioClu chlorocarbon, mp 169°.

Two novel CICIR2 compounds, obtained from the chlorination of 1,

A new structure is as-

data as well as mechanistic rationalizations are given in support of the new structures and of the chemistry

involved.

In the course of a study of the thermal stability of
decachlorobi-2,4-cyclopentadien-l-yl, Ci@Clio, mp 125°
(1), a commercial acaricide, it was observed that the
heating of 1 above its melting point, but below 240°,
brought about complete isomerization.1 When the
isomerization was carried out to the point where the in-
frared spectrum of the mixture remained constant, none
of the characteristic bands of 1 was detectable.

By elution chromatography over alumina or bysuit-
able crystallization from acetic acid, the reaction mix-
ture was separated into two pale-yellow (nearly color-
less) CioCho isomers of melting point 111° (3) and 82°
(4) and one bright yellow isomer of melting point 114°

(5) . By heating each of these isomers under the origi-
nal isomerization conditions, a mixture of all three was
produced.

The ease of equilibration suggested that the three
isomers differed from 1 only in regard to the position of
the double bonds. That 3, 4, and 5 have the same car-

(1) E. D. Weil, U. S. Patent 3,219,710 (19651; Chem. Abstr., 64, 3377c
(1965).

bon skeleton as the starting material 1 was confirmed
by their catalytic hydrogenation to bicyclopentyl,
CioHig, and by their photochemical chlorination to the
known chlorocarbon CIC14 mp 169° (6), which also has
been shown to yield bicyclopentyl on catalytic hydro-
genation.2

Eight double bond position isomers of the CiCCliO
chlorocarbons with the bicyclopentyl skeleton are pos-
sible (excluding strained cumulene structures). Of
these structures A was assigned2to the isomer with mp
125° (1) and confirmed by its ready dechlorination to
perchlorofulvalene under mild reaction conditions.3-8

In the selection of structures for 3, 4, and 5 from the
remaining seven alternatives (B to H), two with the

(2) E. T. McBee, J. D. Idol, and C. W. Roberts, J. Amer. Chem. Soc., 77,
4375 (1955).

(3) Y. Mark, Tetrahedron Lett., 333 (1961); Org. Syn., 46, 93 (1966).

(4) (a) None of the new CioClio isomers, 3-5, yield perchlorofulvalene
under the conditions reported. Instead they undergo an alkylation reaction,
similar to that described for polyhalocyclopentadienes4b which will be the
subject of a separate publication, (b) V. Mark, Tetrahedron Lett., 296
(1961).

(5) D. C. F. Law, Ph.D. Thesis, The University of Wisconsin, 1966.
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fulvenoid features (G and H) can be excluded on the
basis of the absence of intense absorption in the visible
region.6

c c o cr
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On the basis of converging evidence to be discussed
below, structures D, E, and F are suggested for 3, 4, and
5, respectively.

Ultraviolet Spectra.-—These were as follows
(Xmaxisooctane, ein parentheses): 3, 207 NO (16,500),
274 (5800), and 327 (2400); 4, 205 (12,600), 228 (shoul-
der), and 319 (4200); 5, 204 (18,100), 233 (6900), and
352 (4650). The long wavelength maximum of 5, which
tails into the visible region accounting for its yellow
color, represents a marked bathochromic shift relative
to analogs with two conjugated bonds8 and suggests a
more extended conjugation, thus excluding structures
B and C for 5.9

(6) (a) Perchlorofulvalene has maxima at 277 mjz (c 9850), 288 (16,100),
298 (22,300), 309 (21,600), 322 (11,500), and 444 (320) in cyclohexanel2 (at
450 mMN in benzene?), and perchlorofulvalene has maxima at 386 my (e
36,000) and 590 (500) in isooctane.3-6 (b) Very recently the preparation of
H [Xmax 512 mvz (e 230), 302 (18,600), and 227 (sh)] and of C [324 mu (e
3720) and 228 (sh)] by the chlorination of perchlorofulvalene under mild
conditions was reported.80 (c) R. West and R. M. Smith, J. Org. Chem., 35,
2681 (1970).

(7) A. Roedig, Justus Liebigs Ann. Chem., 569, 161 (1950).

(8) Under identical analytical conditions 1 has maxima at 280 m/z (c
2060) and 330 (2800), and hexachlorocyclopentadiene (2), at 324 m/z (« 1670).

(9) No appropriate chlorocarbon model could be located for the ultra-
violet spectra of cross-conjugated systems (D and E). It is probable that
no definite conclusion could be obtained from the ultraviolet parameters of
hydrocarbon models even if they were available, since steric interactions due
to the presence of chlorine may drastically affect the planarity and hence the
electronic spectrum of the system.1011

(10) The X-ray analysis of perchlorofulvalene shows, for instance, that
the cyclopentadiene rings are twisted through an angle of 41° due presumably
to nonbonding chlorine-chlorine repulsion: P. J. Wheatley, J. Chem. Soc.,
4936 (1961).

(11) Steric repulsion and resultant enhanced deviation from coplanarity
are probably the cause of the hypsochromic shift in 5 (for which structure F
is assigned; vide infra) relative to its orange-colored hexa-, hepta- and octa-
chloro analogs, which have the longest wavelength maxima at 370-380 m/z
and for which structures 5-4H, 5-3H, and 5-2H, respectively, have been
proposed.6

5-4H 5-3H 5-2H
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Infrared Spectra.— The infrared maxima of 3, 4, and
5 are abstracted in Table I. Inspection and analysis

Table |

Infrared Parameters of Chlorocarbons 3-5*

3 4 5
1640 m 1650 m
1610 s
1600 s 1600 vs
1580 m 1585 s 1590 vs
1550 m 1540 s
1306 m 1299 m 1282 w
1235 vs 1230 vs
1209 s
1190 m 1193 s
1180 s 1177 s 1173 m
1140 s 1144 s 1153 s
1125 m
1035 m
1009 w
992 w
970 m 962 m
896 s 900 s 903 s
808 vs 812 vs 807 vs
755 s
737 m
729 s 728 w
699 m
676 s 668 s 665 s
553 m
550 w 547 m 550 s
537 s 533 m 533 w

“ Absorption peaks, cm * vs, very strong; s, strong; m,

medium; w, weak.

of the data yield the following interpretation, (a) All
three isomers contain very strong maxima in the
807-812 cm-1 region. A maximum in this region is
characteristic of the CC12 group between two double
bonds in chlorinated five-membered cyclic systems and
may be ascribed to the asymmetric C-Cl stretch.R2
The somewhat weaker absorptions in the 665-710 cm*“ 1
regions might be the symmetric stretching of the CC12
group and the C-CIl bending modes.22 Compound 1,
which lacks this feature, has no comparable strong ab-
sorption at 807-812 cm* 1but shows three maxima be-
tween 645 and 705 cm-1, ascribable to C-Cl bending
and to the tertiary C-CI stretching modes, (b) A sec-
ond region of very strong absorption common in all three
isomers is between 1209 and 1235 cm*“ 1; the correspond-
ing maxima in hexachlorocyclopentadiene (2) and 1 are
at 1230 and 1250 cm*“land are assigned as ring-breath-
ing vibrations.13 (c) The third area of high maxima is
due to the C=C stretching vibrations. Hexachloro-
cyclopentadiene (2) and compounds 1 and 5 have only
one very strong and one medium intensity peaks,

(12) V. Mark, unpublished correlations. As representative examples, the
following compounds can be cited: hexachlorocyclopentadiene 804 (vs), 680
(s); octachloro-4-methylene-I-cyclopentene (mp 183°) 806 (vs), 665 (s);
octachloroindene 805 (s), 650 cm-1 (s); chlorocyclopentadienes with no
CClz function (e.g., 1,2,3,4-tetrachloro-5,5-dimethoxycyclopentadiene, per-
chlorofulvalene) have no strong absorption in the 800-815 cm-1 region.
When the dichloromethylene group becomes adjacent to one double bond
only in the polychlorocycloolefin ring strong maxima occur in the 750-785
cm-1 region (e.g., tetrachlorocyclopropene 750, hexaehlorocyclobutene 783,
octachlorocyclopentene 755, octachloro-1,2-dimethylenecyclobutane 780,
decachloroindan 752 cm-1).

(13) (a) H. Gerding, H. J. Prins, and H. van Brederode, Reel. Trav,
Chim. Pays-Bas, 65, 168 (1946); (b) J. C. Wood, R. M. Elofson, and D. M.
Saunders, Anal. Chem., 30, 1341 (1958).



678 J. Org. Chem, Vol. 36, No. 6, 1971

whereas 3 and 4 have four peaks each in this region
(1540-1650 cm*“ ).

An interesting feature emerges from the comparison
of the infrared spectra of these isomers: most of the
bands present in the spectrum of 4 are either a repro-
duction of the maxima present in both 3 and 5, or they
are single bands at an intermediate position. This ob-
servation, in conjunction with the conclusion derived
from the ultraviolet spectra, suggests the assignment of
the symmetrical structures D and F to the isomers with
the simpler spectra, 3 and 5, respectively, and the as-
signment of the unsymmetrical structure E to the
isomer 4 with the hybrid spectrum.

Best support for the structures of compounds 3-5 is
provided by their 18 nmr (cmr) spectra. These, to-
gether with the spectra of 1 and 2, are abstracted in
Table Il. As is the case in the nonchlorinated hydro-

Tabie Il
I3C Nmr Parameters of Chlorocarbons 1-6, 9, 10, 12“

Compd sp2carbons sp* carbons

1 60.8, 61.8 119.7

2 59.2, 63.8 110.6

3 51.8, 61.1, 64.3, 67.0 1105

4 49.6, 54.9, 55.9, 59.4,

61.9, 62.9, 64.5, 66.5 109.7, 110.4

5 54.3, 54.5, 60.4, 64.7 109.4

9 51.5, 54.1, 57.4, 60.9 94.9, 99.5, 104.0,
106.1, 109.0, 109.

10 57.8, 59.3, 61.4, 63.7 88.2, 98.4, 104.6,
106.3, 107.9, 109.

6 48.3, 61.8 91.6, 99.7, 100.7

12 57.6 93.4, 99.9

° S ppm, upfield from CSj (0.0 ppm).

carbon analogs, there is a clear and wide spread separa-
tion in the resonances of the sp2 and sp3carbons, the
latter occurring at higher field.4 It is evident that the
various structures (A-H) considered above require the
following numbers of nonequivalent carbons: A, 3;
B and C, 8 each; D and F, 5 each; H, 6; E and G, 10
each. Since compounds 3, 4, and 5 have 5, 10, and 5
resonance peaks of equal intensities, respectively, and
thus the same numbers of magnetically different car-
bons, it is apparent that on the basis of the cmr spectra
alone all structures except those of D -G can be excluded
from further consideration. Since the electronic spec-
trum already eliminated G as a possible structure, the
presence of ten different carbons in the cmr spectrum
identifies 4 definitely with structure E. With further
help from uv (vide supra) of the two remaining struc-
tures, F isassigned to5 and D to 3. The good match of
the ten chemical shifts of the hybrid structure 4 with
those of the two pure constituent compounds, 3 and 5,
possessing five resonance peaks each is noteworthy. As
expected, compounds 3, 4, and 5 had peaks of about
equal intensities, whereas 1 and 2 showed the correct
2:2:1 ratios for the sp2:sp2:sp3carbons.

On the basis of these data and interpretation, we pro-
pose structures D, E, and F for the bicyclic CiQCliOchlo-
rocarbons 3, 4, and 5, respectively.b

(14) J. B. Stothers, Quart. Rev., Chem. Soc., 19, 144 (1965).

(15) The assigned structures are also consistent with the relative chromato-
graphic elution rates (1 > 3 > 4 > 6) over alumina. The low melting point
of 4 is again more compatible with the hybrid structure E than with those

having elements of symmetry and thus, very likely, better packing in the
crystal lattice.
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The only previous reference in the literature to an
isomer of 1is found in a paper by Rabovskaya and Ko-
gan, who obtained a CICID compound, mp 110.1-
110.3°, from the 7-ray irradiation of 2 and to which they
have assigned structure B or C.56 On the basis of the
data presented above, we propose the reassignment of
the structure for their chlorocarbon, mp 110.1-110.3°
(whose published infrared spectrum is identical with
that of our compound 3), to D.

The probable mechanism of the thermal isomeriza-
tion of 1 to 3, 4, and 5 involves a homolytic C-CI| bond
rupture on the doubly allylie sp3carbon.7 Recombina-

Cl Cl

tion of Cl with the organic radical would yield A, B, or
C. Since the tertiary sp3carbon in B and C is triply
allylic, an even more facile cleavage of the carbon-chlo-
rine bond to the corresponding stabilized radicals is ex-
pected.6bi®° These, on recombination with CI would
yield D, E, and F.18

The fact that pure 1, 3, 4, and 5 on thermolysis yield
exactly identical reaction mixtures indicates a thermo-
dynamic control and the relative abundance of D (3)
and E (4) over F (5) suggests that steric influences out-
weigh conjugation effects.

The isomerization of 1 was also effected under mild
conditions by aluminum chloride vyielding essentially
the same equilibrium mixture that results from the
thermal reaction. A mechanism similar to that out-
lined above is proposed, except that CI- is replaced by

(16) N. S. Rabovskaya and L. M. Kogan, Proc. Acad. Sci. USSR, 165,
1094 (1965). Dokl. Akad. Nauk SSSR, 165, 337 (1965); Chem. Abstr., 64,
4899 (1966).

(17) The equally feasible homolytic rupture of the C-C bond connecting
the two rings probably also takes place. Recombination of the two penta-
chlorocyclopentadienyl radicals, however, would result in the formation of
unisomerized 1 only.

(18) Present data do not indicate the detailed mode of the chlorine
migration. In a study of the thermal isomerization of protio cyclopenta-
dienes, rearrangement involving an intramolecular 1,2 hydrogen shift was
proposed.®©®

(19) S. McLean and P. Haynes, Tetrahedron, 21, 2329 (1965).

(20) We observed that the use of more than catalytic amounts of Aids
resulted in the formation of an additional CioClio isomer, mp 173-174°.
The structure determination and chemistry of this novel chlorocarbon,
which structurally is not directly related to 3-5, are the topics of a separate
publication.2l

(21) R. M. Smith, R. West, and V. Mark, J. Amer. Chem. Soc., in press.
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AICI<r and the cyclopentadienyl radicals are replaced
by the corresponding cyclopentadienyl cations.2

The energy relationships of the proposed mechanism
outlined above for the formation of 3, 4, and 5 from 1
also support structures D, E, and F for these isomers
and militate against B and C.

In contradistinction to 1, isomers 3, 4, and 5 yield on
chlorination the known bicyclic chlorocarbon CioClu
(6), mp 169°, for which the bicyclopentyl skeleton basis
was demonstrated.2 The chlorination of 1, however,
was reported to yield CICIT2 mp 221-223° (7), for
which a structure (J) with a rearranged carbon skeleton
(4,7-methanoindene) of undefined stereochemistry was
proposed.2 This earlier assignment of structure J to 7

was based on the following information: elemental
analyses, ir and uv spectra [Anax 232 m/i (¢ 19,500) in
either hexane, cyclohexane, or ethanol], its conversion
to the cage structure [K, CiQCli2 mp 485° (8)] by A1C13
and SbF3 SbCI5 and its thermolysis at 340° to hexa-
chlorocyclopentadiene (2).2

On the basis of the following data we would like to
suggest an alternate structure for the Ci@Cli2chlorocar-
bon 7, mp 221-223°.

@ The infrared spectrum of 7 shows a very sharp and

narrow band at 1600 cm-1, suggesting the presence of
only one kind of double bond in the molecule. Chloro-
carbons with the established carbon skeleton of J, e.g.,
L and M ,B have two C=C stretching modes in their

spectra (at 1625-1630 and at about 1605 cm*“ 1 respec-
tively) corresponding to the two kinds of double bond
in the molecule. It would be anticipated that a com-
pound possessing structure J would also display two
different double bond stretching vibrations.

(b) When the chlorination of 1 was repeated photo-

chemically under conditions similar to those specified,
(method A) and compound 7 was separated by crystal-
lization, infrared analysis of the mother liquor fractions
revealed the presence of several additional compounds.
These included small amounts of unreacted starting ma-
terial 1, the cage Ci(Cli2chlorocarbon (8), and the bands
of what were subsequently found to be two new CiCCli2
isomers, 9, mp 186-187°, and 10, mp 237-239°. Both
9 and 10 displayed in their infrared spectra two strong

(22) The facile formation at room temperature of pentachlorocyclo-
pentadienyl radical and cation (a ground-state triplet) from hexachloro-
cyclopentadiene and Lewis acids has been reported.23 A red 1:1 adduct of 2
and ALCL has also been isolated and its magnetic and spectral properties
accounted for on the basis of a partially ionic cyclopentadienyl cation.24

(23) R. Breslow., R. Hill, and E. Wasserman, J. Amer. Chem. Soc., 86,
5349 (1964).

(24) H. P. Fritz and L. Schafer, J. Organometal. Chem., 1, 318 (1964),

(25) H. E. Ungnade and E. T. McBee, Chem. Rev., 58, 249 (1958).
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C =C stretching modes each (9 at 1615 and 1630, and
10 at 1600 and 1630 cm-1) and were assigned the exo
and endo 4,7-methanoindene structures, respectively
(vide infra).

(c) Under mild reaction conditions (room tempera-
ture), 7 was transformed by aluminum chloride quanti-
tatively into the known isomeric cage chlorocarbon 8.2

(d) Under similar mild conditions 7 yielded on con-
tacting with sulfur trioxide in high conversion the
known cage ketone, CiCCli®D (11), in the form of its
hydrate.® On the basis of these data and of the argu-

8 n

ment presented below, we propose the novel structure
N (dodecachloro-l,3a,3b,4,6a,6b-hexahydro-s?/n-cyclo-
buta[l,2:3,4]dicyclopentane) for chlorocarbon CiCCli2
mp 221-223° (7), which is to replace the 4,7-methano-
indene structure previously assigned to this compound.2

Cl cl

Analysis of structure N requires several stereochemical
considerations.

(a) The first was the mode of fusion of the five-mem-
bered and four-membered rings. It is assumed that the
fusion of the rings is cis. Although examples of trans-
fused 5-4 bicyclic rings are known, their only known
method of preparation involves the creation of the
cyclopentane rings from a preformed trans-I,2-substi-
tuted cyclobutane.ZZ No examples were found of trans-
fused 5-4 rings from cyclization of monosubstituted cy-
clobutenes or cyclopentenes. It seems highly unlikely
that the mild reaction conditions employed in the chlo-
rination of 1 would allow the exclusive formation of
trans-fused 5-4 rings in view of the inherent strain of
this system, which is further augmented by the bulky
chlorine substituents and by the double fusion.B

(b) The second was the syn \s. anti relationship of the
two cis-fused c-yclopentene rings. Evidence favoring
the syn structure rests on the facile and essentially
gquantitative cyclization of 7 to 8 and to 11, a process
which requires a syn relationship of the five-membered
rings. Although a multistep carbonium ion mechanism
could be devised for the isomerization of an anti-fused
cis,cis-5-4-5 ring system to the corresponding syn

(26) (a) E. T. McBee, C. W. Roberts, J. D. Idol, and R, H. Earle, J.
Amer. Chem. Soc., 73, 1511 (1956); (b) D. H. Zijp and H. Gerding, Reel.
Trav. Chim. Pays-Bas, 77, 682 (1958); (c) P. Eaton, E. Carlson, P. Lombardo,
and P. Yates, J. Org. Chem., 25, 1225 (1960).

(27) (a) N. L. AUinger, M. Nakazaki, and V. Zalkow, J. Amer. Chem.
Soc., 81, 4074 (1959); (b) J. Meinwald, J. Tufariello, and J. Hurst, J. Org.
Chem., 29, 2914 (1964).

(28) Were only one of the five-membered rings fused trans to a cis-5—4
system, the effect of dissimilar strains would result in the presence of two
different double bond stretching vibrations. It is characteristic for 7 the
very sharp single band at 1600 cm-1 corresponding to this mode.
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isomer, such a process seems energetically unfavorable.®
Superimposed on the unfavorable energy relationship is
the added steric influence of the bulky chlorine substit-
uents which renders the syn,cis,cis-5-4-5 chlorocarbon
even less favored in a hypothetical equilibrium reaction.
Strong support for this reasoning comes from experi-
ments in which 9 and 10 were exposed to aluminum chlo-
ride under the same mild conditions that resulted in the
quantitative cyclization of 7 to 8. The exo isomer 9 re-
mained completely unaffected, while the endo isomer
10 underwent complete isomerization to the cage com-
pound 8 {vide infra). The all-exclusive cyclization re-
action of 7 to 8 is favored probably by the presence of
already one cylcobutane ring in the molecule, which not
only reduces the energy requirement of the overall cy-
clization process, but establishes a better bonding rela-
tionship (shorter distances) between the pertinent pro-
tons of the reaction intermediates. Even when both
cyclobutane rings need be formed, as in 10—8, no other
products (e.g., 9) were detected in the reaction mixture.

These results indicate that under the mild conditions
employed the ring fusions are not severed; the sub-
strates either undergo quantitative cyclization (7, 10) or
they are recovered unaltered (9), but in both cases the

original ring fusions are apparently completely pre-
served.
(c) The final step in the assignment of structure

chlorocarbon 7 concerns the position of the two double
bonds. The cyclization experiments, resulting in the
formation of 8 and 11, and the infrared spectrum of 7
clearly indicate that the double bonds cannot be part of
or attached to the cyclobutane ring, leaving structures
N and O as the only alternatives. A rather unambigu-

N 0

ous choice between the two isomers can be made with
the aid of appropriate molecular models, which indicate
a prohibitive crowding of two of the allylic chlorines
facing each other in O but do accommodate them in
N.D

Although the low solubility of 7 at room temperature
in all solvents tried precluded the determination of its
cmr parameters by natural abundance 13C nmr spectros-
copy, additional support for the proposed structure was
provided by its &1 nuclear quadrupole resonance (nqr)
spectrum. This showed the presence of three types of
chlorines: two vinylic chlorines having the lowest fre-
quency resonances (37.2 and 37.8 MHz), two geminal
chlorines (38.0 and 38.3 MHz;, and two bridgehead
chlorines (at 39.5 and 40.0 MHz).3L Considerably more

(29) The prevalence or the exclusive formation of the anti (trans) isomers
in ring-fused or tetrasubstituted cyclobutanes is apparent from the several
pertinent examples of [2 + 2] cycloaddition products illustrated in a review
article by R. Huisgen, R. Grashey, and J. Sauer in “The Chemistry of
Alkenes,” S. Patai, Ed., Interscience, New York, N. Y., 1964, pp 779-798.

(30) All efforts (e.g., via thermolysis) to obtain the isomer of 7 correspond-
ing to O resulted only in partial isomerization to 8 or reversion to the bicyclic

ng,system or in degradation and disproportionation yielding a variety of
&, 0y \uisy and indene chlorocarbons.
(31) (a) Ngr spectra of related pertinent chlorocarbons,® including those
of 2,3ib have been analyzed, (b) M. Hayek, D. Gill, I. Agranat, and M\
Rabinovitz, J. Chem. Phys., 47, 3680 (1967), and references listed, (c)
Being run on samples in solid state the nqr spectra are strongly dependent
on the crystal structure(s) of the compound; for instance, merely freezing a
liquid sample often results in no ngqr spectrum at all.3t3
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resonance peaks were observed in the nqr spectrum of
one of the methanoindene chlorocarbon isomers (vide
infra).

Having determined the structure of the major prod-
uct 7 of the light-catalyzed chlorination of 1 as being
N,2 we turned next to the analysis of the two novel
chlorocarbons 9 and 10.

The two strong C =C stretching bands present in the
infrared spectra of 9 (at 1616 and 1630 cm-1) and 10 (at
1600 and 1630 cm-1) suggest the presence of two differ-
ent kinds of double bond in the molecule. Doublets at
similar frequencies occur in the spectra of both L and
M, further suggesting that the four compounds might
have similar or the same carbon skeletons and that, in-
deed, 9 and 10 might be the exo and endo isomer pair of
the chlorocarbon represented by the planar structure J.
To ascertain this, both 9 and 10 were treated, under
mild and identical reaction conditions, with aluminum
chloride. Decomposition of the dark methylene chlo-
ride solutions by water led to the essentially quantita-
tive recovery of 9, whereas 10 yielded exclusively the
cyclized cage isomer 8.

The ultraviolet spectra of 9 and 10 displayed no max-
ima above 220 mp thus indicating the absence of defacto
conjugation of double bonds. While no ngr spectrum
of 10 could be obtained at room and at liquid nitrogen
temperature,3l0 isomer 9 showed four vinylic chlorines
(between 36.91 and 37.51 MHZz), four geminal chlorines
(between 38.30 and 38.67 MHz), and four chlorines on
tertiary carbons (between 39.13 and 39.60 MHZz), thus
indicating the presence of twelve distinct, nonequiva-
lent chlorine substituents in the molecule.3

The analytical, spectroscopic, and isomerization data
thus suggest that 9 and 10 do indeed possess the struc-
ture represented by the planar formula J and that 9 is
the exo and 10 is the endo isomer.3}

CXC1P mp 186-187°
9, J (exo)

CI0C1I2 mp 237-239°
10, J (endo)

Convincing proof for the proposed structures was
again provided by the cmr spectra of the chlorocarbons.

(32) The photochemical bromination of 1 was reported to yield a dibromo-
deeachloro analog (7-Br) (CioBrzClio, mp 147°) of 7, for which a structure
analogous to J was proposed.3 Based on the very close similarity between
the infrared spectra of 7-Br and 7, we wish to suggest the N framework for
7-Br as well, in which the two bromines occupy one of the allylic carbons
each. As anticipated from its structure, 7-Br was readily cyclized in high
yield by AlBrs tc a double bond-free dibromodecachlcro analog of 8.

(33) R. D. Crain, Thesis, Purdue University, 1958.

(34) A compound, C1Cl2, mp 328-329°, with the J (exo) structure has
been reported in the literature.3 The structure assignment was based on
chlorine analysis and dipole moment. Due to the lack of additional and
more meaningful structural data (e.g., ultraviolet and infrared spectra,
molecular weight), to the ambiguous nature and notoriously poor per-
formance of dipcle moment interpretation as a means of structural assign-
ment,® to the drastic conditions (250-260°, 60 hr), and to the poor yield
(5%), a reinvestigation of the structure of the above chlorocarbon seems
desirable.

(35) B. A. Arbuzov and A. N. Vereshchagin, Bull. Acad. Sci. USSR, 586
(1965); Chem. Abstr., 63, 4142d (1965).

(36) A critical analysis of some of the difficulties encountered in the ap-
plication of dipole moment data to structural assignments is given by J. G.
Tillett, Quart. Rep. Sulfur Chem., 2, 227 (1967); for an example in a different
area, see A. T. Blomquist and A. G. Cook, Chem. Ind. (London), 873 (1960).
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Tabte Il

M ass Spectral Parameters of the CilCli2lsomers 7, 9, and 10

Relative intensities of the higher fragments®-

m/e 540 505 470 435 400 388
Compd CloClI2+  CioCIn+ CioClio+ cCioClg+  CioCl8+  CxCls+
7 0.1 0.4 8.7 1.7 100 2.1

9 0.07 0.5 4.8 37.0 100 0.09
10 0.4 0.4 6.6 58.0 100 1.6
13 7.7 0

“ Relative intensities, in per cent, refer to the lowest mass peak in each cluster.
determine the fragmentations leading to the C9and C8series of ions.

These, obtained with samples containing 1 in its natu-
ral abundance (1.1%), are abstracted in Table I1I.
Both 9 and 10 displayed ten peaks each of equal intensi-
ties and in three distinct regions. The frequencies
farthest downfield, between 51.5 and 63.7 ppm, belong
to the olefinic carbons, and the presence of four separate
peaks in each isomer indicates the four nonequivalent
sp2 carbons required by the nonsymmetrical structures
9 and 10. The second region, between 88.2 and 99.5
ppm, comprises the dichloromethylene carbons, repre-
sented by two peaks in each isomer. Frequencies be-
longing to the third region, between 104.0 and 109.5
ppm, are those of the four tertiary (bridgehead) carbons.

Further confirmation of the structures proposed for
9 and 10 was obtained from their mass spectra which,
together with those of 7 and perchlorofulvalene, 13 (ref-
erence compound), are abstracted in Table 1I1l. Al-
though all three Ci@Cli2compounds showed the correct,
but very weak, molecular ions and yielded CiQCI8+ ions
as the most abundant component, there was a discern-
ible difference in the subsequent fragmentation pat-
terns. Thus while the CiCCI8+ fragment originating
from 7 yielded an equally abundant CiQCI6+ species,
thus closely resembling the pattern of 13, those obtained
from 9 and 10 yielded less abundant CioCk+ descen-
dants. Unfortunately, the spectra did not contain dif-
fuse peaks corresponding to metastable ions leading to,
and revealing, skeletal fragmentation patterns; they
rather indicated the gradual and extensive stripping of
chlorines from the carbon framework.3 A noteworthy
difference, however was found at m/e 270, correspond-
ing to CBC16+; the endo CiCCli2 isomer, 10, produced
twice as abundant peaks of this species as did its exo
isomer 9 and compound 7. This indicates that 10
undergoes, expectedly, a more facile retro-Diels-Alder
reaction than does its stereomer3and that both 9 and
7 yield fair amounts of CX16cleavage products, the lat-

37) The similarity between 7 and 13 (which incidentally yielded,
expected, a very abundant molecular ion) in their mass spectral behavior
could tentatively be rationalized by the occurrence in the Clods+and CioCl6 +
fragments of considerable amounts of ions 13 =+ and (13-2C1) =+, presumed
to be common to both compounds. lons with the same mass numbers
originating from 9 and 10 might contain tricyclic and bicyclic species other
than or in addition to those shown above {e.g., ions with the methanoindene
and methyleneindene skeletons).

13+ (13~2C1)+*

(38) A recent, thorough analysis of the mass spectral fragmentation
patterns of a variety of highly chlorinated bridged-ring compounds indicated
the ready occurrence of retro-Diels-Alder fragmentation in appropriate
precursors.8®

(39) R. Binks, K. Mackenzie, and D. L. Williams-Smith, J. Chem. Soc.
C, 1528 (1960).

365 353 330 318 306 295 283 270
CICI7* CCl7+ CioCls+ C9LlL,+ ceale+ OwCli+ CI8+  CsCls+
12.4 2.2 99.7 0.5 5.3 6.8 2.1 28.1

5.2 11.3 31.6 2.4 5.0 19.2 7.3 24.6
6.6 14.7 49.5 2.8 8.8 3.8 9.3 57.7
20.2 1.5 100 0 7.4 19.9 0 0

The spectra did not contain metastable peaks to

ter presumably by a retro [2 + 2] addition. When the
chlorination of | was carried out under conditions favor-
able to an ionic mechanism (in the dark and catalyzed
by aluminum chloride), 9 and 10 became the major
products.d

Much of the difference in the product distribution of
the chlorination of 1 by the photochemical or by the
aluminum chloride catalyzed routes can be interpreted
by the probable mechanism underlying the reactions.
Assuming that the light-catalyzed process involves a
chlorine radical initiator which adds to the conjugated
system to yield preferentially the allylic radical 1A
(Scheme 1) and that the aluminum chloride catalyzed
reaction involves the sequence initiated by a chloronium
ion to yield preferentially 1B, the evolvement of both
reactions can be illustrated by the flow diagram outlined
in Scheme 1I.

The major product of the photochlorination of 1is 7,
which is best derived from the allylic radical involving
both termini of one of the unsaturated systems, i.e., 1A
(the “1,4 adduct”)-41ab Ring closure with the other
cyclopentadiene moiety, which, assuming the principle
of least motion,#is gauche (and not trans)%oriented, is
followed by the uptake of a second chlorine atom result-
ing in the formation of 7. The change occurring on the
second cyclopentadiene ring corresponds to a 1,2 addi-
tion4l8and is probably the result of a steric effect which
prevents the analogous chlorine terminated 1,4 addi-
tion418to take place {vide supra). That addition of the
latter kind, albeit not terminated directly by chlorine,
can still take place is evidenced by the formation of 8;
the radical species formed on the second cyclopentadi-
ene ring via a 1,4 addition,418 not being able to abstract
or to take up chlorine, undergoes two additional cycliza-
tion steps and yields the fully saturated bishomocubane
chlorocarbon.

A second possible (but unlikely) mode of cyclization
of 1A is addition of the cyclopentenyl radical to one of

(40) To avoid isomerization, a solution of 1 in methylene chloride was
first saturated with chlorine in the dark and only then was aluminum chlo-
ride introduced.

(41) (a) The numbering 1,4 and 1,2 is intended to show only the relative
positions of the carbon atoms directly affected in the particular steps or in
the overall reaction, (b) Examples for 1,4 addition in the photoehlorination
of polychlorocyclopentadiene substrates are provided by 1,2,3,4-tetrachloro-
cyclopentadiene,£2 5,5-dimethoxytetrachlorocyclopentadiene, 23 and per-
chlorofulvalene.7

(42) A. Roedig and L. Hornig, Chem. Ber., 88, 2003 (1955).

(43) E. T. McBee, D. L. Crain, R. D. Crain, L. R. Belohlav, and H. P.
Braendlin, J. Amer. Chem. Soc., 84, 3557 (1962).

(44) F. O. Rice and E. Teller, J. Chem. Phys., 6, 489 (1938); ibid., 7,
199 (1939); J. Hine, J. Org. Chem., 31, 1236 (1966); J. Hine, J. Amer.
Chem. Soc., 88, 5525 (1966); S. I. Miller, Advan. Phys. Org. Chem., 6, 185
(1968); O. S. Tee, J. Amer. Chem. Soc., 91, 7144 (1969).

(45) Were the cyclopentadiene rings oriented in a predominantly anti
fashion to each other, cyclization would have resulted, applying the principle,
in cis, anti,cis products, none of which was detected in the reaction mixture.
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Scheme |

M echanistic Scheme for the Chlorination of 1 (Chlorine Substituents Are Omitted from Structures)

Intermediate

point of
attack

Bond formed Mode of Product
with carbon

additior”

formation of primary product

12

14
9

“ 1,2 and 1,4 indicate the positions of attachment of the second chlorine reactant species (Cl+or Cl-) on the second cyclopentadiene

ring relative to the newly formed C-C bond.

the center carbons (3', 4") of the adjacent cyclopenta-
dienyl ring to form the minor products 9 and 10.
These, however, arise more likely from the 1,2 addition
of Cl- to 1, followed by cyclization of theallylicradical
with the termini of unsaturation (reaction path corre-
sponding to that of IB).

The relative proportions of products 7 \s. 9, 10 are re-
versed when the chlorination of 1 is carried out in the
dark and in the presence of aluminum chloride. As be-
fore, the initiation step seems to be attack on one of the
termini of unsaturation, but this time by C1+. In con-
trast to 1A, however, the carbonium ion species seems to
be localized on the carbon adjacent to the point of at-
tack, due probably to the involvement of a cyclic chlo-
ronium ion intermediate.464/ The major products are

thus derivable from the cyclization of ion IB of Scheme
I, involving each of the termini of unsaturation on the
adjacent ring and leading thus to the formation of 9 and
10, viz. 8. No products are feasible or were observed

(46) The occurrence ol a chloronium ion could localize the electron de-
ficiencies on carbons 2 and 3 of Scheme I. The reaction sequence initiated
by carbonium icn 3 is depicted by the sequence starting with intermediate
IB of Scheme I. The products derived from carbonium ion 2 are the same
as those originating from the free radical on carbon 5 in intermediate 1A.

(47) A similar reasoning could account also for the chlorination of the
basic prototype, butadiene, which was shown to yield predominantly (3.5:1)
1,4 adducts by the radical pathway and more (1.2:1} 1,2 adducts by the polar
pathway.®8 It has been suggested that a chloronium species can coordinate
with only one double bond of butadiene at a time and not with both simul-
taneously.®

(48) M. L. Poutsma, J. Org. Chem., 31, 4167 (1666); M. L. Poutsma,
Science, 157, 997 (1967).

(49) K. Mislow and H. M. Heilman, J. Amer. Chen. S o ¢ 73, 244 (1951).
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from cyclization steps involving any of the center car-
bons (3', 4') of the conjugated system.5

The mechanism outlined in Scheme | considers the
formation of 7, 9, and 10 from 1 as being the result of
kinetic control. The possibility of the formation of 9
and 10 from 7 in the ionic pathway due to isomerization
by aluminum chloride can be excluded on the basis of
control experiments, in which it was found that 9 was
completely unaffected by the catalyst and that 10
yielded, under identical conditions, exclusively 8. The
total absence of 9 and the quantitative formation of 8
in the aluminum chloride catalyzed isomerization of 7
thus indicate that neither 9 nor 10 can originate from 7
in a secondary reaction. Thus kinetics seem to control
not only the free-radical but the ionic chlorination
mechanisms reported in this paper.

Plausible mechanisms for the cyclization of 7 and 10
to the cage structure under aluminum chloride catalysis
can be outlined as follows (for clarity chlorines are omit-
ted from structures).

8

The light-catalyzed chlorination of 3,4, and 5 yielded
the noncyclized chlorocarbon CioClu (6), mp 169°, as
the major product. In contrast to 1, in isomers 3, 4,
and 5 the cyclopentadiene rings are connected through
two sp2carbons. The geometry of the resultant linear
(or planar) molecules is such that by no radical or ionic
intermediates are the two rings within easy bonding
distance. Hence the chlorination mechanism works on
the two cyclopentadiene moieties independently and
forms on each ring an analog of octachlorocyclopentene,
which is known to be the end product of the chlorination
of hexachlorocyelopentadiene.®

Although known for some time, no definite structure
has so far been assigned to 6.25351 Based on its hydro-

(50) Since the electron density is significantly higher at the terminal
carbons of a 1,3-butadiene system than at the central carbons,58any elec-
trophilic reagent seeks out and reacts with carbons at the former positions.

(51) A. Streitwieser, “Molecular Orbital Theory for Organic Chemists,”
Wiley, New York, N. Y., 1961, p 51.

(52) J. A. Krinitsky and R. W. Bost, J. Amer. Chem. Soc., 69, 1918 (1947).

(53) E. T. McBee, C. W. Roberts, and J. D. Idol, ibid., 78, 996 (1956).

(54) J. D. Idol, Thesis, Purdue University, 1955.

J. Org. Chem, Vol. 36, No. 5, 1971 683

genation under mild conditions to bicyclopentyl and on
its uv spectrum [\nmex224-230 upi (e 15,800-16,900) ], it
was concluded that this CXCI1M4chlorocarbon is a bi(cy-
clopentenyl) possessing one of the six possible structures
with two nonconjugated double bonds, preferably P and
As before, cmr was again definite in indicating
a specific structure. Compound 6 exhibited five cmr
peaks of equal intensities (Table I1) thus indicating that
the molecule is symmetrical and that of the three sym-
metrical structures, P, Q, and R, only P and R need to
be considered.

00 00 00

With the help of appropriate models, including octa-
chlorocyclopentene (12) and the other compounds al-
ready included in Table 11, the following chemical shifts
can be predicted for P and R.

g 2,53m

The very good match between the predicted and the
experimental chemical shifts (Table I1) indicates rather
convincingly that 6 possesses the novel structure R.
The latter has not previously been considered based on
the interpretation of its uv spectrum.2585% This, how-
ever, indicates only that there is no effective interaction
between the two olefinic chromophores, a condition that
requires coplanarity between two adjacent double
bonds, as, €.g., in cyclopentadiene. Two double bonds
can still be adjacent and electronically nonconjugated
if they are noncoplanar, especially orthogonal (type 11
steric effect).® We thus suggest that the uv datum
does not conflict with the cmr evidence and that 6 has
structure R in which the two cyclopentene rings are not
eoplanar. 101176 The new structure accommodates also
the chemical behavior reported263&for 6; its resistance
to chlorination is analogous to the similar behavior of
12,2 and its preferential or exclusive formation under
drastic, presumably thermodynamic, conditions (175-
200°, liquid chlorine, sealed tube) is better accounted
for by the highest branched olefinic structure R than by
any of the other alternatives.®

(55) (@) W. F. Forbes and R. Shilton, J. Amer. Chem. Soc., 81, 786
(1959), and references cited; (b) W. F. Forbes, R. Shilton, and A. Balasu-
bramanian, J. Org. Chem., 29, 3527 (1964); (c) H. Wynberg, A. DeGroot,
and D. W. Davies, Tetrahedron Lett., 1083 (1963); (d) G. Vogel, Chem.
Ind. {London), 1954 (1964).

(56) It is becoming increasingly evident, especially with the aid of nmr
spectroscopy, that even in solution multiply substituted aliphatic compounds
are often present in fixed conformational states.6/

(57) J. W. Emsley, J. Feeney, and L. H. Sutcliffe, “High Resolution Nu-
clear Magnetic Resonance Spectroscopy,” Vol. 2, Pergamon Press, New
York, N. Y., 1966, p 633.

(58) It is well documented that in thermodynamic equilibria the most
branched olefins {i.e., those substituted with the most alkyl, vinyl, phenyl,
etc., groups) are favored.%

(59) See, inter alia, P. B. D. de la Mare, “Molecular Rearrangements,”
Vol. I, P. de Mayo, Ed., Interscience, New York, N. Y., 1963, pp 34-42.
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Experimental Section

Decachloro-l,I-dihydrofulvalene (1), mp 125°, was obtained
by recrystallization of the commercially available material
(Pentac, Hooker Chemical Corp.). Infrared spectra were
recorded on a Perkin-Elmer 337 spectrophotometer in tetra-
chloroethylene and carbon disulfide solution. Ultraviolet spectra
were obtained in a Cary Model 14 spectrophotometer as solutions
in cyclohexane. Nuclear quadrupole resonance spectra were
recorded by Dr. R. M. Smith of the University of Wisconsin on
a Wilks NQR-1A commercial spectrometer and some of the low
temperature spectra were obtained by Drs. J. A. S. Smith and
A. Royston of the University of Warwick on a Decca Radar
spectrometer with superregenerative oscillating detector and
side-band suppressor. Mass spectra were determined on a
GEC-AEl MS1201B spectrometer using the direct insertion
probe, at a source temperature of 150-170° and electron beam
energy of 70 eV. Elution chromatography was carried out on
1-in. diameter columns, using neutral alumina (507-C, Camag-A.
H. Thomas Co.). Elemental analyses and molecular weights on
a Mechrolab vapor pressure osmometer were carried out by
Galbraith Laboratories, Knoxville, Tenn.

Thermal Isomerization of Decachloro-l,I'-dihydrofulvalene
(1).—A 4.50.0-g sample of 1 was placed in a 500-ml round-
bottomed flask, which then was evacuated to 1 mm of pressure,
closed by a stopcock, and placed into an oil bath kept at 145°
for 24 hr. After removal and cooling of the flask to room tempera-
ture, its contents (a red-brown viscous syrup) was dissolved in
1250 ml of glacial acetic acid and chilled, depositing 210 g of
crystalline solid. This was removed by filtration and recrystal-
lization from hot glacial acetic acid to obtain pale yellow platelets
of decachloro-3,3"-dihydrofulvalene (3), structure D, mp 110—
111°: infrared maxima are abstracted in Table I; uv (isooctane)
max 274 m” (e 5800) and 327 (2400); cmr chemical shifts are
shown in Table II.

Anal. Calcd for CioCho:
74.3; mol wt, 473.

The original mother liquor deposited, on standing or when it
was treated with water to the point of incipient oiling-out, oily
crystals, which were isolated by suction filtration. After several
recrystallizations from acetic acid, pure crystalline decachloro-
2,3'-dihydrofulvalene (4), structure E, mp 82°, was obtained:6l
infrared parameters, see Table I; uv (isooctane) max 228 mfi
(shoulder) (e 6400) and 319 (4200); cmr parameters are given
in Table I1I.

Anal. Calcd for CioCho:
Cl, 74.3; mol wt, 468.

The third novel CioCho isomer, decachloro-2,2'-dihydroful-
valene (5), structure F, was isolated conveniently by elution
chromatography over alumina. When a 20.0-g sample of the
original mother liquor in pentane was passed over about 450-500
g of alumina and was eluted continuously with pentane, the
first three 100-ml cuts of the total twenty cuts taken yielded,
after stripping of the solvent, pure 3 (about 2-3 g). Subsequent
cuts contained mixtures of 3 and increasing amounts of 4,
followed by cuts containing further diminishing amounts of 3
and increasing amounts of 5, and the last 8-10 fractions, which
had a yellow color, contained pure 5, mp 114-115°: major
infrared peaks of this compound are listed in Table I; uv (iso-
octane) max 233 m” (e 6900) and 352 (4650); for cmr data see
Table I1.

Anal. Calcd for CioCho:
74.5; mol wt, 466.

The spectral parameters of the parent CioCho isomer 1 are as
follows: ir (C2Zh) 1594 vs, 1555 cm*“1m; ir (CS2) 1282 w, 1252
vs, 1230 w, 1180 s, 1162 s, 1118 m, 1008 m, broad, 970 s, 952 s,
904 m, 812 s, 702 vs, 678 vs, 648 vs, 640 s, 610 s, and 502 w
cm*“1, uv (isooctane) 235 m/x (sh) (e 6100), 282 (2000), and 333
(2900); for cmr data see Table II.

The reference chlorocarbon, and progenitor of all of the com-
pounds discussed in this article, hexachlorocyclopentadiene (2),
had the following spectral data: ir (film) 1602 vs, 1570 m, 1230
vs, 1210 w, 1188 m, 1162 w, 1140 vs, 1024 w, 975 w, 962 w, 938
w, 802 vs, 708 s, 681 s, and 548 w cm*“1; uv (isooctane) 324 m/i
(e 1670); cmr data are shown in Table I1.

Cl, 74.7; mol wt, 475. Found: ClI,

Cl, 74.7; mol wt, 475. Found:

Cl, 74.7; mol wt, 475. Found: CI,

(60) We are adopting the nomenclature proposed@ for the various CioClio
isomers since it is simpler and easier to visualize than the corresponding
IUPAC name.

(61) Neither 3 or 4 had miticidal activity comparable to that of 1.
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Thermal Isomerization of Decachloro-1,1'-, -3,3'-, -2,3'-, and
2,2'-dihydrofulvalenes (1,3,4, and 5).—Approximately 0.2-gsam-
ples of 1, 3, 4, and 5 were sealed in about 5-mm o.d. glass tubes,
which then were placed and kept in an oil bath at 145° for 14 hr.
Analysis of the resultant melts by ir indicated that they had
exactly identical spectra, containing 3, 4. and 5 (but no 1), in
identical proportions (about 50-55% 3, 30-35% 4, and 10-15%
5).
In order to determine the time needed for equilibration, 0.2-g
samples of 1 were sealed in glass tubes and placed in an oil bath
kept at 145°. The extent of isomerization was followed by re-
moving tubes at hourly intervals and analyzing them by ir. It
was found that the sample heated for 5 hr had already attained
the equilibrium composition, whereas the tube kept in the oil
bath for 4 hr contained, except for traces of 1, nearly the final
reaction mixture.

Isomerization of 1, 3, 4, and 5 by Aluminum Chloride—To a
solution of 25 g of 1in 100 ml of methylene chloride there was
added 5 g of aluminum chloride, and the resultant slurry was
stirred for a period of 20 hr. The color of the slurry changed from
yellow to brownish-green to deep purple. Decomposition of the
reaction mixture by water yielded a yellow syrup, whose ir was
identical, both qualitatively and quantitatively, with that resulting
from the thermal isomerization experiment. Under similar
conditions 3, 4, and 5 (0.3 g each) yielded reaction mixtures
identical with each other and with that of the isomerization of 1.

Chlorination of 1 Catalyzed by Light—The procedure of
McBee, Idol, and Roberts2was followed (method A), except that
the reaction was carried out in a Pyrex flask in refluxing carbon
tetrachloride solution, and heated and irradiated by a bright
heating lamp (150 W). The chlorination of 10.0 g of 1 yielded
11.25 g of product, which, after trituration with pentane, left
behind 7.5 g (66% of the theory) of pure 7, mp 221-222° (lit.2
mp 221-223°). The spectral data were as follows: ir (C2C14)
1600 cm*“1; ir (CS2) 1205s, 1182 s, 1138 w, 1122 m, 1068 m, 1040
sh, 1020 s, 957 w, 905 sh, 892 m, 884 m, 852 s, 794 w, 764 w,
709 s, 697 s, 664 s, 630 w, 605 s, 582 s, and 546 m cm*“1; uv,
same as reported;2 the compound was too insoluble for natural
abundance cmr characterization; its ngr frequencies were of
equal intensities at 37.2, 37.8, 38.0, 38.3, 39.5, and 40.0 + 0.1
MHz; for mass spectral data see Table I11.

Analysis by infrared of the residue, left behind after evapora-
tion of pentane of the mother liquor, indicated the presence of
many new bands. The mixture was redissolved in pentane and
chromatographed over alumina. The earliest elution cuts con-
tained traces of 1 followed, in order of emergence, by the cage
chlorocarbon K, CiCCli2 mp 485° (8),2 and the novel CioCli2
chlorocarbons 10, mp 237-239°, and 9, mp 186-187°.

A second chromatography of fractions cf similar composition
and recrystallization led to the isolation of the pure chlorocarbons
9 and 10.

When recrystallized from hexane, 9 had mp 186-187° and the
following spectral data: ir (C2CI14) 1630s, 1615 scm*“1; ir (CS2)
1202 s, 1165 s, 1138 m, 1090 m, 1062 m, 1052 m, 1030 w, 997 m,
960 w, 922 w, 905 m, 890 s, 848 m, 805 w, 761 m, 734 w, 698 w,
674 s, 649 s, 624 m, 607 s, 580 m, 542 w cm“1 uv (cyclohexane)
no maximum higher than 220 m”; for cmr and mass spectral
parameters, see Tables Il and 111, respectively; nqgr frequencies
were found at 36.91 (1), 37.09 (1), 37.41 (1), 37.51 (1) 38.30
(2), 38.56 (1), 38.67 (1), 39.13 (1), 39.38 (2), and 39.60 (1) + 0.1

MHz; numbers in parentheses indicate relative intensities.
Anal. Calcd for CIC112 C, 22.02; CI, 77.98; mol wt, 545.6.
Found: C, 22.2; CI, 78.0; mol wt, 549.

