6514

Table I
R, R,
RG e R3
Ry
R; T H
H R,
Compound Colored form in
no. Ri R, R; R. R; R R; EPA matrix at 77°K
1 COC¢H; CN H H H H H Brownish red
2 CO.C,H; CN H H H H H Orange
3 C02C2H5 OC2H5 H H H H H Plﬂk
4 CN OH H H H H H Blue
5 COC¢H; CN H H Benzo H Yellow
6 SO.CsH,CH; H CN OCH; H H OCH; None

Compound 3 was subjected to the three irradiation—
thermal eradication cycles. The total reversibility
after the three cycles was better than 999 as deter-
mined by monitoring the absorption of the uncolored
form in the region 280-310 nm. Similarly, compounds
1 and 5 were cycled five times with the complete dis-
appearance of the visible band after each cycle. Reversi-
bility was 97-98 7 per cycle. In the cases the of com-
pounds 1 and 5, there is some side reaction in addition
to the reversible photochromic process. This is re-
sponsible for the gradual development of an additional
band with an onset in the 370-400-nm region. The
reversibility of compounds 2 and 4 was considerably
lower than those considered above.
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Figure 1. Absorption spectra of colored forms (——) of: (a)
1-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (1.2 X 1073 M at
20° in EPA); (b) 1-benzoyl-2-cyano-1,2-dihydroquinoline (5.7 X
10—¢ M at 20° in EPA). All spectra were taken in 2-mm Suprasil
cells at —196°, irradiated 20 min with 1-kW Hg-Xe source at
—196°; colorless forms before irradiation, - — - —.

The colored forms of dihydroquinolines 2 and 5 per-
sist upon melting of the EPA matrix and warming up
to room temperature, at which temperature they stay
for some time. Some of the compounds (e.g., 1, 2, and
5) can be converted to their colored forms in liquid solu-
tion at —75°, and compound 2 at temperatures above
0°. Photochromism of the 1,2-dihydroquinolines
seems to depend strongly upon the presence and nature
of the substituents in positions 1 and 2; see Table L
Thus, compound 6 is not convertible to a colored form,
and its first absorption band stays virtually unchanged
upon prolonged irradiation. This effect of substituents
is being studied further.

Absorption spectra of the colored forms of all com-
pounds investigated show a broad band in the visible

region and a more intense, usually structured band in
the region 320-400 nm. Examples are given in Figure
1. A striking similarity exists with the absorption
spectra of the colored forms of chromenes;* we have
shown the structure of the colored forms to be 7. This

\O \IT R2
R
7 8

indicates the strong possibility of a parallel structure 8
for the colored form of the 1,2-dihydroquinolines. A
more detailed investigation of the photochemistry and
spectroscopy of the dihydroquinolines is in progress.
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Solvent Effects on Molecular Complex Formation.
Pyridine-Iodine System

Sir:

Recently, results were presented showing the influence
of nonpolar solvents on the pyridine-iodine complex
formation reaction.! The variation of the 1:1 complex
formation constant (K., in liters/mole units) was related

to the solubility parameters of the solvents (8,) by the
expression proposed by Buchowski, et al.?

Iog K. =a+ bé, (1)

in which a and b are parameters depending only on the
properties of the donor (D) and acceptor (A). An
alternative method has also been developed for pre-
dicting the effect of solvation on complex formation

(1) P.V.Huong, N, Platzer, and M. L. Josien, J, Am, Chem. Soc., 91,
3669 (1969).

(2) H. Buchowski, J. Devaure, P. V., Huong, and J. Lascombe, Bull.
Soc. Chim. Fr., 2532 (1966).
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equilibria;*=¢ one useful relation which can be derived
is

log K = log K>+ (a — 1) log (KpaKpp) (2

in which K and K™ represent 1:1 formation constants
for the reaction in solvent s and in a reference medium
(either another solvent or the vapor phase), respectively;
a represents the ratio of the free energy of transfer of
the complex (from the reference medium into solvent s)
to the sum of the free energies of transfer of the uncom-
plexed donor and acceptor; and Kpa and Kpp are
distribution ratios at infinite dilution for the solutes A
and D, respectively, between solvent s and the reference
medium. (Kp a, for example, may be equated to the
ratio of the limiting Henry’s law constant of A in the
reference medium, in units of pressure/molarity, to that
of A in solvent s.) Although eq 1 utilizes the solubility
parameters of the solvents, eq 2 requires values of the
relative solubilities of donor and acceptor in the sol-
vents. According to regular solution theory, solubili-
ties of a solute may be predicted from a knowledge of
partial molar volumes and solubility parameters of the
solute and solvents.” Therefore, the two methods for
correlating solvent effects should be closely related, at
least as applied to donor—acceptor equilibria occurring
in regular solutions. The purpose of the present com-
munication is to show the connection between the
methods and to compare their utility in treating data for
the pyridine-iodine system.

