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The cinchona alkaloids cited in the title undergo a new type of photoreduction to the corresponding 9-deoxy

compounds.
is shown to proceed via the triplet state, T r%.
quinoline is viable under these conditions.
fluorescence standard.

The photochemistry of alkaloid systems is intriguing
because of the possibility of developing new molecular
structures for pharmacologically active compounds, and
the rigid structure of many of the alkaloids is excellent
for stereochemical analysis of photochemical reactions.
Our initial studies concentrated on the photochemistry
of the cinchona alkaloids because of indirect evidence
which has been presented indicating the presence of new
antimalarial agents among the photochemical produects
of quinine (I) and quinidine (II).2-* To ultimately
prove the point concerning the antimalarial agents, the
photoproduets had to be isolated and tested for anti-
malarial activity. In a preliminary communication,d
the quinine and quinidine reaction products were re-
ported. We now wish to fully deseribe this work and
further studies on this series of alkaloids.

Concerning the biological activity of irradiated qui-
nine, Macht and Teagarden!* stated that ultraviolet
light renders the solutions more active pharmacologi-
cally. Conflicting reports have appeared regarding the
effect of irradiated quinine on Paramecium. There are
several accounts recording increased toxicity accom-
panying the irradiation'?—'* while others observe no
significant difference on this organism.'%® Federov!
and Nitta®® found that irradiation increased the action
of quinine on infusoria and tissue cultures, respectively.
Two research groups have reported increased antima-
larial activity by irradiated quinine solutions,®2

* T'o whom correspondence should be addressed.
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The reduction, which also proceeds with the parent compounds, 2- and 4-hydroxymethylguinoline,
Contrary to earlier reports, the 81 % — Tl % process for
These results have implications concerning the use of quinine as a

Results and Discussion

Quinine (I), quinidine (II), cinchonine (III), and
cinchonidine (IV), all members of the cinchona family
of alkaloids, give the corresponding 9-deoxy derivatives
(V-VIII) when their aqueous acid solutions are irradi-
ated with a broad spectrum uv lamp through quartz.
This novel reduction is of a new type in photochemistry
and potentially points the way to other analogous
photochemical reductions. No products of the quino-
toxine type structure could be found.

HO, HO,,,
N N
R N R N
NZ N7
I, R = OCH, I, R = OCH,
IV, R=H I, R=H

V1, R = OCH;; deoxyquinidine
VII, R = H; deoxycinchonine

V, R = OCH; deoxyquinine
VIII, R = H;deoxycinchonidine

The quantitative data for the reductions are summa-
rized in Table I. The structures of the deoxy com-
pounds were determined from their elemental analyses,
uv, ir, nmr speetra, and finally comparison with inde-
pendently synthesized materials.

The mechanism which has been proposed for the
reduction is reproduced in Scheme I. For the initial
steps, this scheme borrows heavily from those pro-
posed by Stermitz, et al., for the photochemical alkyla-
tion of the aromatic nitrogen heterocycles in alcohol
solutions.?—28  The intermediate, IX, is analogous to
one proposed for the alkylation reaction of quinoline
in acidified alecohols.?! It appears the present reduction
provides a facile alternate reaction pathway to alkyla-

-tion for the excited state quinoline moiety when the

CHROH group is attached to C, of the heterocyclic
ring. These alkaloid reaction mixtures were seruti-
nized for the presence of alkylated products to no avail.

(21) F. R, Stermitz, C. C. Wei, and W, H. Huang, Chem. Commun., 482
(1968). .