The recrystallization of 10 from hexane yielded white crystals,
mp 237-239°, with the following spectral parameters: ir (C2C14)
1630 s, 1600 s, cm*“1 ir (CS2 1197 s, 1174 s, 1161 s, 1088 m,
1034 s (broad), 997 s (broad), 908 s, 878 w, 836 s, 746 s, 719 m,
672 s, 662 s, 640 s, 620 w, 602 s, 568 s, 540 w, 468 w, cm*“1;
uv showed no maximum higher than 210 mju; for cmr and mass
spectral parameters, see Tables Il and Ill; no ngr spectrum
could be secured at room or at liquid nitrogen temperature.

Anal. Calcd for CYC112 C, 22.02; CI, 77.98; mol wt, 545.6.
Found: C, 22.0; CI, 78.2; mol wt, 557.

The cage chlorocarbon K, Ci0CI12 mp 485° (8),2had the follow-
ing infrared maxima: (CS2) 1152 s, 1134 s, 1160 s, 968 nr, 891
m, 818 s, 666 m, 655 s, and 521 s cnr“1 no ngr spectrum could
be obtained at room or at liquid nitrogen temperature.

Chlorination of 1 Catalyzed by Aluminum Chloride.— In order
to avoid the isomerization of 1 by aluminum chloride, a solution
of 25.4 g of 1in 175 ml of methylene chloride was saturated with
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Cl2while being protected from light by aluminum foil, and only
after chlorine was bubbling through was 1.0 g of aluminum
chloride added to the solution. After standing at room tempera-
ture for 24 hr, during which period a slow stream of chlorine gas
was introduced, the reaction mixture was added to water, and
the organic layer was stripped of solvent on a rotating evapora-
tor. Work-up of the pale yellow slush by trituration with hexane
and filtration yielded 9.1 g of rather pure 9 as the insoluble
component. Elution chromatography of the remainder of the
mixture (23.5 g) resulted in the isolation of a small amount of 8,
followed (ir. order of emergence) by 10 (amounting to about a
total of 10-12 g), 7, and small amounts of 9.

Light-Catalyzed Bromination of 1.—A solution of 40.6 g of 1
in 173 g of bromine was both irradiated and refluxed with the
aid of a 100-W uv lamp (General Electric H100 A-4) for 16 hr.
The excess bromine, which acted also as a solvent, was evapo-
rated on steam bath in a well-vented hood, and the resultant
crystal mass was triturated with methylene chloride and filtered
by suction. The insoluble portion, 27.5 g, mp 162.0-163.5°,
after recrystallization from cyclohexane, matched the properties
of the CioBrZXlio halocarbon, mp 147°, obtained by R. D. Crain
by a similar procedure.® The infrared pattern of this compound
(1595 s, 12C5's, 1182 s, 1138 m, 1121 m, 1069 m, 1022 s, 958 w,
892 m, 875 m, 839 m, 778 w, 742 w, 689 s, 659 w, 655 w, 604 m,
589 w, 582 w, 561 m, 552 m, and 540 m c¢m '1) resembles very
closely that of 7, thus suggesting that the bromine adduct of 1
has the same structure as its chlorine adduct, i.e., N.

Anal. Calcd for CIBr2Cl10 C, 18.93; Br, 25.19; CI, 55.88.
Found: C, 19.0; Br, 25.4; CI, 55.5.

Light-Catalyzed Chlorination of 3, 4, and 5.—The same pro-
cedure, which transformed 1 into the further cyclized products
7, 9, 10, and 8, resulted in the formation of the bicyclic CioClu
adduct 6, mp 169°,2when applied to 3, 4, and 5.

Cyclization of 7 to the Cage Chlorocarbon 8.—To a solution of
1.0 g of 7 in 20 ml of methylene chloride there was added 0.6 g
of anhydrous aluminum chloride and the resultant mixture was
stirred for 20 hr at room temperature. Work-up by treatment
with water and stripping of the solvent resulted in 1.0 g of off-
white crystalline product, shown by ir to be pure 8 by comparison
with the spectrum of an authentic sample.2

Cyclization of 7-Br to the Cage Halocarbons 8-Br.—A slurry
of 3.62 g of 7-Br in 35 ml of methylene chloride, to which 0.5 g
of anhydrous aluminum bromide was added, was stirred at room
temperature for 23 hr. The resultant deep-purple reaction mix-
ture was poured into water, the organic layer was separated and
washed, and finally the solvent was stripped in a rotary evapora-
tor. The resultant off-white solid, 3.60 g, was analyzed by ir,
which indicated the complete absence of starting material or of
any species with a double bond and which showed a pattern
closely resembling that of 8. Elution chromatography over
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alumina indicated the presence of a small amount of 8, which was
eluted first followed by several species of bromochlorocarbons.

Cyclization of 7 to 11 by Sulfur Trioxide.—A solution of 20.0
g of 7in 200 g of liquid sulfur trioxide was kept at room tempera-
ture for 2 hr, during which period the originally deep-purple
solution acquired a strong maroon color. Distillation of most of
the sulfur trioxide and pouring the residue onto ice gave a white
precipitate, which after washing and air-drying (18.5 g) was
found by ir to be the pure hydrate of 11.8

Effect of Aluminum Chloride on endo-Dodecachloro-3a,4,7,7a-
tetrahydro-4,7-methanoindene (10).—To a solution of 1.4 g of
10 in 10 ml of methylene chloride there was added 0.5 g of alu-
minum chloride, and the resultant dark greenish-gray slurry was
stirred for 24 hr. Quenching by water, extraction by methylene
chloride, and stripping of the solvent in a rotating vacuum
evaporator resulted in the formation of a crystalline mass, the
ir spectrum of which indicated it to be pure 8. No starting ma-
terial or its isomer 9 was detectable by ir.

Effect of Aluminum Chloride on exo-Dodecachloro-3a,4,7,7a-
tetrahydro-4,7-methanoindene (9).—When carried out with 9,
the preceding procedure resulted in the quantitative recovery of
the starting material.

Registry No.— 1, 2227-17-0; 2, 27425-39-4; 3,

27425-40-7; 4, 27425-41-8; 5, 27425-42-9; 6, 27396-
27-6; 7, 27396-29-8; 8, 2385-85-5; 9, 2626-29-1; 10,
27425-43-0; 12, 706-78-5; bromine adduct of 1,
27396-30-1.
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The dehydrogenation of 1-tetralone [3,4-dihydro-I(2H)-naphthalenone] and similar a,/3-unsaturated ketones

is generally thought to give predominantly phenolic products rather than arenes.
260°, and palladium/carbon catalyst) are described that provide the arene as the major product.

Conditions (absence of solvent,
Steric inter-

ference to palladium/carbon dehydrogenation was observed in 4,5-dimethyl derivatives.

Dehydrogenation of cyclic ketones may lead to arenes
or, with retention of oxygen, to phenolic compounds or
neutral oxygen-containing condensation products.
The nature of the dehydrogenation product is governed
by the structure and stereochemistry, the type of dehy-
drogenating agent, the reaction temperature, the pres-
ence of hydrogen acceptor and/or sulfur compounds,
and the solvent (if any).3

Exclusive formation of phenolic compounds as con-
trasted to conversion to arenes has been reported for the
following dehydrogenations: Jl-tetralone with Ses
or S,40 3-methyl-I-tetralone with Se4cdor S,4d 6-methyl-
1-tetralone with Pd/C,4e 7-methyl-l-tetralone with S4
or Pd/C,4g9 5,7-dimethyl-l-tetralone with Se,4nh and 5,8-
dimethyl-l-tetralone with Se4h or S.4 Other studies
using Pd/C catalyst in high-boiling solvents (p-cymene,
triethylbenzene, and phenyl ether) gave good yields of
phenolic materials from di- and trialkylcyclohex-
enones,® l-tetralone,@B and 2,6-dibenzylidenecyclohex-
anone.@ The formation of 1-naphthol from 1-tetralone
(1) during catalytic dehydrogenation has been rational-
ized® as proceeding through the enol. We have ob-
served that 1-naphthol also is dehydrogenated to naph-
thalene.

Pd/C-catalyzed dehydrogenation of 1l-tetralones in
the absence of solvent may give the corresponding naph-
thalene. Examples include reaction of 1 (77% and
37% yields)36a and 7-methyl-l-tetralone (34%)6 and
our earlierldehydrogenation of 2,5,8-trimethyl-I-tetra-
lone (8), 3,5,8-trimethyl-l-tetralone (9), and 4,5,8-tri-
methyl-I-tetralone (10) to the corresponding naphtha-
lenes.

(1) E. J. Eisenbraun and C. W. Hinman, Amer. Chem. Soc., Div. Petrol.
Chem., Prepr., 10, No. 1, 33 (1965).

(2) (a) American Petroleum Institute Graduate Research Assistantship
1965-1967; (b) NSF Graduate Trainee 1967-1968; (c) American Chemical
Society Petroleum Research Fund Fellow, GF 395, 1968-1969; (d) API
GRA, 1962-1965; (e) deceased.

(3) (@ P. N. Rylander and D. R. Steele, Engelhard Ind. Tech. Bull., 9,
50 (1968); (b) R. P. Linstead, K. O. A. Miehaelis, and S. L. S. Thomas,
J. Chem. Soc., 1139 (1940); (c) R. P. Linstead, Ann. Rep., 33, 294 (1936);
(d) H. Adkins, L. M. Richards, and J. W. Davis, J. Amer. Chem. Soc., 63,
1320 (1941); (e) E. C. Horning, M. G. Horning, and G. N. Walker, ibid.,
71, 169 (1949); (f) E. C. Horning and M. G. Horning, ibid., 69, 1359 (1947);
(9) L. M. Jackman, Advan. Org. Chem., 2, 352 (1960).

(4) (@) N. N. Vorozhtsov and V. A. Koptyug, Zh. Obshch. Khim., 28, 98
(1958); (b) G. Darzens and G. Levy, C. R. Acad. Sci., 194, 181 (1932);
(c) P. P. T. Sah, Z. Vitamin-, Hormon- Fermentforsch., 3, 324 (1950); (d)
M. Tishler, L. F. Fieser, and N. L. Wendler, J. Amer. Chem. Soc., 62, 2866
(1940); (e) G. Di Modica and S. Tira, Ann. Chim. (Rome), 46, 838 (1956);
Chem. Abstr., 51, 6578c (1957); (f) L. Ruzicka and H. Waldmann, Helv.
Chim. Acta, 15, 907 (1932); (g) L. Ruzicka and E. Morgeli, ibid., 19, 377
(1936); (h) W. Cocker, B. E. Cross, J. T. Edward, D. S. Jenkinson, and J.
McCormick, J. Chem. Soc., 2355 (1953).

(5) (a) R. P. Linstead and K. O. A. Miehaelis, ibid., 1134 (1940); (b)
E. C. Horning, J. Org. Chem., 10, 263 (1945); (c) J. A. Corran and W. B.
Whalley, J. Chem. Soc., 4719 (1958).

As pointed out by Linstead and Miehaelis,8Bthe direct
conversion of l-tetralones to naphthalenes could be a
useful synthetic route since it bypasses two steps of the
usual procedure

tetralone — >m tetralol — >

dihydronaphthalene — >mnaphthalene

With this in mind, 1 and a series of eleven methyl-sub-
stituted 1-tetralones were dehydrogenated under con-
ditions conducive to loss of oxygen, i.e., no solvent,3B
high temperature,8and a Pd/C catalyst, to determine
the effect of methyl substitution on the stereochemistry
and utility of the reaction. Exploration of a direct and
efficient formation of arenes from 1l-tetralones was of
interest in our synthesis of hydrocarbons for the Stan-
dard Samples Program of the American Petroleum
Institute.ea

The data of Table | show that the yields of naphtha-
lenes from l-tetralones are indeed influenced by methyl-
group substitution but that significant hindrance to for-
mation of arene results only from substituents concur-
rently present at positions 4 and 5 as illustrated by the
decreased yields obtained from 10 and 11. As has been
pointed out, such substituents at positions 4 and 5 are
believed to introduce sufficient steric crowding to cause
conformational distortion of the substituted tetralone.®
Resistance of 10 and 11 to dehydrogenation under the
conditions used is possibly due to inadequate contact
with the catalyst surface or the inability of the incipient
4,5-dimethyl interaction to facilitate formation of the
more planar enol form.

Steric inhibition to dehydrogenation of the mono-
methyl-lI-tetralones 2, 3, and 4 appears to be absent; in-
deed, the presence of a methyl group actually improves
the combined yield of steam-volatile dehydrogenation
products for 2 and 3. In particular, the 44% vyield of
2-methylnaphthalene and the 35% yield of 2-methyl-I-
naphthol from 2 shown in Table | provide an interesting
contrast to the 0 and 47% vyields of these products from
the action of molten KOH-NaOH on 2.6

As seen from Table I, a nonsteam-volatile residue was
obtained in significant yield in many cases. Attempts
to identify the dimeric products existing in the tar frac-
tion from 1 have been inconclusive. The glc analysis

(6) (a) Correspondence regarding samples of the hydrocarbons mentioned
in this paper should be directed to A. J. Strieff, API Samples office, Carnegie-
Mellon University, Schenley Park, Pittsburgh, Pa.; (b) J. M. Springer,
C. W. Hinman, E. J. Eisenbraun, P. W. K. Flanagan, and M. C. Hamming.
J. Org. Chem., 35, 1260 (1970); (c) G. D. Johnson, S. Searles, and W. C.
Lin, ibid., 27, 4031 (1962); (d) E. Mosettig and H. M. Duvall, J. Amer.
Chem. Soc., 59, 367 (1937); (e) R. D. Haworth, J. Chem. Soc., 1125 (1932);
(f) E. J. Eisenbraun, C. W. Hinman, J. M. Springer, J. W. Burnham, T. S.
Chou, P. W. Flanagan, and M. C. Hamming, J. Org. Chem., in press.
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Table |
The Reaction of I-Tetbalones with Pd/C

Corre- Corre- Nonsteam-
sponding sponding volatile Glc
naphtha- naph- material,’ product
lene, % thol/ % % ratio*

Structure
number Structure

0

10

11

12

° Determined by comparison of glc peak areas with those ob-
tained from standard solutions. Yields are independent of un-
reacted tetralones (c/. last column of this table). 6Yield de-
termined gravimetrically except as noted. *Yield of nonsteam-
volatile material determined gravimetrically after steam distilla-
tion. dRatio of glc peak areas of corresponding naphthalene and
the accompanying tetralone. The relative peak area of the
tetralone is taken as 1. The corresponding naphthol was shown
to be present by glc but it was not extracted by 10% NaOH.
1Glc studies indicated the corresponding naphthol was not
present.

indicates three components represented by two minor
peaks of similar retention time and a major peak several
minutes removed. The mass spectrum shows a major
molecular ion at m/e 268 (C4AH 1D) and a minor one at
m/e 254 |CDH1Y. Finally, the glc retention times of
the minor components are similar to those of authentic
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samples of binaphthyls (mol wt 254, CAZH1). Thus, the
evidence indicates the presence of such structures. The
mass spectra of dimeric products from 1, 5, 9, and 11 are
given in Table I1I.

Table Il

M ass Spectral Correlation of Dimeric Residues

from Pd/C Dehydrogenations

Molecular
Starting ion peak
material of product Fragmentation peaks®
1 2686 269 (23), 268 (100), 254 (64), 252 (19),
239 (18)
s 326 326 (67), 156 (40), 45 (39), 31 (100), 18
(65)
9 352 352 (79), 337 (100), 176 (98), 168.5 (58).
161 (42)
11 366" 367 (32), 366 (100), 365 (81), 353 (43),
352 (42)

“ 70 eV m/e (rei intensity). 6Also m/e 254. cAlso m/e 338.

The Pd/C dehydrogenation studies were extended to
2-tetralone, 3,4-dihydro-1(2H)-phenanthreiione (13),
1.2.3.4- tetrahydro-2,58-trimethyl-I-naphthol (17), 1,2,-

3.4- tetrahydro-3,5,8-trimethyl-lI-naphthol (19), and 1,-

2.3.4-tetrahydro-4,5,8-trimethyl-lI-naphthol (20) as
shown in Schemes | and |1, respectively.

The dehydrogenation (Pd/C) of 2-tetralone gave
naphthalene (54%) and 2-naphthol (26%).

The Pd/C dehydrogenation of 13 (Scheme 1) gave
18% of 14 and a trace of 15. In the presence of naph-
thalene, Pd/C caused dehydrogenation to a mixture of
71% of 14 and 11% of 16 but 15 was not found. Dehy-
drogenation of 16 with Pd/C using naphthalene as sol-
vent gave 83% of 14. The improved yield of 14 when
naphthalene was used confirms an earlier report.6d

The tetrahydrotrimethylnaphthols 17 and 19 are
completely dehydrogenated to 1,4,6-trimethylnaph-
thalene (18) in 8 hr (Scheme 11). However, 20, with
its 4,5-dimethyl substitution, is considerably more resis-
tant to dehydrogenation to 1,4,5-trimethylnaphthalene
(21); only 35% conversion took place in 8 hr. There
was no evidence that the corresponding naphthols were
formed during the dehydrogenation of 17, 19, or 20.

Experimental Section7

The tetralones used in the study were either purchased from
commercial sources or prepared as deseribed.ébf 3,4-Dihydro-
1(2ijT)-phenanthrenone (13) was prepared by Friedel-Crafts
reaction of naphthalene and succinic anhydride.6de The Pd/C
catalysts were purchased from Engelhard Industries.

Naphthalene, 1-methylnaphthalene, 2-methylnaphthalene,
2,3-dimethylnaphthalene, and 1,4-dimethylnaphthalene were
commercially available. The other naphthalenes necessary for
the preparation of standard solutions for glc analyses were
prepared from the corresponding 1-tetralones by Clemmensen
reduction and subsequent Pd/C dehydrogenation to 1,4,5- and
1,4,6-trimethylnaphthalene; Pd/C catalytic hydrogenation to
the tetralin and subsequent dehydrogenation to give 1,3,5- and
1,3,8-trimethylnaphthalene; and Pd/C dehydrogenation of 5,7-

@) Elemental analyses were determined by Galbraith Laboratories,
Knoxville, Tenn. Nmr spectra were determined on Varian HR-60 and
A-60 spectrometers. Mass spectrometric data were compiled using a Con-
solidated Electrodynamics Corp. Model 21-103C mass spectrometer. Ir
and uv spectra were obtained on Beckman IR-5A and Cary 14 spectro-
photometers, respectively. Melting points are corrected. Glc studies were
carried out on a 0.25-in. X 4-ft column of SE-30 on Chromosorb P and/or a
0.25-in. X 6-ft column of 5% silicone rubber on acid-washed, DMCS-
treated Chromosorb W. Glc separations were done on a 10-ft X 0.25-in.
column of 25% Carbowax 20M on acid-washed Chromosorb W.
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Scheme Il

20 2

dimethyl-1-tetralone to 1,3-dimethylnaphthalene. The physical
and spectral properties of some of these naphthalenes and their
tetrahydro derivatives will be published subsequently.&

General Procedure for Pd/C Reactions. A. Apparatus and
Procedure.—A 25-ml, three-necked, round-bottomed flask fitted
with reflux condenser and a gas-inlet tube serves as the reaction
vessel. Tygon tubing is attached to gas-inlet and gas-exit ports.
A 5-g sample of tetralone and 0.5 g of Pd/C are used. A fast
flow of helium is used initially to sweep out the system, and the
helium flow then is lessened to maintain a slight positive pressure.
The flask is lowered into a Wood’s metal bath preheated to 70°
and the bath temperature (by pyrometer and thermocouple probe
as a safety measure) is raised rapidly (15-20°/min) to 260° and
held stationary. After being heated for 4 hr, the reaction mixture
is allowed to cool under helium atmosphere. Severe bumping due
to water formed in the reaction can be lessened or eliminated by
submerging the reaction flask into the bath far enough that
the level of the molten metal is approximately 0.5 in. above that
of the liquid in the flask.

B. Work-up for Tetralones I, 2, 3, and 5 (Table 111s).—The
cooled reaction mixture is extracted successively with ether and

Tabite Il

Properties of Naphthols” Produced in
Pd/C Dehydrogenation of 1-Tetralones

Mp, °C M ass spectrum”
I-Naphthol 95.96.5e 144 (100), 116 (42), 115 (94), 89

(12), 39 (13)

2-methyl- 62-63.5d 158 (100), 157 (23), 129 (38),
128 (36), 115 (21)

3-methyl- 90.5-93.5« 158 (100), 157 (23), 129 (29),
128 (28), 115 (22)

4-methyl- 75-787 158 (100), 157 (46), 144 (35),
115 (40), 128 (30)

5,7-dimethyl-  55-59»* 172 (100), 157 (30), 129 (24),

128 (22), 115 (14)
172 (100), 171 (13), 157 (27),
129 (23), 128 (22)
“ Isolated by extraction of Pd/C dehydrogenation reaction
mixtures with 10% NaOH. h70ev m/e (rel intensity). CLit.8

6,7-dimethyl- 138.5-140*

94°. dLit.& 64-65°. eLit.8 92.5-93.5°. tAnal. Calcd for
CnHioO: C, 8351, H, 6.37. Found: C, 83.44; H, 6.47.
Lit.& 84-85°. 0Monohydrate, lit.«¥ 58-59°. "“Lit.8 79-80°.
eLit.&d 140°.
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chloroform and the solution is filtered through Dicalite. The
filtrate is washed thoroughly with 10% NaOH solution. The
alkaline wash then is back-extracted with ether and the ether
solutions are combined. The alkaline solution is acidified with
concentrated hydrochloric acid and extracted with ether. The
extract is washed with water, dried (MgSCh), filtered, and con-
centrated to give the phenolic material. The naphthol is purified
by recrystallization from petroleum ether (bp 60-68°) and/or
sublimation.

The main ethereal filtrate is washed with water, dried (MgSCh),
filtered, and concentrated to 50 ml by distillation. Percentage
yields are determined using standard solutions as described for
the KOH-NaOH reactions.6

The concentrate then is thoroughly steam distilled and the
nonvolatile residue dissolved in ether. The ether solution is
dried (MgSCL), filtered, and concentrated to yield the tar
residue.

C. Modification Used for 4, 6, and 7.—Part B is modified by
subjecting the alkali-washed extract to thorough steam distilla-
tion. The resulting residue is treated as before. The steam distil-
late is extracted with ether and the ether extract is dried (MgSOi),
filtered, and concentrated to 50 ml by distilling. The percentage
yield of the naphthalene is determined as before.

D. Modification Used for 8, 9, 10, 11, and 12.—More chloro-
form than usual is needed to dissolve the reaction products from
the trimethyl-I-tetralones. In order to avoid chloroform as the
solvent for standard and unknown solutions, it is removed by
steam distillation of the ether-chloroform filtrate. The non-
volatile residue and the steam distillate are treated as before.
Washing with 10% NaOH solution does not remove the naphthol
in these cases.

Pd/C Dehydrogenation of 2-Tetralone to Naphthalene and 2-
Naphthol.—Dehydrogenation of 3 g of 2-tetralone for 11 hr at
250-282° gave 2.22 g of residue and a steam-volatile fraction
which did not contain 2-tetralone but showed 2:1 ratio of glc
peaks corresponding to naphthalene and 2-naphthol.

Deoxygenation of 1-Naphthol.—Naphthol (8.57 g) was treated
with Pd/C (0.86 g) for 4 hr at 265° under He. Naphthalene was
isolated by steam distillation and extraction of the steam distil-
late. The nonvolatile residue (5.85 g) of brown oil was recrystal-
lized from 1:3 benzene-ethanol to yield a yellow powder: mp
165-175°; mass spectrum (70 eV) M/e (rel intensity) 268 (11),
255 (21), 254 (100), 252 (29), and 28 (44).

Pd/C Dehydrogenation of 3,4-Dihydro-1(277)-phenanthrenone
(13).—A 2-g sample of 13 was dehydrogenated with 0.067 g of
5% Pd/C at 220-225° for 24 hr. The products were isolated
@f. part B above) and yielded 0.36 g (18% yield) of 1-phenan-
throl (14): mp 154.5-156° [lit.&d 153-154°]; mass spectrum (70
eV) m/e (rel intensity) 194 (95), 165 (78), 43 (100), 29 (24), 28
(26), and 15 (37). The material extracted from the basic solution
gave 0.56 g of amixture of 13and 15. This mixture was identified
by glc on a 0.25-in. X 4-ft column of SE 30 on Chromosorb P
at 190°. Considerable tar remained in the sublimation tube.

Pd/C Dehydrogenation of 3,4-Dihydro-1(277)-phenanthrenone
(13) in the Presence of Naphthalene.—A 2-g sample of 13, 20 g
of naphthalene, and 0.067 g of 5% Pd/C were treated as described
in the previous experiment except that the filtered product was
steam distilled to remove naphthalene. The base-soluble product

(8) (a) “Dictionary of Organic Compounds,” 4th ed, I. Heilbron, Ed.
O xford University Press, New York, N. Y., 1965, p 2378; (b) J. W. Corn-
forth, R. H. Cornforth, and R. Robinson, J. Chem. Soc., 168 (1943); (c)
B. R. Baker and G. H. Carlson, J. Amer. Chem. Soc., 64, 2657 (1942); (d)
E. A. Coulson, J. Chem. Soc., 1305 (1938).
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was sublimed to give 1.44 g (71% yield) of 14. The ether-soluble in the same procedure aswas used for 17 and 19. At the end of 8

and alkali-insoluble fraction gave 0.23 g of solid 1,2-dihydro-1- hr, the glc analysis showed the presence of four peaks. The
phenanthrol (16): mp 115-116.5°, mass spectrum (70 eV) m/e largest was due to unreacted 20 and the second major peak repre-
196 (M+). sented 21. This peak increased with time and was approximately
85A5nza|'H %a(l)%d for C»rHID: C, 85.71; H, 6.12. Found: C, 35% of the total peak area at the end of 8 hr.

Pd/C Dehydrogenation of 1,2,3,4-Tetrahydro-2,5,8-trimethyl- RegIS'[I’y N 0 ]. 529 34 0 1590 08 5 3 14944
1-naphthol (17) and 1,2,3,4-Tetrahydro-3,5,8-trimethyl-lI-naph- 23 1 4 9832 98 19550 3621 25 5
thol (19) to 1,4,6-Trimethylnaphthalene (18)—The tetrahydro- 7 5(37-63-§" 46'8 59 468 60- 7 10, 10468:

w27 by 5 04 mm s 5 ait ang 15y 7err {3 501 578 g e e RV Bt o0

were prepared t)y LiAIH, reduction of 8 and 9,6f _Dehydroge_natlon

o b g oo s Tt S et 1 Acknowledgment—\We thank the American Petro-

naphthol formatirc))n. Both alcoholé gave about 98% yield of |eum |nSt|tUt for partlal Support Of th|S Work thrOU h

189 bp 91° (0.9 mm). API Res a\ rch Progect 58A and the Research Founda-
Th(;e orange picrate of 18, mp 134-135° [lit.9 133°], was pre- t(|;0n 01!:|O ?( Om? dtate Un|VerS(!jty flor t EIL as&mancel
ared.

p oy e O O O Mo Scrlaetr(teceJ F%(d nndoavtllcge I garrqg nttolthrgadoengrssootothte ePet?ct)IIgBam

ydronaphtnol 20, bp 110- (05 mm) [It5 by 106107 (©1 Refearch Fund, admlnlstere b}/ the American Ch

mm)], obtained by LiAlll4reduction of 10 was treated with Pd/C |Ca SOC|ety Or partla SUP or 0 t IS researC We

thank Dr.”0. C." Dermer for having read the manu-

(9) L. Ruzicka and L. Ehman, Helv. Chim. Acta, 15, 140 (1932). SCrlpt

The Reaction of Formaldehyde with Deactivated Benzoic Acids.
An Ester-Directed Electrophilic Aromatic Substitution Process!

LeR oy S. Forney* and Anthony T. Jurewicz
Research and Development Laboratories, Mobil Chemical Company, Edison, New Jersey 08817
Received June 10, 1970

The reaction of formaldehyde with benzoic acids bearing electron-withdrawing groups has been shown to pro-
vide phthalide derivatives. The reaction media must contain sulfur trioxide. Evidence is presented to show
that an intermediate is formed prior to the electrophilic attack which involves the carboxyl group. It is suggested
that this intermediate is a methylene ester, stabilized by sulfur trioxide.

Terephthalic acid in strong acid media undergoes sev- tr%phlhc aftack, relative to terephthahc acide But

eral eIectrophlllc substitution reactjons, such as nitra- |eterep IcaC|d reacts easily with tormaldehyde
tion.2 halogenation s and mercuratlona-, The reaction car ox a hde %es not, and onl smaIIamount? of
oftereﬁhthallc acid and formalg in u fur trioxide- ~ the can pe, detected from treatment of 5-
containing media to give 5-carboxyp tha Ide (1) has re- frarboxtgaththgh e with formaldehyde, even under forc-
god gr ese 0servations su%gested that the reactlon of
tererPh thalic acid and formaldeh ema involve more
direct electrophilic substitutjon by a protonated or
sulfated formaldehyde species and rompted our further
Xco codh investigation of the system. We have since studied the
’ scope 0f the reaction and extended it to other deacti-
vated aromatlmutistrates n this Ipaper We pro ose

t i acid reactlon enresents on

that the tereg
ample of a class, ot electrophilic aromatic substltutlons
+ chd —* mvoIvm deacti

iny chalgactenze at)ed benzmﬁ acyds. Thesefereacthdns

Iy an_ ortho-directin ct whjch
cod retsult(s from an esterification occurring prior to ring
attac

2
centl been reported.s s- Carboxyphthallde can be nj- Results
trate an ha genate]e to IYlled 6-NItro- or 6-halo-5- EIectroRhlhc substitution re ctlon%ere general sen-

+ chd —*

Carpox ﬂ - substituent of 5-car-  sitive to ¢ anges in acl strengt fore, 3 number
boxypht allde should actlvate the material toward elec-  of known Lewis acids were added to the formaldehyde
(1) Presented, in part, before the Division of Petroleum Chemistry, (6) The effect of a-CHzO-X group on.the activation of aromatic systems
American Chemical Society, Houston Meeting, Feb 22-27, 1970. toward electrophilic attack has not been reported. However, the <ap+ for
(2) (@) 6. A. Burkhardt, Ber.,, 10, 144 (1877); (b) R. Wegscheider, phenylacetic acid toward nitration is —0.164 which means the -C H 2C O 2H
Monatsh. Chem.. 21. 621 (1900). group is activating relative to H.7 In contrast, the CHaO—CH2—group has
3) s. Akiyosyi Nt Okamura, and S. Hashimoto, J. Chem. Soc. Jap. been found to have a positive <r* (0.64) relative to H (0.49).8 Genera Iy,
Ind. Chem. Sect. '67 214 (1954); Chem. Abstr.. 49 21774a (1955). ' it is thought that a* represents ground-state effects, and as a result the
4) F. c. Wh‘itmt)re and L. L Isenhour, le Anner. Chem. SOC., 51' 2785 -CH20 -X isa moderate activator toward electrophilic arom atic substitution

(7) H.C.Brown and Y. Okamoto, J. Amer. Chem. Soc., 80, 4979 (1958).

(1929). .
(8) P. Ballinger and F. A. Long, ibid., 82, 795 (1960).

(5) L.s.Forney, J. Org. Chem., 35, 1695 (1970).
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Figure 1—Yield of 5-carboxyphthalide in sulfuric acid (black
dots) and methyl sulfate (open circles) solutions containing vary-
ing amounts of SO3 Conditions were: 1M terephthalic acid
and 1 M formaldehyde, reacted in sealed glass tubes for 1 hr at
150 + 0.2°.

terePhthalrc acid reaction.

The results are shown. in
Tab

el. Without added metal salts, a 61% conversion

Tabte |

E ffect of Added Salts on the Reaction
of Formaldehyde and TPA

Salt % TPA % 5-CP
None 39 61
ZnBr2 19 55«
FeCla 47 53
Aids1 46 54
TiCl, 64 36
SbFe 5 25
Nad 42 58
LiF 40 60

“The products included 26% of a mixture of brominated
carboxyphthalides, which was not characterized. bhThe AICIs
was hot completely soluble at the concentration used (0.5 g/5 ml
of mixture).

to 5-carboxyphthalide was achieved in 2hr.  Addition,of
ngrs acids’ gave lower conversions. . The resultf with
ded Lewls cr sare not In accord with a direct electro-
philic substjtutjon mechanism, i ... dependent upon the
acid stren th ofthe medium. Were such a system oper-
atrve % Ighest conversron wouId haye beén observed
th 'SHP6, ¢ ntrar to the observed effect.

ddrtron of the. neutraI salts NaCI and LiF, did not
ffect the conversion. Synce the hi nic nature
teoeum medrumwou 0e only slrg tlz change

ditional neutra lonic S ecres no gréat effect nconver
sron was expected or 0 served,

The conversrgn was] quite sensitive to the nature of

the solvent used for the reaction. As shown by T
I, teconversronsrn30% SOs-HzSOt an 300%803-d|-
meth sufatewerenearl 9urvaentan muc dreater
than, those opserved in other media, A moderate con-
version was found In 30% SOs—HSOsF. On the other
hand, 100% HSOth 98% HAS04 aqueous

bFs (the so-called “Magic Acid” eth aneé
onic aci gave unrforml tooor resus Ifthe conden-
atron was facilitated hacrd strength, then the
astest rate and resu abl ved Ir(Trreatest COPVErsIon In

2 hr, wou ave een obse

The un| ang features of the soIvents Irsted in Table
|| seemed to Pe that relatively high conversions were
observed In solven‘s characterized bgfttherr free S0scon-

tent, with the single exception of methanesulfonic acia.

(9) G. A. Olah and R. H. Schlosberg, J. Amer. Chem. Soc.., 90, 2726
(1968).
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Table Il

Solvent Effect on the Reaction of
Formaldehyde and TPA at 150° for 2 Hr

conversion
Run Solvent to 5-CP

1 30% S03-H2S04 95
2 30% SOi-dimethyl sulfate 92
3 30% SOs-HSOsF 20
4 HSOsF 3
5 98% H2S04 aqueous 1«
6 30% SOs-methanesulfonic acid 0
7 SbFs-HSOuUF (1:1) 0
8 100% SCa 946

«Product work-up indicated 12% terephthaloyloxyacetic acid
(isolated as the dimethyl -ester). 6The reaction solution was
more concentrated than in the other cases (about 6 M in TPA
and formaldehyde). As a result, this run cannot be directly
compared for conversion data.

This implies that SO0s1s a critical factor for the conden-
sation. ~ This was confirmed by a reaction in 100% S03
The reactant concentration was not comparable with
runs 1-7, since the use of 100% SOarequired a more con-
centrated reaction medrum 10 ﬁrevent (a Hhase se a
tion. However, these con |t|o sprovr ed an excellent
Conversion (‘>90%t) f0 5-carho g’ﬁ) hthalide.

A comparison of the formaldéhyde- tere hthalic acid
condensatjon in sulfuric acid and drmethP/ ulfate media
with varyrng amounts of S0s Is presented In FrI%]ure I
Two, fedturgs of the graph are apparent: i hoth
media, etéurvalent conversions are f und at any %rven
SOaconc ntration, des |te the great, contrast in‘the na-
ture o these media; e conversron In both solvents
reac esamaxrmum fa 0 mol % S0s content,

The dependence of the conversron on the S0scontent
of the medrastron?hy su?gests that the same mechanism
IS operatrve In both” sulfuric acid and drmeth | sulfate.
In_view of the differences in the hrg ly proti
acid) and aprotic Edrmethyl sulfatg media, this sup-
ports the assertion that the’ condens tron 15 not a drrect
electrophilic substitytion process nt/ rotonated or
sulfated formaldehyde sEecres It must be noted, how-
ever, that proton catalysis of the reaction cannot be ex-
cIuded on the basis of these data, since even in the di-
met Y sulfate m?dra some Eﬁrotons Were mtroduced by
ne dissociation of terephthalic acid in solution.

The formaldehyde condensation was extended tg m-

-nitrobenzoic acids.  The m-njtrobenzoic acid is
the ore reactive to direct electrophilic attack, since its
5 position IS not as deactivated as reactive sites in p-ni-
trobenzoic acid..o  However, no reaction occurred and
m-nifrobenzoic acid was recovered unchanged. 8
maldehyde congensation with nrtrobenzorc acrd un er
a alogg scondrtrons gave a 47% grre of 5-nitroph

de. “This Initially was unexpectéa, since all rin IEOSI
tions of p-nrtrobenzorc acid are deactjvated, as eac
sition Is either ortho to a carboxy or nitro %roup
the condensation with.nitrobenzoic acids toes not occur
via 4 direct electropnilic attack.

(sulfuric

Discussion

From the foregoing results, a mechanistic interpret
tion of the condensation of formaldehyde wrth h’r f

(10) E. S. Gould, “Mechanism and Structure in Organic Chemistry,”
Henry Holt and Co., New York, N.Y., 1959, p 428.
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deactivated aromatic substrates, such as tereﬁhthalrc
acid. must include the following features: ~ (a) t esame
mechanism Is operative in both oleum and dimethyl su
fate-SOs media; (b) the reaction of nirobenzoic’ acios
does nof occur through attack by some free eIectroPhrIrc
formaldehyde SPECIES; fc) S03must be Intimate
i:rlved in th% condensation In a role which cannot be
ayed by other Lewis acids such, as SbFbor AlCI3 etc;
an gd% reaction 1s retarded in fiuorosulfonic acid and
methanesulfonic acid.
Theée criteria can be safrsfred by formation of an.in-
termediate complex invo vrnc{; the carboxX\ unction
prior to attack on the aromatic nucleus droxy-
%thgl ester is ]oro 0sed, formed]v.a reaction of formaI
e with a species as shown Ineq L Formal
e yde has been su ested to form hr{]droxymeth yl es-
ters’ with carboxr( aclds, Alth o such products
have not been rso ated, therr ostu on alds i rn under-
standing the ¢ emrstr}/ of orma deh f/ e In solution.1
It 15 worth noting that the electrophific metalations of
benzoic acid and derrvatrves have been found to occur
subsequent to Interaction with the carboxyl group.
Thus, the thallation of benzoic acid and Its €sters was
recentl suggeste to occur bIY rnrtra ormatron of a
thallium-carbonyl compex foflowed by intramo ecuIar
substrtutron of thallium Into the ort osrtron of the
acr 2 Similarly, mercuratron of terephthalic acid pro-
uc s the mercurophthalide.4
The natyre of d e aromatic acid, formaldehg/de and
proposed formaldehyde ester intermedjate cannot b
conclusively specified under our reactjon %ondrtrons
However, acids and esters wou certarng e rapid|
sulfated in S03media.3 Indeed, since formal e
Fself forms a tstable complex with SO3%jt 1s groba Ie
that the esterification Is a result of a reaction between a
formaldehg/de -sulfur trroxrde comglex and C}he aromatic
acid, presént ast e sulfate or corresponding acylium
jon. The acid SH Ifate ?f acetic acid in sulfuric acid-S03
rs converted to the acylium ion at 13-17% S03content
5% Under still"more acidic conditions, such as
Sb 5HSO$ mixtures, the dracylrum jon of terephthalic
acid can be prepared d.% [f the monoacylium ion of ter-
ephthalic acrd rs the reactive sgecresf [ the esterifica-
tion, then the rate increase up to 60 mol % S03in either
sulfuric, acid or dimethyl sulfate may corres ond t0
rncreasrn acylium fon“concentrations at i
ves Sa conseduence of eq 1, this wouI ncrease
the concentration of the h %methy ester in solu-
thOE anrd tlhe reaction rate would e enhanced, as shown
In Fiqu
Ongce formed Ifhe formaldehyde eséer may undergo
Brotonatron and [oss of water to provide a primary ¢ r
r rorgrurzn a?rrd stabrIrzed by association with S03 as shown
Pﬂrmary carbonium ions _are extremely. reactive,
Therefore, reversal of thf stahilized etster sriecres formed
in eq 3 to re-form an acylium ion and formaldehyde must

(11) J. F. Walke " ACS Monogra
American Chemical So , D.C. 1964.

(12) E. C. Taylor, F. Kiezle, R. L. Robey, an
Chem. Soc., 92, 2175 (1970).

(13) E. E. Gilbert, Chem. Re

“Formaldehyde
ty, Washingt
d A. McKillop, J. Amer.

v., 62, 575 (1962).
(14) E. E. Gilbert, “Sulfonation an
New York, N. Y., 1965, p 370.
(15) N. C.Deno, C. U. Pittman, Jr., an
Soc., 86, 4370 (1964).

(16) G. A. Olah and M. B. Comisarow, ibid., 88, 3313 (1966).
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]
C SO, H~
+ CH,0 o
CO,SO,0H
*oh @
-2 112AHONR
hd + ((J)
colodh
CO.CEr— —Cm
@)
CO,SO,0H
"e>CH2
coXlodh
coXlodh

beama or reaction pathway. However, proximity to
the nucI 0 hrIrco é)nofs%BshouI stabﬁrze thrsyPrr
mary oxycarb onru lon.  Lewis acids Iackrn? nucleo-
Phrlrc 0X %ens would not be expected to facilitate the
eactron cause_they. cannot stapilize this positivel

%r%e ester. Thisis in accord with our results of
Tabl ndeed rrmary oxycarbonium  ions have
heen found 0 possess greatly enchanced stapilities, rela-
tive toﬂ primary " carboniunt ions i the hydrocarbon
serjes

Alternative explanations for the Iack of cata f}/trc
effect from added Lewis achrdsc nnot erue out
the ex errmenta data. Thus, the mérg/P
erentr yform a complex wrth formaldeh e or:n Saes

lex

?rea\cgrbao A 0 { araeto ?f\rNeISs ?ec Iof forarff ? de

X I r

esterrfrcatron dgagtrva?r}r) the aromatic nucIeust vv)ard
electroghrlrc attack. H?wever we prefer the ar%ument
based nteasenceo oxygen |n the Lewis aCids, as
noted érove This reasoning 1s.in accord with the' de-
crease reactrvrty In fiuorosulfonic acid and methanesul-

onr% acg gr l)
The S03stabilization of the primary oxycarbonium
jon allows it to participate in a second reaction pathway,

(17) B. G. Ramsey and R. W . Taft, ibid., 88, 3058 (1966).

(18) Pr te communication with Min-Hon Rei.
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in addrtron tﬁ reversion to reactants. Thrs é)athwa in-
volves attack on the aromatic ring and leads
Irde formation (eq 4) by electrophilic attack of the sta
rr ed ox og/ arbonium ion,

chanism described above will reconcile the
solvent effects noted in Table I. Formation of the sos-
stabilized primary carbonium ion (eq 2 and 3) can be
eneralize to Include other solvents as shown below
Scheme 1). When X = CH or OCH3 protonation of

Ar—CO02CH20502X

(a) protonation and loss of -(b) protonation and loss of
H O SO0 2X (cl.vage of H X (cleavage of S— X)
C— O bond)

Ar—C (CH* + Ar—COZH2+- «=*0S02
1

Ar—C+ + CH20
(reactants)

X = OH in SOz, HiSOj media
X OCHa in (C1130)302

X F in HSO3F
X = CH3in HSO3CH3

phthalide + H+ + SOs3

these rI]roups followed by their loss as neutral species
comgae es favorably with rt)rotonatron and loss. of
Sreoeneratron of starting materralsg Since
Protonatro F with loss of HF isTelatively less likely,
he rate of phthalide formation would be exPected to de-
crease In fluorosulfonic acig, Cleavage of the SX bond
seems quite unlikely when X = methyl, and as a conse-
quence, little rf an phthalrde formation 1s anticipated
rn ethanesu onig acig
The nrtro enzoic acid copdensations can also be un-
derstood In terms of a mechanism. in which an electro-
Phrlrc attack on the aromatic ring is oreceded br( esteri-
ication, = The carpoxyl droup must now control the
course ofthe reaction, so that'attack occurs only at the
6 positions. Since a m-NO2substituent strong|
deactrvates both . these osrtrons eIectroH]hrII tta
rom an Intermediate est r.or carboxyl complex ou
be, decreased or H]revente in the ca(fe of m- nrtrobenzorc
acid.  On the other hand, the 2 and 6 positions of p-ni-
trobenzorc acrd are less deactivated by the nitrg roup
a(trve to the meta rsomg Hence, eectrobhr 51
c nrtrobenzorc acl b%acom ex of formajde-
de and a carboxyl group is ore likely to occur than
atack by the equrvalent complex formed from m-nitro-
benzoic acig. Ha the reaction of nitrobenzojc acids
not groceededt rour%rh aBreIrmrna esterification, the
met Isomey should ave een the ore reactive. Fur
thermore, the expected é)roduct would have been

icarboxy-5 5'-dinitrodiphenylmethane, alo
Ohe form)a |dehyde cond nsations waith zét’% ac% to

ovr 3, rcarbox hen Imethane and Ith is
Ea ethajrioeacrdj t0 prov ,5y,5 -tetracar oxyd\f\bheny?

The decreased conversion at sos levels greater than
60 mol %, as shown In Figure 1, can be eXPIarned by t
formation of an acylium fon of the formaldehyde- ster

(19) R. W . Beattie and R. H. Manske, Ca
(20) J. R. LeBlanc, D. B. Sharp, an
4731 (1961).

n. J. Chem., 42, 223 (1964).
d J. G. Murray, J. Org. Chem., 26,

Forney and Jurewicz

Such a reaction will powerfully deactivate the aro-
matic nucleus toward an eléctrophilic attack ac-
cordrn?to e%4 since this would require an rntermedrgte
aromatic dicarbonium ion. Thus the conversion de-
creases at sos concentrations above 60 mol %.

The mechanistic pathway presented in the foregorn%
section accounts for {he exgerrmental obsgrvations o
the condensation of formaldehyde with highly deacti-
vated substrates. However, a direct electrophilic sub-
stitutjon reaction of formaldehyde is sufficient to exRIarn
diarylmethane formation from benzoic or isophthalic
aclds, or phthalide formation from activated benzorc
acids.2l Given that a choice of reactron pathwa
exists for reaction offormadeh)i e with more 0r less de-
activated benzoic acids, it should he possible to find in-
termediate cases where a competition between these re-
action pathways can be observed. ~In this event, some
drar I ethane derrvatrves shouId be formed by attack
ofa remectrophr Ic formaldeh esPecres along with
some pntnalide derivatives derived from a formalde-
g de-ester species. Therefore, we rernvestroated the
r] ajctron of phithalic and isophthalic acids with formalde-
yThe reaction of rsoph halic acid and formaldeh %
was reported to yield onytetracarboxyr nenylmét
ane.d However, we oun t at with surable control
of c ndrtrons 6car oxr{)p hthalide was, also formed In
D to 40%, elieve that this substrate rep-
resents an intermediate case which can form products
Iyert er a “airect” electrophilic substitution reaction
geadr Eo adra%lmeihane or b?/ a substitution reac-
tion nvolving carboxyl participation. Ieadrngto phtha-
lide).  As wauld be expected in such intermediate cases,
the”partitioning of material between the two reaction
Pathwa $ 1S sensitive to experimental condrtrons The
ormaldehyde condensﬁtron with phthalic anhydride
may represent yet another such intermediate casg, as a

15%

(21) E. H. Charlesworth, R. P. Renn
Can. J. Res., 23B, 17 (1945).

ie, J. E. Sinder, and M. M. Yan,
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15% yield of 7-carboxyphthalide results from this reac-

When the 5- c?rbox dphthallde synthesm IS run with a
tlﬁggg exrceesstﬁgloorlna)e ace |ceac(|Jr 5 aI uteearoleum m|x
uct of t e?eactloX Tyhe Isolation o} gr% f P
acetic agég %nder %Ogd”elogtsf 0srl]mlllag to tgﬁse Ve\xlt Itcer g)
-carbox | I
thaielc acid is yr?dergom? esterﬂle/atlo gdunng the reac-
fion. The formation of 3 Indicates that some of the
formaldehyde was oxidized to carbon monoxide under

the reaction conditions.
volvmq CO can be enwsaged which would lead
ephthaloyloxyacetic acid, as shown below.

Two reaction pathw %stén-

CHD + CO

ArCOH + CHD + SCa

No distinction can be made a%thls time between are-
action involying CO atfack ont ehydroxymet y| ester
and a reaction”involving estenflca lon with e{ roxa/
acetic acid formed previously by attack of d
4) under the reaction conditions. The latter_ pro-
cess Is similar to the synthesis of hydroxyacetic aC|d bé
th e aclg- catalxzed carbonylation” of formaldehyde
e AT B
Uired | sS than Wi ve durl
carbo%/ hthalide sy he3|s tne yields of terep ﬁtha g?
oxyac |c acid are |mproved by reaction under CO pres-

F%ecentl cyclohexanecarboxylic acid was shown to
unde Z;go ecarbony Iatlon in fumlng sulfunc aC|
Thisag reeswn our observation that h rox
acetlc acid reacts with terephthalic acid in funing

, U.S. Patent 2,152,852 (1939).
(23) M. I. Vinnik, R. S. Ryabova, and V. 1. Ganina, Zh. Fiz. Khim., 42,

2916 (1968); Chem. Abslr., 70, 46570 (1969).