If a solute (i) dissolves in solvent s to form a regular
solution, the rational activity coefficient of i at infinite
dilution is given by

v = exp[ Vi¥(6; — 6,)*/RT] 3

in which 7 is the partial molar volume of i at infinite
dilution in s and §; is the solubility parameter of i
The distribution constant for i between s and the refer-
ence solvent may be calculated by substituting values
for 4 and v, determined using eq 3, into the ex-
pression

Kp; = ’Yiref I7ref/(’Yis Vs)

to obtain

_ Viref
Koi = (Ve V) exp-[ =T —

7
6ref)2 - R—T(al - 65)2} (4)

in which V. and 8. are the molar volume and solubility
parameter of the reference solvent and V. is the molar
volume of s. Substitution of eq 4 for D and A into

(3) S. D. Christian, J. R, Johnson, H. E, Affsprung, and P. J. Kil-
patrick, J. Phys. Chem., 70, 3376 (1966).

(4) J. R, Johnson, P, J. Kilpatrick, S. D, Christian, and H. E. Aff-
sprung, ibid., 72, 3223 (1968).

(5) J. Grundnes and S. D. Christian, J, Am. Chem. Soc., 90, 2239
(1968).

(6) S. D, Christian and J. Grundnes, Acta Chem, Scand., 22, 1702
(1968).

(7) 1. H. Hildebrand and R, L, Scott, ''Regular Solutions,” Prentice-
Hall, Inc., Englewood Cliffs, N. J., 1962,
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Figure 1. Correlation of log K. with X and with é;. Lines are
calculated by linear least-squares analysis; points represent data
from ref 1 for solvents: squalane (1); isooctane (2); r-hexane (3);
n-heptane (4); cyclohexane (5); CCls (6); C.Cls (7); CS: (8).
Root-mean-square deviation of log K.# equals 0.033 for upper plot,
0.050 for lower plot.

relation 2 yields

VAref
s — ref A — 2
log Kc - log Kc + [2 . 3RT(6A 6ref)
VAS \ VDref )
2 ) 3RT(6A - 65) + 2 ] 3RT(6D - 6ref) -

155 ~
2.3132T(6D — 8)* + 2 log (Vref/vs)](a — 1)

or
log Ks* = log K + (o — 1)X 5)

in which the function X may be computed from values
of the solubility parameters and partial molar volumes
of the solutes A and D, solvent s, and the reference sol-
vent. By definition, X equals zero for the reference
solvent. Although several variables contribute to X,
it is obvious that eq 5 and 1 are quite similar, since only
8 and ¥, in (5) vary significantly with choice of solvent.

Figure 1 shows a plot of log K.® vs. X for the iodine—
pyridine reaction in several solvents, using data from
ref 1, values of Ty calculated from eq 8.10 of ref 7,
V4 values taken from Table 9.1 of ref 7 or estimated for
similar solvents, and 7 = 520 cm?/mole for squalane
(2,6,10,15,19,23-hexamethyltetracosane). Because of
its relative inertness, squalane has been chosen as the
reference solvent. The data are well correlated with
the linear relation implied by eq 5, assuming « to be con-
stant; the straight line drawn in the figure has a slope
equal to —0.07, from which the value « = 0.93 may be
calculated. Included in the figure are data from ref
1, plotted in the form log K.® vs. 6,. The correlation of
log K.® with X is somewhat better than that with §,, pri-
marily because of the good agreement between the
measured value of log K.° for squalane and the value
predicted using eq 5. The improvement reflects the
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importance of the term 2 log ( 7,/ V) in the variable
X, no corresponding solvent volume term is included in
eq 1.