(22) F. R. 8Stermitz, R, Pau, and H. Vyas, ibid., 326 (1967),

(23) F. R. Stermitz, R. P. Seiber, and D. E. Micodem, J, Org. Chem., 88,
1136 (1968),
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TasLE I
SUMMARY OF IRRADIATION DaTa

Solvent

2 M HCl
2 M HCl-2-propanol
2 M HCl-2-propanol
pH 5.1
pH 3.0
pH 5.0-2-propanol
pH 2.7-2-propanol
2 M HCl
2 M HCl-2-propanol
2 M HCl-2-propanol
2 M HCl-2-propanol
2 M HCl-2-propanol
2 M HCl-2-propanol

with benzophenone
2 M HCl-2-propanol
2 M HCl-2-propanol
2 M HCl-2-propanol

Compd
Quinine

Hydroquinine

Quinidine
Cinchonine

Cinchonidine

4-Hydroxymethyl-

quinoline
2-Hydroxymethyl- 2 M HCl-2-propanol
quinoline 2 M HCl-2-propanol

¢ Bagsed on total amount of starting material.
lamps were used for the others.

ScHEME 1

o HCI
quinine —

MeO

MeO

/
m—2

+3

1
H

Therefore, the reduction route is taken in preference to
the alkylation route when the appropriate functional
group is present.

The mechanism illustrated in Scheme I for the ob-
served reduction is supported by a number of observa-

b Obtained with 350-nm low pressure lamps.

Recovered Yield of
Irradiation starting reduced
Filter time, hr material, % produet, %*
Quartz 70 50 10
Quartz 24 50 33
Pyrex 24 70 23
Quartz 70 10 1
Quartz 22 20 4
Quartz 22 21 2
Quartz 22 Trace 6
Quartz 70 50 22
Pyrex 24 60 16
Quartz 24 63 23
Pyrex 24 20 49
Pyrex 5 36 43p
Pyrex 5 Trace 74b
Pyrex 24 17 49
Quartz 24 0 42
Quartz 2.5 0 44
Quartz 4 0 42
Pyrex 5 0 57

The Hanovia 550-W medium pressure

tions. First, if this were the mechanism, the elimina-
tion of water during step 3 should be favored by in-
creased acidity of the medium. Thisisindeed in accor-
dance with the actual observations (Table I). Irradia-
tion of the monohydrochlorie salt of quinine dissolved
in aqueous solution, pH 5.1, rapidly decomposed to give
only trace amounts of V and mainly polymeric materials.
The dihydrochloride salt in aqueous solution, pH 3.0,
gave analogous results, although the yield of V increased
t049,. The yield of V is increased to 109, in 2 M HCl
solution. Since the nonbonding electrons on the nitro-
gen are bound by a proton in the strong acid conditions,
it is the = — #* excitation which gives rise to the ob-
served reduction; and the n = ¢* and n — =* transi-
tions, which may occur in neutral solutions, ultimately
produce other products.

The proposed mechanism leads to the prediction that
hydrogen atom donor solvents should favor the reduc-
tion. The hydrogen atom abstraction process is ex-
pected to be unfavorable in aqueous 2 M HC1. The pre-
diction is substantiated by the yield increase, <.e., to
339% of the photoreduction in the presence of the hydro-
gen donor, 2-propanol (bond dissociation energy is 90.3
keal/mol).2¢* The identification of acetone in the irra-
diated solution confirmed that 2-propanol was, at least
partially, acting as hydrogen donor although the rate
and yield enhancement might well be attributed to a
solvent effect.

The reaction also proceeded with a Pyrex-filtered
light eliminating the known photodecomposition of
2-propanol by 184.9-nm light as a functioning mecha-
nism under these conditions.® As with the aqueous
acid solutions, the efficiency of the quinine reduction in
the aqueous acid-2-propanol solutions increased with
lowering of the pH.

The relatively low yield of deoxyquinine during the
irradiation of quinine in aqueous HCl together with the

(24) R. Walsh and 8, W. Benson, J. Amer, Chem. Soc., 88, 3480 (1966).