(22) D.J. lode

ArCOfiH

hochZooh ;
-ArCOaH
-SOa ~Neco
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furic acid to %IVE a small yield of 5-carboxyphthalide.
Since this reaCtion could only occyr with décarbonyla-
tion, it indicates that the carbonylation qf the tereph-
thal dp acid-formaldehyde ester iS reversible, as indi-

Experimental Section

Materials.'—Aromatic substrates, formaldehyde (trioxane),
cosolvents, and sulfur trioxide (Sulfan-B) were commercial prod-
ucts of the highest purity attainable.

The sulfur trioxide was stored in a vessel jacketed in boiling
pentane (36°) to prevent crystallization catalyzed by traces of
water.

Methods.'—The preparation of phthalides from phthalic acids
and nitrobenzoic acids was carried out according to the method
described for the reaction with terephthalic acid.6

The effect of added salts on the 5-carboxyphthalide synthesis
(Table 1) was obtained from reactions conducted in sealed glass
tubes. Solutions (5ml)of30% oleum, containing 1M terephthalic
acid and 1M formaldehyde, and 0.5 g of salts were placed in a
bath at 150 + 0.2° for 2 hr. The products were converted to
methyl esters and analyzed by gas chromatography. Material
balances based on aromatics were all above 76%, and in most
cases, 86-94%.

The experiments in various solvents (Table I1) also were
conducted for 2 hr at 150 £ 0.2°, in sealed glass tubes. Except
as noted, the solutions were 1 | in terephthalic acid and

ArCOXHZ0H
jmo
SOa
t. ArCOZH»COS0DH

ArCOXHDS0DH
jsOa
phthalide

3 M in formaldelwde and were worked up as described above.
Material balances, based on aromatics, were 79-90%.

Effect of CO on Preparation of Terephthaloyloxyacetic Acid (3).
—Terephthalic acid (8.3 g, 0.05 mol) and formaldehyde (4.5 g,
0.30 mol of Trioxane) in 50 ml of 98% sulfuric acid were placed
under 1000 psi of CO in a glass-lined pressure vessel.

After heating to 150° for 2 hr the contents of the vessel were
poured into ice water, converted to methyl esters (MeOH-BF3),
and analyzed by gas chromatography. The product mixture
contained 94% dimethyl terephthalate and 5% dimethyl ter-
ephthaloyloxyacetic acid. When this procedure was carried out
in the absence of CO, only dimethyl terephthalate could be

isolated.
egistry No.—FOrmaldenyde, 50-00-0; terephthalic
oo G Tar0020-42 16776 Tt
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Alkali metals are hydrogenation catalysts for aromatic compounds at high temperatures and pressures.

Catalytic activity increases from lithium to rubidium.

It is unnecessary to use the more active metals as the

free metal; mixtures of sodium metal and potassium carbonate produce results equivalent to those obtained with

NaK alloy. The extent of hydrogenation depends on temperature and die metal used.

Below 250°, polycyclies

and polyphenyls can be reduced readily in benzene as solvent to compounds containing isolated benzene rings
at initial hydrogen pressures of 1400 psig and temperatures of 180-250° with Na + Rb2C03 above 250°, ben-

zene forms hydrogenated dimers and higher polymers.
Ethers are cleaved by the alkali metals as are some polycyclic heteroaromatic compounds.

hydrotriphenylene.

o-Terphenyl hydrogenates and cyclizes to dodeca-

The use of amines as solvents permits hydrogenation at lower temperatures than with benzene.

Sodium in liquid ammonia has been used for many
years as a reducing agent for aromatic_systems,2 and
ore recently both sodium and [ithjum in“amines have
ecome. Increasingly important.34% In these reductlons
the ammes serve flS pr d n donors; n |qm ammonia,
an acohoI IS usua ed to fumlsh the rydro gen.2
There areaso fs emstances nown where i ers are
USed as $0 vents or reductlons with alkall metals;bhere,
the alkali metal salt of t ehx rocarbon is formed.  Ad-
dition of water or alconol then provides the necessary

hydrogen to decomft])ose the salt and form the reduced

nydrocarbon. In these reactions, the alkfh metaltr)
tlc%ates noncatalwcaIIKl and |s eV ntua % conve
B~, where aorLian

NR2 The equivalent of an ionic carbon metal bond
IS formed at some stage of t e reaction.

Carbon-metal bonds, sdc a? those formed in alkali
metal reductlons In nonpo ar so vents, are knowm to fy-
drogenate readily 6 Thus, if such a bond 1s formed in
an atmosphere of hydrogen, reduction can take place to
regenerate the metaI or'to form its hydride. The so-

M
®

/' N\ + H2 -* |/ \ + 2Na @)

/" \ + 2Na -

Na Na

Na Na

\ +

+ 2H2 —™ |/ 2NaH )

7 N\
2NaH

lum hyd r| orme ineq 3 or 4 might also be capable of
dd ng double gondafprowdm% an a?ternat% path-

Na

b~ ()

2Na + H2 )

di
a

/"X
Na
)=
(1) Presented before the Division of Fuel Chemistry, 148th National

Meeting of the American Chemical Society, Chicago, 111.,, Aug 30-Sept 4,
1964

+ NaH —>

h2 —» / \ + NaH (6)

J. Birch, Quart. Rev., 4, 69 (1950)
. W. Watt, Chem. Rev., 46, 317 (1950).
R. A. Benkeser, Advan. Chem. Ser., 23, 58 (1959). (b) L. Reggel,
edel, and I. Wender, J. Org. Chem., 22, 891 (1957).
(5) .E. Hu nd A. S. Lindsey, J. Chem. Soc., 2227 (1958): H. Mohler
and J. Sorge, Helv. Chim. Acta, 22, 229 (1939).
(6) H. Gilman, A. L. Jacoby, and H. Ludeman
2336 (1938).

(7) S. M. Blitzer an

,J. Amer. Chem. Soc., 60,

d T. H. Pearson, U. S. Patent 2,987,558 (1961).

way to the reduction product.  In either case, these re-
actions would constifute a catalg/ ic hyd rogenatlon

Several |nvest|9at|ons nave €xplored this catal t|c
system for hyd genatm aromatics, usm%
etaIs8and SOdIU ydn er9as the |n|t|alc aI sts
and In all cases hydrogenations have been achi
However, most of fhe reported work has been conflned
0 the reductlono na[p halene to tetra %/drona a
ene,  We have investigated the system in more deta
studied the effects of other alkal’ metals and of other
solvents, and apP lied it to compounds other than naph-
thalene espemal compounds of the type one might
Ind in coal or codl tar.

Discussion

Imtml% a series of reactions was conducted in which
sodium metal, an aromatic hydrocarbon, and a solvent
I( enzene cr ti;) uene) were heated with hydrogen In a
ocking autoclave t aspedfled temperatyre, “The re-
actionproduct cqntained some white solid in suspen
raci ndw'ftf’“e%'tffdfpf ¢ G esinaly hiaroae
from ecom osition of NaH gExgmmatlonofth/e %d1
ucts h/ mass spectromet %/ and gas chromato?raphy
gaveteresutssown In Table 1. These results indi-
ated that sodium {oy NaHI) Was a hydro?enatlon cata-
lyst, and that careful control of temperature and pres-
%Ldrte might allow stepwise hydrogenation to be carried
Similar experiments showed that, I|th|um which is a
better reducing agent than so ium in metal- ammeé?/
tems,41s a mu ?oorercata s]than sodium for\h\y 0-
genatlon of naﬂ haene thium, due t9 its lo den
ity, roats on the syrface oft ereactlon mix{ure and ap-
ears to be orydls ersed F the reactlo Even
t325 only 4% of the naphthalene Is requced. Limi-
taetfgtrdsre)f thie equipment prevented gong to higher tem-
: L| uid sodlum otassium allo (NaKg which prob-
ehaves] Ike otassmm was more active than so-

|u snown In Tables | and I, most of the hydro-
carbons tried were hydro%enated to mixtures of prod-
?ts with afew exceptions.  The reductive cychzatlon
0-ferpnenyl to, giv sdmd decanydrotriph en%/ ene as
amajor product is‘one of the best available methods for

n, J. Amer. Chem. Soc., 63, 2934
410 (1928); Chem. Abstr.,, 22,
, Ber., 63B, 2179 (1930).

(8) F. W. Bergstrom and J. F. Carbo
(1941). Guyot, Chim. Ind, Spec., No.
4522 (1928). N. A. Orlov and N. D. Likhachev

(9) G. Hugel and Friess, Bull. Soc. Chim. Fr., 49, 1042 (1931); G. Hugel,
Can. Chem. Met., 13, 5 (1929).



Alkali Metals as Hydrogenation Catalysts

Alkatli M I Catalyzed Hydrogenations of
P lycyclic Aromatic H ydrocarbons
Cat Temp
Compd lyst °c Principal products* (%)
Naphthalene  Li 325 Naphthalene (96)

1,2,3,4-Tetrahydronaphthalene (4)
Naphthalene (30)
1,2,3,4-Tetrahydronaphthalene (62)
1,2,3,4-Tetrahydronaphthalene (91)
1,I'2,2",3,3",4,4'-Octahydro-2,2'-
dinaphthyl (8)
1,2,3,4-Tetrahydronaphthalene (99)
1,2,3,4-Tetrahydronaphthalene (88)
9,10-Dihydroanthracene (53)
1,2,3,4-Tetrahydroanthracene (38)
1,2,3,4-Tetrahydroanthracene (37)
Octahydroanthracene (53)5
Octahydroanthracene (85)5
Octahydroanthracene (70)5
9,10-Dihydrophenanthrene (23)
1,2,3,4-Tetrahydrophenanthrene
(72)
9,10-Dihydrophenanthrene (10)
Octahydrophenanthrene (80)5
9,10-Dihydrophenanthrene (82)
1,2,3,4-Tetrahydrophenanthrene
(5)
9,10-Dihydrophenanthrene (10)
Octahydrophenanthrene (78)b
9,10-Dihydrophenanthrene (50)
Octahydrophenanthrene (36)5
5,12-Dihydronaphthacene (99)
5,12-Dihydronaphthacene (25)
Hexahydronaphthacene (18)
Octahydronaphthacene (36)

NaK 250

NaRb 180
NaCs 200
Anthracene Na 250
NaK 250
NaK 350
NaRb 220
Phenanthrene Na 250
NaK 250

NaRb 180

NaRb 200
NaCs 220

Naphthacene NaK 250
NaRb 300

Chrysene NaK 250 Hexahydrochrysene (40)
Octahydrochrysene (24)

Dodecahydrochrysene (23)

NaRb 250 Dodecahydrochrysene (85)

Triphenylene NaK 250 Triphenylene (12)
st/ra-Dodecahydrotriphenylene (70)
Pyrene (45)

4,5-Dihydropyrene (42)

Pyrene (50)

Hexahydropyrene (10)
Decahydropyrene (32)

Pyrene (43)

Decahydropyrene (22)
Dodecahydropyrene (14)
Perylene (10)
Octahydroperylene (47)
Dodecahydroperylene (30)
Fluorene (60)
1,2,3,4-Tetrahydrofluorene (10)
1,2,3,4,4a,9a-Hexahydrofluorene

(25)

“ Percentage yields, based on recovered material, in parenthesis.
'Approximately 2:1 mixture of symmetrical (1,2,3,4,5,6,7,8-
octahydro) isomer and unsymmetrical (1,2,3,4,4a,9,9a,10-octa-
hydroanthracene; 1,2,3,4,4a,9,10, I0a-octahydrophenanthrene)

Pyrene NaK 250

NaK 350
NaRb 250

Perylene NaRb 250

Fluorene NaRb 250

isomer. All other unnumbered products were identified by mass
spectral peaks and were not further characterized.

preparatlon of the latter compound.D The starting
maten? IS rfeadll¥ available, and the product is easily
crystallized from he reaction mixture,

n the reduction, of the golg ryls, scission of the bonds
between the rings is Indicated by the formation of traces

(10) D. A. Scola, J. Chem. Eng. Data, 9, 405 (1964).
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Cata Temp
Compd IySt °C Principal products*
Biphenyl NaK 350 Biphenyl (20)

Phenylcyclohexane (70)

Benzene5

Biphenyl (20)

Phenylcyclohexane (70)

Benzene5

o-Terphenyl NaK 350 o-Terphenyl (30)
st/m-Dodecahydrotriphenylene (50)
Biphenyl (60)
Hexahydroterphenyl (10)
si/wi-Dodecahydrotriphenylene (20)
Benzene5

Biphenyl (10)
¢rans-1,4-Diphenylcyclohexane (40)
Dodecahydroterphenyl (40)

NaRb 250

NaRb 250

p-Terphenyl NaK 350

1,3,5-Tri- NaRb 250 Hexahydroterphenyl (10)
phenyl- Hexahydrotriphenylbenzene (50)
benzene Dodecahydrotriphenylbenzene (30)

Octadecahydrotriphenylbenzene (5)

“ Percentage yields, based on recovered material, in parenthesis.
5Yield not determined.

of benzene, b|phen¥/\}hphenylcyclohexane and traces of

hlgher P]oh(]ar enb nz%ne ﬁhea}ted to 250° with

rogen some biphenyl is tormed; at 350°

}/ gen IS abﬁ rbed with forman?n of hgdro enated

dimer ger pogmers s well as chars.IU" Toly-

ene, thoug le3s reactive than benzene, reacts |n a simi-

lar mannér: there IS some mlgratlon of methyl groug
smaII amount

with formation ?f benzene an
r|a with molecu arwelqhts correspon ding to x?/ ene, p e-
nylcgcohexane methylp IR} enyl, and metg en lcy-

clohéxane Because of is, ‘tetralin ecal |n was
used aa solvent for X ogenfmons carried out above
250°, though they res Ited In less extensive hydrogena-

tion. when compiare to benzene at 250°.
Alkal”:Metal-Salt. Combination Catalysts.—Since

the reactjon of alkalj metals and alkali métal salts Is
an equilibrium reaction (eq 73 It was felt that NaK
Na + KX NaX + K @)

RS T s s e
SIU saait Potgssmmgchlorlde soglurﬁpm&tures?al to
give results comPara le to NaK at 250°; Instead the
mlxd;ure behaves ke soglum When KZ030r KOH is

E Wlth Na, however gdro%enatlonofnaphthalene]2
e enant rene, anﬂg ren (? stoy\qlve products and

lelds 5|m|Iar 1o t obt Ine |th In the ab-
senceo sodium, }ﬁw Ives no h gdenatlon
esucces oassmms lt-so0ium metal sys-

tem suq att use ofrTbl lum salts mi htall
e c tlc beh aV|ore yivalent to sodium-fubidium
’g 0 e studied. without the Inconvenience of
andling metallic rubidjum.  Experiments indicate this
{0 Pe valid. Substitution of R 03for kocoa resylts
In lowering the temperature of a given hydrogenation

(11) L. H. Slaugh, Tetrahedron, 24, 4525 (1968). This reference incorrec tly
quotes the authors (ref 1) as stating that benzene doesnotreactin e presence
of alkali metals and hydrogen.

(12) G.L.O'Connor, H.E.Fritz, an
(1961). This patent, which covers the use of so

for hydrogenation of naphthalene, appeared during the course

dM.A.Eccles, U. S.Patent 2,968,681
dium with potassium salts

of this work.
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bly 50° to 100°. In some cases, NaRb &prepared in situ
from Na and RbZ03n %I exPerrmen 3 causes more

extensrve hydrogenatron t s opserved with NaK.

aryrng the'ratid of Na to RhLCos from 1 2 to 2:1 had

no. obs rvable effect on results. srnge exloerrment

usrn% rubidium formate with sodium gave results com-
arable to those obtained with sodium itself.

Some of the observations reported In this paper may
he the result %f the, hetero&energ of the sy stfm aqd thg
difficulty in ontaining reaction between a’solid satan
a solid or molten metal immersed in a passive liquid
Phase rather than to the chemistry of the materials

ems

gro enation of Heteroatom Compounds.—The
resence rn an aromatic molecule of oxvgen- contarnrno
unctional rouPs necessitates that sufficient catalys
be res nt daowforthe formatron of an alkalj metaI
salt of the hyarox T%roupw Ich may be formed. The
results shown rn hles and IV Indicate that
aromatic C-0 ponds are readrl hYdrOEenoI zed by
NaRb: the products are redomrnan Ig/ 0se xgect
from hydrogenation of t e deox enated compounds.
Decarboxylation also occurs readi

Tanie Il

NaRb-CATALYZED Hydrogenations of
Oxygenate d Aromatic Compounds

Cata- Temp,
Compd lyst °C Princ

2-Methoxy-
naphthalene

ipal products*
NaRb 250 1,2,3,4-Tetrahydronaphthalene (80)
2-Naphthol (10)
Dihydro- and tetrahydronaphthol
(%)

2-Naphthol NaRb 220 1,2,3,4-Tetrahydronaphthalene (50)
5,6,7,8-Tetrahydro-2-naphthol (45)

p-Phenyl- NaRb 250 Phenylcyclohexane (90)
phenol

2-Naphthoic  NaRb 250 1,2,3,4-Tetrahydronaphthalene (80)
acid

Anthra- NaRb 250 Octahydroanthracene (70)6
quinone sj/rw-Octahydroanthranol (20)

“ Percentage yields, based on recovered material, in parenthesis.
1 Approximately 2:1 mixture of symmetrical and unsymmetrical
isomers.

Tabie IV

NaRb-CATALYZED Hyrogenations of
Heteroc yclic Aromat ic Compounds
Cata- Temp,
Com pd lyst °C Principal products*
Dibenzofuran NaRb 250 Phenylcyclohexane (80)
Biphenyl (10)
Hexahydroterphenyl (5)

Dibenzothio- NaRb 250 Dibenzothiophene (50)
phene Phenylthiophenol (20)
Biphenyl (20)
Quinoline NaRb 220 5,6,7,8-Tetrahydroquinoline (60)
Dimers (30)
Acridine NaRb 250 Acridine (30)
9,10-Dihydroacridine (30)
Tetrahydroacridine (9)
Octahydroacridine (25)h
Phenan- NaRb 250 Octahydrophenanthridine (77)b
thridine

“ Percentage yields, based on recovered material, in parenthesis.
b Only unsymmetrical isomers detected.

Table IVT)

Dibe zofurﬁn dle Ty

50° s rﬁduc el
cleave sma

hexahydroterphenyl are

Friedman, Kaufman, and Wender

formed indicating reaction with the solvent, benzene.
3/ contrast dibenzothiophene is reIatrver inert toward
both hydrogenation an cIeavage In the presence of
NaRb. Thrs contrasts, with Ra ey nickel or_lithium-
ethylene lamine reductrons]S oth of which pring about
esu urr ation.  Added t Jwrana hthene did no :iffect
the NaR -catalyzed hy rogenation of napnthalene
which indicates hatt(e resence of sulfur compoynds
does not poison the alkali metal catalysts.  Ring cleav-
age and decomposition are observedwrth nitrogen-con-
taining heterocyclic aromatic compounds. Pyridine,
when Used as a Solvent, forms a variety of products, in-

cluding tar.

Sevgrail experiments to evaluate cesium as  catalyst
were carried out rn a manner similar to those involvin
rubidium gable 1), usrnoc sium carbonate ﬁnd sodiu
metal.  Cesium proved Yo be a less.active hydrogena-
tion catalyst than rubrdrum and_ slightly more active
than potassium In catalytic activity.

Effect of Solvents.'— nrtralgr benzen and toluene
were used as soIvents because of their lack of reactivity
toward alkali metals at room temperature, Since the
work was directed rbrrmarrl toward reductions of coal
It was apparent t ﬁ bétter coal solvent would e
useful. ~Amines, which are 8ood coal solvents, react
with alkali metals to form amides

M + RNH2 RNH- + M+ + 7*H,

However the reactron IS probabl I%/ reversible, so that,
rnt e presence of hydrogen, some metal remains, prob-

h/ In solution. In any event, the catalytic hydrogena-
tion does proceed rn amine and in benzene-aminé sol-
vents. heres IS the lowest tempergture at
which measyrable hydrogen uPtake occurs In benzene
In_ethylenediamine or in”butylamine-benzene (1:1) at
120° phenanthrene IS h%/dro%enate? to octahydrop en-
anthrene with Na + . By owerrng
the initial hydro en bressure to 100 ﬁsrg, It Rossrbl
to prepare " 123, etrany rophena tirene in 80%
yield in butylamrne benze e at 1

Similarly; other Lo g/cl}/c hzrédrocarb ns can be re-

re

duced at em erat In ethylenediamine
and in ethyl enedr mine-h nzene( R e results are
roughly comparable to those obtairied at 250° when

benzene IS used as sojvent.

Pre rmrnarP/ Investigations have been carrred out on
coal an coal tar fractions. As many as 1 h};drogens
pre]r atoms have heen addeo tod9 bcar on ¢oal

mratio (nmr) o ac% far pitch was
ce from an 6nrtral426 to 0.61 by hydrogenation

wrtH NaRb at 35

Experimental Section

Reagents.—The hydrocarbon solvents were dried over sodium.
The ethylenediamine was refluxed with Na and freshly distilled
before use. The reactants were obtained from standard suppliers.
Where possible, reagent grade material was used.

The NaK (containing 76% potassium by weight, approxi-
mately 1:2 mol ratio) was a gift of the Mine Safety Appliance
Research Ccrp. The liquid NaK was kept under N2and trans-
ferred by means of a hypodermic syringe. All NaRb was pre-
pared in $itu using sodium-Rb2C 03weight ratios of 1:2 to 2:1.

Analyses of Products.—Products were analyzed by gas-liquid
chromatography where possible, and by low-voltage mass spec-

(13) L. Reggel, C. Zahn, I. Wender, and R. Raymond, Bull. U. S. Bur.
Mines, No. 615, 36 (1965).
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. Table V

NaRb-CATALYZED Hydrogenations in Amine Solvents

Solvent

Ethylenediamine
Butylamine-

Principal products*

Octahydrophenanthrene (91)
Octahydrophenanthrene (97)

benzene (1:1)

Temp,
Compd Catalyst °C

Phenanthrene NaRb 120
NaRb 120

NaRb 120"

Pyrene NaRb 200
Naphthacene NaRb 200
Fluoranthene NaRb 200
o-Terphenyl NaRb 120

Percentage yields, based on recovered material, in parenthesis.

trometry routinely. This latter procedure provides a molecular
weight distribution of products. In certain experiments, it
was possible to isolate a specific component and identify it by
infrared and ultraviolet spectrometry. In these instances, the
products are suitably described.

When a product is identified without specific numbering of the
substituted hydrogen, identification has been inferred from the
molecular weight (obtained from mass spectral measurements).

Procedure.—The procedure for all experiments was similar.
Two examples will be given to illustrate the procedure. Initial
pressures were between 1200 psi and 1400 psi. Temperatures
shown in Tables | to V represent minimum temperatures at which
appreciable yields of the indicated products were observed. Ben-
zene or toluene was used as solvent for all reactions up to 250°.
In a few cases, reductions were carried out above 250° to achieve
more expensive reaction. In those experiments, tetralin and
decalin served as solvents. All runs were held at temperature for
4.5-5 hr. The quantity of reactants was 5 g, except for naphtha-
lene (30 g) and the tetra- and pentacyclic hydrocarbons which
were used in 2-g amounts due to limited solubility. Recoveries
ranged between 80 and 100%, physical losses being propor-
tionately greater for runs containing smaller amounts of sub-
strate. All analytical results are reported on the basis of the
percentage of the total recovered, isolated product.

Hydrogenation of Naphthalene.—A solution of 30 g of naphtha-
lene in 150 ml of toluene was placed in a 0.5-1. AmincoX4rocking
autoclave with 2 g of NaK. Hydrogen was introduced into the
autoclave at 1250 psi, and it was then heated to 250°. It took
2.5 hr for the autoclave to reach this temperature. The auto-
clave was kept at 250° for 4.5 hr and then allowed to cool over-
night. The reaction mixture consisted of a white solid in suspen-
sion in the toluene solution. The solid reacted vigorously with
the isopropyl alcohol added to dispose of excess NaK. The
solution was extracted with water to remove the alkali hydroxides,
and the organic layer was extracted with ether. The ether
solution was distilled through a helix-packed column to remove
all solvents. The residue, containing naphthalene and its re-
duction products, was examined by mass spectrometry and gas
chromatography. It was found to consist of 91% tetrahydro-
naphthalene and 8% of dimeric product with mol wt 262, and a
small amount with mol wt 260.

The dimer was isolated by chromatography on alumina after
removal of the lower boiling material by distillation. The re-

(14) Reference to specific trade names is made for identification only and

does not imply endorsement by the Bureau of Mines

Butylamine-
benzene (1:1)
Ethylenediamine

Ethylenediamine-
benzene (1:1)
Ethylenediamine

Ethylenediamine

Dihydrophenanthrene (12)
1,2,3,4-Tetrahydrophenanthrene (80)
Tetrahydropyrene (28)
Hexahydropyrene (23)
Deeahydropyrene (18)
Dihydronaphthacene (32)
Hexahydronaphthacene (22)
Octahydronaphthacene (29)
Dihydrofluoranthene (80)
Tetrahydrofluoranthene (7)
Hexahydroterphenyl (75)
Dodecahydrotriphenylene (13)
6Gas pressure, 100 psi.

crystallized material, mp 105-108°, had a tetralin-like ultraviolet
spectrum and infrared and nmr spectra consistent with a struc-
ture of 1,1',2,2,3;3",4,4'-octa.hydro-2,2'-dinaphthyl,156 Dehy-
drogenation with palladium on charcoal gave 2,2'-dinaphthyl.
Hydrogenation of Phenanthrene.—A solution of 5 g of phenan-
threne in 80 ml of benzene was placed in an Aminco rocking
autoclave with 1.5 g of sodium and 2.0 g of rubidium carbonate.
Hydrogen was introduced into the autoclave at 1400 psi, and it
was then heated to 200°. It took 2 hr for the autoclave to reach
this temperature, which was maintained for 5 hr. The autoclave
was allowed to cool overnight, and isopropyl alcohol was added
to decompose the metal hydrides. The solution was extracted
with water to remove the metal hydroxides, and the organic
layer was extracted with ether. The ether and benzene were
removed by distillation and the residue was examined by mass
spectrometry. The product contained 10% 9,10-dihydro-
phenanthrene and 78% octahydrophenanthrene, as well as
smaller amounts of 1,2,3,4-tetrahydrophenanthrene and phenan-
threne. Traces of dimeric products were also present. Gas
chromatographic analysis of the octahydrophenanthrene in-
dicated an approximate 2:1 ratio of 1,2,3,4,5,6,7,8-octahydro-
phenanthrene to 1,2,3,4,4a,9,10,10a-octahydrophenanthrene.

%lstry No—NaphthaIene 91-20-3; anthracene
120-12-7;” phenanthrene, 85-01-6; ag hacene
0 h sene 218 01-9; trlgheny ene, 217-59 rene
erylene, 198-55-0; quorene 8tZr .
b %t o>¥y’

8 2/ 2p54 oterB X
na t4a e%fe’ §|4h8n£enz nﬁ 61123g18 19-3: p-phen
BRSO Spningl, 1Sy ponen
none 84-65 1 enzofuran, 132-64-0:" dlbenzo
t phene 132-65-0; . quinoline, 91-22-5; acriding,
hnanthrldl e, 229-87-8;  fluoranthene,

Acknowled([;ment-—We thank Miss Janet Shultz
for mass spectral determinations.

(15) E. J. Eisenbraun, D. V. Hertzler, R.
and M. C.
American Chemical Society, Atlantic City, N. J.,

C. Bansal, P. W. K. Flanagan,
Hamming, Preprints of Papers, 156th National Meeting of the
Sept 1968, PETR 017
The same compound is also reported in ref 12.

(16) L. Reggel, H. W . Sternberg, and I. Wender, Nature, 81, 190 (1961),

report what is apparently a diastereomer
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The possibility of 1,3-orbital overlap stabilization in the 1,3-diphenylcyclobutenyl cation (3) is explored by

comparison of the nmr spectra of cycloalkenyl cations 1-4.
Extensive charge dispersion onto the phenyls in diphenylcyelopropenium

results in charge dispersion in cation 3.

It is concluded that 1,3-electrostatic repulsion

ion (4) is found, accompanied by an unusually low barrier to rotation in accord with extended Hiickel calculations.
Several useful syntheses of cyclobutane and cyclobutene derivatives are described.

In some earlier oa ers we sbuo ested that the para-
proton resonance o -substituted car onrum rons
was a reasonable guantrt trve measure of the stabilit Wy
or electron demands of the carbonium 1on center.2 We
had hoped to use this m%thod 10 Iook for stabrlrzatron
b 1,3-0r rta overa int eserreso ar}/ cat rons 13-

diphentylc coRenteny

%eng cych%nexen lob tgn 3 and
propen;ﬂ 4)call onsu o/rmgﬂy, rftherewresPabM

3

rzatron of the cations by 1.3 overlap, one would expect
the ﬁr r rzatron to Incr ase as rrnd size decreased.  One
would therefore expect the para-proton resonance of the
phenyl su strtuen on these catrons to moveuAp eﬁ
one mMoved to sma er and smaller ring sizes.  Althou
Wwe have since shown that the para- roton resonance IS
In fact a very insensitive measure of carbonium 1on sta-
bility,Band T aft has shown that the fluorine resonance
is rders of magnitude more sensitive,3we nonetheless
bel %ve that the unexPected resul f of our mvestrgatron
ecclrc allyl cations, as well as some Interestin
nt ef| methods deveI rEr)rEd in thelr preparation, war-
pu r atlon at this tl
enfylcyelo ropeniym |on 4? has, ofo ﬁrse
een no orsom time.45 T (o nX
él%andd henylc cIo entenyl %? at|ons erege
rog ofp orrespon gdrenes d
uorosu onrc acl renes were s%]nt esized in an
unexceptional way asrndrcate in Sche

The attempted synthesis of13d|phe cyoloboten}/
cation o ause une%pecte agg ﬁvatron but ‘was finally
accom f as Indicated in"Scheme |

Several points In Scheme |1 deserve comment. The
first step, photodimerization of /3-nitrostyrene, has been

(1) (a) This work was supported by the National Science Foundation
under Grant GP 10734. (b) This author acknowledges financial assistance

(2) (a) D. G. Farnum, J. Amer. Chem. Soc., 89, 2970 (1967); (b) D. G.
Farnum and G. Mehta, ibid., 91, 3256 (1969).

(3) R. W. Taft and L. D. McKeever, ibid., 87, 2489 (1965).

d M. Burr, ibid., 82, 2651 (1960).
, ibid., 82, 2644 (1960).

(4) D. G. Farnum an
(5) R. Breslow and H. Hover

Scheme |

PhCHjUICHah

PhCOCHZL0ZZH5 + CH2CHCOCH3 Bir

PhCOCHBr + CH3COCHZ0ZXZH6

106 KOH 1-PhivBr

PhCOCHZCHZCOCH3
2.NH.C1

52% overall

PhCH=CHNO02 Zn, HCOH
H,CO

X Ph
5, X = NOZ70%)

NBS

5, X = N(CH32 5,X = N(CH33 &(1 5X=H
100% 50%
Br
KI.CH-OH Ph\ HSO.F
In DMSO -Ph
Br X
6, (70%) 7, X = OCHZ99%)

NaCN

CHjCN-DMSO

1 NaOCH,. DMSO
7X=CN Hao 7,X = CONH2

(82%) (73%)

reported in the literature.6  The reactjon, however, was
canducted on solid materral by spreading a thin film of

(6) R. D. Campbell and R. F. Ostead, Proc. lowa Acad. Sri., 71, 197

(1964).



1,3-Diphenylallyl Cations

i eta
Cylcohexenyl 1 1.77 241
Cyclopentenyl 2 1.76 2.35
Cyclobutenyl 3 1.75 2.18
Cyclopropenyl 4 1.55 2.10

the crystals at the bottom of a crYstallrzrn g dish and. i rr
adratrng r(]rs film with occasrona strrrrng over a 'oerro
of several days or weeks. (f that"the yield and
uantrtY of materral obtained In this reactron can be
mark e enhanced Zthesrmple expedrent of conduct-
Ing the reactron rn vrgorous stirred concentrated
sjurry of the Inely powd e Xstas In watersus en
sron This technigue has also been applied to the
todimerization of rnnamrc acid and erI be desc bed
eIsew ere7 T esecon ste mt ese uence red ctive
metﬁratron of dimer 5 %rve
j was originally accomplrshed in the Usual two-
ste(p me od That 1s; the nitro %rouRs were first re
uced with zinc and acetic acid and the resultin
stable digming was then meth Iated with formalde yde
pormrc acid. %mo ified one- step procedure, in-
V0 vrng reductron of the nitro %rou ps with zinc an 'for-
mrc afid, _and concomitant reductjve methylation of
the resultrnrq diamine with formaIdehydf 0rKS ex-
tremeu The method gives hrgh yields in a con-
venien procedure and may be a gen ral'method for the
conversrono nrtro compounds to dimethylamino com-
pound s The final step In the s%nthesrs t econversron
ofthe d rbrom cP/c lohutane 6.to the metho fyc]yco butene
1(X= san rnterestrno example of the competi-
tion between ehydrobromination and nucleophilic drs
placement on the drbromrde The reaction conditions
are apparentl f/ ndurte critical and took some time to work
out. ~ Several methods for this ty pe of conversion were
atﬁem ted, rncIudrnH avarret}/ bases in methanolrc
solytion and dimetfyl sulfoxide (DMSO) souron a
variety of nucleophrles in different soIvent stem?
sulfuric acid, fluorosulfonic acid, and amrxt fluoro-
sulfonic acid and antimony pentafluorige.  Only the
reagent rn%rcated In. Scheme 1|, potassjum rodrde In
DMSO with a limited amount of méthanol, proved to be
successful.  One other reagent combination, sodium
cyanide In acetonitrile-DMSO, was found to rveare
|ated reaction—conversion of dibromide 6 to the cyclo-
butenyl cyanide 7 (X = CN).  However, we_could not
convert the grodu tto the ¢ cIobutenyI cafion 3 nor
could we hydrolyze it to th% carboxylic acid 7
0H), althougn we were a eto o tain the am ide 7
X ="'CONHZ from the cyanide 7 (X = CN) with
sodium methoxide in DMSO (see Scheme I1). ,
An alternative four-step synthesis of trans-1,3-di-
henylcyclobutane %5 X = 3 In atfout 20% overaII
redfrom a-Irans-ci namrc acid was also developed and
dragrammed In Scheme [11.
1.3-dip henrylcycloallyl cations thus pre-
pared were stable infl uo osulfonrc acrd at room temper
ature, al hough the ¢ co uten de co ropen}/ cat-
lons col gb kept londer tha ther two
without deterioration. The ructures o the cations

(7) D. G. Farnum an d A. Mostashari, “Photochemical Syntheses,” R.
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C cIopropenyI cation is not a good system for compari-
son with thé cyclobutenyl cation becCause it is less sub-

stltuted In fact, 1t is difficult to see how one could ob-
fain a good model for the cyclopropen 1c%tldolnhenvvle

hi’i ? tried to pre are the u subs[nute
allyl cation as ac mpromise model but find tha un er
ouf conditions this cation cyc I|zes much too rapidly to
enable its nmy spectrum to De determined.

An interesting point emerges from observation of the

vanable emgerature nmrs ectra of cations 1.  Thus
the ct{_c y and ¢ cIngentenP/I catlons {and 2Ive
essentiall other than viscosit

no th an?e |n the nm
broadening down t0 —50° In particular, the four
ortho protons seem to remain e uwalent appeann% as
a douplet of doublets |nd|cat|n essential I% free 1 1(
tjon about the (7p 3{ bonds on an nmr ti es?ae or
these catlons N contrast, the nmr spectrum of cyclo-
te yl cation 3 beqlns a reversible broadenlnlg of the
ortno-proton_doublet of doublets as the temperature is
lowered to 0°. Below —40° the spectru harpens
?%innw%h two orthg_protons aIp earing as ah roa] low-
ddoublet at r 146and the remaining two ortho_pro-
tons lost in the_higher field 9- tt)roton multlﬁlet hus
there s onset of restricted. rotation In catjon 3 near 0°.
The htgher barrier to rotation In.cation 3 than in cations
1and Zs in complete accord W|th the observed greater
dlsrhersal of charge to the lnh groups In cation'3, and
ontrary to expectations based on ste c?rounds
On ttie ba5|s (ifthe receding argu e s and observa-
tions alone, cyclopro enluml n 4'would be expected to
exh|b|t restricted rotation at a temperature hlgher than
since Its para \}Jroton resonance indicates Still more
dIS ersaI of positi echarge onto the phenyl groups than
Ther fOI’e the Ob ervatlon Of equivalence of ortho
-protons in the nmr of cyclopropenium ion 4 down, to —50°
IS espemally surpnslng However, a low harrier to ro-
tation, nonetheless 3 com anied bYs S nlflcant char e

ersal onto th ep rou ac

ép redlcted forthe cho% gn the amsgfextended
an e calcul a tions. D) Ourobservatlon provides a con-
vincing test or this suggestion.

We Conclude, then at these results su%%est that a
13electrostat|c repnlswe interaction In the cyclobu-
ten catl?n must also econ3| ered as a contribytor

estab| |zat|on and charge |s ersion in the cation,

T |Ee fect may be superimposed upon a 1 3-attractive
P ding Interaction which makes |ts]contnbut|on {0
stabl cations

Ization an charg serslon In t
have no way at pre nt of tel |nﬁ which of these two
factors, the ‘destabi |2|ng or stabilizing, Is more Impor-
tcaé)rrt]t:llntehet 1a% (%Il phenyl clocbu(teon rI()caétr%on m3 t]Ne also
ud um i X-
h|b|ts an unusuaﬁ Ilgw Bgrr er to rgtatlon a outth
g c? L}/ onds In on5|stentW|th |ntun|ve expectatlons
Hont e extent of pgsitive ch %r%e dispersal_ onto
ephe gﬁgups ut consistent witn extended Hiickel
calculation

Experimental Section

General.—Melting points and boiling points are uncorrected.
Spectroscopic data were determined on a Perkin-Elmer Infracord
ir spectrophotometer, a Beckman DK uv spectrophotometer, a
Perkin-Elmer Hitachi RMU-6 mass spectrometer, and a Varian
A-60 or JEOLCO C-60H nmr spectrometer. The nmr spectra

(10) R. Hoffmann, R. Bissell, and D. G. Farnum, J. Phys. Chem., 73, 1789
(1969).

Farnum, M ostashari, and Hagedorn

are recorded in r values relative to tetramethylsilane internal
standard unless otherwise indicated. The following format is
used: tvalue (multiplicity, coupling constant values, number of
H'’s) with the following abbreviations, s = singlet, d = doublet,
t = triplet, g = quartet, m = multiplet, br = broad. Micro-
analyses were performed by Spang Microanalytical Laboratories,
Ann Arbor, Mich.

Determination of Nmr Spectra of the Carbonium lons.—
Solutions of the carbonium ions for nmr study were prepared by
dissolving the appropriate precursor in a small amount of Freon
114B and adding the solution dropwise to stirred fluorosulfonic
acid maintained at Dry Ice-acetone bath temperature. Solutions
were made up to 5-10% precursor, and a small amount of tétra-
méthylammonium fluoroborate (r 6.8723 was added as internal
reference when needed. For recovery studies, solutions were
quenched by pouring slowly into excess sodium methoxide in
methanol at ice bath temperatures. Products were then isolated
by extraction with pentane after swamping with water. The
pentane extracts were dried over magnesium sulfate and evapo-
rated to dryness. The residues were compared spectroscopically
(nmr, ir) with starting materials and found to be virtually identi-
cal in every case.

3-Phenylcyclopent-2-enone. A. Condensation.—Ethyl aceto-
acetate (26 g, 0.2 mol) in dry benzene (250 ml) was added to
sodium hydride (9.6 g of 50% dispersion in oil) in benzene with
stirring under a nitrogen atmosphere. After the completion of
the reaction (indicated by cessation of bubbling of hydrogen),
phenacyl brcmide (40 g, 0.20 mol) was added at once and the
mixture was refluxed for 6 hr. The reaction mixture was then
washed with cold water twice (total of 800 ml). The benzene
solution was dried over magnesium sulfate and evaporated to give
an oil, the nmr spectrum of which exhibited peaks characteristic
of ethyl benzoylpropionate and I-phenyl-3-carbethoxypentane-
1.4- dione.

B. Saponification and Decarboxylation.—The product of the
above reaction was placed in a 3-1. flask, an 0.8% solution of
potassium hydroxide (2.5 1.) was added, and the mixture was
refluxed under a nitrogen atmosphere for 2.5 hr. The reaction
mixture was then cooled and extracted with ether. The ether
solution was washed with water and dried over magnesium sul-
fate. Evaporation of the ether gave a brownish oil which was
chromatographed over alumina. The diketone (1-phenylpentane-
1.4- dione) (7 g) was eluted first with ethyl acetate-benzene
(20:80). A mixture of the diketone and 3-phenylcyclopent-2-
enone (7.5 g) followed by the cyclopentenone (4.5 g) was eluted
with ethyl acetate. The diketone was separated from the mixture
by distillation: bp 104° (0.35 mm); ir (neat) 1720, 1695 cm-1;
nmr (CCh) €22 (m, 2 11), 2.68 (m, 3 H), 7.16 (AB2 q, 4 H),
7.97 (s, 3 H). 3-Phenylcyclopent-2-enone (2 g) was obtained
from the residue by crystallization from hexane-ether.

C. Ring Closure—The combined diketone crop (12 g) was
refluxed in aqueous potassium hydroxide (250 ml of a 10% solu-
tion) under a nitrogen atmosphere for 2 hr to give 9.5 g of a light
brownish phenylcyclopentenone isolated by chromatography as
above, giving a total overall yield of 52%. The pure ketone was
obtained by sublimation of the crude product: mp 83.5-84.5°
(lit.11 83-84°); ir (CC14 1705-1695 cm“1l, nmr (CDCb) r 2.6
(m,5H), 3.6 (t,J = 15cps, 1H), 7.05 (m, 2 H), 7.55 (m, 2 H).

1,4-Diphenyl-1,3-cyclopentadiene— 3-Phenylcyclopentenone
(3.16 g, 0.02 mol) in ether (20 ml) was added to phenyl Grignard
reagent prepared from bromobenzene (3.3 g, 0.021 mol) and
magnesium turnings (50 mg) in ether under an argon atmosphere.
After 3 hr the reaction was worked up by adding concentrated
ammonium chloride solution. The ether solution was washed
with water and evaporated to give an oil, which was dissolved in
methanol with warming. When the methanolic solution was
chilled, 2.9 g (35%) of solid was obtained: mp 155.5-157°
(lit.22 155-157°); nmr (CDCb) r 2.6 (m, 10H), 3.12 (t,J = 1
cps, 2 H), 6.27 (t,J = 1c¢ps, 2 H).

3-Phenylcyclohex-2-enone. A. Michael Condensation.—This
reaction was done according to Walker.13 A 40% methanol
solution of Triton B (60 ml) was added with stirring to a solution
of ethyl benzoylacetate (56.8 g, 0.30 mol) and methyl vinyl
ketone (20.8 g, 0.30 mol) in ierf-butyl alcohol (75 ml) at 0°. The
solution became brownish and then green. After 5 hr the re-
action was worked up according to Walker to give a mixture of

(11) W. Borsche
(12) N. L. Drake
(13) G. Walke

nd W. Menz, Ber., 41, 209 (1908)
nd J. R. Adams, J. Amer. Chem. Soc., 61, 1326 (1939).

i |d 77, 3664 (1955).
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crystalline material and oil. The mixture was triturated with
ether and filtered to give 39.5 g of a crystalline compound, mp
122-125°, which, when recrystallized from methanol, had mp
125-127° (lit.13 128-130°); ir (Nujol) 3400, 1707, 1693 cm-1
nmr (CDC13 r 2.7 (m, 10), 5.79 (br s, 1 H), 6.05 (g, 2 H), 7.4
(s, 2H), 755 (m, 4 H), 9.02 (t, 3 H). The filtrate when evapo-
rated yielded 29.7 g of a yellow brown oil, 9.

B. Decarboxylation of the Condensation Products—The

solid obtained from above (31.5 g) was treated with an 8%
aqueous potassium hydroxide solution (250 ml) and refluxed for
12 hr. The mixture was then cooled and extracted with ether,
which was then washed with water and dried over magnesium
sulfate. Evaporation of the solvent resulted in 19.1 g of the
product which was recrystallized from hexane-ether (80:20) to
give 17.5 g of 3-phenylcyclohex-2-enone: mp 64.5-65.5° (lit.13
63-66°); ir 1665 cm'L nmr (CDCh) r 2.7 (m, 5 H), 3.64 (t,
J = 15¢cps, 1 H), 7.13-8.1 (complex m, 6 H). The brown oil
(29.1 g) obtained in A was refluxed in 8% potassium hydroxide
(250 ml) to give the desired ketone (7.5 g) as a brownish solid.
This crude product when recrystallized from hexane-ether (80:20)
gave 6.1 g of the pure ketone. The total yield of pure ketone was
23.6 g (46.5%).

1,3-Diphenyl-Il ,3-cyclohexadiene— 3-Phenyleyclohex-2-enone
(6 g) in dry tetrahydrofuran was added to a Grignard reagent
prepared from bromobenzene (18.3 g) and magnesium turnings
(2.8 g) in dry ether (150 ml) under an argon atmosphere. The
reaction was allowed to go on overnight and then worked up by
addition of a concentrated solution of ammonium chloride. The
organic layer, after drying over magnesium sulfate, was evapo-
rated to give 5.7 g of a thick yellow oil which was taken up in
95% ethanol, and the solution was chilled to give white platelets,
mp 89-93°. Recrystallization from 95% ethanol resulted in 4.9 g
(66%) of the same type of crystals: mp 95-97° (lit.198-99°);
nmr (CDCls) r 2.67 (m, 10 H), 3.33 (sextet, ] = 1.5 cps, 1 H),
3.9 (dt,J = 15¢cps,J — 45 cps, 1H), 7.4 (m, 4 H).

Truxilloyl Chloride.— This compound was prepared according
to White.® Treatment of a-truxillic acid (29.6 g, 0.1 mol)
with thionyl chloride (300 ml) yielded crystalline acid chloride.
Recrystallization from benzene-petroleum ether (60:40) gave
white prisms (26.7 g, 81%): mp 121-123° (lit.16127-128°); ir
(Nujol) 1785 cm-1.

Di-ferf-butyl Pertruxillate—Truxilloyl chloride (22 g) was
mixed with ferf-butyl hydroperoxide (40 ml) in dry benzene, under
a nitrogen atmosphere. The mixture was cooled in an ice-salt
bath to 0°, and dry pyridine (25.0 ml) was added dropwise.
The reaction mixture was allowed to stir for 12 hr. The contents
of the flask were then washed with 5% hydrochloric acid in ice
water to remove the excess of pyridine. The unreacted acid and
traces of hydrochloric acid were removed by washing with
potassium hydroxide solution (150 ml of a 5% solution). The
organic layer was dried over magnesium sulfate and the solvent
was evaporated under reduced pressure at room temperature.
The solid residue (25.5 g) was recrystallized from ether-hexane
(1:2) (150 ml). The resulting needles weighed 23.7 g (81.5%):
mp 142-142.5°;, ir 1750 cm-1. Titration of the perester® in-
dicated that it was 95.7% active perester.

irans-1,3-Diphenylcyclobutane (5, X = H). A. By Pyrolysis
of Di-ferf-butyl Pertruxillate—The perester (22.5 g) was sus-
pended in p-cymene (600 ml of solvent, distilled at 207.5-208.5°),
and the suspension was heated under a stream of nitrogen with
stirring. The perester dissolved at around 55°. At 130° the
solution turned yellowish and effervescence began which became
vigorous at around 150°. After 1.5 hr the bubbling stopped,
but heating was continued for 12 hr more. The reaction vessel
containing a yellowish solution was then attached to a 36-in.
Vigreux column and the bulk of the p-cymene was distilled (at
35° 0.5 mm). The yellow pasty residue was taken in ethanol
and chilled. The p-cymene dimer which crystallized was filtered
off and 'he mother liquor was stripped of solvent and distilled
through a 4-in. Vigreux column. p-Cymene was distilled first.
The fraction which distilled at 125-140° (1.0 mm) was rich in the
desired product (70-80% as judged by nmr). The residue of
distillation also contained 20-30% of the product. The above-
mentioned fraction and the residue were combined and redistilled
to give 5.8 g of an oil [110-123° (0.25 mm)] containing Ca. 90%

(14) G F. Woods and I. W. Tucker, J. Amer. Chem. Soc., 70,2176 (1948)
(15) E. H. White and H. C. Dunathan, ibid., 78, 6055 (1056).
(16) L. Silbert and D. Swern, Anal. Chem., 30, 385 (1958).
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of the cyclobutane 5, (X = H) asjudged by nmr. Column chro-
matography over silicic acid yielded 4.5 g (42%) of purer hydro-
carbon as a thick oil. Recrystallization from methanol yielded
needles: mp 40—41°; ir (film) 3030, 2980, 1610, 1500, 1450
cm"L, nmr (CCh) r 2.8 (m, 10H), 6.4 (g, J = 7 cps, 2 H), 7.48
(t,/ = 7cps, 4E).

Anal. calcd for CiH18 C, 92.26; H, 7.74; mol wt, 208.
Found: C, 92.07; H, 7.60; mol wt, 208 (mass spectrum,
parent peak).

B. By Reductive Deamination of Dimethiodide S [X = +N-
(CH33 —Dimethiodide (14 g, 0.024 mol) (see below) was added
to distilled liquid ammonia (400 ml) at —78°. Isopropyl alcohol
(3.6 ml) was added and lithium ribbon (washed with petroleum
ether to remove the oil) was cut and added in pieces until the
blue color persisted for 2 min. The mixture was then allowed to
stir at —78° for 30 min more and then ammonium chloride (10 g)
was added. The ammonia was then allowed to evaporate, and
the residue was taken in ether and washed with water and then
hydrochloric acid solution. The ether solution was dried and
evaporated to give a yellow fluorescent oil. The oil was dis-
tilled [91° (0.15 mm)] to give 3 g (60%) of a clear liquid. The
nmr spectrum showed peaks characteristic of 1,3-diphenylcyclo-
butane plus some other peaks. However, 90-95% of the phenyl
absorption was due to the diphenylcyclobutane based on the
ratio of its methylene peak (r 7.48) to the phenyl peak (r 2.8).
The mixture could not be separated by vpc, column chromatog-
raphy, or fractional distillation but was successfully used in the
preparation of dibromide 6.