The value @ = 0.93 indicates that the free energy of
solvation of pyridine-I, is only slightly less than the sum
of the free energies of solvation of the uncomplexed
pyridine and I, molecules. Values of « in the range 0.7-
0.8 have been calculated for relatively weak 1:1 hy-
drogen-bonded complexes,? whereas the value a =
1.30 has been reported for the strong 1:1 charge-trans-
fer complex between SO, and trimethylamine (TMA).5
It has been proposed that the large dipole moment of
TMA SO, (compared to the vector sum of the moments
of TMA and S0.) is responsible for the abnormally
large free energy and energy of solvation of the complex
and the corresponding large value of «.® Apparently
dipole enhancement is insufficient in pyridine I, to over-
come the loss (in magnitude) of solvation free energy
that occurs when the solvated D and A molecules are
brought together to form the solvated complex.
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Reactions of Carbalkoxycarbenes with Allyl Halides.
Halonium Ylide Intermediates
Sir:

We previously reported that with dialkyl sulfides
singlet carbalkoxycarbene directly attacks the un-
shared electrons on the sulfur atom to form alkylsul-
fonium ylides, but triplet carbalkoxycarbene cannot in-
teract with unshared electrons on the sulfur atom and
does not form the ylide. 2

We extended the studies on the reactions of carbenes
with unshared electrons to the halides. The reactions

of dimethyl diazomalonate in an allyl halide was carried
out in a Pyrex vessel with a high-pressure mercury
lamp.? The reaction mixture was analyzed by vapor
phase chromatography, and the structures of the iso-
lated products were determined by nmr and ir spectra
and elemental analysis.

The direct photolysis of dimethyl diazomalonate
yields a singlet bis(carbomethoxy)carbene (I) which re-
acts with allyl chloride to give 539 of allyl chloro-
malonate and 23 %7 of the cyclopropane derivative.

Table I. The Photolysis of Diazocarbonyl Compounds
in Allyl Halides
Diazo Insertion,© Addition,3
compd Halide % %
DM@ CH,=CHCH,Cl 53 23
DM CH.=C(CH,;)CH,Cl 25 22
DM CH;CH=CHCHCl 38 15
DM CH;=CHCH;Br* 38 6
DA? CH,—=CHCH,C1 21 18/
DA CH,;CH=CHCH,Cl 15¢ 77
e Dimethyl diazomalonate. ©° Ethyl diazoacetate. ¢ Allyl halide
insertion product. ¢ Olefin double bond addition. ¢«-Methyl-

allyl chloromalonate. / Mixtures of cis- and trans-cyclopropanes.
¢ Mixtures of «- and +y-methylallyl chloroethylacetate. * 37
of dimethyl bromomalonate was also obtained. Under the reaction
conditions, the insertion product was unstable.

With vy-methylallyl chloride the formation of a-meth-
ylallyl chloromalonate and the cyclopropane were ob-
served, but no y-methylallyl chloromalonate was ob-
tained.® The formation of “insertion” products may
be explained by the formation of halonium ylide fol-
lowed by intramolecular allylic rearrangement (eq 1),
as in the case of the reaction of bis(carbomethoxy)car-
bene with allyl sulfide or in the rearrangement of allylic
sulfonium and ammonium ylides.2™=* With allyl bro-
mide, an excellent yield was obtained by the “insertion”
of bis(carbomethoxy)carbene into the carbon-bromine
bond, whereas only a trace of addition product was

CH,CH—CHCH,(CI

CH,CH=CHCH,(]

+ hy

N,0(COOCH,),
CH-—CH
4= We

P o

, oo’

(COOCH;);

halonium ylide intermediate

of allyl halides with carbenes have been studied by sev-
eral workers,¥* but there seems to be no report on the
reaction with carbenes produced by photochemical, es-
pecially by photosensitized, reactions.

In this communication we wish to present the direct
and photsensitized decomposition of diazocarbonyl
compounds in allyl halides. Irradiation of a solution
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C(COOCH,),
addition, 15% yield

—  CH,=CHCHCCI(COOCH,), 6y

CH,
"insertion 38% yield

formed. In the reaction of bis(carbomethoxy)carbene
with trans-1,4-dichloro-2-butene, the ratio of “‘inser-
tion” to addition was about twice that obtained with
allyl chloride, as is expected from the number of reactive
chlorine atoms in the former substrate.

The most marked change in going from the direct
photolysis to the sensitized one is in the ratio of the “in-

(5) Rikosha high-pressure mercury lamp with 3660-A output.
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(7) W.H.Pirkleand G. F.Koser, Tetrahedron Letters, 3959 (1968).

(8) W. H. Pirkle and G. F. Koser, J, 4m, Chem, Soc., 90, 3598 (1968).

(9) R, W, C, Cose, A, M, Davies, W. D, Ollis, C. Smith, and I. O,
Sutherland, Chem. Commun., 293 (1969).

(10) R. W, Jemison and W, D, Ollis, ibid., 294 (1969).

Journal of the American Chemical Society | 91:23 | November 5, 1969