(25) N. C. Yang, D, P. C. Tang, D. M. Thep, and J. 8, Sallo, ibid., 88,
2851 (1966).
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fact that polymeric material is formed accounting for a
large portion of the remainder of products indicated the
vinyl group participated in the reaction by radical poly-
merization. To evaluate this possibility, dihydroqui-
nine was irradiated under comparable conditions to that
of the quinine irradiation. In accordance with the
expectation, hydroquinine produced a higher yield of
photoproduct than did quinine, and less polymeric
material was obtained.

Since marked changes of the excited states of quino-
line are known to occur when heteroatoms are attached
to the ring,? it was of interest to irradiate cinchonine
(I1I) and cinchonidine (IV). These molecules have all
the structural features of quinidine and quinine, respec-
tively, except they do not have the 6’-methoxy group.
These molecules gave significantly higher yields of the
corresponding reduced products, VII and VIII, than
did quinidine and quinine (Table I). Thus, the pres-
ence of the methoxy group in quinine and hydroquinine
has a detrimental effect on the reduction process pos-
sibly because of enhanced radiative decay.

On the basis of model studies it is evident that the
quinuclidine superstructure of the cinchona alkaloids
restricts the crientation of the 9-OH group. To deter-
mine the influence of this restriction, the reduction of
4-hydroxymethylquinoline, a molecule which does not
have as much restriction on the movement of the
CH,OH group and probably has a predominance of the
90° dihedral angle conformer, was done for comparison.
The reaction proceeded as expected producing 4-meth-
ylquinoline, but the reaction was complicated by side
reactions which resulted in lower yields of the reduction
product. Thus, the quinuclidine side chain has the
effect of hindering the side reactions from occurring
possibly because of steric factors. However, no conclu-
sions can be made concerning the stereochemical impli-
cations of the OH orientation.

The postulated mechanism of Scheme I predicts the
reaction should be successful for 2-hydroxymethyl-
quinoline also. This was tried and indeed the reaction
proceeded. The slower time of reaction of 2-hydroxy-
methylquinoline may be attributed to steric hindrance
offered by the ~-CH,OH group to the approaching hydro-
gen donor during the initial step of hydrogen abstrac-
tion.

The proposed mechanistic Scheme I is consistent with
the fact that no isomerization of the remaining optically
active centers, 7.e., those at Cs,Cy, and Cs, oceurs during
the irradiation. The optical rotations of the deoxy
compounds V and VI obtained from quinine and quini-
dine were the same as those for the corresponding deoxy
bases synthesized by classical methods (Table II).

Recently, Padwa, et al.,? reported that the -C=N-
bond of imines was reduced by ground-state reaction of
the imine with a ketyl radical arising from carbonyl
impurities in the irradiation medium. This suggests
the alternative pathway for the quinine reduction illus-
trated in Scheme II.

Such a possibility is unlikely because no carbonyl
compounds were detected in the starting material.
However, the acetone generated from 2-propanol during
the irradiation could have caused the mechanism illus-

(26) K. N. Nurmukhametov, Russ. Chem. Rev., 86, 693 (1967), and
references cited therein. R

(27) A. Padwa, W, Bergmark, and D. Pashayan, J. Amer. Chem. Soc.,
91, 2653 (1969).
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TasLe I1

OpTricAL RoTATIONS OF IRRADIATION PrODUCTS
[a]D obtained

from the irradia- Lit.b
Compd tions,* deg [a]éD, deg
Deoxyquinine —99.1 —-97.7
Deoxyquinidine +210.7 +211.1
Deoxyhydroquinine —78.6 —-77.5
Deoxycinchonidine —27.3 —-29.9
Deoxycinchonine +179.3 +176.5

¢ The small deviations are due to temperature and concentra-
tion effects. P For the specific literature references, see the
Experimental Section.

Scueme I1
I .
é’j\ + COH — X — etc
.
H

trated in Scheme II to operate. To test this, acetone
was added to the reaction mixture prior to irradiation
and no effect could be detected on the reaction results.
Further, ketyl radicals were thermally generated from

" benzopinacol? in an aqueous acid-alcoholic solution of

cinchonine. No reduction product was observed.