1.3- Dibromo-1,3-diphenylcyclobutane (6).— 1,3-Diphenylcyclo-
butane (2.2 g, 0.0105 mol) was dissolved in carbon tetrachloride
(50 ml), and 1V-bromosuccinimide (4.3 g, 0.023 mol) and benzoyl
peroxide (0.2 g) were added. The mixture was brought to reflux
by means of an oil bath. When all of the JV-bromosuccinimide
was consumed, the succinimide was filtered and the solvent was
removed at reduced pressure. The residue was taken up in
ether. The ethereal solution yielded needles (800 mg): mp
145-145.5° dec; nmr (CDCh) r 2.6 (m, 10 H), 5.85 (s, 4 H).

Anal. calcd for Ci6HMBr2 C, 52.46; H, 3.83; Br, 43.71.
Found: C, 52.62; H, 3.94; Br, 43.65.

Addition of hexane to the ethereal mother liquor and cooling
gave asolid (1.9 g) (total yield 69%) whose nmr spectrum showed
peaks for the solid previously obtained and others at € 2.7 (10 H)
and 6.0 (s, 4 H). Both isomers decompose when allowed to
stay in air.

Anal. calcd for CieH1Br2 C, 52.46; H, 3.83; Br, 43.71.
Found: C, 52.62; H, 3.82; Br, 43.62.

1,3-Diphenyl-2,4-bis(dimethylamino)cyclobutane [5, X = N-
(CH32.—The /3-nitrostyrene photodimer (5, X = NO2) (45 g,
0.15 mol) was placed in a 3-1. round-bottom flask, and zinc dust
(300 g) and formaldehyde (250 ml of a 37% aqueous solution)
were added. The suspension was warmed on a steam bath and
formic acid (550 ml of a 88% aqueous solution) was added drop-
wise over a period of 4 hr with vigorous stirring. As soon as the
reaction started, the external heat was discontinued since heat
of reaction was sufficient to maintain the temperature at about
80-90°. Caution! In one run the formic acid accumulated
without reacting and the reaction suddenly took off with explosive
violence. After the addition was completed, the reaction was
heated over a steam bath again for 6 hr more, and formic acid
(two 200-ml portions) was added to ensure completion of the re-
action. The insoluble material was then filtered and the filtrate
was concentrated under reduced pressure at 60°. The concen-
trated solution was washed with benzene and the aqueous phase
was made basic with sodium hydroxide solution. A white pre-
cipitate formed which was filtered, and the solid was washed with
ether. The filtrate was also extracted with ether. The combined
ethereal solution was washed with water and dried over magne-
sium sulfate. Evaporation of the ether yielded 38.5 g of a
white solid which was recrystallized from ether-hexane (20:80)
to give 35.5 g (79.9%) of pure 5 [X = N(CH3Z: mp 125-127°
(1it.16122-123°); ir (CHCb) 2990, 2950, 2850, 2800 cm-1, nmr
(CDCls) r 2.75 (m, 10 H), 6.7 (AB2q, 4 H), 8.25 (s, 12 H). _

1.3- Diphenyl-2,4-bis(dimethylamino)cyclobutane Dimethiodide
[5, X = +N(CH33.—2,4-Diphenyl-1,3-bis(dimethylamino)-
cyclobutane (6.7 g) was dissolved in anhydrous acetone (50 ml)
with a little warming. Methyl iodide (10 ml) was added and the
mixture was warmed for 2 min. The flask was stoppered and
allowed to stand for 0.5 hr. The dimethiodide was filtered and
proved to be pure without any need for recrystallization, mp
222-225° (1it.16215-217°).
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1.3- Diphenylcyclobut-2-enyl Cyanide (7, X = CN).— 1,3-Di-

bromo-I,3-diphenylcyclobutane (6) (2 g, 5 mmol) was dissolved
in acetonitrile (130 ml) and DMSO (60 ml) under a nitrogen at-
mosphere. Sodium cyanide (2 g) was added to the solution and
the mixture was stirred at room temperature for 10 hr. The
milky yellow solution was then poured into 1 1 of water and
extracted with ether (two 300-ml portions). The ethereal solu-
tion was washed with water several times and then with saturated
sodium chloride solution and was dried over magnesium sulfate.
Evaporation of the solvent yielded a brownish oil which was
chromatographed on Florisil. The desired product was eluted
with hexane as a yellow oil (1.03 g, 82%): ir (neat) 2220 cm-1;
nmr (CCb) r 2.70 (m, 10H), 3.72 (s, 1H), 6.79 (AB2q,J] = 13
cps, 2H); mass spectrum m/e 231 (parent peak). The substance
decomposed rapidly on standing at room temperature and was
not analyzed.

1.3- Diphenylcyclobut-2-ene-1-carboxamide (7, X = CONH?2).

=—Sodium methoxide (commercial powder, 1.2 g, 22 mmol) was
dissolved in DMSO (50 ml). Cyanide 7 (X = CN) (1.1 g, 4.7
mmol) in DMSO (5 ml) was added. The solution was stirred
at room temperature under a nitrogen atmosphere. After 48 hr,
the solution was poured into 800 ml of ice water and extracted
with ether. The ether solution was washed with water several
times and dried over magnesium sulfate. When the ether solu-
tion was concentrated to 15 ml and hexane was added, a white
precipitate formed which was filtered and recrystallized from
hexane-ether to give 0.872 g (73%) of a white solid: mp 143-
145°; ir (CHCIs) 3500, 3360, 1685 cm“1 nmr (CDCIs) r 2.7 (m,
10 H), 3.31 (s, 1H), 4.25 (brs, 2 H), 6.68 (AB2q,J = 13.1 cps,
2 H); mass spectrum M /e 249 (parent peak). The compound
decomposed rapidly at room temperature and was not analyzed.

Firestone

I-Methoxy-1,3-diphenylcyclobutene (7, X = OCHa).—Sodium
iodide (3 g) was dissolved in DMSO (50 ml), and absolute metha-
nol (1.5 ml) was added to the solution. Dibromide 6 (1.5 g of
the mixture of isomers) was dissolved in 5 ml of DMSO and added
to the solution. After a while a yellow color developed which
gradually turned red-brown (iodine). After 12 hr the solution was
added to ice water (800 ml), and the cloudy solution was ex-
tracted with ether. The ether solution was washed with a dilute
sodium sulfite solution to remove the iodine and washed several
times with water to remove the DMSO. The ether solution was
dried and evaporated to give 0.953 g (98.5%) of an oil: ir
(CHCh) 1117 cm-1 nmr (CC14) r 2.75 (m, 10 H), 3.35 (s, 1 H),
6.82 (s, 3 H), 702 (AB2q, J = 13 ¢cps, 2 H) (there were no
other peaks evident in the nmr spectrum, and integration ratios
were within 15% of the calculated values);, mass spectrum m/e
236. The compound was unstable at room temperature and was
not analyzed.

Regtstr¥ No—1 27617852, 2, 27396-85-6; 3,
21 4, 79 6-87-8 transs (X = Hg 25558
23-0:5 [X = N(CH32), 19043-28-8; cis-6, 27396-24-3;
trans-6, 21396-20-4: 6 = C & 21396-88-9: 7
fX = CONH% 27396-89-0; 7 éx = OMe), 27396-90-3;
-(Phenyl entane-|.4-digne, 583-05-1; -ghe |cyclo-
pent-2-enone,  3810-26-2; 1,4-d|phen¥l-l, -cyclopent-
adiene, 4982-34-7:  3-phen Ic;(n:lohex- -enoné, 10345-
87-6: 1 3-dipheny|-1.3-Cyclohexadiene, 10345-945; di-
ferf-butyl pertruxillate, 27396-96-9.

Application of the Linnett Electronic Theory to Organic Chemistry.
IV. The Sn2 Transition State

Raymond A. Firestone
Merck Sharp & Dohme Research Laboratories, Division of Merck & Co., Inc., Rahway, New Jersey 07065
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Linnett structures for the sn2 transition state are proposed which differ from conventional dotted-bond struc-

tures X ........ CR3........ Y in that the three C-R bonds are weakened by L strain.

required.

Valence shell expansion is not

Walden inversion is accounted for, and the energy price for retention is estimated at 11 kcal/mol for

R = H and 16 kcal/mol for R = CH3 The pattern of activation energies in alkyl halide exchanges is discussed
in terms of secondary L strain, which also explains the rate accelerations brought about by conjugated unsatura-

tion, @ heteroatoms, and the a effect.

The effect of L strain on entering and leaving groups is also assessed.
The discussion includes proton transfer and displacements on heteroatoms.

Hydrogen bonds and trihalide

ions are presented as examples of reactions with negative activation energy, or “frozen transition states,” existing
when L strain is exceptionally low. Deviations from simple kinetic-thermodynamic relationships, such as the
Brjzinsted equation, are stressed. The E2C mechanism is critically discussed.

Ong of the most common dewces in chemistry is the
transition state r%tcture In which gotted bon(gs are utsed
to regresené,nor al onesthat re mastateo either for-
mation or disso futton The dots are meant to express
our ignorance of the structures o transnton states as
compared to stable molecules byt are retiuentl taken
to mean much more than that, In particular a state in-
termediate n properties between r actant and rodug
However, In "op osmgn to, this sim e]plc ure,
man reacttons IS the disparity between the kinetic and
ther fo ynamic_ pro ucts and, most significantly, the
need for acttvatt nenergy

It 15 possible 3/ méans of Ahe Linnett electronic

heor?/ f0 rep lac eydotte %nd structures with
ettef defined, Oyet 3|mpl ones with unique aProperttes
that are not derived re

|mmed|ate?t from’ reactants or
products One such property is L strain,34a type of

1) ett, J. Amer. Chem. Soc., 83, 2643
2) J. W. Linnett, “The Electronic Structure
and Co. Ltd., London, 1964.

(1961).
of Molecules,” Methuen

angle strain not yet recognized in conventional molec-
Hlar representattons hut Clearly derived form Li netts
ouble-quartet theory. L strain must nevertneless
be laten{ In conventtonal theor aIso smce the Linnett
theory s pased upon the same under| )(]tng quantum
mechanical postulates. In contrast with an ordinar r¥
bent bond, an L-strained bond suffers from lack of coi
cigence of the two spin sets about one or more atoms,
WhICh weakens t e bond In the same way that bendin
oes name forcm% the bonding €lectrons awa
rom their um po |t|ons L-Sfrained honds are
not ent (?wever s, topic |s fuIIy dIS? % sed In

a ers | and |1 of this senes The policy will be con-
|nued Ther of I|m|t|n the discussion to first row ele-
ments or the most a

A prominent example of 4 dotted-bond transition
state 15 tha/ for the Sn2 reaction, depicted universally

(3) R. A. Firestone
(4) R. A. Fireston

, Tetrahedron Lett.,, 971 (1968).
e, J. Org. Chem., 34, 2621 (1969).
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as L Associated with this structure are two problems
which are often ignored. QOne is the requirement for
activation energy5in the exothermic direction, If the,for-
mation of the réw bond is synchronous with the disso-
|ution ?f the old. . The otfier s the questign of how
many electrons are in the outer shell oft e carbon aom:
although its capacity is at most eight the sum of the
electrons in the threé C-R bonds and those in both sets
of dogs is ten. ~ In the case of a displacement on hr(d -
Hen four electrons are associated with a shell that can
old only two.

These problems have occasionally been brought into
the open.”_ Grunwald says that “the intermediate stafes
never conform to the Lewis rule of the octet” for dis-
P:acement reactions on a saturated carbon atom.6

oulson identifies the_two dotted bonds as “Iocalrzed
electron-pair honds,” 7 Invoking d,p,, hybridization at
the central carbon afom atheorz endorsed by GrIIes ie8
and Dewar9 as well. ~Streitwieser, however aces

only two of the dotted electrons In a ondrn MO, and
the”gther two. in_a nonbonding one.  Ingold’s descrip-
tion1L seems similar.

For related reactions, Linnett has proposed transrtron
states of definite structure m place of the dotted bonds.2

When his principles are applied to 1, the structure 2 is

XCY-

R
2

obtained. It is meant to represent the migdpoint of the
reaction coordinate, which may be a transrtron state or
else a metastable intermediate flanked by two less sglm
metrical fransition states While there are cases
discussed subsequent 2y In which true intermediates
exist, for ordinary SnZ displacements at saturated car-
bon rt IS safe to sa that If 2 ligs In a potential well, it
must b eaver%/ a low one, and conseduently 2 will be
taken as a transition state In this paper.

It Is apparent at once that promotion of electrons tg
d orbitals Is unnecessary and that the Lewjs octet ruleB
may pe retarne% Intact, rovrded that the habit of Parr
rnﬁ electrons whenever possible—and.it is no more than

abit—De abandoned. & It promotion Is denied, then

(5) In his classic paper on the quantum mechanical interpretation of the
process o f activation, in Z. Electrochem., 35, 552 (1929), F. London states
vanishingly small activation ener gy is expected for re
of the type XY + Z — X + YZ.”
unwald, Progr. Phys. Org. Chem., 3, 350 (1965).

Coulson, Nature, 221, 1106 (1969)

Gillespie, J. Chem. Soc., 1002 (1952)

S. Dewar, ibid., 2885 (1953).

0) A. Streitwieser, Jr., Chem. Rev
1) C. K. Ingold, “Structure an
ed, Cornell University Press, Ithaca
eref 2, pp 74-75, 103.

13) G. N. Lewis, J. Amer. Chem. Soc., 38, 762 (1916).

14) It is indeed a general feature of the Linnett theory that structures
with odd-electron bonds are often advantageous, even when reasonable
even-electron counterparts are available.

., 56, 571 (1956); see especially p 577.
d Mechanism in Organic Chemistry,”

, N. Y., 1969, p 424
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the octet yule prohibits the involvement of the odd elec-
trons on X and Y.

The number of bondin eIectr%ns IS constant through
out the transtormation, raising the question of why acti-
vation energy IS reourreg in the exothermic dir ctron 6
One obvrou answe Is that a one-glectron hond IS not
necessanﬁlone -half as stron as a two-electron bond.

There 15, Nowever, ano ermore subtle source of an ac-
tivation requrrement which lies In the three nonreactrng
¢ -R"bongs. il er)r( 80Rn3d en\er Ies in 2 arte I|ower tha3,4

ey are In either or 3owing to L strain

gn amountw ich 1S probably more thgan halts the ac-
trvatron energy for man Sn2reactrons exclusve of sol-
vation and 10 Harnno effects. The participation in the
reactron of bon s that have hrtherto been considered to
he m reoy standers 1S not aﬁ aren(s in either the
dotte bond formula 1 or { hec ensed Lipnett struc-
ture 2. However, the full Involvement of all the carbon
atom?]valenc% eIect]rons at the transition state is
brougnt to | rp tIn the ou le_quartet representation
of the transifion state, ch C-R bond suffers

R

3
from a0° of Lsrarn The published L-strain curve 4
which though crude is servrc abIe assigns s.e keal/mal
to a C-C hond L str rne g his amount. Th? ﬁstr
mate for aCHb mntedbutertroo elr
bond energies ,16|S43 al/mo 0r sn2_dis-
blac ments on ethgl about 13 kcal mol of L strain n
he three C-H bondsis anticipated.  From this must be

deducted 4 kcallmol for the fourth electron pair around
carbon,I7which is well correlated in the transition state
but was closely rbarred in the startrng moIecuIe a corre
lation correctro has already heen ma ded for the e g

trons in the L-strained bonds). The net enerrI; e-
mand from this source, then, 1S about 9 kcal/mol when

How does this number compare with activation ener-
9res in the literature? Far proper_comparison, reac-
lons must be chosen in which solvatjon factors are at a
minimum, and which are symmetrical anng the reaction
coorainate in.order that the transrtron stat occur atthe
Pornt of maximum L strain, ;.. mid wa){ Experimen-
al figures in acetone are 15.8 keallmol for Br Br ex-
change on methyl]8and 135for| I exchan 0 For
CHBr + [-p aceéone th actrvatron ener y 15 151
keal/mol, Z{)andthe ataintha g eraIIowa estrmate
0f ¢a. 120 he madg for |- lex? I r% 0eso va%ono the
anion was reckone an insignificant factor In the activa
tion energy For CHBr + Cl-,edsare 17.9 kcal/mol

(15) He ofore there has been perhaps no essential difference between
the description offered by Streitwieser, Ingold, and others, and that outlined
here. It is in the complete Linnett array 3 and its consequences that the

real novelty lies

(16) T. L. Cottrell, “The Strengths of Chemical Bonds,” 2nd ed, Butter

worths, London, 1958.

ef 2, pp 66 and 91.
B. D. de la Mare, J. Chem. Soc., 3180 (1955).
R. Swart an d L.J. LeRoux, ibid., 406 (1957).
rha

See
P.
E.
Fa t-Az nd E. A, Moelwyn-Hughes, ibid., 1523 (1961).

(1 )
(18)
(19)
(20)
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in DMF2and 15.7 in a%et%ne 2 1t is lik Ig/that these
numbers are all on the high side of h]y tical solva-
tion-free valyes, srncet eexrstenceo residual external
effects even In typical dgolar aprotic soIvents IS Ind-
cated by the report that activation energies for s n2 re-
actrons can be lowered still further by changrng from
and the Irke to the newest supersolvent,
hexamethy ghosp oramide.3
It 1s agparent, therefore, that L strain in the three
nonreact nlg bonds contributes srgnrfrcantIY to the en-
er([ry requr ements of the sn2 trdnsition state at satu-
rated carbon.2
Walden Inversion.—The requirement for inversion
durrng each act ofdrsplacement IS an old and aﬁparently
rrgrd fule. We account f or |t Kcom arrng etransr
tion state for inversion, 3, with that for retention, 4

4

Both L strain and the intrusion of unwanted electrons
on the valence shells of and Y are minimized in the
cubr alarray. Neverth eess L strain in the three C-R
|n4 as risen ‘o 10.5°, Thus the actrvatron en-

ergy or retentron wr be reatert an that for inversion
lt_r{y 11 kcal/mol for H,4or 16 kcal/mola for

= CH3B Retention then competes very unfavor-
ably with jnversion, although it is pot altogether forbid-
dert and should indeed be detectable undgr the proper
clrcumstances.
, Secondar L Strain.'—In transition state 3, L strain
rs higher when R Is h dro?en than when it is carbon
ecause C- H bonds dre stronger than C-C bonds.

However, when R IS saturated carbon there are three
other honds attached which must also suffer from L
strain. Secon arY L strarn Is expected to he less
|m ortantt an mary because spin Sefs are not com-
Phgt% d/t %o eng;rerthees It |ssr;fé|l |enn(§t0r|necarcease

jvall

rhoub rntd tHat |stgcy aEr/ ed romzh dro en tto meth

e hest data on this tpic are jn ent report of
Cook and arketh on the reaction of alm bromides
with Cl~ h}ere hese actrvatron energres are
grven Me, 179 kcal/mol: Et, 19.2:; tert-Ru
1.2, A similar series is reloorted bX Ingo a’s %rougﬂ
for Isotopic bromide excha 7ge In acetone:
kcal/mol® Et, 17.5:-Pr, 19.7 ferf-Bu, 21.8.3

oc., B, 142 (1968).
nd J. D. H. Mackie, J.

-J. Delpuech, Tetrahedron Lett.,, 2111 (1965).
he structure 3 (X, Y, and R = H) is consonant with the calculated
electron distribution and bond populations in CH5-: T.
tsuji, and H. Kato, J. Amer. Chem. Soc

(25) The figure of 14 kcal/mol for R = CHs given in re

estimated ~1 kcal/mol of secondary L strain per methyl, which is herein
revised to 1-2 kcal/mol, vide infra

(26) According to a recent calculation for CHs" by the PNDO-SCF
method, inversion is preferred to retention by 14.9 kcal/mol: N. L. Allinger,
J. C. Tai, and F. T. Wu, J. Amer. Chem. Soc., 92, 579 (1970).

(27) P. B. D. de la Mare, L. Fowden, E. D. Hughes, C. K. Ingold, and
J.D. H. Mackie, J. Chem. Soc., 3169 (1955).

., 90, 1239 (1968).
f4 was based on

Firestone

If, as we ropose tertrarY and hrgher orders of L
strarn are ngr gible, then the effect of subsfituting
methyl for h%/ rogen in an ethR/I %oup und ergornﬁd snz
displacement shotld depepd on where it |s tth
1carbon an extra methyl changes ethyl into |soBropX
and Increases secondary L strairf, as seen above, but at
the 2 carbon the change is to n- ropyI and does not in-
crease, secondary. L Strain, Thus,” n-p roY halides
should exhrbrt a trvatron energres similar to e hy as In-
deed tegl . In te first reactron serres a ove, the
fr uresf r ethyl an n-p ropfr]/ are 1 98 kcaI/

2L resp ectrvex and'in t esecond 175an 17158
ven isobutyl, which though still primary is beginni ng
? u{ Lfrom ﬁterrc hrndr nce, stan s ‘even With qr
? igher than n-propyl and well below i rsopr oyl

h dctivation energres f19.72 and 1898 kcal/mol
forthetwo cited reactions, compared to 20 92Zand 19, ]8
for isopropyl.

Turning from activatjon energies to rates, we find
that the general pattern 1s Me > Et > n-Pr and all other
n-alkyl > 1-Pr and all other secondary alkyl > ieri-Bu
andalothertertrary alkyl B

a-Halo Ketones and Allylic Halides.——Secondary L
strain can be reduced If a carhon at]om attached to’the
reaction center Is unsaturated. This comes a out |n
the foIIowrnd way. Creatranr ftrarn at one bond of a
saturated carbon” atom affecs all the other SiX ondrn
electrons in En agverse wag ecaoset ey were alread y
In optimum_ non mo positions betorehand, i ., on their
res ectrve internuclear lines. . In contrast, the four

%electron about olefinic ¢ rbon that form the

dou ebond are far 0 ternternu ear line, and secon-
ary L strain at this bond, | agro led in_the p roIp
drrectron as In 5, moves onIy two ectrons into infe

y o
XX OCXYO

1*X | 0

P
-*—OXO(I ox—

R 1

hondin 8osrtrons while the qther two actuall increase
therrbr Ing energies by moving wwara the Internuclear

To a first alo roximation, let |t be assumed that the
garn and 1ess brndrnP energy for these four eIectrons
re equal (actually the foss mst slightly exceed tegarn
because the L-strain curve | concaveu war g4wrt the
resitlt that two- thrr s of the secon ar frain nor-

present at saturated carb on IS bsent the last
thir strII affects the other sin e bond.  Cancellation
of even mere than two- thrrd ht be anticipated be-
cause secondary L strain will tendto concentrate at the

oint of least resistance, the double bond. For 40
rimary L strain, the magnrtude of secondar}/ L strain
at satutated carbon has been crudely estimated at 1-2

(28) Ingold has reviewed a large body of his group's work in Quart. Rev.,
Chem. Soc., 11, 1 (1957), concluding, as we do, that the stepwise increments
i i i energy in the ser of alkyl groups
the carbon skeleton and not from variations in the entering or leaving
halogens. Cook and Parker2l add that most of the polar and steric effects
of alkyl substituents are accounted for by the activation energy, not by the
log B term. Of course, their analyses take cognizance of factors other than

e from properties within

e ref 11, pp 431-436.
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kcal/mol more than the difference in primary L strain
betWeen C C and C H {vide supra), 0f ca. 2 k0a|/m0|
Two-thirds of this is 1.5 kcafmo |, worth about one
order of magnrtude In rate at ordrnar¥ temperatures.
Rate increasés are thus predrcted of tentold of more for
allylic halides vis-a-vis their saturated countergarts
The observed increases are about a 100-fold.3 C
s]%%)grdgrry L strain Is a quantitatively reasonable phe-
When Z in 5 is oxygen instead of CRZ rate accelera
tions.are much reatr reaching as high as 10ocom are
to saturated carbon.2'® This comesabout ecau e the
other four eIectrons around Z are bonding when Z =
2but nonbonding when Z = oxygen. In either case
these eIectrons are %Iosel paired in the groynd state,
and when Z they ténd to remain so'in the transi-
tion state. However when 2150 the four nonbondin
electrons are free to spread in the transition state, grvrn
rise to a reduction In Interelectronic repuIsron
could be as great as 4 kcal/mol per electron pair,/ At

maximum, he correspondrng rate factor expected for
ﬁdféglps carb ong{ compounds beyond that for allylic ha

ver high reactjvity of a-halo carbon%/I com-
pounds ca not e ascribed to the electronega vrt}/
he carbonyl ?roup,, ecause electronegative’ substitu-
ents powerfully diminish the rates of sn2 reactions.
For examloe toward lodide ion In acetone the purer
Inductive %/33wrt rawing aCFBorou reduces the re-
actrvrt of a Zha Ides.and tos ate@bﬁ/afactor of
about 10 ah 0 SU foxr es and sultones ha
reactivity: ¥ % and, enera,  substitution In a r¥
haIrdes bf? eIectronegatr e Qroups exerts a rate- retardr 0

ef
éurrent theory | drvrded as to the origin of the rate

enhancementsd) ?/ nyl, a-vinyl, and a-car-

bonyl.  The most widely accept d representation, 6, s

ve low Sn2

\
A
/\

certarnly a poor one since it predicts that the reactrvrtres
ofbenz nalides will be ingreased marked bg/ electron-
withd wrnclr substituents in the phen nd dimin-
Ished by _electron- reIeasrn% one contrary to experi-
grenth Tf(tjus in displac mefnts on pard- subdstrr]tult%d

enzyl halide en, sulfur, nitrogen, and halide
nuclgophrles hofh Y % and methoxy, gs well as other

(30) See ref 10, p 585.

(31) J. B. Conant, W. R. Kirner, an
47, 488 (1925).

(32) E. G. Bordwell an

(33) i.a) S. Andreades, ibid., 86, 2003 (1964); (b) S. F. Campbell, R.
Stephens, and J. C. Tatlow, Chem. Commun., 134 (1965); (c) A. Streitwieser

Jr., A. P. Marchand, and A. H. Pudjaatmaka, J. Amer. Chem. Soc., 89, 693
(1967); (d) D. Holtz, A. Streitwieser, Jr., and R. G. Jesaitis, Tetrahedron

d R. E. Hussey, J. Amer. Chem. Soc.,

d W. T. Brannen, Jr., ibid., 86, 4645 (1964).

Lett.,, 4529 (1969)
(34) R. L. Loeppky an
(35) See ref 10, p 589.
(36) P. D. Bartlett an
5808 (1958).
(37) “ Steric Effects in Organ

d D.C. K. Chang, ibid., 5415 (1968).

d E. N. Trachtenberg, J. Amer. Chem. Soc., 80,

ic Chemistry,” M. S. Newman, Ed., Wiley,
New York, N. Y., 1956, pp 103-106.

(38) (a) See ref 10, p 591; (b) R. F. Hudson an
Soc., 1062 (1962); (c) E. P. Grimsrud and J. W. Taylor

92, 739 (1970).

d G. Klopman

, J. Chem.
,J. Amer. Chem. Soc.,
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less powerful groups, impose a rate effect compiared to
nydrogen that ranges from weakly positive to i

s, s it NUCEOpME 4 0 by
carbon, butern wh?ch tr?e reactrn% orbital of the a carboyn
overlaps with the C=0 "« bond, Is represented by 7. In

oi_

/\
7

addition to sharing the drawback of 6 mentioned ahove,
?Iashes with other observatrons as well. If it were
valid. one would expect a 8aral el to exist hetween the
a rrxofasubstrtu ntSt facrIrt%te sn2 (IS Iacement
H2X and the additjon of base to olefins CH?
. However, for the first reaction reactrvr e-
creases in the order S = COR > CN
alkyl > SOR 32whr|e for the second, S = COR >
SO >C >'COOR 39’%> alky
It IS s nrfrcant thatt e acce|erating effect of a-phe-
ng/ over a-n-putyl (soo times) In snzdrsplaceme top
turated carbon drsapgears almost entirely (1.9 times)
In displacement on divalent sulfurfwhere ‘secondary L

strarnrsnelgbI s of the ahalo ke
etrical requirements of the a-halo eone
effect dg Icted In 5 have been found to be precisely
accord wrth experiment.  The nycleophile rs re urre

to approach along a line perpendicular to the >

plane
a Heter atoms.'—The reactivity of substyates
RCHX O(re?atrve to, CHX) 1s redu Xed% h faects
of secopaary L strain when R Is saturated aIk )
now R 1 chanped Into an atom bearrng unshare eIec-
trons secondary L straip diminishes ?gpearrn en-
tirely if the unshared electrons number four qr more.
However, four other factors must be taken into ac-
count In addjtion to second arg strain: fag bond
energy tb eIectronegatrvrty, electron correlation,
an d?_s efic hindrance
a train has een taken4 as proportional to the
ftheﬁ: R bond. For 40° Lstrarn varies
wrth the Tol owrnlg way (]ér kel mo C, 3.6, H,
37, N, 3 3 r,30, 528
(b Since efectron withdrawal at the reactron site in-
hibIts sn2 reactjons, the effect from this source of vary-
Ing R in 3shou|d be to_diminish reactivity in the order
HYC S BN, C1;0;F.&6

(39) R. N. Ring, G. C. Tesoro, and D. R. Moore, J. Org. Chem., 32, 1091

(1967).

(40) w. A Pryor, ‘*Mechan
New York, N. Y., 1962, p 63.

(41) The admissibility of divalent
in view of its low-lying d orbitals, for which no analogy existsin 3. There is,
however, evidence that divalent sulfur does not utilize its d orbitals
undergoing Sn2 reactions.42»43 Pryor44has criticized one of Fava's arguments
but the others still st-and, namely (1) the weak effect of P-NO2on the rate of
nucleophilic attack on ArSX ,42and (2) the BrAnsted 0 for entering (0.25) and
leaving (—0.97) groups in the reaction ArOSCPhs + Ar'o-.43

(42) E. Ciuffarin and A. Fava, Progr. Phys. Org. Chem., 6, 81 (1968).

(43) L. Senatore, E. Ciuffarin, and A. Fava, J. Amer. Chem. Soc., 92, 3035

isms of Sulfur Reactions,” McGraw-Hill,

sulfur to the discussion is questionable

(1970)

(44) W. A. Pryor and K. Smith, ibid., 92, 2731 (1970)

(45) L. N. Ferguson, “The Modern Structural Theory of Organic Chemis-
ice-Hall, Englewoods Cliffs, N. J., 1963, p 48.
f 45, p 179; (b) L. Pauling, “The Chemica
, N. Y. 1967, p 64.

try,” Prent
(46) (a) See re
University Press, Ithaca

I Bond,” Cornell
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%;{)i Unusual effects are predicted herf |fthT atom Valent elements.8 On balance, rate acceleratrons rela-
$ wo Unshared eectrong their correlation will of ~ tive to hydrogen, and lar % %ne? relative to al 3/ are
COUISe IMprove as L strain |s imparted to the C-R bond,  expected. |0 confimatio oIIowrng serres f rela-
a favorable circumstance; however the presence of the ~ tIve ra]tes can be constructed: %/ * met o§2y
other two bonds o R wil tend to'keep both spin sets 900, fhiophenoxy, 540, eceloxy, i b zyloxy, 59 24
ahout R In coincigence, resulting in seconda Lstrarn rtrogen a trivalent 2 heteroatom secon ary
thou h much reduced compared to R H3 If R Lstrarn will"appear, but probabl little. 'Primary
arss.x unshared electrons, tﬁey will ﬁlrea ryb e]ll cor-  strain will alsq e less than for elther O o ? owrn to
re ate In the qround state and will starid neither to drfferences In bond strength,bang sterrc effects er be
gain by wa ofeglecrron correlation, nor to ose by wa about the same.  There IS a gain in electron correlation
secon ary L strain, in the transrtron state ¥R }r/ras at the transition state, thou(gh less than with Q.. On
four UNS are d electrons, they must be COE 3/ paired, the other hand N rs inferior fo O'In eIectroneEatrvrtyzB
oor correlate rn the“ground state, beCause the Overall, tICIPate rates. with a-amino OL(JJDS are
two bon %com pel ﬁ ran se[s {0 1eorncr e. In th |s greater than with F or alky | but less than with
mstance owever, t 0SItion o L strain on the are not aware of anﬁrquantr ative exp e(rrmental data on
bond rnthetransrtronstate results in nosecon ae{ this ornt although a- aamrnes are known to be ex-
Lstrarn owrng to the abrlrt}/ of bath Spin sets about ceptrona % reactrve to nuclephiles.4) )
t0 pivot in a Circle around the axis of the other single n confrast to the theory just outlined, the nerr{rh
bond to R. In the example 8, R = OCH3 There IS borrng orbital overlap” theory of a-heteroatom effectsy
suffers from the fact'th tnerghb ring O and S activate
K0 sn2 displacements much more than“do neighboring F
X X and I One would have expected It the “other way
+ A0 CAYO around, since t)he hal og\ens have a dreater number of
nerghborrn% orpitals. A more recen assessmentEOas
\ serfs that there isno good explanatronrncurrentt eorx
i Displacement at Atoms Other than Carbon.—The
srmRIest wa to do away with L strain in the nonre-
actr g bondS of 3 1s to o away with the nonreactrn%
themselves. Reactrons at heteroatoms ar

further advantade in that spreadrng of the unshared therefore expected to he more facile than at saturated
pairs in 8 lowers heenerrrry relative t0 the ground stae carbon, w rc[h asaru?e rﬁ are.

e gro e
As much as 4.7 kcal/mol of sta |I|zatron% potentially — The high reactivity to R/ucleophrles of halogen mole-
available to the transition state from this source based cyles, hypachlorites, an chloramines are amona the

on the sin o relationship proposed in paper 11 of this  gldest k)hown chemrca facts, e¥gochlorrtes aregreac

serjgs.4 tive at both eteroatom351 Xy bonds are ver
(d)  The most common heteroatoms from which steric easrly attacked bY nucleophiles.2 The enormous |s

hindrance 1s.to he ex e ected are the hangrens excep '[fUO Pan%m react|v| en ve. carbon, Wlth match-

at ox

rine, increasing In the order C he ty 60 ering and eavrng g¥gups has been emphasized.
drance is that encountgred In neopenty systems Drva ent sulfur, too, IS SUBJect {0 very facile snz dis-
Bearing these considerations in mind, Jet us consider IacementwrthaIargevarrety of nucleophiles and leav-

reactrvrtres N heteroatom- sugstrtuted] ‘methyl w o|es Pn roups.4
RCH2X. When X = Br, and R Is the seriés of halo- grﬁe cases cited sq far have a flaw with red(ard to the
G N Ve T T

, , r ively w |

ethyl bromide is set af 1.0.4 Since methyl a |des 6= atoms generall yfaorm weak e?l bonds to each other than
act atboutllo 1t002t1|£telsfasterthan eth IhaIrdes "& poltar they do to carbon. Ofcourse the bonds being formed
aprotic soIvents uorine 15 seen 10 cacll-  gre usuaII weak onesaso butrtmr ht be saidthat the
vating at t?re reaction sife, compared %g rogen. ﬁrmutanegus making and preak rnﬁ o?bondsmustsome
Thr? rs exp ected becau%e the tw eIements differ Irttlg ow be faster with Weak bonds thian with strong ones.
In electron correlation ¢ anrlre at the transition stafe and  However. this cannot be so, because the fastest 2n2 re-
In StT“C requirements, wh I? uorrne EXCGGdSh drogen actions of all are those in which the strongest %on s are
In eectron gatrvrtR/ and .also slightl hprh ar hL involved.. Proton transfer Is an exirem&ly rapid pro-
ptain Tne drmr ution rn reactivity with the other cessdesprte *hcfact that hydrogen forms stronger bonds
aolgens is, Of course, n suprise |n view of their bulk. to all typical nuc eophiles ana?eavrn roup han car
emOﬁtrm portant |v§ nta heteroatoms are OXy- %n or Ztro tea?ove mention %remaroms do.5

en and sultur.~ Compared to hydrogen, the both cre-
gte ess primay L sirin, out ey oo drogen n Thus, the engthsothebonds%erngmadeand broken

? eCtrOne atIVI USI ruorlne aS au e Ort es tWO (48) More fa able fo xygen than for sulfur because the comparatively
actors r aCtIVt ara e to en WOU large valence shell of the second-row element accom modates some spreading
antlcl ate SeCOn aﬁ L Straln aS Wlth the ha 0 ens of the unshared pairs even in the ground state.

s still a bsent, ~ Sterica d/ 0roups SUC as meth oxfand (50) £ 5 outs. “echansn ans Strectare 1 0roanic cnemictrs
thlomethox Oth eXCee ro en ut are Comp ra e Holt, Rinehart and Winston, New York, N. Y., 1959, p 284.

to alkyl. However, theeectro corrglation factor, dis- e e wanms ana s winie, 3 0n. chem a2 sz en.
cussed above, is especially large and favorable for dr (1952), ana retermces sited therein, e

(53) E. J. Behrman and J. O. Edwards, Progr. Phys. Org. Chem., 4, 93
(47) See ref 10. p 598. (1967); see specifically p 117.
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Is not an overriding factor in symmetrical drsPIace
ments, What hydrogen does have in common with the
ther heteroatonts Is that it suffers from no L strain In
It e transjtion state This topic will come up again in
ater sections of this paper.

Entering and Leavrn? Groups.—In the transition
state 3, L strain IS not Imited to the carbon atom at
the center. Both X and Y, the entering and Ieavrn%
groups are also subject to |ts Influence, dccounting fo

wide range of phenomena,

From what has been said hefore, it is clear that het-
eroatoms must be better than saturated carbon In either
role, and the more nonbonded electrons, the better
For displacements at CH3 one would ideally [ike to
ompare actjvati nenergres In series such as( aa\r
CH N+ C gc F+

CH3 +CH43 CHIN~ CHIY,
CH.’D CH3D,'F % CHF, all'in som dipolar
Brotrc soIvent Afthough exact data are not y%t avarl
able, some comparisons may Dbe made, first
serigs, It may safel be sard that the frrst two mem-
bers are In t e expected or er, since oxonrum cations
are known t eextreme reactrve alk atrnr[r agents
to (among otners) ethers, Yawhile ammonitm cations are

comparafively stable to nucleophilic attack. ~The sub-

strates RANPR'3have much less susceptibjlity to nu-
cieophrlrc attack on R than the corresb)ondrng oXygen

analogn ROPR'3&H Even the neutral halogens in

alides are better Ieavrn% grougs th an posrtrve
nitrogen In_ammoniym  cation ite the_vastly
reater eIectrone%atrvrty ofthe Iatter morety The fur-

pre |ct|ont at drmeth luoronium_cation, when
Prepared will be a meth yatrng agent of fantastic reac-
ivity, even to methyl fliioride,"is ot a start/ing one in
view of the already facile substitution In the neutral
methyl halides as a class.®

As’for the second series, little can be sard at present
exceptéhat the last two |t§ms are proba ?/rn the o
rect order; the severe conditions requrre or dea ga
tion of phenyl ethers with alkoxide' anions, ca, 200°
may De contrasted with the relatrvely mild 25° that s
not_ uncommon for haligde-halide exchanoe A2 Note
that the known vulneranility of Sn2 reactions to elec-
tron withdrawal at the central carbon atom & 3would
lead fo reversal of hoth the above series if it were the
ominant factor.

When displacement on h drogen is considered, het-
eroatoms are again expecte to Be favored over carbon
as hoth entering and leaving ouPs and this has long
been known to be the case roton transfer between

, Angew. Chem., Int. Ed. Engl., 5 675 (1966); (b)
ich, ibid., 6, 676 (1966).

d Mechanism in Organ
, 1965, pp 136-137.

(54) (a) S. Kabuss
K. Dimroth and P. Heinr
(55) R. F. Hudson, “Structure an
Chemistry,” Academic Press, London
(56) In keeping with this concept, deco

0o-Phosphorus
m position of tetraalkylammonium
salts with bases typically requires comparatively severe conditions, with
substitution even then usually outdone by the well-known Hofmann elimina
tion, while deco f (CHs~N + with strong bases such as NHs*“ and
OH~ often oceuis by an ther than Sn2: W K. Musker,
J. Org. Chem., 32, 3189 (1967); J. Amer. Chem. Soc., 86, 960 (1964).

(57) See re

mposition o
ylide mechanism ra

f 11, p 339.
(58) Dialkyl chloronium and bromonium ions have recently been pre-
pared. They are more reactive than Meerwein oxonium salts an a

bonyl compounds, and nitro compounds: G. A.

, J. Amer. Chem. Soc., 92, 2562 (1970); P. E.

inter alia nitriles, ethers, car
Olah and J. R. DeMember
Peterson, P. R. Clifford, and F. J. Slama, ibid., 92, 2840 (1970).

(59) S. M. Shein and A. D. Khmelinskaya, J. Org. Chem. USSR, 4, 2084
(1968).
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atoms with unshared electrons is much faster than be-
tween atoms with no unshared electrons,@and repro-
tonation of ambident anions kinetically favors heterg-
atoms over carbon even when carbori Protonatron 1S
thermod namrcallr( favored, .. 61 and
The situation Is nrcelr( summarized by In-
gold’s rufe that the less stable tautomer is always most
quickly formed.® Usuall¥t Is means that hetéroatom
E rotoriation is kinetically avored over carpon, and It Is
ignificant that the rule’holds even when both compet-
qanronrcsrtes are carpon, as in ¢ clooent lidene malo-
ate anion,& when onythe krne rcanyvored site 1
substrtuted with Hrou (COOQEY) of exceptionally low
secon ﬁreyLstrar susceptibility, but that the rulé fails
In another all-carbon sy sem c fmene anion,Bwhere the
two SItes are less unequa In'this respect.
Similarly, aliphatic nitro comPounds and drketones
H acidg) have Brpnstgd catalytic constant ?/
those of phenols ([OH aclds) of comparable acjdities,®
which mean%that here i a kinetic fﬁctﬂr favorrnﬂ oxy
gen OVer carbon as a |eaving gror[rTb Ich is not fu
ounted for b%/ the thermod namic drfferencets in acrd
iy, Asag eral rule, rates of. proton transter follow
the expected of erO L®and amines, when pro-
tonated, transfer hyd rogen at exceptronally low rates,§
showrnﬁ that therrs ecial status as hetergatoms is Ios&
when thelr com e ent of L-strain-reducing unshare
eIectrons IS erp ete
Yet anothe example of the |mpos|t| ofa kinetic
factor by L strain_upon an otherwise thermodynami-
cally controlled situation is provided by the réaction

RAH + RN.B Two types of proton transfer can be
drﬁtrng |sheP one through intervening water and the
other directly from one |trogen atom to another. In
the frrst tyoe where both partners are soIvated a
aroun ata times, the rate response to ch anr]nnr%
from hX rogen fo meth | one at a time 15 small, f trnP
tereI tive asrcrtres ofthevarrous amines.  Howeve
rnt e secon t%/pet e transition state may be written as
Solvation effects are reduced in magnitude, and sec-

R R
9

ondary L strain increases progressively as R’s are
changed from hydrogen to methyl. This is expressed
I the rates for éhe second ty loe of process whr hfa

apialy as seco L strain Increases Ich now
dopnotyre?Iect tPre rglatr abasrcrtres. b Wasrcrty,a

(60) J. Hine, “Physical Organic Chemistry,” 2nd ed, McGraw-Hill,
New York, N. Y. 1662, p 112.

(61) R. P. Bell, “The Proton in
Ithaca, N. Y., 1959, p 33.

(62) G.W. Cowelland A. Ledwith, Quart. Rev., Chem. Soc., 24, 119 (1970).

(63) See ref 11, p 565

(64) G. A. Russell, J. Amer. Chem. Soc., 81, 2017 (1959).

(65) See ref 50, p 113.

(66) See ref 61, p 122.

(67) (a) A. 1. Brodskii and L. V. Sulima, Dokl. Akad. Nauk SSSR, 74, 513
(1950); Chem. Abstr., 4S, 424a (1951). (b) L. Kaplan and K. E. Wilzbaeh,
J. Amer. Chem. Soc., 76, 2593 (1954). (c) C. G. Swain, J. T. McKnight,
M. M. Labes, and V. P. Kreiter, ibid., 76, 4243 (1954); C. G. Swain and
M. M. Labes, ibid., 79, 1084 (1957); C. G. Swain, J. T. McKnight, and V. P.
Kreiter, ibid., 79, 1088 (1957).

(68) E. Grunwa Id and A. Y. Kit, ibid., 90, 29 (1968).
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thermodynamic and solvent-related phenomenon, dom-
inates the picture when solvation Is complete through-
out the reaction but gives way to L strain, a kinétic
shelnon?enon when the transition state excludes solvent
molecules

It Is, In fact, a general rule that good BrOnsted linear
relationships are dhserved, even for oxygen acids alone,
only for acids of closely related structyre, and these
imitations on the simple krnetrc thermodgnamrc paraI
elism are even more severe for carbon acids
metric factor” has been uncovered which contrrbutes to
the activation energies for caron but not for oxygen
acrds Qthis factgr 1S here |dent|f|ed as L strain,

In"an earlier discussion of deviatjons from the, BrOn-
sted relation, 7Lit was pointed out that these deviafions
could be expressed as variations I the shape of the
Morse curve describing proton |oss from the acid, with
lgreater steepness of the 8otentral well on the dissocia-

lon side |dent|f|ed with lowered rate towara a standard
base. The L-strain theory accounts for the shapes of
these cprves In a natural waér
Inetics of proton exchange at saturated carbon
are aIso governed by L-strain considerations. . The rela-
trve rates of exchange at C-H in A-alkylanilings with
dyIIrthrum and |n Hﬁylgenzenes wit poth lithiym
and cesium ¢ co exy ide In Eye lohexy amrne with
p\lotassrum ferf-butoxide in DMSO, and with KND21n
t t 3 all drmmrsh similarly with |ncreasrn8 aIkyI substr
ution ,

provr Ing the series met 1 met ene
0.5, methine, 0.01-0.1.2 | actrvate |p hatic
hydrocarbons t esame %eneral pattern of Inetic C
acr |ty 1S observe hane > methyl > meth ene
thine. 3 p rﬁ ra%es in thé series HCH3

HCH2CH3 HCHAIk2fall in the relative order 2300, 34,
ca. 0.6, 7Acorresponding to aste Wrse mcrease in a}ctrva
tion energ at 50° of about 2./ kcal/mo] for each hydro
gen repl ed by alkyl. This frﬂure for secon ar L
frain In the .eav.ng group IS qu e similar tot a as
srpned earlier, aboyt 15 keal/mal, for sefon ary
strain at the seac OF sUbstitution n the halide-halide
exchanﬁe Series.

All these data fit the s(e uence anticipated by th?
strarntheor srncesecon yLstrarn mcreasesasaky
groups rep ce hydrogen. [T I interesting that hydro-
Fn itself, a]BrOnsted acid. that |3free from’L strain %
ays muc 7§yreater kinetic acidity than saturated
drocar ons,

Whr(!e Itls onceﬂed that thesﬁ rate differences mrr%

5ar to reflect the as yet un nown thermo
aciditjeshrather thain any Important metrcp enome
non, tne next example is not subject to this qualification.

(69) D. J. Cram, "Fundamentals of Carbanion
Press, New York, N. Y. 1965, p 9.

(70) C. D. Ritchie, J. Amer. Chem. Soc., 91, 6749 (1969).

(71) See ref 61, p 173

(72) A. Streitwieser, Jr., and J. H. Hammon
3,63 (1965), and references cited therei
Chem. Commun., 1198 (1967).

(73) See ref 69, p 21.

(74) Relative exchange rates with ces
hexylamine at 50° are CH 4, 2300;
unpublished data kindly re

Chemistry,” Academic

s, Progr. Pkys. Org. Chem.,
n; (b) A.R. Lepley and W. A. Khan,

ium cyclohexylamide in cyclo-
C2H&®6, 34; cyclohexane, 1 (preliminary
lated by Professor A. Streitwieser, Jr.), Rates
for (CH2rtrings large enough to minimize steric and annular effects are ca.
0.6 relative to cyclohexane: A. Streitwieser, Jr., R. A. Caldwell, and W. R
Young, J. Amer. Chem. Soc., 91, 529 (1969). Steric effects, associated per-
haps with accessi bility of the cation, are not responsible for these rate
differences since even very bulky groups lower the rate for CHsR but little,

the relative rates in the same study being CMe4, 8, and C2M e6, 5.

Firestone

MeCHNO02 MeZHNO2 ther-
mod ynamrc acrdry increases {OWArd the right, with
pAa’s of 10.2, 85, and 7. ,resgectrvely ‘bas one would
anticipate for the effect of substitution on the double
bond In the anions RL = N02~ but the rate of proton
ahstraction aiminisnes toward the rrp(ht In the ratio
113:18:1.7 Thus the existence ofa metrce fect on
alkyl substjtution cannot be doubted, ~ This_cannot be
simiply steric because proton abstraction is virtually in-
sensrtrv? to steric hindrance.®
The Toregoing phenomenon is not limited. to_ nitro
compounds.” The rate of base- ca\ta yzed |on|zat|on at
the = carbon of esters in ethanol® and in liquid_am-
moniad) Is reduced b successrve repIaceme(nt of the
other o hyarogens by alkyl groups.. 1t is likely, how-
ever, that the thermodynamic stability of the enolate
anions is increased by alkyl substitution, as it is with
nitron tfe anronsSl
Effect—Entering and leaving groups, like the
atom that I the seat of substrtutron may suffer from
not onmy prrmary L strain but also second ary L strarn
S adjacent akin

In the series CHNO02

at ato to those formin fgor break g bonds.
onse uently. the replacement of”carbon add cent to
th enucIeo hr ic center by a heteroatom should enhance

nuc eop ||crty over and .above whatever pAb changes
also are effected. This is the well-known a effect
andis analogous to the a-heteroatom effect presented
earher In most examples of Sn2_ displacements, the
nuc e(p hilic atom 1s a hetero%tom itselt, subject to rp-
duce rrmaryLstram and therefore almost negligible
secondary L strain. _ Asa result, the a effect is expected
to be of Small maPnrtu e.

The experimental facts su{pgort this conclusron The
a effect 1S a real phenomeno ut quantitatively a minor
one and varies from case to case The widespread at-
tention it has recelve EBaEarent y stems from its hitn-
erto mysterious nature&dtrather'than from its experi-
mental |mportance

By(prca examgles are the enhanced np]cleo hilicit

H~ relative to OH- toward pnrtrop enyl dlet

phosphate&ben bromrde&rso ropy ethylphos-
phonofluorréiate erae%hy pyrop 0sp ate%an ben-
onitrile,® despite the fact that OH- far_the
stronger hase, The a effect also operates |n aminol-

(75) It is, in fact, likely that the intrinsic acidities
the sequence methine > methyl, because in the gas phase the
acidities of N-H bonds increase progressively with alkyl substitution: J.
1. Brauman and L. K. Blair, J. Amer. Chem. Soc., 91, 2126 (1969).

(76) D. Turnbull and S. H. Maron, ibid., 65, 212 (1943).

(77) F. G. Bordwell, W. J. Boyle, Jr., J. A. Hautala, and K. C. Yee, ibid.,
91, 4002 (1969).

(78) H. C. Brown an

of C-H bonds follow
methylene >

d B. Kanner, ibid., 88, 986 (1966).
Brown and K. Eberly, ibid., 62, 113 (1940).
Hauser, R. Levine, and R. F. Kibler, ibid., 68, 26 (1946).
nate anions are somewhat unusual, compare
hat an a-phenyl slows base-catalyzed protium-deuterium ex
so in that ethylmalonic ester may be less acidic than malonic

son, ibid., 71, 2212 (1949). However, these anomalies

d with simple

clearly stem from steric inhibition of coplanarity in
ract from the main a

(82) J. 0. Edwards and R. G. Pearson, ibid., 84, 16 (1962).

(83) For athorough recent discussion, see T. C. Bruice, A. Donzel, R. W .
Huffman, and A. R. Butler, ibid., 89, 2106 (1967).

(84) See ref 55, p 106.

(85) J. Epstein, M. M. Demek, an
796 (1956).

(86) R. G. Pearson an
(1962).,

(87) See ref 55, p 107.

(88) G. Aksnes, Acta Chem. Scand., 14, 1515 (1960).

(89) K. B. Wiberg, J. Amer. Chem. Soc., 77, 2519 (1955).

rgument.

d D. H. Rosenblatt, J. Org. Chem., 21,

d D. N. Edgington, J. Amer. Chem. Soc., 84, 4607
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gsrsmand base- fata%zed hludro sisq of nrtroph nul

cetate, In displacement on oxygen in ACOOH { we
hNHOH is 6 times more reactrve than PhNH2,®a

rn drsplacement on hydrogen I hase-catalyzed reac

tions; thus ketoxime anion3 exhibit >20, times positive

devratrons from the. BrOnsted catalysis law.@ This

%ase like th e one cited earIrer llustrates a kinetic
actor ove]rrr ”bge thermodynamic ones. Many other
examp es nave been given.

t eother hand, no effect was seen in the aminol-

Ysrs of alky! todides in waterdor acetonitrile, @or In at-
ack of amrnes on the acidic a hydro%en of nitroethane.®
Eneaerr Al gre IS much concerning the  effect that is not
The data on the a effect resent obtainable suffer
from the facts that man¥ of the redactions were run In
hydroxylic solvents with their attendant complications;
not all of the examples involve sn2 displacement at a
saturated atom %a though all ?f those crted are relevant
to this discussion); and few, | ang avet e transition
state at the midpojnt of the reactr N coor rna}F From
the standpoint of the L-sfrain theory, the a effect ougnt
to. be maximized when (1) solvation effects are mrnr
mized: Zs)the reaction is Symmetrical; (3) the ttackrnq
atom has few nonbonded” electrons, i .. suffers mos
from (ﬁ)rrmaryLstrarn and (4) . afoms are compared
that Iffer greatly in the expected deﬁree of secondary
strarnte suffer in_the transition state. Typicdl
examples might be MedN + CH31+Me3vs PhONMe2

+ CHNNMe2Ph, or Me*N + HNMesvs. XNMe2 +

HNMe2X, where X is methoxy or halogen.

Frozen Transition States.” Hydrogen Bonds and
Trihalide lons.—If L strarn at atoms X, C. and .Y .In
transition state2|n eed pla san Im ortant roIe in its
properties, then, If we wer radually cange the
nature of all the atoms and attac d rougs In Such a

that L strain ro%ressrvely ecomes altogether
ab lished, we might antiCipate a gradual sinking of the
reaction coordrnaedragramt an ultimate form repre-
sentrnt[racomplete L-Strain-free reaction, In cases of
the latter type, thé transition state, havrn(rr the same
number of ondrng electrons but better electfon correla
tion than the reaCtants, could b e lower in ene r%ryt an
they are and thus exist as a stable species,
ni:)menon will clearly be most p ron?]unced IN sn2 rs
Pacements on unrvalent atoms such as hydrogen and
he halogens.%

Normal Sn2 10 u

(90) M. J. Gregory an
(1967).

(91) W. B. Gruhn and M. L. Bender

(92) S. Oae, Y. Kadoma, and Y. Kano
(1969).

(93) M. J. Gregory and T. C. Bruice, J. Amer. Chem. Soc., 89,2327 (1967).

(94) From a recent study of the a effect in oxazolone reactions with
nucleophiles,95 good evidence was adduced that these nucleophiles acted as
biphilic reagents;i.e., that the a heteroatom bore a proton which acted as an
acid catalyst in the transition state. The biphilic and L-strain interpreta
ions of the a effect are, however, not necessarily exclusive, since eac
apply under different circumstances.

(95) M. Goodman and C. B. Glaser

d T. C. Bruice, J. Amer. Chem. Soc., 89, 4400

, ibid., 91, 5883 (1969).
, Bull. Chem. Soc. Jap., 42, 1110

h may

, J. Org. Chem., 35, 1954 (1970).

J. Org. Chem., Vol. 36, No. 5, 1971 709

Hydrogen bonds and trihalide ions are immediatel
recognized as examples of such frozen transrtron states
Their Linnett structures are 12 and 13, first proposed bly
Linnett.® Trihalide ions 13, having good Iectron c0

-Y-H-Z- X X X
12 13

relatron and no Lstrarn whatever, fit well into category
11 ealare linear®and have two half bonds, 10&s ex-
Pected Imos{)all combrnatrbns of haI?%ens form X 3
ons and the ansence of F3~ from the [i5t IS undoubt-
?/ rn?n %the extremely great reactrvrtg/ r?f F2 R
wil presu ably be found when a system 15 devised In
Whrc %nd f ee F~ can cgexist in squtron without at-
tackin f vent. In least rnteractrn% media the
order of stability 1s CI3 > Br3~> |3~ 1in u:atrngthat
higher orbrtals are not involved in trihalide fon forma-

fion
The cations Hal3+ offer an interesting contrast,
Having two fewer valence electrons, they may adopt

the configuration :X:X:X:, whose Linnett structure

has two-electron bonds and an angle of about 109.5°.
The species CLF«* fit the overall pi ure well, Valence
force constants_in millig nes/A fol ow Cl F2+, 4.6-

CIF - 2.35: 4.36.1b Bond
anu:es are asm follows;  CLF2+, 95 110 1890-120°:1

gdr%%en bond]ed molecules exhibit more structural
variety because t eq_roupsY ana Z in 12 are frequently
not entirely free of L strain. ~ Thus, typical hydror(iren
bonds have the rotoH closer to one Side than theg

O

as In 10,1b corresponding_to resonance hetween and
14, However, symmetrical hydrogen honds of type 11
YHZ- <> YH:Z
12 14

are known, and_it is si nrfrcant that in all cases the

groups Y and Z are capable of forming one-electron

onds, as In 12, witho tsuf errngi an rncrease in L
Examr%les are HF2

strain. E robanly
il T A (o PR

C
he hydroger-hond phenomenon as an aspect of pro-
ton tran fer, must represent equilibrium basicity as well
aﬁ strain., Basrcrtg/ effects cancel when Y and Z ar 8
the same, and in these cases we expect xdrogen bon
strengthsto drmrnrsh in the orderY, Z = >N >

(96) The po
cknowle dg ed ( vide pra)bul plays no part in the discussion.
(97) Frozen transition states are by definition intermediates, and not

true transition states The expression is used because it is uniquely de-

(98) See re

(99) K. O. Christe an d J. P. Guertin
references cited therein

(100) K. O. Christe, W. Sawodny, an
(1967).

(101) R. Alexander, . . .
89, 3703 (1967).

(102) R. F. Hudson, Angew. Chem., Int. Ed. Engl., 6, 749 (1967).

(103) R. J. Gillespie and M. J. Morton, Inorg. Chem., 9, 616 (1970).

(104) K. O. Christe and W. Sawodny, ibid., 6, 313 (1967).

(105) A. H. Nielsen and E. A. Jones, J. Chem. Phys., 19, 1117 (1951).

(106) (a) G. C. Pimentel and A. L. McClellan, "The Hydrogen Bond,”
W. H. Freeman Co., San Francisco, Calif., 1960, p 259; (b) see re f 46b,

f2,p 118.
Inorg. Chem., 4, 905 (1965), and

d J. P. Guertin, ibid., 6, 1159

o, and A. J. Parker, J. Amer. Chem. Soc.,

p 223
(107) G. A. Sim, Ann. Rev. Phys. Chem., 18, 67 (1967).
(108) B. D. Faithful and S. C. Wallwork, Chem. Commun., 1211 (1967).

(109) J. C. speakman, ibid., 32 (1967).
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C, since L strain in 12 <> 14 increases with the number
of groups horne by Y and Z, ~ Although the experimen-
taI data must bevrewed a arnst a back round ofsolvent
effects poor ungerstoo eY ’ear are rn
with this expectation. 1) Thrs sasot ordero re
tive rate? of proton tranafer
The clash between thermodynamic and kinetic ef-
fects, presented earlier, appears here also. It has be
come increasingly apparent in recent Years that hyd
gen bonds are sub(r)ect to a owerfu influence whrch
sometrmes runs counter to tren s In basrcrt DiI-
methyl ?]u Ifoxide, E)houaghaver weak hase, $ ou% %
poterit hydrogen-bond” acceptor, In keeping with the
Structure” 15, The unshared electrons on e 0xygen

(CH3)2 S» 0 [ 1

IS

atom are no cIose\I% parred and consequently can accegt
a hydrogen hond With no increase in L strain.  Hex
me ylphosp horamrde IS alike in this respect. Di-
va ent oxggen IS less favored hecause bo h spin sets are
formally Coincident.4 However, doubly bonded oxygen
can separate Its Spin sets more eaery than ether oxygen
for, reasons given e(ar ler (cr..a-halo ketones), with
amides bette than etones owing to their pronounced
resonance,  Triva ent nifro gen suffers stijl more L
strain in 12 <> 14 than dr lent oxygen offsetting its
%reater basrcrty As with. oxygen, €ase of accepting
drogen onds should increase . with multiplicity,
unt rrng t e concurrent decrease in basicity.
Dimethyl sulfoxide, even In the presence of proton
donors ﬁrofoundl . InCreases the rea trvrt ofbases and
nucleophiles, 1 which we ascripe to Jts roeas Oy [0 en
bon cceptor]JZ In activating prperrdrnet
philic attack on nitroaromatic substrates y coor rnat
Ing with NH, DMSO far outstrrps dioxdne and the
much more basic glrr ine. 13
Recent comprehensive studies of hydrog}en bondrng
Wovrd stron confrrm tion oftheLerarn ﬂ
ard phenylacetylene, grogen bon stren'r\;/t sdrmrn-
ish in the sequence HMPA F > ace-
Eone ethers > acetonitrile, l4in accord Wrth the th eorx
u%n%t with their relﬁtrve ba}srcrt| In a comparr 0
ases toward% uorophenol TBno correIatp
tween asrcrty and fiydrogen bond strength was found.
The trends owever weré precrsely as predicted above,
with DS, HMPA. and D Bnusually p]otent hy-
drogen bond acceptors for therr asicity,”and amings
unusually weak. —Carbonyl compounds ang ethers, In
that ordér, were intermediate. [n a second paper, f6a

(1X0) See ref 106a, pp 212, 224.

(111) (a) E. C. Steiner and J. M. Gilbert, J. Amer. Chem. Soc., 85, 3054
(1963); (b) C. A. Kingsbury, J. Org. Chem., 29, 3262 (1964); (c) D. Bethell
and A. F. Cockerill, J. Chem. Soc. B, 913 (1966); (d) A. F. Cockerill and S.
Rottschaefer, J. Amer. Chem. Soc., 89, 901 (1967); (e) A. J. Parker, Chem.
Rev., 69, 1 (1969); (f) K. Kaliiorinne and E. Tommila, Acta Chem. Scand.,
23, 2567 (1969).

(112) The authors
this point of view.

(113) C. F. Bernasconi, M. Kaufmann

of the papers cited are not always in agreement with
and H. Zollinger, Helv. Chim.
Acta, 49, 2563 (1966).
(114) C. Agami and M. Caillot, Bull. Soc
(115) D. Gurka and R. W. Taft, J. Amer

. Chim. Fr., 1990 (1969).
. Chem. Soc., 91, 4794 (1969).

Firestone

Iotfor all hases of log «« (H bond) vs. px & (HA) fit
Ro one line but couId %% resoﬁved rntg a sePres o? rou%;hl
parallel lines, each representing a family of compounds
pf the samef ype in the order just giver,  Within each
amry, ogwaasgro portional to pAs, but some factor
ot herthan px &op rated to separaethevarrous classes.

We jdentify this actor as L strain.

The theory of hydrogen bopding and trihalide ions
outlined above does away with thé problem of hyger
vaIenc prevrously ass crated with these phenomena

descrrﬁjron 0f the hydrogen bond by McClellan
an Prmente may be equrvalent to ours,” although 1t
makes no rovrsrﬂn for L straip.
' t e Mechanism. —RelatedI tto the prtoblem ot
asrcr vs. hydrogen bonding ability_is the theor
brmoecular glrmr%atron callgd theyEZC mechaanm
In_the E2 reaction, as in neutralization by a protic
acid, a Lewrs base' forms a new hond, to hydrogen
while in the sn2 [eaction the new bond Is to” carhion
Becauset e logarithms of E2 reaction rate(s (p&/ p
nexy tos% atewrth varrous bases were related randgm
toward their pAa’s, but linearly toward the Iogarrthms
of the cqncurrent sn2 reactron rates of the same sub-
stances, It was I_loose 18that E2_transition states be
categorized as E2H (16) or E2C (17), or a combination

H H B
‘ rR R~ /R
nCH
(f'R R~ I"-R
X X
16 17

of the two. Further studies have appeared,llle-19 as
well as opposed view
It had been n ted]JBthat éhe Roor BrOnsted relation-
ship was markealy improved if hydrogen-honding abil-
rtywereconsrdered In place of equilibrium basicity. I
the Ir%ht of the discussion above on hydrogen honding,
rt becomes clear that the tendenc fora base to attac
ydrogen vs, carhon ou%h e compared wrt Its
n%/dro gen- bon ing ability, Not Its asrcrt The latter
asures Its states before and after comp lete proton
transfer has occurred but it is the former which relates
to the contrast etween the ground and transition
states. ¥ us those factors, such as L strain, which
caus dif erences to arise between P« and hydrogen
on basrcrt)(]wr also be operative In transition state
6, making the consideration of unusual forms such as
17 less imperative.

Conclusion

The. Linnstt electronic theorg and its corollary,
L strain, account for a wide variety of phenomena

(116) R.W.Taft, D. Gurka, L. Joris, P.
ibid., 91, 4801 (1969)

(117) See ref 106a, p 236

(118) A. J. Parker, M Ruane, G. Biale, and S. Winste
Lett., 2113 (1968).

(119) (a) D. J. Lloyd and A. J. Parke
A. J. Parker, nd M. Ruane, ibid., 5715 (1968);
pParker, ibid., 4901 (1969); (d) G. Biale, A. J. Parker
St ns, and S. Winstein, J, Amer. Chem. Soc., 92, 115 (1970).

(120) (a) D. Eck and J. F. Bunnett, ibid., 91, 3099 (1969); (b) D. J
McLennan and R. J. Wong, Tetrahedron Lett., 881 (1970).

v. R. Schleyer, and J. W.Rakshys,

)
) in, Tetrahedron
, ibid., 5183 (1968); (b) D. Cook,
(c) D. Cook and A. J.
, $.G. Smith, I. D. R
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dealrng with Sn2 reactrons on carbon, hydro?en and
heteroatoms. No oth erva ence theory presentfy makes
allowance for | strain lth ouq this"may comie about
In the future, since the Linnett'theory is complementary
to, and not jncompatible, with, the valence bond and
molecular orbital viewpoints. ~ A strong point of the
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new. method is the facilit Wrth whrch It can be aPplred

Definite structures are easily assigned to molecules and

transition states with no_need_t0 invoke dotted- bon

forms with vadue roropertres The systematic applica-

HP of Lipnetl’s theory to other organic reactions will
ollow in due course.

The 12« 13/3-Etiojervane Analog of Testosterone

William F. Johns
Division of Chemical Research, 6. D. Searle & Co., Chicago, Illinois 60680
Received. August 7, 1970

The 3-keto-17a-acetoxyetiojervane If was converted Via the 2,4-dibromide to the unsaturated ketone Sf;
room-temperature formation of the ethylenedioxy ketal 6e followed by successive saponification, oxidation, and

hydride reduction afforded the 170-hydroxy derivative 6a (R' =

-CH2CHz) which was hydrolyzed to the title

compound. Attempts to prepare and use the 2,4-dibromide 4b in the 170-acetoxy series were unsuccessful.
The corresponding 120-etiojervanes were prepared from jervine by modification and extension of known methods.

The objective_ of the research described here was to
sjynthesrze startrn from hecogienrn srmple etro ervane
errva‘rves which wou drspa some of th e no ﬁnt
hysio oglrrcal characterrstrcs of the Veratrum a
or sl e rnrtra %roup of etiojervanes (12a 133)2
prepared h ot aC/D"cis ring fusion and'a 13a sub-
stituen* (methy ) In analogy to the Veratrum alkalords
These derivatives had 10 noteworth Rh ysJ0 ogrcal
activity. The seren rgrtous lorerlaara ioh3 &g
mentation) of the corresponding 13/3-methyldione 5
(AD), howgver, led to the syntheses ofaserres of com
pounds with good p otenc as antraldosterone agents.4
Jarrmar tar et of ourresearc wasapractrcable
S nthe 1S of the rte com oun One starting
aterial waste aturated keton% obtarnedb
rearrangement of ecogenrn and su sequent qegragd-
LR
used In the Intr ductron ofrthe C4doub|e bon The
bromide bacrrt]/sta Ine compoun prepared bty drrect
romination of the ketong Ib, had both qross sir ucture
-2 bromine) and configuration (a-bromine) In anal-
0gy to the steroidal bromination product, as sug?ested
by nmr and ORD . measurements.6 A chemical con-
firmation was obta\med bg zinc-acetic. acid redu tron
to starting material | by ma?neirum oxid e h
drohalogenation to grve preponderantly the Al ketofe
A minor by-product of the latter feaction was the
Ad ketone 5b which was_separateq and characterrzed
The monqbromige 2f (17a-acetate) underwent analo
gous reactrons Ithou nertherthf17a -acetate3fnorits
cohol 3e was ohtained in a crystalline form.
Dehvdrobromrnatron of 2- romo steroids with lith-
ium chIorr ein drmetfy ormamide procegds vinylo-
gous y to yield 45% of the Ad derivative.7 With the
ervane monobromrde 21, the same reag (ent iafforded
rat er than an elimination product, a disp acement

(1) s. M Kupchan and A. W. By in “The Alkaloids,” Vol. X, R. H. F
Manske, Ed., Academic Press, New York, N. Y., 1968, Chapter 2.

(2) W. F. Johns and I. Laos, J. Org. Chem., 30, 123 (1965). ,

(3) W. F. Johns, ibid., 35, 3524 (1970).

(4) The physiolggical activity of the compounds reported will appear in
a forthcoming publication

(5) W. F.Johns, J. Org. Chem., 29, 2545 (1964),

(6) Professor W. Klyne, Westfield College, University of London,
kindly supplied this data and its interpretation

(7) B. J. Magerlein, J. Org. Chem., 24, 1564 (1959).

E?dudt the monochloride 2f FX = CI). The same
hloride was roduced readily Trom the mon?bromrde
over a wr e range of temperatures, Similarly, treat
gnt (? the . bromrde wrth sodium_lodide Provrded ﬁn
erivative 5 = 21 The posjtion of t
c lorine atom in 2f was not readil determrned because
of Its sta rIrt?]/ to reIatrveI[y vrdor us deh ﬁ rop aogena
tion condjtions: treatment of the compaund in hoilin
coIIrdrne for7ﬁreffected little. chan Pthe staanP
materra With magnesium oxi ern dimethy
formamide, the mondchloride 2f sl owlg )Brelded mrxtures
from which the Al derivative 3f could be isolated. In
contrast, the lodide ynderwent a facile eIrmrnatron io
Ive mainly the Al ketone, thus supporting direct
e assrgned osition of the ioding. atom in” the rodo
etong Zf and inajrectly the pro] sition of the, chl orrne
atom In the chloro ketorie 2f. The configuration of the
chlorine atom r8n 2t was determined by ORD and nmr
measurements.

e behavior of the 2-monobromo-17/3-acetate 2b on
treatme t}wrth lithium chloride differed markedly from
hat 0 ecorrespondrng 173-acetate, reacting very
sowLy in this case and producrng an intractablg chlo-
rine-containing mixture. Undel conditions vigorous
enour[r to rmove halogen, the. product lackgd ar]
unsaturated etone com onent (ir analysis). Severa
other rea ent also failed 5 enerate an un aturatd
ketone fr mt e Irthrum ch orr e product. The difrer-
encein b javror between the 17a- acet] ie and the more
strarned 1713 acetategon treatmentwrt rthrum chloride
may. eattrr uted either to a long- rangeefect (trans-
mission of strain throu ht ecarbon carbon bonds). or
to astgrr%effect produ yt ecupﬁaﬂrnd oftne D fin
towarttee face of th rng) t tecu ar mode
im eomer 0 bethe orerm ortant cause.
Dt it o e M e 1

dibromide 4f] r
thrs compound sequentially %vrth ysodrum odide, acid,

(8) Preparation of 2-iodocholestanone from the 2-bromide has been
ecorded: G. Rosenkranz, O. Mancera, J. Gatica, and C. Djerassi, J. Amer.
Chem. Soc., 72, 4077 (1950). The displacement by chloride, however, leads
to elimination (ref 7). For displacement of halo ketones at other positions
cf., inter alia, G. P. Mueller and W . F. Johns, J. Org. Chem., 26, 2403 (1961).

(9) The 17/3 derivatives are more strained because of the interaction of
the 17/3 substituents with C-19. See ref 2 for a further discussion of this

point
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a, R = 0-0OH; b, R=/3-OAc; ¢, R= 0-OCOPh; d, R=0; e,R = a-OH; f, R= a-OAc

and zinc-acetic amd]Ogroduced the A4der|vat|ve 5f |n marked instability of the Adetiojervene in contrast to
Rood leld. The dibromide also éln erwent e the normal stergid, presumably due to inherently

alog naflon with magnesium oxide to afford th 8re ter bond strain. in the former., Thu? acetic anhy-
diengne (5f, AD. The Adacetate 5f was saponlfled to ride-toluenesulfonic acid treatment of 5f gave -
its alcohol 5, "and th|s in turn was oxidized to the  tractable tars instead of the desired enol acetate of

ketone bd. R"= Ac). EnoIetherformatlon W|th tr|me )/ ortho-
Djbromination of the 17/3 -acefoxy 3-ketone |b led to  formate prow ed mixture of dienol ether 9 ﬁ' g
the formation of an amorphous, heterogeneous product.  and ketal 6f (11/ = Me). Purification of the mixtur
AIthou?h the eIementh analglsls Was acceg %ble the  was abandoned when it was discovered that the dienol
Rectra data were ampiguous as were the subsequent grouplng was oxidized with the Sarett reagent. 1L Preo
chemical reactions. Direct dehydrobromlnatlon of  dration of the ethylenedioxy ketal was successful on
the dibromide with magnesium oxjde gave Intractable throbg use ofaroom temoerature rbroce ure empotélng
mlxtures mstead of the expected 1 dienone. The  ethyleéne glycol and trieth y orthoformate.2 S
sodium Jodjde procedure %aveanon olar mixture which  quént oxidiation of the T7a-hydroxyl, reduction of the
cr}/Istalllzed I part fo yield a component with an em- resultlng etone W|th I|th|u trl- en butoxyaumlno

E cal formua] of CiHJD (elemental apalysis, masg g ride; and hydrolysis of the ketal grou(b Ggave the
ectrumg e .exact structure of this compoun slred 173h droxy compound 5a it good” overall
was unclear from its spectra, but It is thought to repre-
sent D-ring deoxygenated material. De%ne the modest ){lelds obtained of the 1,4-diepope
Inverslog of the 1/a- hydrox % gln tg vailable 2 netse enium djoxide OX|dat|on f the
unsaturate ketone be togowe esireq 1//3 1somer saturatd etone b2|nvest| atlonswereaso ma e into
?a was attem te gto [yate formatlon followed by the selective reduction of it§ ALbond, Brief lithium-
ormo[nsls gr fu Was arg oelnlo< ammonja treatment13 ave the desired” 3-keto-4-ene
ver lon by oxidati the 17a-hydroxyl to a eone contammated WI'[ app eC|abe amounts of the, satu-

subsequent reduction to th Sv roxyl rated keton

been demoﬂstrated in the A-rin saturated eythe vanes3 resence o? tns?ng nz hos,o orhodjum . catalysti4

but was comp licated in the present. case t e.un-  was |% Yerratlc ery slow, giving in the est

ﬁatéJ% 3-ketone. hnhlum E)n ten utor aumlg |nstanc ess than 30% of the desired 2-ene after a
ride reductlon of the 17-carbonyl of bd proceeded hr period

a arate sow enou hto cause LPartla [ uctl n of t e The need for biological comparisons between the
double bo ithium aluminum nydrice reduc-
tion of 5d afforded the unsaturated diol’(5a, 3/3-0H), o e 1 roor e e arin n e mopien ane 1 sarer 5 Amer
but mangeanﬁse dioxide omgatlon t0 regenerate fhe — cnem sec.vs 22 o
unsaturated ketone proceeded only in moderate YIelds. ., i L e o e e
Attempts to protect the unsaturated ketone MOIety  ssos00 assor chem. avsir. 6, ss00s 962,
while inverting the 17a-nydroxyl function uncovered @ v = & seraun anaut. o weise, Ghom ind. (Lonson), 200z (3001 )

E. Shapiro, T. Legatt, L. Weber, M. Steinberg, and E. P. Oliveto, ibid.,
300 (1962).

(10) K. Schreiber, A. Walther, and H. Ronsch, Tetrahedron, 20, 1939 (14) (a) A. J. Birch and K. A. M. Walker, J. Chem. S0OC., 1894 (1966);
(1964). Also see ref 8. (b) C. Djerassi and J. Gutzwiller, J. Amer. Chem. SoC., 88, 4537 (1966).

drogenatlon o] he dienone in the
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C/D o and (rans-etiojervanes dictated the synthesis of
the latter. The route chosen involved modification
and extenswn of the kngwn de?radatlon of jervine, b
Among the chan es made was, the replacement Wlth
manganese dioxide of the ch romlum rioxide, used Jn the
cleavage of the 17,20- cho ffor |n%ay|el of 76%
of the crystalline enegione 8 t & subsequent
e R e
drochlorld;e In triethy Pene ? X | to form the hydrazone
as a dlscrete step before the addition of potassjum hy-
droxjde. Each of the isomers rePared was hgdrolyzd
to give the free 12/7 13/J testosterone analo%| b be;

&etoggrlvatl\r/gn%dc 12? oxidation proviced the' 1r-

Experimental Section®

2a-Bromo-17/3-acetoxy-12a-etiojervan-3-one (2b, X = Br).—
Pyridinium bromide perbromide (1.11 g) was added in four por-
tions over a 5-min period to a solution of 0.99 g of the acetate
1b3in 50 ml of acetic acid containing a trace of hydrogen bromide.
After 2 min more, the solution was diluted with water and aqueous
sodium thiosulfate. The resultant precipitate was collected,
washed with water, dried, and recrystallized from acetone-
hexane to vield 0.50 g of the bromide 2b: mp 153-155°; Xvax
5.78 Ar 52 and 59 (18-Me), 66 (19-Me) 288 (q, CHBr) Hz;

ORD (in 2:1 MeOH/dioxane) 2940; ali -3170°
a4 = +62.6
Anal. calcd for C2iH3iBro3 C, 61.31; H, 7.60; Br, 19.43.

Found: C, 61.63; H, 7.58; Br, 19.36.

Treatment of the monobromo compound 2b with zinc dust in
acetic acid at room temperature for 3 hr gave a good yield of the
saturated 3-ketone Ib.

The 17-benzoate Ic was prepared by benzoyl chloride-pyridine
treatment of the alcohol la.3 The resulting amorphous compound
was monobrominated to provide a chromatographically and
spectrally homogeneous, but amorphous, bromide 2c.

Anal. calcd for C+fLaBrOj: Br, 16.88. Found: Br, 17.04.

17/3-Kydroxy-12a-etiojerv-l-en-3-one (3a).—A solution of 0.17
g of the crystalline bromide 2b in 20 ml of dimethylformamide
was added to a stirred, boiling mixture of 1.0 g of magnesium
oxide in 30 ml of dimethylformamide under an atmosphere of
nitrogen over a 10-min period. After 3 hr the cooled solution was
filtered and concentrated to dryness. The residue was chromato-
graphed but failed to crystallize. Similar treatment of the 2a-
bromo 17-benzoate 2c gave again an amorphous product.

A solution of 0.81 g of the benzoate 2c in 30 ml of ierf-butyl
alcohol containing 5 ml of 10% aqueous potassium hydroxide was
boiled in an atmosphere of nitrogen with stirring for 25 hr. The
solvent was removed in a stream of nitrogen and the product was
extracted with methylene chloride. Chromatographyi7 yielded
first, by elution with 15% ethyl acetate-benzene, material re-
crystalhzed from acetone-hexane to yield the alcohol 3a as a
hemiacetonate: mp 84-87°; Xmex 2.72, 5.95 p; Av 59 and 68
(18-Me), 62 (19-Me), 350 (d, 1-H), 422 (d, 2-H) Hz.

Anal. Caled for CiH202.V2C3HeO: C, 77.56; H, 9.84.
Found: C, 77.71; H, 9.81.

The A4 derivative (5a, 45 mg), identical with the material
prepared below, was obtained by further elution of the column
with 20% ethyl acetate-benzene.

Lithium Chloride Treatment of the 2a-Bromo-17/3-acetate 2b.
—Treatment of the bromide 2b in dimethylformamide containing

(15) (a) S. M. Levine, J. Amer. Chem. Soc., 86, 701
(1964).
of T. Masamune and K. Orito, Tetrahedron, 25, 4551 (1969).

(16) The infrared spectra were determined in chloroform,

Kupchan and S. D.

(b) See also an alternate route described in the more recent work

ultraviolet
spectra in methanol, optical rotations in chloroform, and nmr spectra in
deuteriochloroform (TM S as an internal standard, Av = 0 Hz on a Varian
A-60 spectrometer). We are indebted to Dr. J. W. Ahlberg and staff for
these results as well as for the elemental analyses reported. Melting points
were taken on a Fisher-Johns apparatus and are uncorrected.

(17) The chromatographies described in this section were uniformly run
on a weight of Davison silica gel 60 times the weight of the compound in-
volved. We thank Mr. R. T. Nicholson and staff for the competent execu-

tion of this work.
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lithium chloride at 80° for 2 hr returned 90% of starting material
unchanged and no chloro derivatives (halogen analysis). After
20 hr at 95°, an amorphous product was isolated.i8

Anal. calcd for C2HxCIOs: Cl, 9.66. Found: CI, 6.14
(no bromine).

Raising the temperature to the boiling point of dimethylform-
amide for 2 hr gave a dark product lacking halogen and lacking
unsaturated ketone absorption in the ir. Use of lithium chloride-
lithium carbonate in the same solvent offered similar results.

Among the reagents used in an attempt to convert the bromide
2b to the A4 ketone 5b were ethanolic acid at reflux, collidine at
reflux, and semicarbazone formation followed by pyruvic acid
reversal. In each of these instances the yield of the desired un-
saturated ketone was negligible.

2a-Bromo-l7a-acetoxy-12a-etiojervan-3-one (2f).—A solution
of bromine in acetic acid (41.4 ml, 0.38 M) was added over a
20-min period to a stirred solution of 4.75 g of the ketone If in
200 ml of acetic acid containing a trace of hydrogen bromide at
15°. After an additional 5 min, the solution was diluted with
water, and the resulting precipitate was collected, washed with
water, dried, and recrystallized from methylene chloride-hexane
to yield 4.4 g of the bromide 2f: mp 142-147°; Am, 5.78 N,
av 52 and 58 (18-Me), 64 (19-Me), 287 (q, CHBr) Hz.

Anal. calcd for C2iH3iBro3 C, 61.31; H, 7.60; Br, 19.43.
Found: C, 60.44; H, 7.65; Br, 19.60.

Dehydrohalogenation of Bromo Ketone 2f.—Lithium chloride-
lithium carbonate dehydrohalogenation of bromide 2f in boiling
dimethylformamide for 1 hr gave an amorphous olefin with the
proper spectral characteristics for the Al ketone 3f: Anax 232
m/i (e5350); Xrex5.78,5.95#«; av53 and 59 (18-Me), 60 (19-Me),
350 (d, 1-H), 427 (d, 2-H) Hz.

Saponification of this material in methanol with aqueous potas-
sium hydroxide gave only an amorphous product.

2«-Chloro-17a-acetoxy-12«-etiojervan-3-one (2f).—The bromo
ketone 2f (0.75 g) was added to a solution of 1.0 g of lithium
chloride in 20 ml of dimethylformamide with stirring. After 7 hr
at room temperature, the solution was diluted with water. The
resulting precipitate was collected and dried, yielding 0.55 g of
essentially pure chloride 2f, mp 147-152° (found: 9.44% CI).
Recrystallization of this sample from methylene chloride-hexane
gave the pure material: mp 163-167°; Xnex 5.78 # av 52 and
58 (18-Me), 65 (19-Me), 279 (g, CHC1) Hz; ORDis (c 1.05,
dioxane) Mina  +2720; a = +71.

Anal. calcd for C2iHaiCi03 C, 68.74; H, 8.52; Cl, 9.66.
Found: C, 68.76; H, 8.35; CI, 9.64.

Dehydrohalogenation of the Chloro Ketone 2f.—The chloro
ketone 2f was essentially inert to lithium chloride in dimethyl-
formamide at 95° for 3 days or to refluxing collidine for 7 hr.
Magnesium oxide in boiling dimethylformamide transformed the
chloro ketone 2f, after & hr, into a product containing 20%
starting material and the rest a mixture of the Alketone 3f mixed
with a small amount of the Alketone 5f. The chloro ketone 2f
displayed a slightly lower stability with lithium chloride and
lithium carbonate in boiling dimethylformamide.

Attempts to dehydrochlorinate the chloro ketone 2f by treat-
ment of its semicarbazone with pyruvic acidxo were unsuccessful.

Formation and Dehydroiodination of 2a-lodo-17a-acetoxy-12a-
etiojervan-3-one (2f)m—Potassium iodide (0.2 g) was added to a
solution of 0.20 g of the bromo ketone 2f in 2 ml of acetone at 5°.
After 3 hr at an ambient temperature, the solution was diluted
with water and the precipitate collected. The product was re-
crystallized from aqueous methanol to yield o.12 g of the iodo

ketone: mp 125-134°; Xmal 5.75 #
Anal. calcd for C2H1103 I, 27.59. Found: 1, 29.30 (no
bromine).

Treatment of this product with lithium carbonate in hot di-
methylformamide afforded the At ketone 3f as the major product
(by nmr analysis).

2a,4a-Dibromo-l7a-acetoxy-12a-etiojervan-3-one (4f). A
Direct Bromination (Procedure A).—A bromine-acetic acid solu-
tion (250 ml, 0.38M ) was added overa25-min period to a solution

(18) The isolation procedure used throughout this work involved dilution
of the reaction mixture with water, evaporation of water-soluble solvents
more volatile than water, and extraction with an immiscible solvent. The
extract was routinely dried over magnesium sulfate and the solvent removed
under reduced pressure (T <50°).

(19) This ORD was run by N. L. McNiven, Worcester Foundation for
Experimental Biology, Shrewsbury, Mass.

(20) E. B. Hershberg, J. Org. Chem., 13, 542 (1948).
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at 15° of 14.5 g of the ketone la in 200 ml of acetic acid containing
a trace of hydrogen bromide. The solution was stirred 2 hr more
during which time the dibromide precipitated. The mixture was
diluted with 2 1 of water and the crystals were collected on a
filter, washed with water, and dried, yielding 20.6 g of the di-
bromide, mp 160-161°. Recrystallization of a portion of this
material from aqueous acetone afforded the pure compound 4f:
mp 168-169°; Xmex5.71 (m), 5.80 (s) y» av 52 and 58 (18-Me),
68 (19-Me), 285 (m, 17-H, 20-H, 4/3-H) Hz.

Anal. Caled for CAH3Br2 3. Br, 32.60. Found: Br, 32.75.

Addition of 100 mg of the dibromide 4f to 0.2 g of lithium
carbonate and 0.1 g of lithium chloride in 10 ml of refluxing di-
methylformamide led, after 4 hr, to formation of the dienone
(Al4derivative of If) separated by chromatography and identified
by its nmr spectrum.3

B. Bromination of the Bromide 2f.—Bromination of the 2-
bromo compound 2f (4.3 g) in 90 ml of acetic acid containing
10 g of potassium acetate with 1.3 equiv of bromine in acetic
acid at 90° for 10 min caused a disappearance of the bromine
color. The resulting product could not be obtained in a crystal-
line form however. Treatment of this material with hydrogen
bromide in acetic acid (2 hr, room temperature) led to a moderate
yield of the above crystalline 2,4-dibromide 4f.

17a-Acetoxy-12a-etiojervan-4-en-3-one (5f, Procedure B).—
lodoacetone was prepared by dropwise addition of 20 ml of
bromine over 15 min to 0.6 1 of acetone with cooling. The de-
colorized solution was stirred well with 200 g of potassium car-
bonate and filtered into a solution of 2 1 of acetone containing
400 g of sodium iodide. The solution was boiled under nitrogen
for 15 min. The dibromo ketone 4f (45 g) was then added and the
solution was distilled slowly for a 2-hr period to a 1.5-1. volume.
Oxalic acid (30 g) was added in several portions and the heating
continued for an additional 30 min. The reaction mixture was
diluted with 2 1 of ethyl acetate and was filtered. The filtrate
was washed with water, bicarbonate solution, and water. The
combined extracts, after drying, were diluted with 50 ml of acetic
acid and then, with stirring and cooling, 100 g of zinc dust was
added in several portions. After 0.5 hr, the mixture was filtered
and the filtrate washed with water and bicarbonate. The dried
extract was concentrated to dryness. Tic indicated that it was
largely the desired unsaturated ketone 5f contaminated with the
starting saturated ketone If. Attempts to purify the product by
crystallization or by formation of its sodium bisulfite adduct were
unsuccessful. Chromatography of the product yielded first the
saturated ketone If, eluted with 3% ethyl acetate-benzene.
Eluted shortly after this were fractions which were combined and
recrystallized from ether-cyclohexane to yield the pure unsatu-
rated ketone 5f: mp 84-85°;, Xmax 5.79, 6.01 y; Xmal 239 m”"
(« 17,000); av 52 and 59 (18-Me), 70 (19-Me), 123 (OAc), 346
(C=CH) Hz.

Anal. caled for CAH30D3: C, 76.32; H, 9.15. Found: C,
76.26; H, 9.34.

More polar fractions contained heterogeneous, amorphous,
materials which proved intractable.

17«-Hydroxy-12«-etiojerv-4-en-3-one (5e).—A solution of 100
mg of the acetate 5f in 2 ml of methanol containing 0.2 ml of 10%
aqueous potassium hydroxide was boiled in an atmosphere of
nitrogen for 1 hr. The methanol was distilled and the remaining
mixture was diluted with water. The resulting precipitate was
collected, dried, and recrystallized from acetone-hexane to afford
45 mg of the alcohol 5e: mp 136-138°; Mia 2.75, 6.02 Y,
Xrex 239 my (e 16,700); av 60 and 67 (18-Me), 70 (19-Me), 347
(4-H) Hz; [<]a 73°.

Anal. cCaled for CiH® 2 C, 79.12; H, 9.79.
79.23; H, 9.82.

This compound formed an amorphous tosylate which on treat-
ment with sodium formate in hot dimethylformamide led to
intractable products.

12a-Etiojerv-4-ene-3,17-dione (5d, Procedure C).—The 17a
alcohol 5e (0.20 g) was oxidized with the Sarett ragentIlprepared
from 0.2 g of chromium trioxide and 2 ml of pyridine. The re-
action mixture was diluted with water after 6 hr at room tem-
perature. The product was isolated by ether extraction and
afforded, after recrystallization from ether-cyclohexane, 0.14 g
of the diketone: mp 169-172°;, Xmax239m y (¢ 16,000); Xma*5.83,
6.00 y: av 57 and 64 (18-Me), 66 (19-Me) Hz; [ajp -39°.

Anal. cCaled for CH® 2 C, 79.68; H, 9.15. Found: C,
79.46; H, 9.31.

Attempted Formation of 2,4-Dibromo-17/3-acetoxy-12a-etio-
jervan-3-one (4b).—The dibromination procedure A given above,

Found: C,

Johns

when applied to the 17/3-acetate Ib, afforded an amorphous mix-
ture (I). Treatment of mixture | with sodium iodide according
to procedure B led to an amorphous nonpolar mixture from which
was isolated, after chromatography, a small amount of crystalline
material: mp 103-110°; Xmax 5.80 y; av 57 Hz (broad methyl
signal). The mass spectrum of this component showed a molecu-
lar ion of 274, implying the compound has an empirical formula
of CI9H300.

Direct dehydrobromination of the “dibromide” (mixture 1)
with magnesium oxide led to intractable mixtures in which the
desired dienone (Ib, Al4) was a negligivele component.

When the dibromination and sodium iodide sequence (proce-
dures A, B) were carried out on the 17/3-benzoate Ic, a nonpolar
fraction was again produced, but in this case it was accompanied
by a small amount of the desired unsaturated ketone 5c and the
saturated ketone Ic.

12/3-Etiojerv-4-ene-3/3,17/3-diol (5a, 3/3-QH).—A solution of 0.57
g of the dione 5d in 100 ml of ether and 5 ml of tetrahydrofuran
was added to a solution of 0.30 g of lithium aluminum hydride in
100 ml of ether over a 30-min period maintaining the temperature
at —10°. After an additional 20 min, excess ethyl acetate was
added dropwise followed by 2 ml of 10% aqueous potassium hy-
droxide. The mixture was filtered through Super-cel and the
filtrate was concentrated to dryness. The resulting crystalline
residue was recrystallized from ethyl acetate to yield 0.21 g of the
diol: mp 187-191°; Xmex 3.02, 6.03 (w) y (KBr); av 51 and 58
(18-Me), 57 (19-Me), 312 (C=CH, 4-H) Hz [(CD3=0Q].

Anal. caled for CIH3D2 0,78.57; H, 10.41. Found: C,
78.78; H, 10.64.

Oxidation of the diol 5a (3/3-OH) with Mn02in chloroform for
22 (or 40 hr) gave the desired unsaturated ketone 5a in 55%
yield.

The reduction of 5d with lithium tri-iert-butoxyaluminohydride
was less than half complete after 4 hr at room temperature.

3.3- Ethylensdioxy-12a-etiojerv-5-en-17a-ol (6e, R' =
CH2).—Concentrated sulfuric acid (0.5 ml) was added to a
slurry of 1.35 g of the unsaturated ketone 5e in 15 ml of ethylene
glycol (redistilled) and 1 ml of trimethyl orthoformate (re-
distilled). The mixture became homogeneous, turned darker in
color, and afforded a new precipitate within 1 min. After 5 min,
1 ml of tetramethylguanidine was added followed by dilution of
the reaction mixture with water. The crystalline product was
collected, washed, dried, and recrystallized from acetone-hexane
(darco) to yield 1.16 g of the ethylenedioxy ketal 6e: mp 163-
166°; Xmax2.75y, av 61 and67 (18-Me), 67 (19-Me), 237 (OCH2
CHD-), 325 (m, 6-H) Hz.

Anal. caled for CAH3D 3 C, 75.86; H, 9.70.
76.02; H, 9.84.

Treatment of the ketal with acidified aqueous acetone afforded
a good yield of the starting material (5e).

Treatment of the unsaturated ketone 5e using the normal ketal
procedure (refluxing benzene, ethylene glycol, and toluenesulfonic
acid) gave after a short time a dark mixture of intractable prod-
ucts. Use of adipic acid in boiling benzene containing ethylene
glycol effected no reaction after 24 hr.

Found: C,

3.3- Ethylenedioxy-12a-etiojerv-5-en-17-one (6d, R* = -CH2

CH2).—The ketal 6e (R' = -CH2ZH2) (1.2 g) was oxidized
according to procedure C for 7 hr at room temperature. The
product was recrystallized from acetone hexane to afford 0.97 g
of the product: mp 170-173°; Xvex 5.82 y, av 57 and 64 (18-
Me), 57 (19-Me), 322 (m, 6-H) Hz.

Anal. caled for CZH3D3: C, 76.32; H, 9.15. Found: C,
76.15; H, 9.06.
3.3- Ethylenedioxy-12a-etiojerv-5-en-17/3-ol (6a, R' = -CH2

CH2).-—L.ithium tri-ieri-butoxyaluminohydride (15 g) was added
to a solution of 6.9 g of 6d (R' = -CH2CH2) in 250 ml of tetra-
hydrofuran at 5°. After 20 hr at ambient temperature, the
solution was diluted with 2% aqueous acetic acid. The product
was extracted with methylene chloride and was recrystallized
from ether-hexane, yielding 4.23 g of the ketal da (R = -CH2
CH2): mp 113-115°, Xmax 2.75y, av 62 (19-Me), 59 and 66
(18-Me), 237 (OCHZXHD), 326 (m, 6-H) Hz; (ajp -56°.

Anal. cCaled for CAH303 C, 76.36; H, 9.15. Found: C,
76.05; H, 9.08.

Less than 10% of the 17a-ol was present in the mother liquors
(tic analysis).

17j8-Hydroxy-12a-etiojerv-4-en-3-one (5a). A. Hydrolysis of
the Ketal 6a (R' - -CH2CH2).—The ketal 6a (R' = -CH2CH?2)
(3.0 g) in 100 ml of acetone and 10 ml of water was boiled for 1
hr under an atmosphere of nitrogen. The solution was diluted

-CH2
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with water and the acetone distilled. The resulting precipitate
was codected and washed with water. Recrystallization gave
the pure unsaturated ketone 5a: mp 159-160°; Amll, 239 him
(«16,300); W 2.72, 5.98 m; Ar 58 and 66 (18-Me), 71 (19-Me),
347 (4-H) Hz; [a]» +111°.

Anal. calcd for CHH® 2 C, 79.12; H, 9.79.
79.03; H, 9.81.

B. Reduction of the Dienone (la, Al4; Procedure D).—A
solution of 0.90 of the dienone la (Al4) in 20 ml of tetrahydro-
furan was added to a solution of 0.30 g of lithium metal in 200 ml
of distilled ammonia at —70° over a 40-sec period. After an
additional 1 min, 2 g of ammonium chloride was added causing
discharge of the color within 1 min. The ammonia was distilled
and the mixture diluted wdth water. The product, isolated by
ether extraction, crystallized and was recrystallized from ether-
hexane to yield 0.55 g of the unsaturated ketone 5a, mp 148-150°.

The mother liquors consisted of unreduced starting material
(la, Al4) and the saturated ketone la.

Several hydrogenations of the dienone (la, A14) in the presence
of tristriphenylphosphorhodium catalyst afforded at best 30% of
the monounsaturated ketone 5a after 28 hr. (The same batch
of catalyst reduced A'-testosterone efficiently.)

17/3-Acetoxy-12a-etiojerv-4-en-3-one (5b) was an amorphous
compound obtained either by acetylation of the corresponding
alcohol 5a with acetic anhydride-pyridine or by use of the lithium
reduction (procedure D) on the dienone acetate (Ib, AL4). The
acetate 5b could be hydrolyzed in good yield with potassium
hydroxide to yield the free alcohol 5a.