The Nature of the Excited States Involved in the Re-
duction.—There are four possible chromophoric groups
in the molecule, the quinoline ring, the vinyl groups,
and the two different nitrogens, The available evi-
dence clearly points to the quinoline moiety as respon-
sible for the light absorption which ultimately leads to
reduction. The two sets of lone pair electrons on the
nitrogens are adequately bound as the ammonium salt
by the strong acid of the medium effectively preventing
n,7* and n,o* transitions from oceurring.

The vinyl group which absorbs at about 180 nm is
not considered an active chromophorie group in the
200-400-nm region which is available in the quartz fil-
ters used. Additional evidence on this point is that the
reduction also proceeds with Pyrex filters which only
allow light of wavelength greater than 285 nm to enter
the sample.

By process of elimination, the quinoline ring must be
responsible for the light absorption. Direct evidence
on this point can be seen by observing the detrimental
effect the 6’-methoxy group on the quinoline ring has
on the yields of the reduction; ¢f. the yield of quinine (I)
and quinidine (II) with those of cinchonine (III) and
cinchonidine (IV) as recorded in Table I. The presence
of ~OR, -8R, and ~NR; are known to cause marked
changes in the uv spectra and hence the electronic
states of quinoline when the heteroatom is conjugated
with the ring, %%

The energy level diagram for the quinoline ring is
constructed in ¥igure 1. This is a construct from the
several reports in literature?2—3! all converted to the
keal/einstein energy scale. The 8! .» band is a
diffuse band whereas the 8'(, .+ band is sharp. Fluo-
rescence from S! is only observed in polar solvents and
has been attributed to a change in the relative positions
of the Sip.% and Tly,« levels.?® Under the influ-

(28) 8. P. Popli and M. M. Dhar, J. 8ci. Ind. Res., Sect. B, 19, 29 (1960).

(29) M. A. El-Sayed and M. Kasha, Spectrochim. Acta, 1B, 758 (1959).

(30) M. A. El-Sayed, J. Chem. Phys., 88, 2834 (1063).

(31) V.L.Ermolaev, Sov. Phys. Usp., 80, 333 (1963) (English translation),
and references cited therein,
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Figure 1.—Energy diagram for quinoline in neutral nonpolar
solution.

ence of the polar solvents, particularly those which can
hydrogen bond intermolecularly, the energy of the
Slp.x and Tly.# levels is raised, and they occupy a
position above the 8!, .+ level of quinoline.

The T, .4 level is estimated at approximately 9
keal below that of the 8%, .+ state in nonpolar media
on the basis of an analogy to the corresponding levels
of pyridine. No phosphorescence has been observed
from this state. The Sl;.4 or 8l .+ state is be-
lieved to degrade via Ty % t0 T, »4 from where phos-
phorescence is observed.® The radiative lifetime of
8. .+ is estimated at 10-7-10-% sec and'the intersys-
tem crossing rate at 8 X 107 sec—%.%

In acid solution, the energy level diagrams for cin-
chonine and quinine are illustrated in Figure 2. Since
the reduction occurs with Pyrex filters, the Sy .+ and
82, % state are populated during the irradiation.

We have been successful in sensitizing the photo-
reduetion of cinchonine with benzophenone (E; = ca.
68 keal/einstein) using 360-nm low pressure lamps.
The reaction proceeds to a higher yield, i.e., 74%, with
the sensitizer than without (439,). "This, together with
the known fact that the phosphorescence of quinoline
can be sensitized by benzophenone,?! is strong evidence
that the reaction proceeds via the T'¢ .+ state. The
conclusion reached by El-Sayed that the intersystem
crossing of quinoline is *“...attributed to the triplet
(n,7*) state which is located between the lowest singlet
and triplet (r,7*) states in quinoline” needs to be
reevaluated.® Since the T . state is predicted to
be of high energy in the quinoline ammonium salt, these
results point to the intersystem crossing path of S!(;.+
— T, .+ as a viable one.