Trimethyl Orthoformate Treatment of the Unsaturated Ketone
5e.—Concentrated sulfuric acid (0.2 ml) in 2 ml of methanol was
added to a slurry of 1.0 g of the unsaturated ketone 5e in 8 ml of
methanol and 2 ml of trimethyl orthoformate with stirring. The
reaction mixture quickly became homogeneous and dark. After
0.5 hr, 1 ml of pyridine was added and the mixture was extracted
with methylene chloride. The oily product (mixture I1) showed
a maximum at 239 him (6280), 188 and 193 (OMe: ketal), and 215
Hz (OMe:enol ether) indicating the product was approximately
30% enol ether 9e (R' = Me) and 70% ketal 6e (R' = Me).
In other runs, variations in proportions of solvents and reagents,
length of reaction time, or change in the acid used led to no signifi-
cant change in the relative proportion of products. Triethyl
orthoformate gave comparable results. Acid hydrolysis of these
mixtures yielded a maximum of 75% of the starting material 5e.

Use of the Sarett reagent (procedure C) on mixture Il at 5° for
5 hr gave a product lacking enol ether absorption but containing
the ketal bands: Av 187 and 193 Hz (OMe), 55 (19-Me), 58 and
66 (18-Me) Hz.

Manganese Dioxide Oxidation of 3-Ethylenedioxy-17,20-di-
hydroxypregnajerva-5,12-dien-1l-one (7).—The diol 72L (2 g) in
100 ml of chloroform was stirred with 4.0 g of activated manga-
nese dioxide (Beacon Chemical Industries) for 3 hr. The mixture
was filtered and the solvent distilled, yielding a yellow oil which

Found: C,

(21) This sample was obtained by following exactly the procedure in

ref 15a.
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was crystalled from acetone-cyclohexane to yield 1.35 g, mp
174-177°, and 0.24 g, mp 168-173°, of the 3-ethylenedioxy-
etiojerva-5,12-diene-11,17-dione, (8d, A12 with ir and nmr spectra
identical with those of an authentic sample.2L

17;3-Hydroxyet:.ojerv-4-en-3-one (5a, 12/3-H; Procedure D).—
A solution of 0.5 g of the ketal 8a, 0.8 g of hydrazine dihydro-
chloride, and 3.5 ml of hydrazine hydrate in 20 ml of triethylene
glycol was distilled slowly until the temperature of the vapors
reached 165°. A reflux condenser was then installed above the
reaction mixture (care). The temperature was held at 160-165°
for 1.5 hr more, the mixture was cooled to 100°, and 1.5 g of
potassium hydroxide was added. The reaction mixture was
heated to 210° with slow distillation and held at 210-220° for a
total of 2 hr. The mixture was cooled and then diluted with ice
water. The product, isolated by ether extraction, was hydrolyzed
by boiling for 16 hr in 30 ml of acetone, and 3 ml of water con-
taining 35 mg of p-toluenesulfonic acid. Water was added, the
acetone was distilled, and the product was extracted with ether.
The crude extract was recrystallized twice from acetone-cyclo-
hexane to yield the alcohol solvated with 0.25 mol equiv of acetone
(5a, 12/3-H): mp 176-178°, Amvax 2.75, 6.02 m; Av 57 and 62
(18-Me), 68 (19-Me), 344 (4-H) Hz.

Anal. calcd for CiIHB.VLH®:
Found: C, 78.45; H, 9.46.

17«-Hydroxyetiojerv-4-en-3-one (5e, 12/3-H).—The ketal 8e2
was treated according to procedure D and provided, after re-
crystallization from acetone-hexane, the unsaturated ketone
(5e, 12/3-H): mp 144-146°; Ave*2.74 and 6.00 m-

Anal. calcd for CiH®2 C, 79.12; H, 9.79.
78.77; H, 9.67.

12/3-Etiojerv-4-ene-3,17-dione (5d, 12/3-H).—The alcohol 5e
(12]8-H) was oxidized with Sarett reagent (procedure C) for 1 hr.
The product was isolated and recrystallized from acetone-
hexane, affording 0.13 g of the dione 5d (12/3-H): mp 164-170°;
Arex 5.85, 6.00 m; Arex239 mM (e 16,600); A58 and 65 (18-Me),
69 (19-Me), 346 (4-H) Hz.

Anal. cCalcd for CiH®2 C, 79.68; H, 9.15. Found: C,
79.68; H, 8.96.

ReglstryNo—ZCb gx Br), 27

C, 78.30; H, 9.82.

Found: C,
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Dehydration of bisnorallocholane-3,3-20-diol (5a) in refluxing acetic acid solution containing a catalytic amount
of iodine or acid cleavage of 20-(2-hydroxyethoxy)bisnorallocholan-30-ol (la) gave a rearranged product which
was shown to be 18-nor-17/3-methyl-17a-isopropylandrost-13(14)-en-3/3-ol (4a). On the other hand, dehydra-
tion of the D-homo alcohol 6 afforded two D-homo products, 8b and 7. Chemical degradation and mass spectral

analysis confirmed the proposed structures.

The rearrangement of 17-deoxy. 20-substituted ste-
roids under acidic conditions Is of interest both from a
mecnanistic vrewRomt and as a pathway to structurally
modified steroid hormones. Previous studres have Iri-
drcaed that the roductsformed u(Joon deh ratron de-

largely on t e reaction_conal thﬂS a th e sub-
strtuents f’[ the 3 position. . For example, de %Iéat]rgln

of hisnorallocholane-3/3,20-diol ESag In" acetic
lowed by acetylation of the reaction product, afforded
three isomeric rearranged products,  The major prod-
uct was identified as the isopropylidene derivative 2,
one o th (mnor pr%ducts a5 the 150 Erolp XI deriva-
five 3 the ‘ot er minor product remained un-
|dent|f|ed Schemel However dehydration of 5b

la, R=H
b, R=Ac

4a, R=H
b, R=Ac

53, R=H
b, R=Ac

in acetic acid gave mainly 3.3 On the other hand,
Uskokovic, ec a1, carried out the dehHra jon of 53
In re uxmg aceti¢ acid containing a caalytic amount
of iodine and obtained a product, in nearly quantitative

(1) A preliminary ed: F. Kohen, R. A.
Mallory, and I. Sche
(2) A. Butenandt
(3) B. Koechlin an

nt of this work has appe
er, Chem. Commun., 1019 (1967)
and H. Cobler, Z. Physiol. Chim., 234, 218 (1935).
d T. Reichatein, Helv. Chim. Acta, 27, 549 (1944).

§|eld which the}/nformulated as the P homo d?rrvatrve
In the same work_the dehydration of the o
homo alcohol 6 with acetic acid contarnm?sa catalytic

amount_of tquenesquonro acid waé 0 reported
to Prve 8hdwnich upon hydrolysis afforde
n the course of studres on the S nthesrs of tertiary

g r%/co eth ersG rom the corresBon n? ketals, we ex-
Ined the denyd tron products of 20- rzh droxy-
ethox%)brsnorallocho an-3j3-ol (la) ana the correspond-
Ing 5,0-unsaturated derivative (12). Refluxing a solu-
trfonogfnlea In %cet%ceacrcd coorh]taatrnma Jga catal tic eremouht
of lodjne gave after chr [ Y one rea
rangeq prgauct (ca. 80% vy (igg o Yth the em irical
formula CsH 30, whjch was id ntroal in all res ects
(melting point, Specific rotation, infrared comparison,
and = values) with the product obtained under the
same conditions by the d hydratron of 5a and formu-
ated a5 8a b%/ Uskokovig, et a1~ (Scheme IIL

We sought further evidence for the postulated struc-
ture 8a by nmr examrnatron of the rearranged product.
Structure 8a would reriurre the presence of two yinyl
methyl groups near 6 The nmr spectrum of the
rearran ed roduct showed the presence of four methyl
grou} etween the region g 9, two

em bem% seconda attrrbutable to an IS0-

yl group, the remarnrng two being tertiary. There

was no |n ication of the %resence of vr nyl. methy
grou ps. The postulated D-nomo system (8a) Is con
e uentlil untenable and we sug%est the Structure
43, an 8nor 17a- wogrowl -17/3-methyl-13-androstene

system, which ma aearrrdba-
dy SrSe sh\rl\t from th? to rnrrsa orme)(/t C-%IO
carp onrum ron fo owed by a 12 shift of the C-18

meth %/ ?rou and Ioss of a roton at C-14.
The m srgnasat ?(J = c{o s).and 0.85 o =
are attrrbutabe to the meth r[J]rotons on
te rso roémr 8rou pat C-17. tne emaini g mglets
at 8 d 0.99 are assroned to the C-19 and
mety rotons, respectively Structure 4a was ur
ther “su stantrated b mass spectral ana SIS,
spectrum ex hited roper mo cul ar 10n peak at
m/e 0SS 0 meth (m /e and an intense
fragment at m/e 273 due to the Ioss o 43 Mass units
(rtoupv)atatctrr1 utable to the removal of the isopropyl
Since the H-homo alcohol 6 was also reported to
give the H-homo product 80,4 we reexamined this re-

(4) M. Uskokovié, M. Gut, and R. I. Dorfman, J. Amer. Chem. Soc., 82,
3668 (1960).

(5) R. A. Mallory, S. Rov
32, 1417 (1967).

(6) Similar rearrangements have been reported recently by B Krieger
and E. Kaspar [Chem. Ber., 100, 1169 (1967)], and by H. Laurent, H.

Muller, and R. Wiechert [ibid., 99, 3836 (1966)].

inski, F. Kohen, and I. Scheer, J. Org. Chem.,
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b, R=Ac

actrp Reduction of the D-homo ketone 11 wrth and 0.82 were attrihuted to C-18 andC19 respectrvelp

Hierf-OBubys gave the corre pondrng axial al-  The correctness of th assrgnment of strycture 710
cohol s, since atfack from the less hindéred o side  this Broduct was further confirmed oy chemical re-
IS expected Dehydration of 6 In acefic acid con-  duction. Hydrogenation of 7 gave te dinydro de-
tamrng p-toluenesylfonic acid oave an orI whrch U on rrvatrve 9 rdentrcal In all respécts with thT produyct
cromato raghg/affordedacrys alline solid, mg obt arne y  Wolft-Kishner reduction, followed by
owever the complexity of the methy Ire? nin %he ace ny %tron oftheD homo keto E 11
nmr jndicated that this product was a.mixture.  This the 20~ 2-hydroxyethoxy)bisnorchol - 5-en-33-ol
was further substantiated by tic examrnatron opsilica  (12) series, we found that the actjon, of acetic acid
gel G impregnated with A gr\roa Two spots of equal contarnrn a catfa {trc amount 0 rpdrne resuItedIan

intensity. ‘were observed. Separation of this mixture ormation o 8nor met 173:-150 roy

was achieved by chromato%raph on silicic acid m- drosta513(14) len-3 ap%ro(p nmr

pregnated with AgNoa I way, two Isomeric srgnas at g .74 doube J R doublet

oIe nrc roaucts, 7and 8b, wereo tam 5) (th rsopropy protos at C-17), and
ore mobr F component 8 2-123°) .10 100 éthe -19 and C-17 methyl protons).

+35 7° analyzed for Co M)zan dis _a%ed two vrnr%/I Hy roqenatron of 13 wrth Itmum oxrde in acetrc

methyl peaks at 5 1.55 in the nmr.

C-19 methyI roups appeared at s 0.87 and 0.82,  formation of the te 0 gderiv trve 4, With un-
respectivel he “absence of t}/olh]d f (prrotons In the assr ned configuration C-14. A mixture

acrd resulteq In an u&?gro 2 mol of hydrogen wrt
tC
nmr rndrcated that the double upon Qe- lﬁ]e(pmetrrca rsomers eXg/mma[present in this com

N dratronwastetr%substrtuted Structyre 8bwas read- p Mass spectra lon of l4a revea ed
assrgne to this product, and this was further resence of a mo ecul ﬁr lon p eta at m/e 8,
nfirméd g chemicg| transformation. Hydrogena-  peak at m /. 303, due to the Ioss of a met ﬂrou

tron of 80 gave the dihydro derivative 10 whose nmr  and an jntense fragment at m/e 275, due to the re-

spectrum showed the resence (pft osecondara( meth I moval of the isopropyl group at C-17.

e%lésmaeth 09e2alglsn T%Oflgrr%a(tjlctrlno nftgbtcha% be vie ed

r vi w

253 12 o I}tof one of the meth y? roups aft ? Experimental Section?

0 the Tnitially formed carbonium ion at C-17 fol owe 18-Nor- 17/3-methyl- I7a-isopropylandrost-13 (14)-en-3/3-0l (4a).

ya OSS Of Oton at C 17 A.—A solution of 20-(2-hydroxyethoxy)bisnorallocholan-3/3-ol

The mor po ar Component 7 ‘|p 134 1350 (7) Specific rotations were determined in CHCIs solution at a concentra
_66 also ana yze Or e nmrs ect um tion of appproxim ately 1% All melting points were determined using a
ShoWed tWO Vlnyl rotons at 5540 attrlbu able to Fissher-Jchns melting point apparatus. Nmr spectra were delermined
C-lo and C-17 protons ~ The C:17a methy| QOUBS e e
appeared at s 0.94 and 0.82. The peaks at
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(la, 0.8 g) in HAc (50 ml) was refluxed with a catalytic amount of
1j (7 mg) for 30 min. After cooling the solution, the 12 was
reduced with saturated NaHSO03solution, and a large amount of
HjO was added. The mixture was extracted with CHC13 and
the extract was washed with NaHCO03 H2, dried (MgS04), and
evaporated. The dark red residue (0.7 g) was chromatographed
0N Woelm neutral A103 (activity I1). Elution with benzene
gave 4a8 (550 mg, 82% yield): mp 144.5-146° (from acetone);
[ah) -64° (lit.4mp 144.5-145.5°); nmr (CDC13 S 0.75 (d, 3,
J = 7.5 cps, a methyl group at C-20), 0.85 (d, 3, J = 6.5 cps,
a methyl group at C-20), 0.81 (s, 3, C-19 CH3), and 0.99 (s, 3,
C-17 CH3); mass spectrum (70 eV) m/e (rel intensity) 316 (4)
(M+)> 301 (6) (M — 15), 273 (98) (M — 43, loss of the ispropyl
chain), and 255 (83) (M — 43 and loss of HD).

Anal. calcd for CZH®: C, 83.48; H, 11.47. Found: C,
83.36; H, 11.18.

Acetylation with pyridine and AcD gave the acetate 4b, mp
70-71° (from CH30H), [a]D-57° (lit.4mp 62-64°, [<d -58°).

Anal. calcd for CZH®2 C, 80.39; H, 10.68. Found: C,
80.27; H, 10.59.

B.—A solution of bisnorallocholane-3/3,20-diol4 (5a, mp 182-
183°) (3.0 g) in HAc (150 ml) was refluxed with a catalytic
amount of 12 (15 mg) for 30 min and worked up as in A above.
The product thus obtained was recrystallized from acetone to
give 4a, 2.2 g, mp 143-145°. This material was identical in all
respects (melting point, ir, nmr, and RI) with that obtained in
A above.9

17a, I7a-Dimethyl-D-homoandrostane-3/3,17/3-diol 3-Acetate
(6).—To a solution of the -D-homo ketone 11 D(1 g) in dry THF
(50 ml) was added LiAlIH((ert-OBut)3 (3 g), and the reaction
mixture was stirred overnight. Dilute HC1 was then added, and
the organic phase separated, dried, and evaporated. Recrystal-
lization from CHWOH gave 6 (0.8 g): mp 194-195° [«]a 0.0°
(lit4mp 193-195°% [<xla -13.9°); nmr (CDC13) S 0.83 (s, 3,
C-19 CHJ), 0.88 (s, 3, C-18 CH3), 0.97 (s, 3, C-17a CHJ3), and
11 (s, 3, C-17a CH3).

Dehydration of 17a, 17a~Dimethyl-/I-homoandrostane-3/3,17/3-
diol 3-Acetate.—A solution of 6 (0.5 g) in HAc (25 ml) was
refluxed with p-toluenesulfonic acid (25 mg) for 1 hr. The re-
action mixture was poured into a large excess of HD, the mixture
extracted with CHC13 and the extract washed with NaHCO03
solution, HD, dried (MgS04), and evaporated. The residue (0.4
g) was first chromatographed on Woelm neutral A1 3 (activity
11). Elution with hexane-chloroform gave a solid (0.4 g), mp
84-85° (from methanol). However, the complexity of the
methyl region in the nmr indicated that this product was a
mixture. Furthermore, tic examination of this product on silica
gel G impregnated with AgN03showed the presence of two spots
of Ri 0.2 and 0.34, respectively, benzene being used as a de-
veloping solvent. This mixture was then rechromatographed on
silicic acid (Mallinckrodt) impregnated with 5% AgNOs.

Elution with hexane-benzene (9:1) (100 ml) gave 17,17a-di-
methyl-D-homoandrost-17(17a)-en-3/3-ol 3-acetate (8b) (100 mg):
mp 122-123° (from CH3OH); [a]d +35.7°; nmr (CDC13 8 0.82
(s, 3, C-19 CHJ), 0.87 (s, 3, C-18 CH3), and 1.55 (s, 6, vinyl
methyl groups at C-17 and C-17a).

Anal. calcd for C¥H®2: C, 80.39; H, 10.68. Found: C,
80.15; H, 10.48.

Further elution with the same solvent system (400 ml) gave a
mixture of 7 and 8b (200 mg). Elution with hexane-benzene
(1:1) (100 ml) gave I7a,17a-dimethyl-D-homoandrost-16(17)-en-
3/3-0l 3-acetate (7) (55 mg): mp (from CH30H) 134-135°; [a]n
—66°; nmr (CDC13 $0.82 (s, 6, C-19 CH3and a methyl group
at C-17a), 0.87 (s, 3, C-18 CH3), and 0.94 (s, 3, C-17a CH3).

(8) The homogeneity of this compound was confirmed by tic on silica
gel G impregnated with AgNOa, a method that is commonly used for the
separation of double bond isomers. Only one spot was observed with
different developing solvents.

(9) We wish to thank Dr. Marcel Gut of the Worcester Foundation for
Experimental Biology for supplying us with a sample of material obtained
from the dehydration of 5a

(10) M. T7skokovi6, M .
81, 4561 (1959)

Gut, and R. I. Dorfman, J. Amer. Chem. Soc.,

Kohen, Mallory, and Scheer

Anal. calcd for CZH32 C, 80.39; H, 10.68. Found: C,
80.25; H, 10.59.

I7£,17aE-Dimethyl-D-homoandrostan-3/3-ol 3-Acetate (10).—A
solution of 8a (80 mg) in HAc (50 ml) was hydrogenated using
Pt02 as catalyst. After hydrogen uptake had ceased, the
catalyst was filtered, and the filtrate was poured into a large
excess of HA5, and the product was filtered and crystallized from
CH30OH to give 10 (60 mg): mp 110-111°; [«]d 0°; nmr (CDC13
5090 (d, 3, = 6cps, C-17a CH3 and 0.92 (d, 3,/ = 6 cps,
C-17 CH3).

Anal. Calcd for CH4002 C, 79.94; H, 11.18. Found: C,
80.02; H, 11.22.

17a,17a-Dimethyl-D-homoandrostan-3/3-ol 3-Acetate (9). A.—
A solution o: 7 (40 mg): in HAc (25 ml) was hydrogenated using
Pt02as catalyst and worked up as above. Recrystallization from
CH3DH gave 9: mp 180-181°; [«]d -21°; nmr (CDC13 S
0.78 (s, 6, C-18 CHSand C-17a CHJ), 0.83 (s, 3, C-19 CHJ3, and
0.94 (s, 3, C-17a CH3).

Anal. cCalcd for C¥H602 C, 79.94; H, 11.18. Found: C,
79.89; H, 11.09.

B.—A mixture of the D-homo ketone 11 (200 mg), 99% hy-
drazine hydrate (2 ml), and diethylene glycol (15 ml) was
heated at 150° for 10 min, KOH (2 g) then added, and heating
continued at 150° for 45 min. Solvent was then distilled off
until a solution temperature of 210° was reached, and the mixture
was refluxed for a further 6 hr, cooled, poured into HD, and ex-
tracted with CHC13. The washed and dried extract was evapo-
rated, and the residue was acetylated with pyridine and acetic
anhydride. After the usual work-up, the product was crystal-
lized from CH30H to give 9 (100 mg) identical in all respects with
that obtained in A above.

18-Nor-17/?-methyl-17a-isopropylandrost-5,13(14)-dien-3/3-ol
(13).—A solution of 20-(2-hydroxyethoxy)bisnorchol-5-en-3/3-0l5
(12, mp 190-192°, 3.0 g) in HAc (150 ml) was refluxed with a
catalytic amount of 12 (15 mg) for 0.5 hr and worked up in the
usual way. The red oily residue was chromatographed on Woelm
neutral A1 3 (activity 1l). Elution with benzene (600 ml) af-
forded 13 (2.1 g) which crystallized from CHZXCI2petroleum
ether as needles: mp 134-135°; [»]d —197°; nmr (CDC13 5
0.74 (d, 3, ] = 7 cps, one of the methyl groups at C-20), 0.86
(d, 3,J = 7 cps, a methyl group at C-20), and 1.00 (s, 6, C-19
and C-17 methyl protons).

Anal. calcd for CZ2H3D: C, 84.01; H, 10.90. Found: C,
83.91; H, 10.73.

Hydrogenation of 18-Nor-17j3-methyl-17a-isopropylandrost-5,-
13(14)-dien-3/3-ol.— A solution of 13 (500 mg) in HAc (75 ml) was
hydrogenated using Pt02 (100 mg) as catalyst. When H2uptake
ceased (80 ml, 2 hr), the catalyst was removed by filtration, and
a large volume of HD was added to the filtrate. The resultant
white precipitate (350 mg) was filtered off and recrystallized from
acetone to afford the tetrahydro derivative 14a as prisms: mp
115-117°, [a]d +8.8°; nmr (CDC13 5 0.80, 0.84, and 0.95
(methyl groups); mass spectrum (70 eV) m/e (rel intensity) 318
(5) (M), 303 (7) (M - 15), 275 (97) (M - loss of the iso-
propyl side chain), and 257 (90) (M — 43 and Ioss of HD).

Anal. calcd for CZH#®: C, 82.95; H, 12.03. Found: C,
83.09; H, 12.00.

Acetylation with acetic anhydride and pyridine gave the
derived acetate 14b which crystallized from acetone-water as
needles, mp 75-76°, [«]d —1°.

Anal. cCalcd for C#H4002 C, 79.94; H, 11.18. Found: C,
79.98; H, 11.27.

Registr % 4a 27390 93-8: 6, 27390-94-9:
27390-05-0; 8. 27390-96-1; 7390 97-2; 1027390

08-3; 13, 21390-99-4; 1a, 27391 00-0; 14b, 27391-01-1.
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Two lactones isolated from the marine coelenterate Pterogorgia guadalupensis, a gorgonian, are described.
One of these is a bisbutenolide, ancepsenolide (3); the other lactone is shown on the basis of spectroscopic data
and conversion to ancepsenolide to be 2-(13-carboxy-14,15-diacetoxyhexadecanyl)-2-penten-4-olide (1).

The OCIOCOFa| Pterogorgia guadalupensis DUCh&SS&In
& Michelin beIongs to a group of sessjle tropical ree
Invertebrates clasSified as”gorgonians but more com-
monly known as sea fans and" sea WhIP The fact
that ‘these sfationary organisms can flourish in an
environment mhabré ed by humerous Potentral predators
has been attrinuted at “least In part to the presence
of endogenous or%anrc compoungs which endow these
animals with a chemical means of defense.3 Biological
screening of the fotal extracts of various gorgonrans
has demonstratedthe presence of antimicrobial ma-
terials ;n these. animals, and chemjcal investigations
have resulted in the isolation and identification_ of
various ter ene hydrocarbons, b diterpene lactonessa~d
Prosta a}n |ns5e and unusual dodecane-|,2-dilac-
onessy from this group of ordanrsms We wish here-
with toreport theisolation of two crystalline lagtones
from the qor Oman Pterogorgia guadalupensis. One Of
these exhibited mild antrbrotrc activity6 against sta-
phylococcus, aureus an cobacteriym smegmatis, an
evrdence cited in this pa er oermrts this lactone. to
be formulated as L: the other lactone, 3, has been jso-
Iated previously® from a related species of gorgonian,

"“Brief Mexane extraction of a Iar%e srngle air- drred
CO|0ny Of Pt. guadalupensrs d Or ¥
white” solig, m which_ was |dent| |ed a
ancePsenolrde y %mJ)arrson of 1S p (ysrca an
spectral properties. fo those of material 150lated pre-
viously (see Experimental Sectron)G* Prolonged hex
ane extraction ‘afforded In a second com-
pound, 1 mp 811829 f hrc elemental and
Mmass sgectral analysis conﬁrmed the formula CaH 20s

(m/e

(1) (a) Papers X IX -X X in this series are, respectively, M. B. Houssain
and D. van der Helm, Red. Trav. Chim. Pays-Bas, 88, 1413 (1969); R. L.
Hale, J. Leslerq, B. Tursch, C. Djerassi, R. A. Gross, Jr., A. J. Weinheimer,
K. Gupta, and P. J. Scheuer, J. Amer. Chem. Soc., 92, 2179 (1970). (b)
in part at the Food-Drugs from the Sea Symposium, Marine
d at the 16th Oklahoma

Presented
Technology Society, Kingston, R. I., 1969, an
Tetrasectional Meeting of the American Chemical Society, March 15—16,
1969. (c) This investigation was supported by NIH Training Grant 5675
from the National Heart Institute, (d) Sabbatical leave, Woods Hole
Oceanographic Institution, 1969—1970; N IH Special Fellowship GM 13941

(2) F. M. Bayer, “The Shallow-W ater Octoeorallia of the West Indian
Region,” Martinus Mijhoff, The Hague, Netherlands, 1961, pp 272-277.

(3) See, for example, R. F. Nigrelli, Trans. N. Y. Acad. Sd., 24, 496
(1962), and ref 4.

(4) L. S. Ciereszko, ibid., 24, 502 (1962).

(5) (a) A. J. Weinheimer, F. J. Schmitz, and L. S. Ciereszko, Transactions
of the Drugs from the Sea Symposium, Aug 1967, Marine Technology
Society, pp 135-141; (b) L. S. Ciereszko, D. H. Sifford, and A. J. Wein
heimer, Ann. N. Y. Acad. Sci., 90, 917 (1960); (c) A. J. Weinheimer, R. E.
Middlebrook, J. O. Bledsoe, W. E. Marsico, and T. K. B. Karns, Chem.
Commun., 384 (1968); (d) M. B. Hossain and D. van der Helm, Red.
Trav. Chim. Pays-Bas, 88, 1413 (1969); (e) A. J. Weinheimer and R. L.
Spraggins, Tetrahedron. Lett., 5185 (1969); (f) F. J. Schmitz, K. W. Kraus,
L. S. Ciereszko, D. H. Sifford, and A. J. Weinheimer, ibid., 97 (1966); (g)
F.J. Schmitz, E. D. Lorance, and L. S. Ciereszko, J. Org. Chem., 34, 1989
(1969).

broad

The infrared sEegtrum of 1 exhibited s 6rr1) 90 road
the. presence

absorbtron cente 1740 cm-1 (1/0
at half peak Intensity), consistent with
butenolrde acefate, and carboxyl functionalities;
The presence ‘of a_but noIrd e ring I 1.was, confirmed
by the uv abso Ptron Anex 204 n, e 17,436) and one
Poton multiplets in the nmr_spectrum at s 5.0 (well
eso lvea at 220 MHz) and 7. 2 m |dent|cal |th
those Present In_ancepseno |d g Strong,
absor% nats 127 pm confirm t e rese ce o
? yenecarn and two artiall resove Sin-
9 s at 2,08 ri m su estedt e presenc oftwo acetate
esidues In 1 eutra 1zation equivalent verified
that 1 contarned ree carboxyl group, and acetyl
analysis confirmeq the presence of twQ acetate moieties.
T e osrtron of the acetatﬁ moleties |n 1 was dsug
&/este y the sfructure of the compoun s 3 and 4a
diich had heen isolated previously from et ancepsng
This tentatrve assignment was corroborated by the
esence o two distinct doublets at 5 '
Z) and pm o = 7 Hz) Inthe 220 “MHz nmr
s ectrum7o (chIoLoform -acétone-oW ascribable to
entenolide methy rourt) and another methyl
%rou In_a very similar structural environment, ..
3 Confirmation_ of the structure 1 Swrith
out ster och mistry) was achieved by conversion of 1
via acld-catal zed methanolysis to the lactone 2awh|ch
nderwent ehydration U on treatment with pnos
phorus oxychIorrde In yr| ine {0 gTve ancepsenolrde
“ H d yield Ff cheme g hese conversjons
ablish the overa carbon skeleton of 1 and confirm
a\ss rT%;nment of ong of thﬁ acetate moieties to_the
enu ae C-13) in the hexadecanyl residue in 1
(actone ormﬁtron
ur%r e nmr signals of the rProtons attached
to carb s bearing ox gen afoms |
era drve complex mutrplets which do not Iend
ems Ives 0 facrle |nter reta(tron éh correspondrn
absorptions In th eacetate 2h errve rom the_| ac[on
2a yroutrne acetylation arewelresolved gsee Tab
and "provide con nma}tron of the presence, of thre
srngle protons on carbons bearing oxygen in 2b and

Lactone PmrAbsorp nnnnnnn d Couptlting Constants “
—Compd 4b&========= hd
J J

e
Proton 8 Hh' ib' J 8 Hu' IS J

5 (Hi4M3) 515 0.5-1 6 (HMUi3)
6.5 (Hi5-Me) 4.50 0.5-1 6 (Hi5>Mg)
h4 5.0 5.0

“ Measured in CDCh at 60 MHz. D See ref 5 g.

(6) We thank Dr. P. Burkholder for the antimicrobial testing.
(7) Kindly provided by Dr. N. Bhacca, Louisiana State University.
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Scheme |

4
aR=H
b,R=Ac

hence in 2a and L Thus both acetate grouPs in 1
must be secondary. Since an endocyclic double bond
IS formed upon dehydration of 2a, thie hydroxyl group
In the latter and ItS acetate progenitor”in 1 must be
located at C-14"In the hexadecanyl moiety.

_ The_transesterification of L Ieadlng 0 the forma-
Bon of 2a Is not expected to effect thé carbon-ox qen
onds at C-14" or C-15" and hence we propose the
relative, sterepchemistry shown for 1 and 2a from a
comparison of the coupfing constant data of the acetate
2h with that observed for'the acetate 4b (see Table 1),
The resonance. sulmals for protons at C-4, -14' and
-15" are sufficiently separated In the acetates 2b and
4o to permit. a first-order analysis of the couplmg
constants.  Since "HL-Me in 20 can be determine

from the spacing of the methyl doublet (J = 6.5 Hz),
the secon couplln% of H-15" o = 3 HZI-)I muyst  be
duetoohlu. ~ Henceit follows that the 5-Hz splitting

in H-14' must be due to sh}4 13, The large value
of ,h14 13 is consistent with a small dihedral angle8
and henge the cis stereochemistry for H-14'13" in"2b
gust as in 4b. The much larger value of 5s1s 14, In

b in comparison to 4b argues for a cis H-15', 14
arrangement in 2b as opposéd to the trans H-15",14'
assigriment in 4b.y

Experimental Section

Melting points were determined in capillary tubes with a
Thomas-Hoover melting apparatus and are corrected. Ultra-
violet spectra were measured in 95% ethanol on Beckman DK-1
and Hitachi Perkin-Elmer Model 124 spectrophotometers under
nitrogen sweep. Nmr spectra were determined using tetra-
methylsilane as an internal standard with Varian A-60 and
HR-220 spectrometers. Elemental analyses were performed by
Alfred Bernhardt, Mulheim, Germany. Infrared spectra were
obtained on a Beckman IR-g8 spectrophotometer. Mass spectra

(8) See, for example, R. H. Bible,

Plenum Publishing Co., New York, N. Y., 1965, p 35 ff

“Interpretation of NMR Spectra,”

Schmitz and Lorance

were obtained on Hitachi RMU-sA (Purdue University) and
RMU-6E (University of Arkansas) spectrometers at 75 and 80 eV.

Isolation of Ancepsenolide (3) and 2-(13-Carboxy 14,15-di-
acetoxyhexadecanyl)-2-penten-4-olide (1).—A single colony of
dried, coarsely ground Pi. gnadalupensis, 115 g, collected near
Port Royal, Jamaica, June 1967, was extracted in a continuous
percolator-extractore sequentially as follows (solvent, duration
of extraction periods): (1) hexane, 18 hr, 48 additional hr, 96
additional hr; (2) benzene, 28 hr, 72 hr; (3) methanol, 48 hr,
72 hr. Ancepsenolide precipitated from the first hexane extract
in nearly pure form (3.2 g, 3.5% crude). After chromatography
over alumina (activity 111) and recrystallization from a mixture
of chloroform and hexane, ancepsenolide was obtained as a white
solid: mp 90.5-92°, («ja +47.8°;10 uv max (95% EtOH)
207 nm (e 29,850) [lit.6 mp 91.5-92.0°; uv max (95% EtOH)
208 nm (e 28,000)]. The nmr and ir spectra of this material were
identical with those of authentic ancepsenolide.el

The lactone 1 precipitated from the third hexane extract, 1.14
g, and after chromatography on silicic acid (eluent, benzene
followed by benzene-ethyl acetate mixtures in which the ethyl
acetate concentration was gradually increased to 10 %) and re-
crystallization from aqueous isopropyl alcohol, it was obtained
as a white solid: mp 81.1-82.9°; 3« —8.3° (0.47, CHCh);
uv max (95% EtOH) 204 nm (e 17,436); ir (CHC13) 3500 (w,
broad), 1740 (s, broad, width at half intensity, 1700-1770),
1215 ¢cm-1 (s, broad); nmr (CHCh) $7.02 (q, 1, ] = 1.5Hz,
H-3), 4.78-5.42 (complex multiplet, 4, CO2H, H-4, 15',14"), 2.08
(two partially resolved singlets, acetates), 1.40 (d, / = 7 Hz,
C-4 methyl), 1.28 ppm (methylene protons and C-15' methyl
partially visible as a shoulder at 1.2). Essentially the same
spectrum was obtained in deuteriodimethvl sulfoxide and addi-
tion of DD to the sample in this solvent resulted in the loss of
absorption amounting to one proton in the region of 5.4-6.1
ppm.u

At 220 MHz (CDCfi/deuterioacetone) the following peaks were
observed: 7.02 (q, ] = 1.5 Hz, H-3), 5.15 (m, 2, H-14',15"),
5.0 (dg, 1,J = 6.5, 1.5 Hz, H-4), 2.21 (t, J = 7.5 Hz, allylic
methylene), 2.00, 2.02 (singlets, acetates), 1.35 (d, J = 6.5
Hz, C-4 methyl), 1.28 (s, methylene protons), 1.17 (d, J = s
Hz, C-15' methyl).

Anal. cCaled for CAHACh: C, 64.73; H, 8.71; neut equiv,
482. Found: C, 64.85; H, 8.82; neut equiv, 478. Acetyl
analysis. Calcd for two acetates: 17.84. Found: 16.91.

Conversion of 1to 2a.—A solution of 0.198 g of 1 (0.411 mmol)
in 30 ml of methanol containing a few drops of concentrated
hydrochloric acid was heated under reflux for 8 hr and then al-
lowed to stand at room temperature for 5 days. Most of the
methanol was removed at reduced pressure (aspirator) and the
residue was dissolved in ether. The ether solution was washed
with bicarbonate solution, then water, and finally dried over
anhydrous sodium sulfate. Evaporation of the ether afforded
2ain quantitative yield: mp (after recrystallization from aqueous
isopropyl alcohol) 115.4-115.9°; m/e 380; ir (CHCh) 3320-3540
(broad peak, OH), 1752 cm-1 (strong, broad, lactone C=0); uv
(95% EtOH) 209 nm (e 16,694); nmr (CDCh) s 7.03 (q,
H-3), 5.0 (m, H-4); 4.25-4.85 (superimposed m's, H-14' 15",
1.42 (pr of d, C-4,15' methyls), 1.27 (s, polymethylene).

Acetylation of 2a.—Treatment of 78 mg (0.206 mmol) of 2a,
mp 113.6-115.1°, with pyridine-acetic anhydride (10 ml/1 ml)
at room temperature for 24 hr followed by the usual work-up
produced 2b in quantitative yield: mp 55.4-56.5° after re-
crystallization from aqueous isopropyl alcohol; ir (CHCh) 1745
(acetate and pentenolide carbonyls), 1772 cm-1 (satd lactone);
uv (95% EtOH) Xmal 209 nm (e 18,840); nmr (CDCh) 7.02 (q,
1, H-3), 5.62 (dd, 1,J = 3, 5 Hz, H-14"), 5.0 (poorly resolved
dq, 1, H-4), 459 (dq, 1,J = 3, 6.5 Hz, H-15"), 2.13 (s, acetate),
1.40 [pr of d, partially obscured by methylene peak; in benzene
aprofdat1.03,J = 6.5 Hz (each), lactone methyls], 1.28 ppm

(9) L. S. Ciereszko, J. Chem. Educ., 43, 252 (1966).
(10)
(11)

accounted for in part by the dilute solutions used for determining the spec-

See, however, footnote 7, ref 5 g.
This rather high field position for carboxyl proton absorption may be
trum of 1 owing to its limited solubility in CDCIr. see F. A. Bovey, “Nuclear
Magnetic Resonance Spectroscopy,” York

London, 1969, pp 82-85.

Academic Press, New and
Factors similar to those responsible for the upfield
shift of the carboxyl protons in oospolide and related structures may also
be operative in the case of 1;

L'ett, 4231 (1968).

see K. Nitta and Y. Yamamoto, Tetrahedron



Notes

(s, polymethylene). This material is isomeric with the hydroxy-
ancepsenolide acetate reported earlier.™

Anal. calcd for CaaHa0 6 C, 68.25; H, 9.24.
68.39; H, 9.16.

Dehydration of 2a.—Phosphorous oxychloride-pyridine de-
hydration of 129 mg of 2a in the manner described for hydroxy-
ancepsenolide®® afforded 96 mg (78%) of ancepsenolide: mp
91.5- 94.0°
[a]wa® +43.3° (2.98, CHCI3); infrared and nmr spectra for this
product were identical with those reported for ancepsenolide;* o
mmp [with an authentic sample of ancepsenolide (mp89.5-91.5°)]
89.5- 92.0°.

Found: C,

N otes

The Synthesis of
(9-AYM trans-Tetrahydrocannabinol

Jurtia Wow itaes
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Received August 14- 1970

The growrng interest_in the chemistry and phar-
macology of ¢annabinoids,1 which include the actrve
constituénts of marrguana and hashrsh has created a
need for new methods of synthetical IY aIterrng the
basic dibenzopyran skeleton. * We wish 1o describe th
pre aratron nd ropertres of A Hirans-tetran dro
can aoinol THC), which provides a key  in-
termediate f rthe rntroductron 0 new functionélities
at either C-9 or

AIthough a total S)B %srs of racemic A9én) -THC
has been Por(sed 2101 roc ical stu res It 1S desirable
to have a source of the optically active 1somer
of the natural confrguratron We therefore souqht a
method for the conversion of the readily available A8

(1) For a review, see R. Mechoulam and Y. Gaon
Naturst., 25, 175 (1967).
(2) K. E. Fahrenholtz, M Lurie

Soc., 89, 5934 (1967).

i, Fortschr. Chem. Org.

and R. W. Kierstead, J. Amer. Chem.

after recrystallization from chloroform-hexane,
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Reqistr 1 27261-77-4: 2a, 27261-78-5: 2b,
271261-79- 327261 80-9.
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the use oft col
Marine Laborator

or Adisomers to AYU)}THC, Thrs contrathermod
amrc onversion was comglrs ed bX E? ermrnatr n
ydrogen chloride addyct of 8é
Schemel ), Using the sterically hindere base potas

SCHEME |

sium trrcyclopentylcarbrnolate foIIowrng the grocedure
recentlg/ descrrb% 3/ Acharya and Brown.3 |t was
drrst r] cessary, Yer t0 rotect the Fher\olc
roxg group, thus ckrng an rntramo ecu ar
siste eIrmrnatron invol vrn heno ate nron
Scheme I. . This intramolecylar ﬁroc s has previqus|
een rnﬂenrously exploited in the conversion of A

The metnyl ether was selected as a protecting group
bec%use of its stabrlrt ﬁo both the acidic and ‘pasic
conditions employed in the reaction sequence and was
readi X tarned in greater than 90% gred Convey-
sion of the methyl ether to the hydrogen chloride
(3) S. P. Acharya and H. C. Brown, Chem. Commun., 305 (1968).
(4) T. Petrzilka and C. Sikemeier, Helv. Chim. Acta, 50, 1416 (1967).

(5) G. Brieger, D. Hachey, and T. Nestrick, J. Chem. Eng. Data, 13, 581

(1968).



722 J. Org. Chem., Vol. 36, No. B, 1971

adduct with zinc chloride and hydrogen chloride in
chIoroform at 0°, followed b%/ refluxing’a toluene soly-
tlon of th |? grodu?t with an excess Of potassium tri-
cyc openty rbinolate for 12 hr afforced a 65 35 mix-

tlre of% %methy ethers of A u>and ABTHC, plus a
gra%g oet e tA9 isomer.  Elution from silver nitrate-
il | with

a benzene-hexane mlxture rovided
nt| atlve se aratlon the more strongl %dsorbed
|somer b Ing isolated in" approxi atey 45%
ov&rall

¥n%er of reagents have been described which
concelvabIP/ might be used for the final conver3|on of
the methyl ether to the free phenal, Exca mg{/am Ic
rea%ents e 9., 00ON trioromi el) which wou |ous
cause doubfe bond m gratlon [thium iodi EGaP rid |ne
g/ rochloride,7 methylmagnesium qdide,8
tassium hydroxide (mdlethhllene ql con)twere exammed

urprlsm Iy, With an of these r S Isomerization
of t U.double %ond to the A and A9 positions
was com et|t|ve with demethylation.. However, de-
methylation with on ca. 10% |somer|zat|on was suic-
cessfull}){ accomo ish e usmg ﬁ)otasslum thiophenoxide

diet g/ene gﬁy enoxide has commonly
been uséd to arfect de uat rnlzatlon of amines,9 byt
there 1S only one brle unel orate report® of |t§
use with a phenol.  Its successu usema e attribute
to Its h| nucleoph|l|0|ty and to te sence_ of any

radical rocesses WhIC are probabl Sy responsible for
ISomeri atlon observed with reagents based on_iodi e
nucleoP ||?|ty Yields, have varled between 75 and
100% In different experiments. Longer reaction times
caused substantial isomerization of A§U-THC to the
more stable A8isqmer.

Partial |somer|zat|on also occurreo on bulb- to -hulb
distillation at 200° and ptoluenesu onic acid effected
quantitative conversion o ASTHC.

-THC exhibits re atlveh{ weak 2(osychotomlmetlc
prope les, showm% roximately y 2th'of the activit
A& and en administered Intravenousl
to mice.lL 1t has been recently demonstrated]Zthat
the magor metabohc deqradatign of A& and ASTH
Involves hydroxylation of the vinylic 11-methyl group
to produce Physmloglcaly actlve metabohtes this
meta 0|c pa hWE%IS not available ot e % ISomer.

Ises to be a useu syntn '[IC Inter-
pe Gl oy e

1on wi U | U
titatively aﬂp rds the 90 ﬁetoneg 2W ICR thn
used to obtam tritium or XC-labeled A9 HCB or

(6) 1. T. Harrison, Chem. Commun., 616 (1969).

(7) V. Prey, Chem. Ber., 75, 445 (1942).

(8) A. L. Wilds and W. B. McCormack, J. Amer. Chem. Soc., 70, 4127
(1948)
and J. F. Remar, Tetrahedron Lett.,, 1375
(1966); and J. White, J. Chem. Soc., 1729
(1965).

(10) G. K. Hughes and E. O. P. Thompson, Nature, 164, 365 (1949).

(11) The evaluation of the activity of cannabinoids is based on the
comprehensive procedure of S. Irwin, Psychopharmacologia, 13, 222 (1968).

(12) M. E. Wall, D. R. Brine, G. A. Brine, C. G. Pitt, R. I. Freudenthal,
and H. D. Christensen, J. Amer. Chem. Soc., 92, 3466 (1970); S. H. Burstein
F. Menezes, E. Williamson, and R. Mechoulam, Nature, 226, 87 (1970);
Z. Ben-Zvi, R. Mechoulam, and S. Burstein, J. Amer. Chem. Soc., 92, 3468
(1970); R. L. Foltz, A. F. Fentiman, E. G. Leighty, J. L. Walter, H. R
Drewes, W. E. Schwartz, T. F. Page, and E. B. Truitt, Science, 168, 845
(1970); 1. M. Nilsson, S. Agurell, J. L. G. Nilsson, A. Ohlsson, F. Sandberg,
and M. Wahlqvist, ibid,, 168, 1228 (1970),

(13) For a recent example of radiolabeling using the racemic ketone
obtained by total synthesis, see J. L. G. Nilsson, 1. M. Nilsson, and S. Agurell
Acta Chem. Scand., 23, 2209 (1969),

Notes

alternatively, higher ho h I gs of the cannabinoids
(Scheme 11 'R ="alkyl, CT3 of XCH3.

scheme Il

R=alkyl

Experimental Section

ABTHC 1-Methyl Ether.—A procedure described by Brieger,
Hackey, and Nestricke was employed. Anhydrous potassium
carbonate (4.95 g) and methyl iodide (14.0 ml, 0.225 mol) were
added to a solution of A3THC (4.84 g, 15.4 mmol) in dimethyl-
formamide (24 ml), and the mixture was stirred and refluxed for
20 hr. At this time glc of an aliquot showed that the reaction
was virtually complete. The mixture was poured into water (100
ml) and extracted with hexane (three 100-ml portions). The
combined organic extracts were washed with Claisen’s alkalii4 to
remove unchanged ATHC and then with water and dried over
magnesium sulfate. Removal of the solvent gave 5.04 g of the
methyl ether as a brown oil, shown by glc to be 98% pure.

An analytial sample was prepared by silica gel thick layer
chromatography. The nmr spectrum showed a singlet at r 6.26
(3 H, OCH3) in addition to the typical absorption observed for
As-THC.1

Anal. caled m/e for Cz2Ha0 2 328.240. Found: 328.239.

A"U-THC 1-Methyl Ether.—To the methyl ether of AaTHC
(2.05 g) in chloroform (60 ml) was added fused zinc chloride
(1.1t g), and anhydrous hydrogen chloride was then passed
through the stirred mixture for 2 hr at 0°. The mixture was
was then kept at room temperature overnight, before diluting
with chloroform (40 ml) and washing with water (two 50-ml
portions), aqueous sodium bicarbonate (25 ml), and water (10
ml). After drying over magnesium sulfate, the solvent was
evaporated IN vacuo to leave 2.25 g of the hydrogen chloride
adduct as a light brown oil. The formation of this adduct was
confirmed by mass spectroscopy (Calcd m/e for Cz2H3CIOz:
364.217. Found: 364.218.) and nmr spectroscopy, which showed
the absence of olefinic protons.

The hydrochloride adduct (3.94 g, 10.8 mmol) was dissolved
in 65 ml (32.5 mmol) of 0.5 M potassium tricyclopentylcarbino-
late in toluene, and the solution was refluxed under nitrogen for
23 hr. The mixture was washed with water (three 50 ml portions)
and dried over magnesium sulfate. Concentration In Vacuo,
followed by elution of the crude product from 22% silver nitrate-
silica gel with a solvent gradient of 10% benzene in hexane to 25%
benzene in hexane, gave 1.67 g of AQU-THC 1-methyl ether of
97% purity, as well as 0.24 g of 73% purity: nmr I (CDCI3)
526 (2 H,s,W.. = 8 Hz, C=CH?2), 9.22 (t, J = 7 Hz, CH3
(CHS),), 8.97, 861 (6 H, s, C(CH»)j). 7.50 (t, J = 7.5 Hz,
Ar CH2, 6.36 (1 H, d,J = 12Hz, ArCH),6.21 (3H,s, OCH3,
3.77, 3.71 (2 H, s, Ar H); ir 890 cm"1

Anal. Calcd m/e for C2H202: 328.240. Found: 328.240.

ARh)-THC.—A (50:50) mixture of A<4-THC and ABTHC 1-
methyl ethers (3.10 g, 9.45 mmol), potassium thiophenoxide
15.8 g, 107 mmol), thiophenol (2.0 ml, 19.5 mmol), and di-
ethylene glycol (160 ml) was refluxed under nitrogen for 30 min.
The mixture was then diluted with water (200 ml) and extracted
with hexane (two 200-ml portions). The combined organic
extracts were washed with 3 M aqueous potassium hydroxide to

(14) L. F. Fieaer and M . Fieser, “Reagents for Organ
New York, N. Y., 1967, p 153.

ic Synthesis,” Wiley,
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remove thiophenol and then extracted with Claisen’'s alkali
(three 100-ml portions). The latter extracts were diluted with
water, neutralized with carbon dioxide, and then extracted with
hexane. The combined hexane extracts were dried and concen-
trated to give 2.68 g (91%) of a 43:57 mixture of A«U>-THC and
As-THC.

An analytically pure sample was obtained by elution from silver
nitrate-silica gel: nmr r (CDCh) 9.12 (t, ] = 7 Hz, CH3
(CH24), 8.95, 8.82 (s, C(CH32, 7.56 (t, J = 7 Hz, Ar CH2),
6.26 (d,J = 12 Hz, Ar CH), 522 (s, 2H, C=CH?2), 3.92, 3.83
(s, 2H, Ar H); ir >w 3600 (OH), 890 cm«1 (C=CH2); [a]“d
- 38.5° (c 1.03, 95% EtOH).

Anal. cCalcd m/e for C2iH202: 314.225. Found: 314.225.