Quinine is known to have a high fluorescence quan-
tum yield in polar solvents,?%3% 0.55-0.58, which can
account for the relative slowness of the reduction reac-
tion. The presence of the 6’-methoxy group in quinine

(32) J. E. Gill, Photochem. Photobiol., 9, 313 (1969), and references cited
thersin,
(33) A. N, Fletcher, 1bid., 9, 439 (1969).
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Figure 2.—Singlet energy states for (a) cinchonine and (b)
quinine in 209, 2-propanocl-2 M HCI.

causes a marked reduction of the Sl % energy level
(Figure 2) in accordance with the results of others. %%

Quinine has been proposed as a fluorescence stan-
dard?%2® and one of the given reasons for this recom-
mendation is that it is not degraded by light during
spectral measurements.?? This must now be viewed
with due caution. Fortunately, the isolated photo-
product has the same chromophore as the quinine, but
it does not have the same reaction pathways available.
Potentially, this might affect the fluorescence quantum
vield. We also know there are as yet uncharacterizable
materials present in the reaction solution which adds to
the problem.

Results of Malarial Tests.—Various compounds ob-
tained in the course of this investigation have been
tested for antimalarial activity and the results thus far
obtained are illustrated in Table III. These com-
pounds have not demonstrated enough activity to merit
further testing.

Experimental Section

All melting points are corrected and were taken in a silicone oil
bath. Elemental analyses were done by Alfred Bernhard Labora~
tories, Elbach, West Germany. The infrared absorption spectra
were determined on a Beckman IR-12 spectrophotometer. The
ultraviolet absorption spectra were measured with a Cary 14
spectrophotometer. The nmr spectra were recorded on an A-60
Varian Associate spectrometer using tetramethylsilane as internal
standard.

Reagents.—Quinine (J. T. Baker), cinchonidine (Fluka A. E.,
Chem. Fabr., Switzerland), cinchonine (K and K Laboratories),
and quinidine (Aldrich) were used without further purification.
The alkaloids were homogeneous (tle). Hydroquinine was pre-
pared by dissolving hydroquinine sulfate (Pfaltz and Bauer, Inc.)
in water, and precipitating with 6 N NaOH. After washing,
drying, and recrystallization from toluene, the melting point was
171-172° (lit.** 169-171°). The nmr spectrum® (CDCl)
shows a doublet at = 1.62 (1 H, Hy,, J = 4.5 Hz), doublet at
2.14 (1 H, Hg», J = 10 Hz), doublet at 2.54 (1 H, Ha, J = 4.5
Hz), multiplet at 2.60-2.90 (2 H, Hy, Hy/), singlet at 4.46 (1 H,
H,), broad singlet at 3.30 (1 H, hydroxy hydrogen), broad pattern

(34) A. P, Cheung, A. Benitez, and P. Lin, J. Org. Chem., 88, 3005 (1968).
(35) T. Williams, R. G. Pitcher, P. Bommer, J. Gutzwiller, and M.
Uskokovie, J. Amer. Chem. Soc., 91, 1871 (1969),
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Tasre I1I
Resvrrs oF MavLaRIA TEsTS?
MSTT} MSTOC,
days days Cures?
Deoxyquinidine Mice® Plasmodium berghes 6.3 6.1 0
Quininone Mice’ Plasmodium berghei 6.9 6.1 0
Quinidinone Mice/ Plasmodium berghel 6.3 6.2 0
Cinchoninone Micef Plasmodium berghel 6.4 6.2 0
Deoxyquinine Micee® Plasmodium berghei 6.4 6.2 0
Uncharacterized benzene Chickes Plasmodium gallinaceum 4.0 3.1 0
Insoluble residue of Micee Plasmodium bergher 6.6 6.1 0

quinine irradiation

o All testing was done by the Department of Army, Walter Reed Army Institute of Research, Walter Reed Army Medical Center,

Washington, D. C. 20012.

vivors at 30 days post infections. ¢ ICR/H, Swiss female mice.

at 6.20~7.80 (5 H, 2 H,, 2 H,, H;), and a broad pattern at 7.90-
9.50 (11 H, 2 Hs, 2 H,, Hy, H3, 2 Hy, 3 Hy). Eastman Spectro
Grade 2-propanol was distilled at constant temperature 82° in a
2-ft Vigreux column.

Hydroxymethylquinolines.—Both 2- and 4-hydroxymethyl-
quinolines were prepared by LiAlH, reduction at low temperature
(Dry Ice~acetone) of the corresponding methyl and ethyl esters
according to the procedure of Kaslow.® The method was modi-
fied in that the excess of LiAlH, was decomposed with a saturated
solution of Na,S0, to avoid the formation of gel-like precipitates
of Li salts. Further purification of the hydroxymethyl com-
pounds was achieved by forming the hydrochlorides (in anhy-
drous ether-HCI) and recrystallizing from absolute ethanol.
The materials were homogenous on tle. The esters of the quino-
line carboxylic acids (K and X Laboratories) were prepared by
refluxing with purified thionyl chloride and, after removal of the
excess of thionyl chloride, reaction with the corresponding alecohol.
Ethyl 4-quinoline carboxylate hydrochloride melts at 125-127°
after recrystallization from benzene. The infrared spectrum
(KBr) exhibits bands at 1732 (ester carbonyl) and 2300-2500
em™ (broad imonium band). Methyl 2-quinoline carboxylate
melts at 76-78° after recrystallization from ether as the free base.
Its infrared spectrum (CCl,) shows a band at 1729 cm™! (ester
carbonyl group).

The physical data for 2-hydroxymethylquinoline hydrochloride
are mp 175-177° dec; ir (KBr) 3200 and 1070 (primary OH),
1640, 1610, 1530 (quinoline ring), 2580 cm ! (broad C=N+—
H). The physical data for 4-hydroxymethylquinoline hydro-
chloride are mp 208-209° dec; ir (KBr) 3200 and 1085 (pri-
mary OH), 1630, 1595, 1540 (quinoline ring), 2530 cm™* (broad
C=N+—H).

General Irradiation Procedure.—Irradiations were conducted
in an immersion reactor using a Hanovia 550-W medium pressure
lamp 673A36 with a quartz or Pyrex filter cooled by tap water.
The solution was flushed with nitrogen for 20-30 min prior to
irradiation and continued during the irradiation. The solution
was stirred by a magnetic bar. The progress of the photolysis
was monitored by tle silica gel HF25¢4¢ (Merck) employing a
solvent mixture of n-hexane, acetone, and diethylamine (5:3:2).
Spots were detected using a Mineralight lamp, UVSL-25 (Ultra-
violet Products, Inc., San Gabriel, Calif.).

Irradiation of Quinine in 2 M HCl.—Quinine trihydrate (3.81
g, 0.010 mol) was dissolved in 700 ml of 2 N HCI and irradiated
with a quartz filter. No nitrogen was used in this case in order
to duplicate Kyker’s conditions.»® After a few hours a new
spot, R: 0.63, appeared on tle. Quinine has R: 0.42. After 70
hr the intensities of the spots were ca. 1:4, respectively. At this
time the solution was made alkaline, pH 11, by addition of 240
ml of 6 N NaOH while cooling on an ice bath. The neutralized
solution was extracted four times with 250-ml portions of chloro-
form. A brown, inscluble, powder-like material remained.
After macerating twice with chloroform and drying, the residue
weighed 0.9 g (27.8%). This material was insoluble in most of
the organic solvents and smears on tle which suggests that it is a
polymer. The chloroform extracts were washed twice with 150-
ml portions of water and dried over CaSO,. After removal of
the chloroform under reduced pressure, the brown residue, 2.4 g,
was partially dissolved in benzene. The benzene-insoluble
portion remained, 0.9 g, consisting mainly of quinine (85%,
after alumina chromatography) and polymeric material (159).