II-Nor-9-ketohexahydrocannabinol 1-Methyl Ether— a o<11)-
THC 1-methyl ether (1.48 g, 4.51 mmol) in feri-butyl alcohol
(742 ml) was treated with potassium carbonate (1.88 g) in water
(100 ml), potassium permanganate (0.233, g, 1.48 mmol) in
water (100 ml), and sodium metaperiodate (7.74 g, 35.4 mmol) in
water (150 ml). After stirring at room temperature for 75 min,
the mixture was extracted with benzene (three 500-ml portions)
and the combined organic extracts were washed with saturated
aqueous sodium bicarbonate (250 ml) and water (250 ml). After
drying and concentrating, there remained 1.36 g of the desired
product as a pale yellow oil of 99% purity. This product crys-
tallized with difficulty from hexane: mp 87-88.2° (capillary);
ir 1715 cm“1, nmr T(CDCh) 9.12 (t,/ = 7Hz, CH3(CH24),
8.92, 8.78 (s, C(CHa)j), 7.48 (t,J = 7 Hz, Ar CH2), 6.24 (s, 3
H, OCHs), 3.78, 3.69 (s, 2 H, Ar H).

Anal, Calcd m/e for C2iH0O3 330.219. Found: 330.220.

glstr No—wansA% }THC 27179-28-8: trans-
A9§ metgl 27179-29-9; _ 11-nor-9-
ohexahydrocann binol 1methy| ether, 27179 302
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Synthesis of 7-Dimethylamino-6-demethyl-
6-deoxytetracycline (Minocycling) via
9-Nitro-6-demethyl-6-deoxytetracycline

Robert F. R. Church,* Robert E. Schaub,
a i iss

Process and Preparations Section, Lederle Laboratories Division,
American Cyanamid Company, Pearl River, New York 10966
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RecenH it has heen estﬁbllshed that mlnocycllne
(7-dimet {Iammo -6-0emethyl-6 deoxxtetracyclme

a unique tetracycline derivative in that 1t 1s e ectlve

ﬁ%&”%‘%ﬁ%& om0 s Srally Dt
; ation o? 7n|(I]r0- _y H] t%

gtamed b nltratlon of the ac

?ox #tr cycline 81 Unfor-

tunately, the nitration of 1 or $'a preponderance of

the undesired 9-nitro 1somer 2, from which the [-nitro

isomer 3 must be separated.4 “Obviously, the efficiency

(1) M.J. Martell and J. H. Boothe, J. Med. Chem., 10, 44 (1967).

(2) G. sS. Redin, Antimicrob. Ag. Chemother.,, 371 (1966); J. Federko,
S. Katz, and H. Allnoch, Amer. J. Med. Sci., 255, 252 (1968); N. H. Steig-
bigel, C. W. Reed, and M. Finland, ibid., 255, 179, 296 (1968).

(3) J.R.D. McCormick, E. R. Jensen, P. A. Miller, and A. P. Doerschuk,
J. Amer. Chem. Soc., 82, 3381 (1960).

(4) J. Petisi, J. L. Spencer, J. J. Hlavka, an
5, 538 (1962).

reductive meth
deox%/tetrac cline 3
cessible3 6 emeth

dJ. H.Boothe, J. Med. Chem.,
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of this process wogld be enhanced by the utilization of
the9n tro Isomer
T e cqnversion of 2 to 5 has now heen achieved.via
rewously reported69 amino-7-nitro intermediate
o tajned by catalytic reduction of 2 to the 9-aming
derlvatlve4f llowed by nitration.6 The ke5yfeature of
this sequence Is the transformation of 6 3{ deami-
nation at the_9 position via dlazotlzatlon ébut nitrite,

sulfuric acid)7followed by reductive cleavage. ~ Heatin
of the |solai)ed dIaZOHIUX] salt 7 In ethanol affords th%
N(CHz3)2
/IOH
AL

”ryU \Y

OH OH 07 HO
1

cnh2

1

T-nitro intermedjate 3,8convertible to the IEroduct ?
previously described. -~ This transformatlo as wel
reductive” meth Iatlon Was a&comp ished in one ogera
tion by submitting 7 ,prepare in situ, 10 hydrogen tion
with palladium catalyst in the presence ‘of formalde-

hyde.

(5) J. L. Spencer, J. J. Hlavka, J. Petisi, H. M
Boothe, ibid,, 6, 405 (1963).

(6) A study of this reaction con
oted that a twofold excess

Furthermore, nitration

Krazinski, and J. H.

firmed the reported conditions6 as
of nitrating agent resulted in
in liquid hydrogen fluoride gave ap-

optimal.
It may be n much
lower yields.
parently poorer results

(7) J. J. Hlavka, A. Schneller, H. Krazinski, an
Chem. Soc., 84, 1426 (1962).

(8) For an earlier example of this reaction
ref 7.

(9) The replace
dure is due either

d J. H. Boothe, J. Amer.
in the tetracycline series, see
ment of the diazonium group by hydrogen by this proce-
to hydrogenolysis or to reduction by formaldehyde. In
sual. Reduction of diazonium salts by formaldehyde is
nnnnn Ily carried out in alkaline R. Q. Brewste nd J. A. Poje

J. Amer. Chem. Soc., 61, 2418 (1939).
groups in the presence of palladium catalyst, a reaction

another tetracycline by Dr. J. J. Hlavka of these laboratories

ture precedence

medium:
tic diazonium
st noted with
has no litera

Hydrogenolysis of arom a
fir

of which we are aware
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The overall yield of the 7 dlmethh/lammo proguct 5
from the? -nitr |somer 15 34%, and the yield obtainable
|recr¥ rom the /7-nitro 1somer is 54%. Thus the
eff|C| oy of the nitration ?rocess for the preparatlon of
5 1S 0gpendent upon two factors: _ (1) the ratio of the
nitro |somers and (2) their tota] yield. We have been
unable fo |mﬁrove he - to 9-nitro jsomer ratio (about
aIth? the nitration of 1has been studied rather
ext NSIVe ttl However, we have been able, b nltratlng
|n liquid eydro%en fluoride, Dto increase the total
se arated nitro isomers to almost quantitative from
the less than 50% ohserved when nitration is carried out
In concentrated sulfuric acid.  This procedure. affords

an 11.7% average yield 89 14% 5ofthe7mtro IS0-
merand7 7.4% [73.5-80.6%) of the 9-nitro Isomer, hoth
Purlt The Iowe 7to0 9 |somer ratio IS more
than offset b%/ the much higher total yi Dupllcate
conversmns f6demeth |-6-deoxyte rac cllne (1?
procedure gave an étverallq) overa y|ed

0

5usmgt
0.3% via the 7-nitro JsOmer an via the 9-nitro

Isomer for a respectable total yield of 32.7%.

Experimental Section

All hydrogenations were carried out on a Parr hydrogenation
apparatus at pressures of 5-35 psig. Solutions were dried over
sodium sulfate and evaporations were carried out at reduced pres-
sure. See ref 11 for bioassay data.

Nitration of s-Demethyl-6-deoxytetracycline (1) in Liquid
Hydrogen Fluoride.—A solution of 20.7 g (50 mmol) of 6-
demethyl-6-deoxytetracycline (1) in 170 ml of liquid hydrogen
fluoride was cooled in Dry Ice-acetone and treated with 5.06 g
(50 mmol) of potassium nitrate. Nitrogen was blown over the
solution while warming in a water bath for 30 min, and the
black residue was evacuated (water aspirator) until no further
gas evolution was noted. Cold acetone (80 ml) was added and the
mixture was shaken to effect solution of the residue. After
filtering and washing the acetone-insoluble material (KF-HF,
3.09 g, 78% of theoretical), the filtrate was poured into 2 1 of
stirred ether. The mixture was stirred 35 min and filtered. The
filtrate immediately developed additional precipitate; it was
filtered again and combined with the previously obtained solid,
and the entire yellow mass was washed with Ca. 100 ml of ether.
The crude nitration product weighed 26 g.

Separation of the Crude Mixed Nitro Isomers.-—This method
is a modification of the documented procedure.4 The crude nitro
product was suspended in 160 ml of methanol, and triethylamine
was added with stirring to adjust the pH to 7.5. The mixture
was stirred 45 min, maintaining (with triethylamine or sulfuric
acid) the pH at 7.5 + 0.2, and then filtered. The filter cake was
washed with Ca. 50 ml of methanol (the combined filtrates were
saved for recovery of the 7-nitro isomer) and resuspended in 120
ml of methanol. The pH was adjusted to 6.5 with sulfuric acid,
and the mixture was stirred 3 hr and filtered. The filter cake
was washed with a small amount of methanol and dried In vacuo
to constant weight to afford 18.21 g (79.0%) of a yellow solid
(bioassayu 421).

The filtrate, after removal of the 9-nitro isomer 2, was im-
mediately treated with sulfuric acid to pH 1.0 and stirred at
room temperature for 3 hr. The 7-nitro isomer 3 crystallized as
the sulfate salt; it was filtered and washed with a few milliliters
of methanol, and then dried IN vacu0 to constant weight to afford
2.99 g (10.6%) of a pale yellow powder (bioassayi 4254).

The results of four such experiments are given in Table I.

(10) A preliminary study of this reaction was carried out by P. Bitha of
these laboratories.

(11) Bioassays were measured by the turbidimetric assay of E. Pelcak and
A. G. Dornbush, Ann. At Y. Acad. Sci., 51, 218 (1948), using Staphylococcus
aureus as the test organism Results are compared to neutral tetracycline
standard (1000), except for the case of minocycline (5) which was compared
to minocycline neutral (1000). Standard in vitro biological activities for the
other compounds discussed in this paper are as follows: 9-nitro-6-demethyl-
6-deoxytetraeycline (2), 200; 7-nitro-6-demethyl-6-deoxytetracycline (3),
6000; 9-amino-6-demethyl-6-deoxytetracycline (4), 1400;
6-demethyl-6-deoxytetracycline (6), 4000.

7-nitro-9-amino-

Notes

Tabie |

Expt jmm——— 9-NCh isomer 2--—-- ) B 7-NOi isomer 3-————m--
no. Yield, % Bioassayll Yield, % Bioassay1ll
I 79.0 421 10.6 4254
2 73.5 594 14.9 3587
3 80.6 774 s.5 4360
4 76.6 665 11.8 3868

Av 77.4 Av 11.7

Reductive Methylation of 7-Nitro-6-demethyl-6-deoxytetra-
cycline (3) to Minocycline (5) Hydrochloride Dihydrate—The
procedure described by Martell and Boothet was used. All of the
7-nitro-6-deoxytetracycline, obtained from the four experiments
described above, was blended and divided into two portions which
were treated separately. The vyields of 7-dimethylamino-6-
demethyl-s -deoxytetracycline (5) disulfate obtained from the
two preparations were 89.4 and 89.8% (bioassayi 509 and 469,
respectively).

The disulfate salt was converted to the monohydrochloride
dihydraterz by the following procedure.is A solution of 5.67 g
of 7-dimethylamino-6-demethyl-6-deoxytetracycline (5) disulfate
in 68 ml of water containing 0.226 g of sodium sulfite was adjusted
to pH 6.5 at 25° by dropwise addition of 5 A sodium hydroxide.
The solution was extracted successively with 145, 115, 115, and
115 ml of chloroform. The combined extracts were washed with
6 ml of saturated sodium chloride solution, dried, and evaporated
to dryness (25° bath) to afford 4.5 g of aglass. The material was
suspended in 8 ml of 1 A hydrochloric acid and the pH was
adjusted to 1.1-1.3 with 6 A hydrochloric acid. The resulting
solution was stirred for about 5 min with activated charcoal and
filtered through acid-washed Ceiite,14 and the filter cake was
washed with 3 ml of 5% sodium chloride solution. The mother
liquor was stirred, the pH was adjusted to a constant 4.0 with
5 A sodium hydroxide, and the mixture was then stirred at 5° for
several hours. The product was collected by filtration and
washed with 5 ml of 5% sodium chloride and 1.5 ml of 0.001 A
hydrochloric acid. Drying at room temperature under reduced
pressure for 24 hr afforded the crude hydrochloride of 5.

The product was recrystallized as follows. A solution of 1.52 g
of the hydrochloride was dissolved in 3.2 ml of 1 A hydrochloric
acid, and the resulting solution was treated with 16 mg of
activated charcoal for 10 min, followed by filtration through
acid-washed Ceiite.s The cake was washed with 0.4 ml of 5%
aqueous sodium chloride. The combined filtrate and wash was
adjusted to pH 4.0 with 5 A sodium hydroxide. The suspension
was stirred at o ° for several hours and then aged in the refrigera-
tor overnight. The solid was collected, washed with 1 ml of
0.001 A hydrochloric acid, and dried at 40° in vacuo for several
hours to give 1.43 g (94%) of product.

By this procedure, conversion of the two samples of the di-
sulfate salt of 7-dimethylamino-6-demethyl-6 -deoxytetracycline
(5) gave the corresponding monohydrochloride dihydrate in
yields of 59.4 and 60.2% (bioassayi 893 and 892, respectively).
This product was identical by spectral and chromatographic
analysis with an authentic sample of minocycline monohydro-
chloride dihydrate.

Reduction of 9-Nitro-6-demethyl-6-deoxytetracycline (2) to 9-
Amino-6-demethyl-6-deoxytetracycline (4).—The 9-nitro-6-de-
methyl-s-deoxytetracycline (2) obtained from the four experi-
ments described above was blended, and the combined material
was then divided into two portions and hydrogenated as de-
scribed previously.s The products of the two experiments were
purified by conversion of the isolated disulfate salt to the neutral
forms followed by reconversion to the disulfate in overall yields of
82.8 and 84.7% (bioassayi 1096 and 985, respectively).

Nitration of 9-Amino-6-demethyl-6-deoxytetracycline (4).—
The procedure previously described was used.s The yields, in
duplicate experiments, of 9-ammo-7-nitro-6-demethyl-6-deoxy-
tetraeycline (6) obtained from the above-described 4 were 98.0
and 99.0% (bioassayit 3000 and 2734, respectively).

Conversion of 9-Amino-7-nitro-6-demethvl-6-deoxytetracycline
(6) to Minocycline (5) Hydrochloride Dihydrate.—To 120 ml of
iee-cold methanol containing 0.54 ml of concentrated sulfuric

(12) This salt was first prepared by Dr. J. Krueger and Mr. W .
(Belgian Patent 696,488) and is recorded in ref 1,
(13) We wish to thank Dr. M

Barringer

Tobkes for this procedure.
(14) Ceiite is the trademark of the Johns Manville Co, for diatomaceous
earth silica products.
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acid was added with stirring 6 g of 9-amino-7-nitro-6-demethyl-6-
deoxytetracycline (6). To the resulting solution was added 2.03
ml (2 mol equiv) of w-butyl nitrite, and stirring was continued
for 1.75 hr during which time a red solid separated. Ureais (540
mg) was added and stirring was continued for 15 min. After
the addition of 19 ml of 40% aqueous formaldehyde, the solution
was added to a suspension of 1.5 g of 10% palladium-on-carbon
catalyst in 7 ml of ethylene glycol monomethyl ether. After an
apparent induction period of about : hr, hydrogen uptake could
be observed and was complete in about 45 min. The filtered
solution was poured into 2 1. of ether and aged in the refrigerator
overnight. The supernatant liquid was decanted and the residual
solid taken up in 125 ml of methanol and reprecipitated from 1400
ml of ether to give 5.4 g (92.0%) of crude minocycline disulfate.

A duplicate experiment afforded 91.0% of product 5 disulfate.
These products were then converted by the procedure described
above to once-recrystallized minocycline monohydrochloride
dihydrate in yields of 43.8 and 46.4% (bioassayit 960 and 930,
respectively), identical by spectral and chromatographic analysis
with an authentic sample.

Registry N o— 2, 27298-24-4; 5, 27179-27-7.

Acknowledgments.* —The aUthorS are |nd6bted tO
Mr. L. Brancone ang staff for microanalyses, and fo
Mr. A Dornbush and Dr. J. J. Cor ett and their staffs
for brolo%:a assMy We are grateful to Drs

av a artell R Wmterbottom and

Miss P. Brtha for usefuI conversations. We also
wrsh to ackpowledge that the 9n|tro route to mino-
cyclmewasfrrstsuggeste by Dr. R. G. Wilkinson.

(15) The pr e of a large excess of butyl nitrite was found to inhib
the subsequent hydrogenation

Structure of Murrayacinel

D. P. Chakraborty,* K. C. Das,2and B. K. Chowdhury3
Bose Institute, Calcutta 9, India

Received June 18, 1970

Singe t

e]port of the frrst carbazole alkaloid mur-
rayanine4 (1)

Om the Stem ark Of Murraya koenigii

(Family ryta jeae) stu(py of carbazole alkaloids
ate

en
?r% gne taxonomrcalyrel genera murraya. Q.
cosmisfJd an Clausena? 0 Rutaceae

e
resulted in isolation of different carbazole alkaloids. 89
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The present communication relates to the structure
of one of these, murrayacine (I1), which was Isolated
from the stem’ Dark Of wurraya koenigii SPIENG. In

Murra acme C18H15N 2, mp 244-245° 6
rh %ave a 2:4- dmrtro nenylnydrazone and reduced
am |aca sr Ver nitrat squtron showing the presence
of ana e de function. _ Its Ir spectrum (KBr) showed
ea sat OgNH functron) 1675 (‘carbo yl T nctrong
gun aturation and aromatic group), and 89
0 cm-1 (substituted benzene errvatrve) Its
uv SPECHTUM pamaxcr 226, mu 3Io P) 282 4572
301 458rAwas verX simil rt those of 3-formy|ca
azoelo urra anine | 4-dimethyl-3-formylcar-
bazole.a This su rr‘;ested the presence “of a 3-formyl-
carbazole chromo ore in I,
rfnmrs ectrum of [ (60 Me in DMSO) showed
srgnasats 0.68 (for an_aldehyde tunction) and at 5
(for the NH functrong One of the" aromatic
protons appeared as a smgl t at s 8.4 while the other
our agpeare as murtr S centered around 5 8.15
and 7.30.. The sharp ng et for the six protons to
9ether with the dou lets™ for one proton each at
00 and 5.95 J- 10c s/sec) rev led the presence
of a 2,2-dimethy|-A3 pyran ring. high intensity
mas%spectral gak aftm/e 262 ( WS sugge trve
of the formation o the carbazolopy Hium 1on Q
during mass]spectral ragmentatron The mass spe
trum “also showed peaks at m/e 234 (M — 15 —28
due to loss of mass 28 from 11]. el
consrstent wrth the presence of a 3- or 6-formyl-2'2"-
|met pB/rano arhazole skeleton. The iSolation
of car azoe zmc dust distillation confirmed the
carbazole skeleton in |

~——

All'these data were

An alcohol (1Y), obtained by sodrum boroh /dride
redyction of 1], had a uy spectrum strikingly $i mrlar
to that of grrmrmbme gv the first 2,2-dimethyl-A3
granoc rbazole. from tplant ource.1l This su?

sted that an |dent|cal chromo ore was present

e two comﬁoun s Because p acin was ob-
tained only 1n small quantity, in or ation reriar Ing
the fusion” of the R ran rmgﬂ to th e carbazole . rjng

n 11 was based on thé struct cidation of girinim-
hmelw?ncth was formu?ated y Ch hraborty, get al.n
We Rrevroush( retported that ozanolysis of V furnished
an a-hydroxya Structure elpcrdatron
o this ade g/de wouId S ttIe the structure o drrmrm
bine. furse of te resent work we Tsolated
not on t e alfe yde VII tasot e(porresRongmo

ydraxy acl % etter INc Qus
drstrllatron of VII fur fhedBmeth%;carbazole Jhrs

showed that the meth roup
Was attached to C-3 of C-6 of the carbazole nucleus
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of which A 226 mu 9 4.50), 253
(409) 292 (422) 330 374) "and '3 g389 Was
characterrstrc of ‘a 1-formylcarbazole. Decarl nﬁ/
tion 0 resir ted na ghenolrc carbazole which
could be methylated wrth lazomethane to the cor-
respondrng meéthoxycarbazole. S The met 0 m\% com-

pound had a uv_Spectrym charac%errshrc %I)o 2e

4.69), 258 (e 4. 300 (4,15
mett%ox carBaonZ Thrs sho ed thatt enol had
ormuated

Furthermore VII %an 0-acetate &IX) the uv spec

e hydroxyl qrou n could
ertheryas 2yhy8rox93meth carbazole ?X }/
droxy-b-methylcarbazole ( )145 On co mparrson wrh
synt etrc s ecrmens of X and XI, It has b
oﬁ”tt'ts%as. ) pofrmdet e rvmv:rtlated

r? |rrn|¥n mey \)/ ?re alconol
would therefore he IVa or IVb

IR, =CHO;R, =H
IVa,R1=CHDH;R;=H
IVb, R, = H; R, = CH,OH

V,R,=CH3R2=H

VII, R, = CHO; Rj = OH; R3= CH3 R4= H
Vili, R, = COH; R, = OH; R3= CH3 Rd= H
IX, R4= CHO; Rj= OCOCH3 R3= CH3 R4= H
X, Rj= R4= H R, =OH; R3=CH3
Xa, R[ = R4= H; Rj = OCH3 R3= CH3
XI, R, = R3= H; R2= OH; R4= CH3

H 1

XIl, R= CHO
X, R= CH3

Dihydromurrayacine (XII + 279 3328,
,¥6 00, 872, °755 cmg Peld(e’\gdrw roqi rrnrmbrzne
F IIg on LIATH4red uctron enc% érrra acine was
. a Structure which accounts for the deshielded one-
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s 8.40 as being due to H-4. The
ore Va.

Experimental SectionT?

Isolation of Girinimbine and Murrayacine. Girinimbine (V).
—Air-dried finely powdered stem bark of Murraya koenigii
Spreng. was extracted with petroleum ether (bp 40-60°). The
residue after removal of solvent, was taken up in dry benzene and
chromatographed over alumina (500 g). Eluents were collected
in fractions (150 ml each). The residue from the 16th to 21st
fraction on washing with petroleum ether gave yellowish crystals
(1 g), mp 171-172°. On further crystallizations from a mixture
of benzene and petroleum ether (bp 40-60°) and subsequent
sublimation, a substance melting at 176° was obtained. This
was identical with girinimbine. 1l

Murrayacine (11).—On removal of eluents from fractions 76-85
(benzene-chlcroform mixture), a yellowish brown semisolid
residue was obtained which on crystallization from ethyl acetate
furnished light yellow crystals (50 mg), mp 235-240°. This on
sublimation [180° (0.05 mm)] and further crystallization from
ethyl acetate melted at 244-245°.

Anal. calcd for CEHENO2 C, 77.98; H, 5.41; N, 5.37.
Found: C, 78.41; H, 5.67; N, 5.37.

2,4-Dinitrophenylhydrazone of 11.—2,4-Dinitrophenylhydra-
zone was obtained in the usual way. The resulting product was
washed with methanol. The residue melted at 280°.

Anal. calcd for CuHiNes: N, 15.31. Found: N, 15.1.

Sodium Borohydride Reduction of Murrayacine to IV.—A
solution of murrayacine (15 mg) in methanol (20 ml) was reacted
with an excess of sodium borohydride at room temperature for
20 hr. Water and 10% hydrochloric acid were added to the mix-
ture. It was extracted with ether, made acid free, and dried.
On removal cf the solvent, a compound, mp 200°, was obtained.
It was recrystallized from methanol and was found homogeneous
by paper chromatography: A™“1238 m/i (log e 4.56), 288
(4.16), and 330 (3.64).

Anal. calcd for CisHZNO2: C, 77.40; H, 6.13; N, 5.0.
Found: C, 77.10; H, 5.93; N, 5.29.

Dihydromurrayacine (XI1).'—A mixture of murrayacine (30
mg), Pt02 (50 mg), and absolute ethanol (20 ml) was stirred at
room temperature for 3 hr in the presence of hydrogen. The
mixture was filtered. On removal of the solvent, a solid product
was obtainec. which on crystallization from methanol furnished
a colorless compound, mp 176°.

Anal. cCaled for CHINO2 C, 77.40; H, 6.13; N, 5.01.
Found: C, 77.25; H, 5.83; N, 5.34.

Zinc Dust Distillation of Murrayacine. Isolation of Carbazole.
—Murrayacine (100 mg) was thoroughly mixed with dry zinc
dust (10 g) and was distilled1when a solid was obtained. The
solid was dissolved in benzene and chromatographed over alu-
mina (3 g). From the benzene eluent of the chromatogram, a
compound, CIHIN, mp 225°, was obtained. This was identical
with carbazole in all respects (mixture melting point, uv, and
tic).

Ozonolysis of Girinimbine.—Through the solution of V (1 g)
in carbon tetrachloride (120 ml) was passed ozonized oxygen for
1.5 hr at —10° when no further uptake of ozone was noticed.
Ice-cold water was added to the reaction mixture and heated on a
water bath for 30 min to decompose the ozonide. The phenolic
fraction isolated from the reaction mixture as a brown mass was
dissolved in benzene. This was chromatographed over silica gel
and 25 ml of each fraction was collected using benzene as
an eluent. Fractions 5-9 yielded a compound, mp 186°, and
fractions 9-16 gave a compound, mp 250°. The compound (50
mg) melting at 186° on recrystallization from benzene melted
at 193°, identical with the hydroxyaldehyde VII previously
obtained1l (mixture melting point and uv). The compound V111
(100 mg) melting at 250° on recrystallization from benzene,
melted at 255°: 3390, 1700 cm“1

Anal. calcd for CiH,NO3Z C, 69.70; H, 4.60; N, 5.81.
Found: C, 69.43; H, 4.60; N, 5.89.

Acetylaticn of VII to IX.—The aldehyde VII (25 mg) was dis-
solved in pyridine and acetic anhydride (2 ml) and refluxed for

(17) Melting points were determined on a Kofrler block. For chromatog-
raphy, alumina by Sarabhai-Merck Co, and Merck silica gel were used.
Ultraviolet spectra (95% ethanol as solvent) were recorded on Beckman

D K-2 and Hilger and W atts uv spectrophotometers.
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1 hr. The reaction mixture was poured into crushed ice and an

almost colorless substance separated. On crystallization of the

substance from benzene, 1X, mp 217°, was obtained (20 mg):
3400, 1750, 1660 cm*“1

Anal. cCaled for CieHisNO3: C, 71.90; H, 4.90; N, 5.4
Found: C, 71.78; H, 4.82; N, 5.37.

Decarbonylation of VII.—The aldehyde VII (40 mg) was
mixed with Pd/C (20 mg) and heated in a sealed tube with 1
ml of dry alcohol for 15 min at 270° under vacuum. The residue
obtained, after removal of solvent from the alcoholic extract of
the reaction product, on crystallization from benzene furnished
crystals of X melting at 243°. The compound was soluble in 1%
alkali and gave an olive green color with alcoholic ferric chloride
solution. This was found identical with 2-hydroxy-3-methyl-
carbazole (mixture melting point, uv) and different from 2-
hydroxy-6-methylcarbazole (mixture melting point 2:10-220°):
Xl 1236 mfi (log e4.72), 258 (4.31), 302 (4.24).

Anal. caled for CBHUNO: C, 79.17; H, 5.62; N, 7.10.
Found: C, 79.03; H, 5.57; N, 7.10.

Méthylation of X.—The phenol X (40 mg) in methanol (15
ml), on treatment with diazomethane and keeping in a refrigera-
tor for 16 hr, furnished a semisolid mass. This was dissolved in
benzene and chromatographed over alumina (3 g). From the
fractions collected with benzene as eluent, a colorless solid (Xa)
was obtained which on crystallization from a mixture of benzene
and petroleum ether melted at 225° (yield, 15 mg).

Anal. calcd for C,H3NO: C, 79.59; H, 6.20; N, 6.63.
Found: C, 79.54; H, 6.08; N, 6.81.

Reduction of Dihydromurrayacine to XI111.—A solution of XlII
(5 mg) in tetrahydrofuran (10 ml) was slowly added to a suspen-
sion of LiAIH, (1 gm) in tetrahydrofuran (7 ml). The mixture
was refluxed for 3 hr. The LiAlH4 was decomposed and the
reaction mixture was extracted with ether. The ether layer was
washed with water and dried, and solvent was removed from it.
A solid, mp 176°, identical with dihydrogirinimbine (mixture
melting point, tic, uv) was obtained. No analysis was possible.

Zinc Dust Distillation of an a-Hydroxy Acid VIIl. Formation
of 3-Methylcarbazole—The compound VIII (100 mg) was
mixed with zinc dust (7.5 g) and distilled by the method and
procedure described previously.4 On working up the reaction
product, a cbmpound, mp 207°, was obtained. This was identi-
fied as 3-methylcarbazoles (mixture melting point, uv).
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In order to develop a method for the preparation
of some 0- acgllated denvatlves of cytosme in Ear
ticular, f% tri 0 benzo Ic ytiding “ (1V), a study
was made of some 4-N t)sme in‘an attempt
0] obtamadenvatlvewh hcou e deacylated at 4 N
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usm? conditions under which the su%ar benzoyl fgroups
would estable The onlg method avallabe rob
ﬁlnln%partla y acylated derivatives of cytidine |ve
derivative as the final prodyctl or
t|aI ylated derivatives2 A tirellmlnar com-
mun|cat|on of part of this work has & read%/ appeared,3
[

and from this study it was apparent tha na(%ueous
media, of the derivatjves mvesﬂgated (4-Vtritlyoro
acetyl-, trichloroacetyl-, dichloro cet){ monochlorg-
acet , and acet ICY osine), only the Tatter two would
be fe as_a pro ectlng group for 4 N because of
the ab| |t?/ of the other d r|vat| s,

Chloroacet. yIcytosme g was prepared as pre-
wousx descnbed% his wseJa y converted Into
ct03| e under m|d aC|d|c con t|onsJ the time for

eing 13.5 min,

|
com a?/e Yt?t 130m|nforthe hydrol SIS of4 V acet I
c tosme The comp ound Was in %mne y stable
y et noI and dr pyridine. as prevmusp/
been reported4that the C|d|cdeac Iatlon of 4-N-acet
cytosine (80% acetlc acid) ?ave mlxture of cytosme
a d uracil in equal amounts. In the p re%ent stud X
no chromatogra <phlc eV|dence was found for the presence
of ang Tram (t?@ in the acidic hg/drolysate of either
hloroace 4-\/- acetylcyto ine

NH

0

I, R>=H;R = CHZ1C-
e}
Il, Ri1= 2,,3,5-tri-o-chloroacetylribose; R= CHCIC—
0
111, R1=2',S/,5',-tri-o-benzoylribose; R=CH:C—
1V, R>= 23 5'-tri-o-benzoylribose; R= H

R R
Vil, R=H
Vili, R= 2,3 5-tri-o-chloroacetylribose

V, R=H
VI, R—ribose

HOOCCHOoNH HOOCC
° /\
nh H
IX X
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The normaI method for the removal ofthe 4-V- acew
?roup from cytosrne i to use_alkaling con rtrons the
ime for 50% "hyd ro(}/srs In 0.01 n KOH at 2 erno
40 min; and | %rn methanol 5/ m|n3 I
was hoped that the4er loroacetyl rou would
removed even faster under these condition partrcu ar
as It had been shown that th? was suf frcren o rn
stantaneouslg deacylate the trifluoroacetyl-, trrch 0r0-
acetyl-, and dichlorgacetylcytosines.. However, a prod-
uct was rsoIated in fair Xreld which was shown by
ﬁs uy an nmr_spectra eementa anadysrs to e
the rmr azop rrmrdrne 3-dihydr
oxo c“rgnmr Ine, for edb acrr/(chzatr N reactron
between ofthenﬁwrrmr rne rn the chl roacet
?roug with t e elimination 0 h rogen ch on e. Cop-
Irmation of the rdentrt of t om oun was o
taine y rolysis to car boxymethyl-

from its acidic h
C tosrne V? and its alkaline hr&dro

sis 10 carbox
ethg/ uracil, g g Ueda and have observed a
srmr r.cy crz tion with 4-N- chIoroproprony cytosine.

clic product gave only cytosine " or acidic
or a afh h Hropsrs gvahrch IS surgnsm% in vrew of
the resuIts 0 tarned here The ame rodescribed
the synthesis o severa D nmr o l,2-C nmr Ines and
those which contained e cg glc t srne
structure were easrlly ydro zed to 52 carb xyethy
cytosine and the c? re [%ondrngluracrl erivative; Srmr
4 derivatives of 0 kylcytosinesé and some

urines7have been reported.
P cth? ; roup might be of use as

Thus the oroacety

an amino bIockrng Prou Or cytosine, where a group
whrch IS m?re readi ?/ r(emo]ved under acidic con itions
than acet IS required; however, the cy crzatron of
4-\/-chloroacet Icg/tosrne under basic con ditions r%
serious disadvant de to Its yse ecaugrt IS rmpossr le
tor generate cytosine from the cyclized product.

The corresponding acylated ucIeosrde was investi-
%ated in order to s%e whether t e same BrORertres
aceerte cretsglnrtre II alorrr)acgted b reacttr In C t(drge

Idi Was r idi
wrthyc Ioroacetﬁ anhy chfeJ rn D Fin t eg r)esence
ggtassrum car onate %o duct, . w rch was IS0-
at In 80% yield, couId not eobtarne In a crys-
talline form but Was ¢ romaéograp ically pure dng
had the eemental analy srs and v spectrum required
for the iegach oroacet c tid rne As the compound
was Insoluble in water, t Coyrf l1zation had tob done
HDMF buté eccrzedQ/ uct was e[s(ssta 8t an
{ e c tosine derjvative ery dilute a % 0 w
or acid (0.0 C1) gave 3-carboxymethyl-

%ﬂﬁd“ y III; cou(i the r%%eraceem%fnthre C?é Lzed s
E ftrum theg utr% Acr IC nﬁ ayﬁs of tH
C crzed tCOT n?u\r}e an OW%% rou aranlrln]e hy
?%gd t(h erso?atron 3/f3 car)hog mgth Fc tidin Q %
air yield (27%). No evr encg Y ro ucro
o anz cytosrne uracrI ort elr 3car 0X 3/
rrvat] es waso btained. Thus no gmrn tro} r?
cos bond cIeavage a occurre urrng eac c

%/ro ysis. . Alkaline hydrolysis (1 v K
of the cychzed product”gave 3- carboxymethylcytrdrne

Fox, J. Org. Chem,, 29, 1763 (1964).
(6) G. B. Chheda and R. H. Hall, Biochemistry, 5, 2082 (1966).
(7) Z. A. Shabarova and M. A. Prokofev, Dokl. Akad. Nauk SSSR, 101,

Notes

whrch in turn, rapidly decomposed. The onIyProduct
w rcih could be dfetected Inthe h}qdroltyaate %)ar from a
small amount of 3-carboxymet Y Ine_Was a com
oun whrch gave a positive reaction with Ehrlich’s
gent when Su Jected fo tjc and was therefore, con-
srd red to beauea errvatrve Thrs compound was
also an acid ndwst o&rg nt likely tobe V-carboxy-
met |urea orme from the f rcaI alkaline
o,
chloroacetic anhudn(? Z unde?/ condYtrons which
have been used 10 se ectrvely acetylate or benzoylate
cytrdrne20r deox cytidine.D
ft app ear% ron the rort)ertres of the d rvatrves
so ar descrr edt at the Dest route to a 2/,3'5/-tr1-0
g/tr Ine with the amino group unprotected would
eth selectrve acrd4 N- deacglatron gf a 4-N- acarl -’ -
35 -ri-0-ac cytr rne It was found that the O-ben-
rou&o 5'-tri-0-benzoyluridinell was stable
é) C1 at room tem erature for up to 3 weeks,
thus the 4-N-debenzg atron of tetrabenzoylcytl-
rnewsattemt]e using.0:L n HCL The deacylafion
was fol owedb t echan ing uvspectrum of the solution
and was seen” to e amost com lete In 12 da s at
room temperature, (?Trr enzoy Icg/trd
was Isolated In 40% yield (32% overa romc
tjdine), and, in contrast to refu Its obtarned with the
deox cytrdrne derivative, 2 10% deamination to

2' 3, 5"%tri-0-benzo Iurrdrne ws detected In the re-
action s Itron q Cycosy bond cleavage was found.
2,3‘ ' r|0 enz tidine was more readrly pre-
Bar ed b %/ he se ectrve 4 N-de 05{ [ation o 4-V-gcety I
,3,, ‘ benzo lcytid rne whrc Was mia
by the enzoy atron f cytidine which had been selec-
trvelg N-acetylated by the met od otWatanabe and
Fox.2 Only traces o dr -bonzoyl")SVo*- trrOb

zoylc trdrnewere duced, and the ure product (LI
(53 /oyoverall relg ?rom cy trdrne w)as o tarned gfte)r
recrystalhz tron from ethano This (et 0d Is quick er

IVEs a etterg/re than the meth o o FOX, etar.,
w rc involves the condensation of I-chloro-2,3,5- fi-
O-benzoyl-D-ribofuranose with the mercury derivative
of 4-V-acetylcytosjne,

The acidic hydrolysrs of 4-Ar-acetyl-2'3,5'"tri-0-
benzoylcytrdrne was ac reved rn 0.1~ HCLat room
tem erature for 3 azs { the end f this trme
the uv Sp ectrum of th squtron showedt at no 4

dyate roduct. was(! F,B benzoyl )(

was isolate 3 st Huantrt tive, red
40/0 ove allg/rel from cytr Ine), and no gamr ated
reoreu gtg(rtgr ducts formed by gycosyl bond cleavage

Experimental Section

4-JV-Acetylcytosine was prepared by the method of Wheeler
and Johnson.4 2'3'5'-Tri-0-benzoyluridine was prepared by

(8) D. Shugar and J. J. Fox, Biochim. Biophys. Acta, 9, 199 (1952)

P.D. Lawley, J. Chem. Soc., 1348 (1962).

) B. A. Otter and J. J. Fox, “Synthetic Procedures in Nucleic Acid
istry,” . W. Zorbach and R. S. Tipson, Ed., Interscience, New York,

(11) J. J. Fox, D. V. Praag, |. Wempen, I. L. Doerr, L. Cheong, J. E.
noll, M, L. Eidinoff, A. Bendich, and G. B. Brown, J. Amer. Chem. Soc.,

(12) Vizsolyi, ibid., 83, 686
).

(13) J. J. Fox, N. Yung, I. Wempen, and I. L. Doerr, ibid., 79, 5060
)

(14)

nson, Amer. Chem. J., 29, 492 (1903).



Notes

the method of Fox, el al.n  4-jv-Benzoyl-2',3',5'-tri-0-benzoyl-
cytidine was prepared by the method of Brown, et al* 4-N-
Chloroacetylcytosine was prepared as previously described.3

Acidic Hydrolysis of 4-A'-Chloroacetylcytosine (1).—I was dis-
solved in 0.1 IV HC1 to give a solution with an optical density
at 244 nm of about 1.0. The uv spectrum of the solution at 20°
was followed by observing the appearance of a new peak at 275
nm and the disappearance of the maximum at 298 nm. In this
way the ~ime taken for 50% hydrolysis was determined. The
value was 13.5 min compared with 130 min for 4-1V-acetylcytosine,
as determined under the same conditions.

Mild Alkaline Hydrolysis of 4-iV-Chloroacetylcytosine (1).— |
(1.6 g) was heated in distilled water (200 ml) on a boiling water
bath. The mixture was stirred vigorously and the pH of the
solution was kept at 8 by the addition of 1N KOH. When com-
plete solution had been achieved and the pH was constant, the
solution was concentrated to 80 ml and allowed to stand at room
temperature. The crystals which formed were removed by filtra-
tion, washed with a little cold water, and dried to give a slightly
brown crystalline product (0.7 g). The product was further
decolorized and recrystallized from hot water using decolorizing
charcoal to give a white crystalline product which was 1H-
2,3-dihydro-2,5-dioxoimidazo[l,2-c]pyrimidine (VI1): darkens
rapidly above 80°, does not melt below 300°; Xmax (at pH 1) 300
nm (« 20,800); Xmin (at pH 1) 260 nm (« 3600); Xmax (at pH 5)
302 nm (« 21,000); Xmin (at pH 5) 242 nm («2600); Xmax (at
pH 14) 318 nm (e 27,000); Xmin (at pH 14) 270 nm (e 1600);
nmr spectrum (in trifluoroaeetic acid) t 5.31 (singlet, two pro-
tons), 3.4 (doublet, 5 H of pyrimidine ring), 1.8 (doublet, 4 H
of pyrimidine ring) (Jm.SB = 7 ¢ps). The compound did not
move on electrophoresis at pH 3.5. Anal. Calcd for CeHsN3Oz2:
C, 47.67; H, 3.34; N, 27.81. Found: C, 47.56; H, 3.10;
N, 27.40.

Hydrolysis of I-H-2,3-Dihydro-2,5-dioxoimidazo[l,2-c]pyrim-
idine (VII). A. Acidic—VII (0.4 g) was dissolved in 1N HC1
(20 ml) and the solution allowed to stand at 37° for 14 hr. The
solvent was removed by evaporation and the remaining crystal-
line solid redissolved in water and evaporated to dryness several
times to remove most of the hydrochloric acid. The residue was
dissolved in a small volume of water and acetone was added to
give a slightly turbid solution. The solution, on standing at
room temperature, deposited fine needles of 3-carboxymethyl-
cytosine (V, 0.21 g) (as the hydrochloride): mp >300°; Xmax
(at pH 1) 277 nm (« 7960); Xmin (at pH 1) 242 nm (« 2030);
Xmax (at pH 10.5) 297 nm (« 9640); Xmin (at pH 10.5) 250 nm
(« 1590);6 nmr spectrum,(in [2H§ dimethyl sulfoxide) r 5.32
(singlet, two protons), 3.8 (doublet, 5 H), 2.3 (doublet, 4 H)
(Jth,sH = 7 cps). The compound did not move on electro-
phoresis at pH 3.5. Anal. Calcd for CeH7N303 HC1: C, 35.04;
H, 3.93; N, 20.44. Found: C, 35.20; H, 4.11; N, 20.82.

B. Alkaline—VII (0.6 g) was dissolved in 1 N NaOH (20
ml), and the solution was heated at 100 ° for 1 hr and was passed
down a co.umn of Dowex 50 (H+ form) which was washed with
water until no more uv-absorbing material was eluted. The
combined washings were evaporated to dryness, the residue was
dried and dissolved in dry ethanol, and n-hexane added slowly to
the solution. Crystals of 3-carboxymethyluracil (X, 0.3 g) were
obtained: mp 222-224°; Xmax (at pH 5.0) 260 nm (« 7120);
Xmin (at pH 5.0) 229 nm (« 2280); Xmax (at pH 14) 285 nm («
10,730); Xmin (at pH 14) 245 nm (« 2280 );9 nmr spectrum (in
[2HG dimethyl sulfoxide) t 5.68 (singlet, two protons), 4.45
(doublet, 5 H), 2.64 (triplet, 4 H), 1.08 (doublet, 3 H). The
compound had a mobility of 4.2 cm/hr on electrophoresis at pH
3.5. Anal. cCalcd for CeHeN204 C, 42.36; H, 3.56; N, 16.47.
Found: C, 42.20; H, 3.50; N, 16.80.

4-A'-Chloroacetyl-2',3' ,5'-tri-O-chloroacetylcytidine (I11)—
Anhydrous cytidine (1 g) and chloroacetic anhydride (10 g) were
dissolved in dry DMF (30 ml). Anhydrous potassium carbonate
(10 g of afinely divided powder) was added to the stirred solu-
tion which was cooled in an ice bath. After the initial reaction
had subsided, the mixture was allowed to stand at room tempera-
ture for 15 min. The potassium salts were removed by filtration,
and the fikrate was poured into water (300 ml). After stirring
for 1 hr, the mixture was extracted with chloroform, the extract
dried with anhydrous magnesium sulfate, and the chloroform
removed by evaporation to yield an oil which on repeated evapo-
ration with dry methanol gave a stable dry foam. The foam was
washed with ether and dried to give Il (1.77 g) as a pale yellow
powder. The product could not be obtained crystalline: Xmax
(in ethanol) 248 nm (« 14,500) and 299 (5850); Xmin (in ethanol)
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227 nm (« 2150) and 274 (1560). Anal. Calcd for Ci7H,, N30 oCU:
C, 37.18; H, 3.13; N, 7.65; Cl, 25.81. Found: C, 37.76;
H, 3.45; N, 8.00; CI, 25.86.

An attempt was made to prepare 4-V-chloroaeetylcytidine by
the selective 4-N-acylation of cytidine. Cytidine (0.1 g) was
dissolved in hot methanol (10 ml) and chloroacetic anhydride
(0.1 g) was added. The solution was heated under reflux and
examined at intervals by tic and uv spectroscopy. No evidence
for the presence of any uv-absorbing material other than cytidine
was obtained at any time. More anhydride (0.3 g) was added
and the experiment was repeated at room temperature, but no
reaction was obtained.

Preparation of the Imidazopyrimidine VIII.—I1 (0.25 g) was
dissolved in drjr DMF (10 ml) and the solution heated at 90°.
After 5 hr tic on silica (2% ethanol in chloroform) showed the
presence of only two uv-absorbing components. The slower
components (70% of the total product) had the uv spectrum
expected for 4-1V-acyl-IV3alkylcytidine with a Xmin 258 nm and
Xmax 305 hm and was presumably the imidazopyrimidine VIII.
The other faster component (30% of the total product) was un-
changed starting material. All attempts to isolate VIII failed,
as it partially decomposed on taking the solution to dryness and
also decomposed cn a silica plate to a compound which had the
properties of 3-carboxymethyl-2',3",5'-tri-O-chloroacetylcytidine,
which on treatment with ammonia gave 3-carboxymethyleytidine
(V1) (see below).

Hydrolysis of the Imidazopyrimidine VIII. A. Acidic.—4-
V-Chloroacetyl-2',3',5'-tri-O-chloroacetylcytidine (Il, 1 g) was
dissolved in DMF (20 ml) and heated for 5 hr at 90°. The solu-
tion was taken to dryness, the residue dissolved in acetone (40
ml), and 4 N HC1 added to make the solution 1 N with respect to
acid, and the solution was left at 37° for 24 hr. The solvent was
removed by evaporation under reduced pressure and the HC1 was
removed by repeated evaporation to dryness with acetone. The
residue was dissolved in water, ammonia (sp gr 0.880, 1 ml) was
added, and the solution was allowed to stand for 1 hr, after which
time the uv spectrum of the solution showed a maximum (pH 1)
at 280 nm only. The solution was evaporated to dryness, re-
dissolved in water (50 ml) which was adjusted to pH 9 with
ammonia and applied to a column of Deacidite FF (Cl- form),
and eluted with water (pH 5) until no more cytidine was ob-
tained. The column was then eluted with 0.01 N acetic acid.
One major uv-absorbing component was present in the eluate and
this was further purified on a column (22 X 3 cm) of micro-
crystalline cellulose eluted with propan-2-ol-water (70:30). The
fractions containing the major component were combined and
evaporated to dryness, and the residue recrystallized from
aqueous acetone to give 3-earboxymethylcytidine (VI) as
colorless platelets (0.2 g, 27%): mp 225-227° dec; Xmax (at
pH 1) 279 nm (« 8040); Xmin (at pH 1) 240 nm (« 2420); Xmax
(at pH 14) 266 nm («7020); Xmin (at pH 14) 245 nm (« 2470).%6
Anal. calcd for CiiH®N307: C, 43.84; H, 5.03; N, 13.95.
Found: C, 43.76; H, 5.09; N, 14.27. No evidence for the
presence of cytosine, uracil, uridine, or 3-carboxymethyluridine
was obtained.

B. Alkaline—Il (50 mg) was dissolved in DMF, heated
at 90° for 5 hr, and then made 0.01 N with respect to NaOH.
The compound (VIII) with a uv absorption spectrum char-
acteristic of a 4-N-acyl-IV3alkylcytidme was immediately re-
placed by a compound identified as 3-carboxymethylcytidine (V).
In 1N NaOH at 100° for 30 min, this compound rapidly de-
composed in a manner typical of an N* ,N3disubstituted pyrim-
idine,s and the only compound which would be detected in the
hydrolysate apart from a trace of 3-carboxymethylcytidine was
a compound which gave a positive reaction with Ehrlich’s
reagent and which on electrophoresis in formate buffer (pH 4)
exhibited the mobility of a monocarboxylic acid (5.5 cm/hr).
The compound was likely to be JV-carboxymethylurea (1X).

Acidic Hydrolysis of 2',3'5'-Tri-0-benzoyluridine and 4-N-
Benzoyl-2',3' 5'-tri-O-benzoylcytidine—2',3',5'- Tri -0 -benzoyl-
uridines (10 mg) was dissolved in ethanol (10 ml), 1N HC1 (1.1
ml) was added, and the solution was allowed to stand at room
temperature. The material could be recovered unchanged after
3 weeks.

4-A-Benzoyl-2',3',5'-tri-0-benzoylcytidines (0.5 g) was dis-
solved in a solvent containing chloroform (20 ml), ethanol (150
ml), and 1N HC1 (19 ml). The solution was allowed to stand at

(15) G. W. Kenner, C. B. Reese, and A. R. Todd, J. Chem. Soc., 855
(1955); T. Ueda and J. J. Fox, J. Amer. Chem. Soc., 85, 4024 (1963).
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room temperature for 12 days and then evaporated to dryness
under reduced pressure, and the ethyl benzoate present was re-
moved by repeated evaporation with ethanol. Tic on silica (10%
ethanol in benzene) showed the presence of three uv-absorbing
components in the mixture. Two minor compounds accounting
for about 10 % of the total product were unchanged starting ma-
terial and 2',3',5'-tri-0-benzoyluridine. The third compound
was isolated in a pure state by recrystallization of the hydrolysis
products from boiling chloroform-ethanol (1:4) to which petro-
leum ether (60-80° fraction) had been added to incipient cloudi-
ness, and the solution was allowed to cool. A Succulent white
precipitate of 2',3',5'-tri-0-benzoylcytidine (1V) (as the hydro-
chloride) was collected and dried (0.22 g, 32% overall yield from
cytidine): mp 226-227° dec; Xmax (in ethanol) 230 nm (e
29,500) and 280 (9500); Xmin (in ethanol) 253 nm. Anal.
Calcd for CzH2BN30s-HCI: C, 60.87; H, 4.44; N, 7.10.
Found: C, 60.80; H, 4.43; N, 7.11. No evidence for any
glycosyl bond cleavage was obtained.