(36) C. E. Kaslow and W, R. Clark, J. Org. Chem., 18, 55 (1953).

® Mean survival time of treated animal.
7/ ICR/H, Swiss male mice.

¢ Mean survival time of untreated animal. ¢ Number of sur-
¢ White Leghorn cockerel.

The benzene extract was chromatographed on a 130 g of Al,Os
which was packed in 3%, diethylamine-benzene and washed with
benzene. A 1:1 benzene—chloroform solution eluted 0.32 g (109,
yield, dry quinine basis) of deoxyquinine, B¢ 0.63. More quinine
(0.8 g) was recovered by elution with 5% CH;OH-CHCI.
Further elution with methanol gave 0.2 g of a tarry material
which smears in tle analysis.

Identical irradiations done under nitrogen in Pyrex gave less
insoluble polymeric material, 7.e., 0.3-0.4 g (9-12%). Deoxy-
quinine yield was approximately 69, and the recovered starting
material was higher. Further purification of deoxyquinine was
done by preparative tle, and microdistillation to collect the
sticky, oily material on the cold finger of a small sublimator:
[e]2*D (deoxyquinine) —99.1° (¢ 1.463, 909, alcohol) [lit.¥ [a] ®p
—97.7° (¢ 2.201, 909, alcohol)].

Anal. Caled for CpoH.N:0: C, 77.89; H, 7.84; N, 9.08.
Found: C, 77.83; H, 7.93; N, 8.95.

The ir spectrum (neat, NaCl plates) is characterized by the
missing of absorption bands of quinine (KBr) at 3170 (-OH) and
1095 em™ (hydroxylic C-O stretching). The ultraviolet spec-
trum has Amax (95% alcohol) 206 nm (e 24,500); 232 (31,500),
280 (3150), 320 (3700), and 332 (4260).

The nmr spectrum of deoxyquinine (CDCl;) shows a doublet
at 7 1.37 (1 H, Hy, J = 4.5 Hz), a doublet at 1.97 (1 H, Hs,
J = 10 Hz), a doublet at 2.87 (1 H, Hy, J = 4.5 Hz), a multiplet
at 2.80-2.51 (2 H, Hy, Hy), a multiplet at 4.52-3.90, centered
at 4.20, (1 H, Hy), multiplet at 5.25~4.78 (2 H, 2 Hy,), singlet
at 6.10 (3 H, OCHj), broad pattern at 7.34-6.42 (7 H, 1 H;, 2
H,, 2 H;, 2 Hy, and a broad pattern at 9.16-8.17 (6 H, 2 H;, 2
H;, 1 H,, 1 H;). The nmr spectrum (CDCls) of quinine shows a
doublet at 7 1.67 (1 H, Hyr, J = 4.5 Hz), doublet at 2.16 (1 H,
Hg:, J = 10 Hz), doublet at 2.55 (1 H, Hyr, J = 4.5 Hz), broad
singlet at 3.65 (OH), multiplet at 3.98-4.50 (1 H, H,), multiplet
at 4.80-5.29 (2 H, 2 Hy,), singlet at 6.11 (3 H, OCHj), broad
pattern at 6.70-7.80 (5 H, 2 H,, Hs, 2 H;), and broad pattern at
7.82-8.20 (6 H, H;, H,, 2 H;, 2 Hy).

Quinine Irradiation in Aqueous HCl-2-Propanol Solution.—
Quinine trihydrate (3.81 g) was dissolved in 700 ml of 239 (v/v)
2-propanol-2 M HC! and irradiated 24 hr in quartz. At the
end of the irradiation, most of the 2-propanol was removed under
reduced pressure, and the solution was made alkaline with 6
M NaOH. No insoluble material remaining upon extraction
with chloroform. After removal of the chloroform, the residue
was worked up in the usual way giving 3% of benzene insoluble
material, 339 of deoxyquinine, and 509, of recovered quinine.
Irradiation in Pyrex gave no benzene insoluble material and
afforded 239, of deoxyquinine and 709 of recovered quinine.