4-JV-Acetyl-2',3',5'-tri-0-benzoylcytidine (111).—Cytidine was
selectively 4-N-acylated using acetic anhydride in methanol as
described by Watanabe and Fox,2 and the product was benzoy-
lated as follows. 4-JV-Acetylcytidine (0.9 g) was suspended in dry
pyridine (25 ml) and benzoyl chloride (2 ml) was added. The
mixture was stirred at room temperature for 2 hr and then poured
into 200 ml of 0.010 N HC1. After stirring for 1 hr, the sticky
precipitate was extracted with chloroform, washed with sodium
bicarbonate solution, dried over anhydrous magnesium sulfate,
and evaporated to dryness. The residue was dissolved in hot
chloroform and n-hexane was added to give a slightly turbid
solution. On standing, the product crystallized to give a mixture
which was mainly the desired compound 111 but which contained
traces of 4-A-benzoyl-2',3',5'-tri-0-benzoylcytidine. Recrystal-
lization from ethanol gave the chromatographically pure product
11 (1.3 g, 45% overall yield from cytidine): mp 191-192°;
Xmax (in ethanol) 231 nm (e 40,400) and 284 (7500), shoulder at
295 nm. Anal. Calcd for C2HzN309: C, 64.30; H, 4.56; N,
7.03. Found: C, 64.64; H, 4.42; N, 6.50.

Acid Hydrolysis of 4-A’-Acetyl-2',3',5'-tri-O-benzoylcytidine
(1n).—111 (1.3 g) was dissolved in chloroform-ethanol (3:1, 100
ml) and 1 N HC1 (11 ml) was added. The solution was allowed
to stand at room temperature for 3 days, at the end of which
time the uv absorption of the solution at 300 nm had dropped to
zero. The solvent was removed under reduced pressure and
ethanol was added to the residue which was evaporated to dryness
several times to remove the HC1. Tic on silica (10% ethanol in
benzene) showed the presence of a single uv-absorbing compound
which had the same Ri as a marker of 1V, prepared as described
above. The product was recrystallized as described before to
give 2',3'5'-tri-0-benzoylcytidine (1.1 g, 40% overall vyield
from cytidine) (as the hydrochloride): mp 226-227° dec; Xmax
(in ethanol) 230 nm (« 29,700) and 280 (9650); Xmin (in ethanol)
253 nm. Anal. Calcd for CadH2sN3(VHC1: C, 60.87; H. 4.44;
N, 7.10. Found: C, 60.54; H, 4.41; N, 7.10.

27391-03-3;

Registry No.—l, 27391-02-2; Il ;
|V HCL, 20649-51-8: \/ HCL 27415-59-4; VI, 27391-
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An important contribution to the understﬁnding of
sovet ef ec%s on reactiqn. rates has been tne re en&
calculation of solvent activity coefficients?2 an

Notes

enthalpies of transferd (AAw « of trfnsiéion states,
%Q for Sn2 reactions can be calculatedl from the

1
In the two solvents of Interest (O and )
log ks/lk® = log °ySY- + log -7 s+ — log °ys4;

Prowped that the solvent activity coefficients for the
ransfer of each reactant from Solvent S to the ref-
?rence olvept O have ?een measured. Parkerl has
ound that, In the transter from methanol to dipolar
aprotic solvents, the rate increase maZ he assisted or
r S|?]ted bl}/ the change in transition staté solvafion,

T_% 1% rposes of the present study are (1) to es-
tablish the relative reactlvmeé of a series of nu Ie_oghlles

toward n-FrogR/I_tosI}/Iate under sufficiently similar ex-
Perlme_nta conditions to permit comparisons, and (2)

0 e_%tllmate °7s[yrxT values for the reactlonﬁ where
Rosm e. Attenfion has been given to the small anions
ydroxide, me%]oxme and fluori ? for which few rate
data are available under comparable conditions.

Experimental Section

The nucleophile sources were tetrabutylammonium thiosulfate,
hydroxide, fluoride, chloride, bromide, and iodide, sodium
methoxide, phenoxide, and thiocyanate, and V-methylaniline.
The substrate was ra-propyl tosylate in all reactions except that
with fluoride, where n-hexyl tosylate was used. Nucleophile
concentrations were about 0.03 M , and the tosylate was about
0.015 M, except in the case of fluoride, and the chloride rate at
—4.5°, in which concentrations were 0.45 M in the nucleophile
and 0.25 M in the substrate (to facilitate gas chromatographic
determination of hexyl fluoride). Rate measurements were made
at —4.5, 20, 30, or 40°. The solvent in each case was dimethyl
sulfoxide containing no more than 0.05% water, except that the
rates at —4.5° were measured in 45% DMSO-55% tetramethyl-
ene sulfoxide (v/v).

The reaction rates were followed by potentiometric titration
of aliquots (V8. standard iodine, sulfuric acid, or silver nitrate
solutions). In the fluoride reaction the appearance of hexyl
fluoride was followed by gas chromatography (DC 710 on
Chromosorb W).

Tetrabutylammonium thiosulfate (mp 60.1°) and tetrabutyl-
ammonium fluoride (mp 58°) were prepared from the bromide by
anion exchange. The other nucleophile sources are commercially
available.

The rates of reaction of the chloride ion were measured under
each condition of temperature, substrate, concentration, and
solvent. The slightly inexact assumption has been made that
other nucleophiles are affected by these experimental differences
to the same extent as is the chloride reaction, and corrections have
been made on this basis. The rates of the bromide runs with
BmNBr and KBr are, within experimental error, the same.
The effect of cation variation is insignificant with this anion, and
this is probably true also for the majority of the other nucleo-
philes. With the small anions, OH-, F-, and CH30 -, appreci-
able differences in rate would be anticipated as a function of the
cation, due to ion-pair association of the salts in nonaqueous
media. It is extremely difficult to obtain BudNF free from water
and NaOCHs free from methanol. The low melting Doint of
BuMNF (58°) suggests that the sample is a hydrate, probably
with 3-5 molecules of water. Solvation of the anions by hy-
droxylic solvents should decrease nucleophilic reactivity. Our
rates should be considered only as establishing for OH- , F-, and
CH30- the lower limit of the reactivity which would be observed
at infinite dilution in the absence of water or methanol. The
rates of reaction with chloride in DMSO and in 45% DMSO-55%
tetramethylene sulfoxide are substantially the same. In the
hydroxide reaction with n-propyl tosylate, 48% of the product
(by gc) is 1-propanol, and the remainder is the E2 product
propylene. The rate of substitution by hydroxide was taken as
0.48 X the overall rate of disappearance of hydroxide as de-

(1) A.J. Parker, Chem, Rev., 69, 1 (1969).

(2) M. H. Abraham, Chem. Commun., 1307 (1969).

(3) P. Haberfield, L. dayman, and J, S. Cooper, J. Amer. Chem. Soc.,
91, 787 (1969).



Notes

termined by potentiometric titration of aliquots. The methoxide
solution after completion of the reaction contained methyl propyl
ether (74%) and methanol (26%). Neither propylene nor 1-
propanol was present, which indicates that the methanol
detected by gc was present in the original sodium methoxide.
Had methanol been formed by methoxide hydrolysis, the hy-
droxide ion also produced would have yielded :-propanol with
propyl tosylate.

Values of the solvent activity coefficient differences between
methanol and DMSO (mtdy_) for anions have been published.t
Values 0: M DRots and the rates of reaction of w-propyl tosylate
with nucleophilies in methanol are not available but have been
estimated from Parker's data: for methyl tosylate. The uncer-
tainties of these estimates are probably no greater than that for
the anions (£0.3 log unitsl). Log “7 ° was estimated in the follow-
ingway: logM/DMMpDT.= -0.6; logM/DMM «c,-l1ogV M;B»o.
= +o0.2,andlogM DMM& - logMDVFBR = +0.2; logDM7 D=
0.0 to +0.2 (Mel, n-BuBr, i-BuCl). We have therefore made cor-
rections of + 0.2 for the larger alkyl group of n-PrOTs, and +0.1
for the DMF to DMSO transfer, to give an estimated value
Oflog 7 prota — —0.3.

From our unpublished rate data for the reactions of MeOTs
with CI-, Br-, and |- in aqueous DMSO (70, 80, and 85%
DMSO by volume), we have estimated log KM{OT, — log kn0r,
= 1.4 (a comparison of values: for MeX and n-BuX with five
nucleophiles in MeOH affords an average value of 1.1). Transfer
values for some of the anions in Table I, or appropriate rates in
methanol, are not available; these have been omitted from
Table I1.

Tabre |

R ates of Tosylate Displacement in DM SO

Nucleo- Temp, 10® fcObad Correc- Est 106&2
phile Tosylate °C I.mol-1 sec-1 tionsO ProTs, 25°

S - Pr 20 5.60 X 104 h 9.4 X 104
OH- Pr 20 3.67 X 10* i, pX 29 X 104
chd- Pr 20 1.63 X 104 h 2.7 X 104
F- Hex -4.5 7.34 X 102 2, sp 2.0 X 104
CH® - Pr 20 157 X 103 h 2.6 X 103
N3 Pr 30 3.89 X 102 L 2.7 X 102
Cl- Pr 20 5.68 X 10

Pr 30 1.37 X 102 U 9.5 X 10

Pr 40 3.54 X 102

Hex 20 4.64 X 10

Hex -4.5 3.54 b

Pr 60  3.03 X 10s b

Pr 60 2.90 X 103
Br- Pr 30 526 X 10 U 4.1 X 10

Pr 50 4.88 X 102 (BmNBr)

Pr 50 4.78 X 102 (KBr)
l- Pr 40 433 X 10 S 1.2 X 10
SCN- Pr 40 126 X 10 S 3.4
CtHsNHMe Pr 40 120 X 10 3 3.2

“ Temperature: h, &&= 1.67; 2 &3k-45 = 22.0; s™ 25/70
= 0.268; t,,k&/ho = 0.692; & obtained from Arrhenius plot for
PrOTs with chloride ion. Product (fraction of total rate leaing to
expected substitution product): pi, ka/(kr + fa) = 0.48. Sub-
strate”), far/fae* = 1-22. 6At higher concentration in 45%
DMSO-55% tetramethylene sulfoxide (v/v) (see text). All
rates are the average of two or more determinations.

The relative nucleophilicities of anions toward alkyl tosylates
are reasonably consistent among protonic solvents, and among
aprotic solvents, but not between the two groups. The orders
of decreasing nucleophilicity follow: EtOTs in HD ,4 SO - >

N3 > OH- > SCN1 I-; MeOTs in MeOH,1 N3 > |- >
SCN- > Br- > Cl-; MeOTsinDMF,IN3 ~ CI- > |- > SCN;
PrOTs in DMSO (Table 1), SOD2- > OH- ~ CH®- ~ F- >

CHD- > Ns- > Cl- > Br- > |- > SCN-. In both aprotic
solvents the now familiar order of halide reactivity is observed.
In DMSO azide ion is distinctly more nucleophilic than chloride.
Thiosulfate is most nucleophilic in water and in DMSO. How-
ever, if OH-, CHJ -, and F- were free of hydroxylic solvation
and ion association in DMSO, it is probable that these anions

(4) R. E. Davis. R. Nehring, W. J. Blume, and C. O. Chuang, J. Amer.
Ghent. Soc., 91, 91 (1969).
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Tabre Il

Sn2 Reactions of Anions and w-Propyl Tosylate

at 25° INM ethanol and Dimethyl Sulfoxide
MeOTs,d
Nu-  pore KOkMb MBhos MY MB;- MENE
N3 - 2.6 2.1 -0.3 3.5 1.1 2.3
Cl- -3.0 3.5 -0.3 55 1.7 2.1
Br- -3.4 2.6 -0.3 3.6 0.7 1.2
l- -3.9 0.9 -0.3 1.3 0.1 0.6
SCN- -4.5 0.8 -0.3 1.4 0.3 1.3

“ Rate of reaction of n-PrOTs in DMSO at 25° with indicated
nucelophile. 6 Relative rates in DMSO VS. MeOH. cChange in
solvent activity coefficient of the Sn2 transition state upon trans-
fer from MeOH to DMSO. ( Change in 7 for the transition state
of the CH3OT3 + Nu- reaction upon transfer from MeOH to
dimethylformamide (ref 1).

would be more reactive than thiosulfate. There is a tendency
for the small basic anions to be highly nucleophilic in DMSO,
whereas strong hydrogen bonding greatly decreases the relative
reactivity of these ions in protonic solvents. Larger more polariz-
able anions undergo relatively small changes in solvation in the
transfer from aprotic to protic solvents.r'e The slightly increased
solvation of propyl tosylate and the decreased solvation of the
transition states in DMSO (relative to methanol) both have a
rate decreasing effect. But the more important factor (in this
system) of anion desolvation leads to the observed rate increases,
which are most striking for small nucleophiles.

Registry No.—-Propyl tosylate, 599-91-7.

Acknowledgfment —This work was suggorted by the
Robert A. Welch Foundation (Grant -1

(5) R. Fuchs, J. L. Bear, and R. F. Rodewald, Ibld., 91, 5797 (1969)

Neighboring-Group Participation in Free-Radical
Reactions of Halohydrins and Hydroxy Sulfidesl

C.Feng

Eartl S.Huyser* and Robin H.

Department of Chemistry, The University of Kansas,
Lawrence, Kansas 66044

Received June 29, 1970

Peroxide- mduced de(iom osition reactions of 1
hydroxy sulfides gg le de mercaptans ang ketones
proceed by the freé-radical thain sequence 1 and 2

11 \ |
+ H—(i—CI—X HX + ;C-C-X @
OH H + |
I, X=RS
H, X=C1
HI, X=Br
\
C-C-X X+ \
' J @
HO \ /
Hd C—CH
\

0

Bromohydrins gllg and chlorohydrins (111), as ex-
ected, decomgs by a 5|m|Iar chain sequence gee

é’c?rh'%er'ébae'n o dhaciors %%%P indego e

Science Foundation.
(2) E.S. Huyserand R. M. Kellogg, J. Org. Chem., 31, 3366 (1966)
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nation readily.3 The stereochemical aspects of the hg
drogen atom abstraction reaction In the chain seguen £
desCribed here indicate Partm?atl?n of a brldﬂ radi-
cal species In the transitlon state of the reactio
b{ elstelr\sms%m\;rlc threo- I) erythm3cdhlk§)ro-§-
utanols (1V and V, respectively) were prepared by a
dition of ttypochlorou %cus to y andptrags 2-hutene
resPectlver cis- A0 trans-2.3-600 % butanes (VI and
twere obtalnedb reactl? and V res ec
t|ve with base. ectlon? VIand VI IW|th
ic acid or sodium methy sulfide i alconol yi g(e
%e steremf?merlc bgmo ydrins VI and |
ydroxy sulfides X an

H,CH3
CH1 CH3 Ho V
\Y / HOC1 \ /N "OH

H CH3
v

CH3H

Competition reﬂctlons of the stere |som%r|c pglrs
serve t0 measure the relatjve rates at which t -
%n abstriactlon reaction from the two_isomers occurs.

e resu ts of these competition studies are given in

(3) L. P. Schmerling and J. P. West, J. Amer. Chem. Soc., 71, 2015
(1949); K. E. Wilzback, F. R. Mayo, and R. Van Meter, ibid., 70, 4069
(1948); D. H. R. Barton, J. Chem. Soc., 148, 155 (1949); N. V. Steinmetz
and R. M. Noyes, J. Amer. Chem. Soc., 74, 4141 (1952); F. Wackhaltz,
Z. Phys. Chem. (Leipzig), 125, 1, (1927).

Notes
Table |
Competition Reactions of Stereoisomeric 3-Halo-
AND 3-METHYLTHIO-2-BUTANOLS
&threo/ No. of
Compd ~erythro runs Av dev
3-Chloro-2-butanols 1.02 2 0.01
(IV and V)
3-Bromo2-butanols 1.44 5 0.04
(VI and 1X)
3-Methylthio-2-butanols 1.26 3 0.04
(X and X1)

Although the isomeric chlorohydrins have essentially
the same react|V|ty the threo isomers of the bromo-
tt/ rins and hydroxy sulfides are more reactive than
t ecorrespondm er thro Isomers tOWﬂrd hydrogen ab-
straction. ~ The greater reactivity of the threo isomers
can be Eccounte for in terms of anchimeric assisfance
of the bromine and methanethio group In forming a
bridged radical in the transition states of the h drogen
abstraction reaction. In order for the bridged radical
t0 contrl ute to the transltton State, Its conformation
must e such that th eneag boring %rou p IS anti to the

drotgen b?ln %bstracte Theene t%y of the transi-
tion state of erytnro isgmers (X1I) |nt s conformation
IS greater thari that of the threo & I) owing to_the
gauche interaction of the two methyl groupsin XI1I.

X
X
Brld%mg of bromm with the carbon from which a
hydrogén s abstracted y a bromine atom has, been

% ted to gccount for the en anc$d reactivities of
? g/drogens In the brominations of bromoalkanes.4

(4) W. A. Thaler, J. Amer. Chem. Soc., 85, 2607 (1963); P. S. Skell and
P. D. Readio, ibid., 85, 2849 (1963). For an alternative expla
D. D. Tanne

r, D. Darwish, M. W. Mosher, and N. J. Bunce, ibid., 91, 7398
(1969).
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?uch neghboring 9roup Parttm ation s @ 3|gﬂn|f|fant

actor It The transition state of the reaction Involves
breaking of the carbon -hydrogen hond and  conge-
quently“radjcal formation at the” carbon atom aIIowmg

for th brldged radical to contribute to Iowermg th
activation e erg requirement.  The effect is qbsérved
In the endothe | ydrogen abstraction by bromine
atoms and might be expectéd in hydrogen atom apstrac-
tion by the thi Iradlcal WhICh IS al an nd?thermlc

reaction, Con ribution of the bridged radica speues
to the hyd rogen abstraction from “the chI? rns
chlorine atom is small.  Little cdrbon-

¥dro gen bond breaking devel o?smthetransmonstate
the reactlon and confe quen ythg carbon, has I|ttIe
radical character to allow for’b Ing with the &
chlorine.  This belng the case, no advantage IS obtained
|n the conformational requirement o posnlonln%
ch orine %ﬂtl to the abs tracted hg ro?en
ac of anelg ormg?roupe frect In th oroh¥dr|n
%actlon canfot_be atfributed to the Inflbl ity of the
lorine WhICh Is 1soelectronic with bivalent sulfur, to
form grl ged radicals since such species have been're-
ported in Other systems.b

Experimental Section6

f/ireo-3-Chloro-2-butanol (1V) was prepared from cfs-2-butene
and hypochlorous acid by the general method described by Cole-
man and Johnstone,7bp 24-26° (5 mm) [lit.8bp 36.5-40 (14 mm)].
The ir and nmr spectra of the material were consistent with the
assigned structure.

erythro-3-Chloro-2-butanol (V) was prepared from trans-2-
butene and hypochlorous acid,7bp 55-60° (80 mm) [lit.8bp 44-
44.5° (16-20 mm)]. The ir and nmr spectra were consistent
with the assigned structure.

Cis-2,3-Epoxybutane (V1).—This material was prepared both
by reaction of as-2-butene with m-chloroperbenzoic acid follow-
ing the procedure of Pasto and Cumbo9 and by elimination of
hydrogen chloride from f/jreo-chloro-2-butanol with potassium
hydroxide in aqueous solution as described by Wilson and Lucas,D
bp 58-59° (lit.Dbp 59.9-60.4°).

trans-2,3-Epoxybutane (VI1).—This compound was prepared
from frans-2-butene and en/ifiro-3-chloro-2-butano], respectively,
by methods described in the previous experiment, bp 53.0-54.5°
(lit. Dbp 53.6-54.1°).

threo-3-Bromo-2-butanol  (VI11).—Cis-2,3-Epoxybutane  was
added dropwise with constant stirring to an excess of 48% hydro-
bromic acid cooled in an ice bath. The mixture was allowed to
stir for 6 hr and then neutralized with sodium bicarbonate and
extracted with ether. After the ether solution was dried over
anhydrous magnesium sulfate, the solvent was removed leaving a
residue which on distillation gave the desired product, bp 35-38°
(5.8 mm) [lit.11bp 48-50° (12 mm)].

erythro-3-Bromo-2-butanol (1X).—trans-2,3-Epoxybutane gave
IX when it was allowed to react with hydrobromic acid in the
manner described in the previous experiments, bp 41-43° (6.2
mm) [lit.Lbp 51-53° (12 mm)].

flireo-3-Methylthio-2-butanol (X).—cis-2,3-Epoxybutane was
added dropwise to an alcoholic solution of sodium methyl sulfide
(prepared from methanethiol and sodium ethoxide in absolute
ethanol) at 0-5°. After the solution was stirred at room tem-
perature for 20 hr, the resulting mixture was taken up in ether

(5) P. S.Skell, D. L. Tuleen, and P. D. Readio, J. Amer. Chem. Soc., 85,
2849 (1963).

(6) All boiling points are uneorreeted Elemental analyses performed
by Wiler and Straus, Oxford, England.

(7) G. H. Coleman and F. J. Johnstone, “Organic Syntheses,” Collect.
Vol. I, Wiley, New York, N.Y., 1941, p 158.

(8) E. R. Alexander and D. C. Dittmer, «7. Amer. Chem. Soc., 73, 1665
(1951).

(9) D.J. Pasto and C. C. Cumbo, J. Org. Chem., 30, 1271 (1965).

(10) C.E. Wilson and H.J. Lucas, J. Amer. Chem. Soc., 58, 2399 (1936).

(11) J. K.Kochiand D. M. Singleton, ibid., 90, 1582 (1968).
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and washed repeatedly with sodium bicarbonate and saturated
sodium chloride solution. The organic layer was dried over an-
hydrous magnesium sulfate and, after removal of the ether,
distillation of the resulting residue gave the desired product (50%
of theory), bp 38-39° (1.45-1.50 mm).

Anal. caled for CAHIOS: C, 50.00; H, 10.07; S, 26.70.
Found: C, 50.12; H, 10.31; S, 26.12.

en/fliro-3-Methylthiol-2-butanol (X1) was prepared in about
50% yield from trans-2,3-epoxybutane by the same procedure, bp
48-51° (1.35-1.50 mm).

Anal. cCaled for CEHi20S: C, 50.00; H, 10.07; S, 26.70.
Found: C, 50.34; H, 10.22; S, 26.29.

General Procedures for Competition Reaction.—Solutions
consisting of a pair of epimeric alcohols, di-ferf-butyl peroxide
(5-10 mol %), an internal standard for the gas chromatographic
analyses (chlorobenzene for the 3-chloro-2-butanols and bromo-
benzene for 3-bromo-2-butanols and 3-methylthio-2-butanols),
and acid scavenger (propylene oxide or cyclohexene oxide) were
divided into several Pyrex tubes, sealed, and placed in a constant
temperature bath set at 125°. Tubes were removed after several
hours, by which time 25-30% of the less reactive isomer had re-
acted, and then immediately cooled to 0°. The reaction mixtures
were analyzed on a F & M Model 5750 gas chromatograph using
a8ft X vs in. column packed with 15% E600 on Chromosorb W.
The peak areas of "he epimeric alcohols and the internal standard
were used to determine the amount of epimeric alcohols remaining
in the sample. The relative reactivity ratios were calculated
from the initial quantities and amounts remaining of each epimer
using the equation

k threo

foerythro

log (threo)j/(threo)t
log (erythro(j/(erythro)f

where the subscripts i and f refer to the initial and final amounts,
respectively.

Control Experiments.—When heated for several hours at 125°
in the absence of ;erf-butyl peroxide, the isomeric halohydrins
and hydroxy sulfides did not yield 2-butanone as a reaction prod-
uct. All of the compounds did show some degree of thermal in-
stability but decomposed at considerably slower rates than, the
ferf-butyl peroxide induced reactions yielding 2-butanone. The
thermal decomposition products were not identified.

Registry No.—IV, 10325-40- 3 , 10325-41-4: V11,
%%%2 §113 X, 19773-40-1; " X, 27022-36-2; X,

On the Reality of Solvent Effects
in the Decomposition of «ert-Butyl Peroxidel

Cheves W alling* and D ouglas Bristol

Department of Chemistry, University of Utah,
Salt Lake City, Utah 81,112

Received August 17, 1970

Although the rate of decomposition of terf-butyl
Eeromde was originally descrlb d as essentlally the
ame |n the (i;asp %e and avarlewo solvents,2 ap-
prremable variations have s Eeque tly been regorte

decomposition rate of the pure liquid peroxide
IS increased severalfold by an induced d composmon3

(1) Partial support of the work by a grant from the Petroleum Research
Fund of the American Chemical Society is gratefully acknowledged.

(2) J. H. Raley, F. F. Rust, and W. E. Vaughan, J. Amer. Chem. Soc.,
70, 1336 (1948)

(3) E.R. Bell, F. F. Rust, and W . E. Vaughan, ibid., 72, 337 (1950)
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via Steps 1 and 2, and indyced chains have also been
observed in the presence of HC14 and SF&in the gas

ch3 ch3 ch3

1
CH—C—0- + CH—-C—00—C—CH3 —
!

1
ch3 ch3 ch3

ch3 ch3 CHa

!
ch3—9— OH + <ch2—C— 00-—c1— c

ch3 ch3 ch3

ch3 CH3
1

<h2— g 00-—C— CH3 —
ch3 ch3

ch3 CH

CH2-C—CH3 + CH3-C—O0 (2

phgse and in the liguid Ehase in theé)resence of primar
secondary aIcohoI 0 Or amines/ and, via @ MOr
rapr electron transter prochs In the presence of alk-

Ide anions.8 On the other hand, a reduction In
decomposition rate is observed in vrscous solvents9
due apparently to, cage recombination of terf-butoxy
3 Id s, and a'similar Viscosi deﬁendenceofdu ntum
Beslmgrrasbbeen reported for trie photochemical decom-

Recently Huyser and Van Scoyll have reported a

further eft/ect ot/ solvent ro Farrty on the decomposition
rate, and_more particularly on heats and entropies
of actv tron O[Althou gh their r%sults lie | hn the order
expected from data on“solvent effects ont e reactions
of teri- butoxY adrcals 2 the magnitude of the effect
IS surprrsrngy arge,  Thus, for the extreme cases
cycloh exane and acetonrtrrle AH |s reported as 40.8
an( 3 ca mo ectrv X S*as +21.1
and — |ncet elr datd were obtarned at rela-
tive| hrdh eroxrde concentratrons 651 solvent:p g
oxidé mole ratios) and since those solvents In which de-
composition was fast in general Iacked reactrve
bon swhrch could |nterrupt thec ain sequence (
It seeme 0 Us that in uced ecomgosrtron mr9 ag
count r their results, or aternatrv ly, the

rtr act aﬁtsrndnfrom the |m|ted temper ture range

over which measurements were made.

e have investigated the products of fert-butyl
geroxrde decRmposrtron in several of Hugser s solvents
t 125° and his concentr Ftrons usrné; Isohutylene oxige
ylelds as a measure of Induced decompasition. In

(4) M. Flowers, L. Batt, and S. W. Benson, J. Chem. Phys., 37, 2662
(1962).

(5) L. Batt and F. R. Cruickshank, J. Phys. Chem., 70, 723 (1966).

(6) E.S.Huyser and C.J. Bredeweg, J. Amer. Chem. Soc., 86, 2401 (1964).

(7) E. S. Hyyser, C. J. Bredeweg, and R. M. Van Seoy, ibid., 4148
(1964).

(8) W. V. Sherman, ibid., 90, 6773 (1968).

(9) C. Walling and H. P. Waits, J. Phys. Chem., 71, 2361 (1967).

(10) H. Kiefer and T. G. Traylor, J. Amer. Chem. Soc., 89, 6667 (1967).

(11) E. S. Huyser and R. M. Van Scoy, J. Org. Chem., 33, 3524 (1968).

(12) C. Walling and P. Wagner, J. Amer. Chem. Soc., 86, 3363 (1964).

(13) Although Huyser and Van Scoy assign ex
to their parameters based on error analysis, these do not, of course, exclude

perrmental uncertainties
the possibility of systematic errors of unforeseen nature. Owver a 15° tem -
perature range, a 5% uncertainty
1.5 kcal uncertainty in AH*.

in k’s (which is modest) corresponds to a

Notes

acetonitrile, the fastest solvent, it amounts to about 5%
over the first haIf life and Is mdegendent of. conversron
Indicating that larger amounts arg not b ernri formed
but then consumed In_further reactions. Qua itatively
similar yields are obtained i |n nrtrobenzene and benzene
but they are lower |n cycloh ex%ne and neg g;(r le |n
cycIohexene a good trair h teri-bufo
methyI radicals. ~At 100:1 acetonitrile; peroxrde ratros
dsob tylene oxide eyreld IS also ne ligible aIthough
ecomposrtron rat Is unchanged see below). ~ Ac-
cor mq(g we, conclude that |nduced decomJJosrtron does
not Make a si nrfrcantcontrrbutronto Huyser’s rates.
l]t ser’s data Indicate an |sok|net|c temperature
ora his solvents at 164° so that rates should diverge
at lower temperatures. . We have measured decomposi-
tron rates In acetonitrile and cyclo exene at 125 and

5° and cyclohexane at 95° (Table ). At the lower
T |
R c st ts Decomposition of
tert-Butyt Peroxi d
Temp
Solvent, mol ratio “C k, sec-1 X 1d
Acetonitrile, 5:1 125 377 £ 9
Acetonitrile, 101:1 125 389 + 20
Acetonitrile, 5:1 125 347 + 46
Cyclohexene, 5:1 125 149 + 3
Cyclohexene, 5:1 125 138 + 26
Acetonitrile, 104:1 95 9.53 £+ 0.10
Acetonitrile, 104:1 95 9.24 + 0.18*
Cyclohexane, 98:1 95 2.48 + 0.11

“ All by disappearance of peroxide unless indicated. Experi-
mental errors are standard deviations. 6Data of Huyser and
Van Scoy. cBy appearance of products.

tem erature the ratio s consrderably Iower (3.84) than
Pre icted ny Huyser’s parameter Fidure 1
S an rre Ius pfot combining hot setso data. Also
Inclyded are the only other set of low-temperature data
avarIabIe Qffenbach and Tobolskv’s measurements
employing styrene ygo 1ymerrzatron as a measure of
decomipositior rate. ble I1'lists heats and entropies

AH*,
Solvent kcal/mol AX*, eu

Acetonitrile 34.2 6.5
Styrene6 34.8 6.7
Cyclohexane 38.4 15.2
Gas phase' 37.4 12.9

“ Calculated by least square fit of data, Figure 1. 6Styrene and
benzene points combined. For styrene alone, ¥ AH* = 34.0
kcal/mol, AST = 4.6 eu. “Reference 15.

of actrvatron caIcuIated from the datg shown in Fig-
ure 1. For styreng It was assumed that the decom-
osrtron rate t 120-135 was the same as re orA ed
y Huyser an nScoyrn enzene, and also Incl

e the resy tso Batt ‘and Benson’ for the reactron
In the %as phase over an extended but higher tempera-
ture range.

(14) J. A. Offenbach and A. V. Tobolsky, J. Amer. Chem. Soc., 79, 278
(1957).
(15) L. Batt an

d S. W. Benson, J. Chem. Phys., 36, 895 (1962).
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Figure 1.—Solvent effects on temperature dependence of
cerf-butyl peroxide decomposition: circles, acetonitrile; squares,
cyclohexane; crosses, styrene; solid symbols, Huyser and Van
Scoy; open symbols, this paper.

From Table Il we conclude that, while the rate an
%ctrvatron parameters for the decomposrtron of ferf-
utyl peroxide do vary measura eywrt soIvent the
ma%nr ude of the effect rs consrd ratw ess th an re-
P u ser and Van Sco e_also believe
hat our esu ts oint up the importance of determinin
actrvatron parameters from data gathered over as wide
em erature ranr\;/ as_possifle. gace the matter

ersBectrve anatrons In rate ecomgosrtron
of erf-nutyl peroixde with solvent and attributable
to variations in reactant ang transition-state solyation
are comparable to or smaIIer than those previousl
0 served with srmpe diacyl peroxides and. peresters
which decompose by single- ond scission and_ far smaller
than the efreg tj; bserved In thOf 8eroxrdes which
decompose rapidly by concerted multibond scission.b

Experimental Section

Materials.—Peroxide and solvents were commercial materials,
purified as necessary by conventional means and checked by
gas-liquid chromatography (glc).

Decompositions.—Were carried out in sealed, degassed tubes
in suitable thermostats, and products and decomposition rates
were determined by glc analysis, using suitable internal standards
added after reaction. Reaction rates were determined by moni-
toring either undercomposed peroxide or the appearance of prod-
ucts (ferf-butyl alcohol plus acetone). Data on columns and
conditions found effective for the different systems investigated
appear in Table I11.

Analysis of Data.—Rate constants were calculated from points
from individual runs (usually 9), distributed in time over ap-

(16) For a recent discussion of such systems, cf. C. Wailing, H. P. Waits,
J. Milovanovic, and C. G. Pappiaonnov, J. Amer. Chem. Soc., 92, 4927
(1970).
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Tanie Il

Gas Chromatographic Data

Column
Analytical temp,
columno °Ch Compounds ana

12 ft, 15% di-

lyzedO Solvent

40 Acetone, isobutylene Acetonitrile,

isodecyl- oxide, tert-butyl cyclohexene,
phthalate peroxide, 2- cyclohexane,
pentanone cerf-butyl
alcohol, ben-
zene, nitro-
benzene
12 ft, 20% 68 2erf-Butyl peroxide, Acetonitrile
DEGS in acetone, ;erf-butyl
tandem with alcohol, benzene”
15 ft, 20%
FFAP
12 ft, 10% sili- 40 ferf-Butyl alcohol, Cyclohexane
cone gum methylcyclohexane,d
rubber UCC- cerf-butyl peroxide
W982

° Stationary phase, 80-100 mesh VarAport 30.
temp, 70-80°. CIn order of elution.

b Injector
d Internal standard.

proximately 0.5-2 half-lives. Runs in both solvents at 95%
were run concurrently to compensate for any drift in thermostat
temperature over the 1-2 weeks required to achieve adequate
reaction.

Registry No.—ferf-Butyl peroxide, 110-05-4,

Diacetylation of Amines

R.P.Mariet1a*ana K.H.Brown1

Department of Chemistry, Loyola University,
Chicago, Illinois 60626

Received June 18, 1970

sentative prrmar

Several re amines were acet
aterf un er rpef?ux conditions r/e

able | shows the

sults of % reatment of these amings wrth borlrng

acetrc an 2ydnde ose nmary amrnes 0 the typ
RC gave reasona a/ %)o yields, of only

dracetgr ami es Prrma?/ amrnes

CHNI % ?noaceygmrnea

RR'CH HCOCHa an draceRyamrnes eeglre

v

rnq on the nature o R and
X -monoagety amrne Mono- or dracetglatron IS
r 3/ afunctron of the steric requirements about th

rou e reaction provides a usefu| route fo
arnr%g R N,1V- dracetyltamr es In reasona“y good
yreI S, alsn rg}r\ergrn Table |.

sgectra of the N- monoacet Iamrnes
3275 ¢cm-1 due tot e stretc
of amides of the type CHILONHR. In gl compounds
Prepared whether monoacetylamrne or dracetx amrne
he symmetrical N-H stretch’of the methyl rnt
acetyl f nct|?n shows absor tion at 1366-13

The car on group of t ono%cete/lamrnes show a
stron at ca. 1040 cm- arh ony and of
% acety amjnes snow up at 1

erence In the freguenc y of absogatron of the carbong
group for monoacetylamines and diacetylamines was

(1) Taken from the Ph.D. Dissertation of K. H. Brown, Loyola University,
1970.

showeban as at 322
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Notes

used as an analytical probe in the identification of the
products Alsg, an estimate of the relative amounts of

onoace[%/ amine and diacetylamine was made for
those ami eswhlch gave both progucts.  This estimate

maﬁie X comparison of the Intensities of the two
car on a

The nuc ear magnetic resonance ?ata clearlg show
the difference between iV-monoacetylamines an
dlacetylammes The A-monoacety amlnes show réso-
nanceat ca. r 2.10 asadoublet due'to th ?N -H pro[)on
which s coupled W|th the C proton o the neighnor-
ing alkyl group. Th emetX rou s of the acefamido
function provide a convenle tmethod of estimaing the
relative amounts of monoa etyl amlnf and diacetyl-
amme |n a glven refactl n. The'metn

Jparotons aﬁg ar
A-monoacetylamines and at
t770 + 010 fortheArA -(iacetylaminés,

Experimental Section2

All melting points were obtained on a Fisher-Johns apparatus
and are uncorrected. All boiling points were obtained using
standard vacuum distillation techniques and are uncorrected.
All nuclear magnetic resonance spectra were taken on a Varian
A-60A instrument as 50% CC14 solutions, using 1% TMS as
internal standard, except in those cases where solubility considera-
tions required CDCh as solvent. All infrared spectra were taken
as neat smears (for liquids) or as KBr pellets (for solids) and were
performed on a Beckman IR-5A spectrophotometer. All gas
chromatogaphy work was done with a 4-ft SE-30 column on an
Aerograph gc instrument. Elemental analyses were performed
by Micro-Tech Laboratories, Skokie, 111

Acetylation of Amines.—The acetylation procedures were
nearly the same for all the compounds studied. Therefore, the
reactions o: the amines examined are divided into two categories:
those reactions which gave only a 2V,A-diacetylamine, and those
reactions which gave a mixture of a fV-monoacetylamine and a
N N -diacetylamine.

The Preparation and Isolation of a N ,A'-Diacetylamine— (The
acetylation of cyclopropylamine which is given below is typical.)
Cyclopropylamine (4.80 g, 0.084 mol) was added dropwise to a
mixture of acetic anhydride (125 ml) and anhydrous sodium
acetate (0.5 g) contained in a 250-ml three-neck round-bottom
flask equipped with reflux condenser, dropping funnel, thermom-
eter, and magnetic stirring. The temperature was maintained
at 25° by use of an ice bath since the exothermic reaction involved
the addition of the volatile cyclopropylamine (bp 50°). The total
time of addition was 10 min. The reaction mixture was then
heated at reflux for 20 hr and cooled to room temperature. The
reaction mixture, which was clear ajid yellow, was then rotary
evaporated at approximately 70° and 10 mm for 2 hr, leaving a
thick yellow sludge. Water (50 ml) was added, forming a yellow
solution, which was then stirred at room temperature for 1 hr in
order to hydrolyze any remaining acetic anhydride. This water
solution was then extracted twice with ether (75 ml per extrac-
tion) and the combined ether layer was dried (MgS04), filtered,
and concentrated on the rotary evaporator at reduced pressure,
leaving 8.0 g (69%) of yellow A,)V-diacetylcyclopropylamme.
The yellow liquid was then distilled through a 6-in. Vigreux column
at reduced pressure. After a small forerun (0.5 ml), the major
fraction distilled at 94.5° (10.0 mm): rex&d 1.4686; d276 1.11;
ir (neat) 2980, 1692, 1368, 1250, 1035, and 970 cm-1; nmr
(CCh) r 8.80-9.30 (m, 4), 7.78 (s, 6), and 7.40 (m, 1).

The Preparation, Isolation, and Separation of a Mixture of a
M-Monoacetylamine and a AAA'-Diacetylamine.— (The acetyla-
tion of sec-butylamine given below is typical.) sec-Butylamine
(14.6 g, 20.3 ml, 0.20 mol) was added dropwise to a mixture of
acetic anhydride (140 ml) and anhydrous sodium acetate (0.5 g).
The procedure was identical with that of cyclopropylamine until

(2) The amines in this research were used as received without further
purification. The following sources supplied the amines: Aldrich Chemicals,
Milwaukee, Wis., Reilly Tar and Chemicals, Indianapolis, Ind., Eastman
Kodak, Rochester, N. Y. Additionally, we thank Professor Harvey Posvic
of out department for supplying us with generous samples from his amine
collection.
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the crude product was isolated. This crude product was sub*
mitted for infrared and nuclear magnetic resonance analysis.
Comparison of the relative intensities of the carbonyl absorptions
in the ir spectrum indicated a mixture of IV-acetyl-sec-butylamine
and AbM-diacetyl-sec-butylamine in the ratio of 7:8. Compari-
son of the relative areas under the singlet methyl peaks of the
acetamido functions in the nmr spectrum corroborated the in-
frared findings. The crude liquid was then fractionally distilled
through a 6-in. Vigreux column at reduced pressure. After a
small forerun, 5 ml of clear colorless liquid was collected at 86-
91° (8.75 mm). A small intermediate fraction was then distilled,
and finally a 10-rr.l collection of clear colorless liquid was made
at 101-101.5° (8.75 mm). The infrared spectral data clearly
indicated that the 86-91° fraction was the M,A-diacetyl-sec-
butylamine, and that the 101-101.5° fraction was the M-acetyl-
sec-butylamine.3 The identifications were made based on the
conclusions set forth in the spectral discussion section of this
paper: that the carbonyl absorption at 1692 cm-1 indicates di-
acetylamine, whereas the carbonyl absorption at 1640 cm-1
indicates monoacetylamine. The nmr spectra also clearly desig-
nate the high-boiling fraction to be pure monoacetylamine while
the lower boiling fraction is seen to be nearly pure diacetylamine.
The total yield, based on a 7:8 monoacetyl to diacetyl ratio, was
75%, or 35% JV-acetyl-sec-butylamine and 40% AhM-diacetyl-
sec-butylamine. The AAA-diacetyl-sec-butylamine was purified
by preparative gc from an SE-30 column and analyzed: wZXd
1.4361; d2760.96; ir (neat) 2950, 1692, 1450, 1370, and 1240
cm-1 nmr (CC14 r 9.17 (m, 3), 8.67 (d, 3), 8.20 (m, 2), 6.18
(m, 1).

(©)] N-sec-ButylacetAmide has a reported boiling point of 87° (3 mm).
See Table I, footnote a.

Hydrogenolysis of Carbonyl Derivatives as a
Route to Pure Aliphatic-Aromatic Hydrocarbons

J. W. Burnhamland E. J. Eisenbraun*
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Oklahoma State University,
Stillwater,

klahoma 71,074

Received July 6, 1970

Hydrogenolysis  of ketones such as acetoRhenone
benzophénone™ (Scheme 1), and 1-tetralone to the corre-
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ondln rocarhons is readily accomplished in good
;P d2a ghas become an m%ortant Eynthemsr ute

(1) (a) American Petroleum Institute Research Assistant (undergraduate,
1968-1969; graduate, 1969-present).

(2 (a) P. N. Rylander, “Catalytic Hydrogenation over Platinum Metals,”
Academic Press, New York, N. Y., 1967. (b) Presented before the Southwest
Regional Meeting of the American Chemical Society, Tulsa, Okla., Dec
4-6, 1969. (c¢) R. G. Melton, E. J. Eisenbraun, P. W. K. Flanagan, and M.
C. Hamming, Org. Prep. Proced., 2, 37 (1970). (d) Aromatic aldehydes
also may be hydrogenolyzed. (e) Correspondence regarding samples of
hydrocarbons related to this and earlier2 work should be addressed to A. J.
Streiff, American Petroleum Institute, Carnegie-Mellon University, Pitts-
burgh, Pa. 15213.
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Table |

Hydrogenolysis of Carbonyl D erivatives

Reaction
Compri® hr % yield6
la 1.5 95
lc 7 92«
Id 6 93«
le 6 96«
If 4 96«
2a 1.5 95
2c 6 81
2d 5 97
2e 5 94
2f 3 82
3ad 2.5 92
I 21 84
3d« 10 75
4a 1 87
4c 3 71
5a 1 94
5¢/ 4 95

“ For preparation and melting points of these derivatives ex-
cept as noted, see R. L. Shriner, R. C. Fuson, and D. Y. Curtin,
“The Systematic lIdentification of Organic Compounds,” 5th
ed, Wiley, New York, N. Y., 1964, pp 147, 253, 289, 363, and
364. The melting points of these derivatives agreed with litera-
ture values. 6Glc comparison with standards. «Gravimetrically
determined as well. 0 CI. Ferrero and R. Helg, Helv. Chim. Acta,
42, 2111 (1959). «M. G. J. Beets, H. Van Essen and W. Meer-
burg, Reel. Trav. Chim. Pays-Bas, 77, 854 (1958). f F. Ramirez
and A. F. Kirby, J. Amer. Chem. Soc., 74, 4331 (1952).

Freh drocarbons.2 However, in 3ome cases, the
av able etoneand/orthe resultrng ny rocarbon could
not be brought to the required dpurr [r)t It ecame
necessary to"resort to Bre aration of carbonyl deriva-
tives, for purification,8but, since the hydrocarbon was
the desrred roduct and the purified ketone was nof re-
g#rrre we decided to rnvestr atedrrect hydrogenolysis

carbonr{ erivatives t% h/ rocarbons.
re enzoP enone Ia') or acetophengne

24), w rc were used to screen for the most suitable
erfvative, the 2.4- Initrop enthydrazone aﬁgears to
et e mosdt effective derrvatrve hyd ro? lysis to
pure 1b and 2b. The results of hydrogenolysis experi-

4 5

y=0 2a 3a 4a 5a
y = H2 b b b b
y = NNH86—|3(N02)2 c c c c
y = NNH(!NHZ d d
y = NNHCeHs e
y = NOH f

ment [aepnlied to several carbonyl derivatives are shown
ga

a

Iquid chromatogra Ic) studies were used
deternwne the exten? P hé r%genolysrs ana hydro-

(3) H.R.Ha nd E. J. Ei raun, J. Org. Chem.., 31, 1294 (1966)

Notes

genatron For example, acetoghenone phen ly dra
zone (2e) gave some phenethylamine as well as
%Iamrne Addrtronal hxdrogenol SIS converte the
er to ethylbenzene, and extraction with agueous
hP/ rochloric acrd re o edthe Iatter GIcgtudres ere
also used to_ Identity the hydrocarb on %rogeno ysIS
groducts and to determrne the yield of
b. The nitrogenous hyadrogenol ysrs Uydrogenatron
ro ucts of oximes, semicarbazones, and” 2,4-dinitro-
eny hxdrazones were not rnvestrg ated
P era| tehydrol_?enolyses ould be brought to
com afjon in 3-7 evr 3a and Its derivatives
3¢ ahd 3d were resistant to_hydrogenolysis as comPared
o [a and 2aandthe|rderrv tives. Asaresulto ro-
longed treatment, “overh ro enation” waso erved
for3a and 3d but surp rrsn the 2,4-0 rnrtrog enyl-
r?/drazoneSC cIeanIB/hydrog o dyze 0 the corr P
drocarbon 3 rogenation may esult
from grolonged 0f severe treatment of |a or 2a and their
derivatives.” This was absent in 4a and 5a and their
2,4-dinitrophenylhydrazones.

Experimental Section

General Hydrogenolysis Procedure.—The purified carbonyl
derivative (0.03 mol) was introduced into a 300-ml stainless
steel hydrogenation vessel containing 50 ml of acetic acid and
0.6 g of 10% Pd/C catalyst.5" The vessel wess evacuated, hy-
drogen was introduced, and the vessel was shaken at 30-50 psi
at 50-60° until the pressure drop ceased.b Excess hydrogen was
vented, and the vessel contents were filtered through Dicalite
to remove the catalyst. The filtrate was diluted with 200 ml of
water and extracted with ether (two 100-ml portions), and the
extract was washed with 10% NaOH (two 100-ml portions),
dried (MgSO-i), and concentrated by distillation or evaporation
under reduced pressure. Other details are given in Table 1.

Preparation of Carbonyl Derivatives.—The carbonyl deriva-
tives used were prepared according to published procedures
(Table 1) and were purified by recrystallization from 95% ethanol
except for 3¢, (2,4-DNP), which was best purified by successive
recrystallization from nitroethane6 and isopropyl alcohol.

Glc Studies of Hydrogenolysis Products.— A standard solution
of the product hydrocarbon in ether (ca. 2%) was prepared, and
the glc curve was obtained7 with duplicate or more injections
(4 pi) onto a 0.25 in. X 11 ft column of 5% UC W-98" coated
on 80-100 mesh, acid-washed, DMCS-treated Chromosorb G
heated at 190°. The peak areas of average injections were used
to compare with peak areas obtained for each hydrogenolysis
product. The yields (Table 1) were derived from these data and
also gravimetrically for benzophenone derivatives.

Acknowled ments.—We are rateful to the Amer
ican Petrol eH Instityte_for partial SV\P ort
work throu Researc Pro ect msA
0. C Dermer or havin ?t & Manuscri tan the
Research Foundation 0 O ahoma State University
for some assistance.

(4) We are grateful to T. F. Wood, P. Porcaro
Givaudan Corp. for samples and analytical studies (nmr, mass
glc) which showed that hydrocarbons giving molecular ions at m/e 234 and
236 were present after hydrogenolysis of 3a, m/e 244, to 3b, m/e 230

(5) (a) The 10% Pd/C

and A. Hochstetler of
spectrum,

catalyst was purchased as a stock item from

Engelhard Industries, (b) A Parr Model 3920 hydrogenation apparatus was
used

(6) Nitroethane shows considerable promise as a recrystallizing solvent
for otherwise insoluble 2,4-dinitrophenylhydrazones.

(7) (a) A Hewlett-Packard 5750B glc apparatus equipped with dual
thermal conductivity filaments was used, (b) A Union Carbide Chemicals

Co. methyl vinyl silicone purchased from Applied Science Laboratories,

State College, Pa
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