Acetone was identified by distilling the Pyrex-irradiated re-
action mixture with 2-propanol under reduced pressure, trapping
the distillate in a dry ice trap and analyzing it by vpe with a flame
detector gas chromatograph (Varian Aerograph Series 1200)
equipped with a 15 ft by ?/sin. column containing 15%, Carbowax
on 20M Chromosorb W 60-80 mesh at an oven temperature of
80°. The retention times follow: acetone, 10.5 min and 2-pro-
panol, 16 min; no acetone was detected in the 2-propanol used
for the irradiation.

Irradiation of Hydroquinine.+Hydroquinine (3.36 g, 0.0104
mol), R; 0.4, was dissolved in 700 ml of 2 M HCI and irradiated
in quartz for 70 hr to give 229, of deoxyhydroquinine as an oil,
R¢ 0.56, and 50%, of recovered hydroquinine. No chloroform or

(37) P. Rabe, Justus Liebigs Ann. Chem., 878, 85 (1910).
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benzene insoluble polymeric material was found. Irradiation in
23% (v/v) 2-propanol-2 N HCl by Pyrex-filtered light for 24 hr
gave 16% of deoxyhydroquinine and 609, of recovered starting
material. :

Deoxyhydroquinine was recrystallized from 509, aqueous ace-
tone as the trihydrate: mp 63° (contracts), 68-70° milky
liquid [1it.* 61° (contracts), 68-69° milky liquid]; [«]¥p —78.6°
(¢ 1.397, absolute alcohol) [1it.% {]%p —77.5° (¢ 1.244, absolute
aleohol)]. The infrared spectrum of the anhydrous base (net)
shows no ir bands corresponding to the absorption bands of
hydroquinine (KBr) at 3180 (-OH) and 1120 em™ (hydroxylic
CO stretching). Nmr shows (CDCl;) doublet at + 1.37 (1 H, Hy,,
J = 4.5 Hz), doublet at 1.80 (1 H, Hyr, J = 10 Hz), doublet at
2.82 (1 H, Hy, J = 4.5 Hz), multiplet at 2.80-2.50 (2 H, Hs,
Hq), singlet at 6.11 (3 H, OCHj), broad pattern at 6.50-7.90
(7 H, 2 Hy, 2 H,, 2 Hy, Hs), broad pattern at 8.10-9.05 (8 H,
2 Ha, 2 H7, H4, Ha, 2 Hm), and a triplet at 9.20 (3 H, OH;;)

Irradiation of Quinidine in Aqueous HCl-2-Propanol Solution.
—Quinidine monohydrate (3.51 g, 0.0102 mol) was irradiated
through quartz in 700 ml of 239, (v/v) 2-propanol-2 M HCI for
24 hr. The usual work-up afforded 0.710 g (22.59) of anhydrous
deoxyquinidine as an oil: [a]®p 210.7° (¢ 1.393, 959, alcohol)
[lit.*" [e] %D 211.1° (¢ 2.023, 999, alcohol)]; crystals of the di-
hydrate from 2:3 acetone:water, mp 80-82° (lit.®® mp 82°).
The infrared spectrum (KBr) shows no bands corresponding to
the absorption of quinidine (KBr) at 3200 (-OH) and 1110 cm™!
(hydroxylic CO stretching). Nmr spectrum (CDCls) exhibits a
doublet at+ 1.38 (1 H, Hy,, J = 4.5 Hz), adoublet at 2.0 (1 H, Hy,
J = 10 Hz),'a doublet at 2.85 (1 H, Hy,, J = 4.5 Hz), a multiplet
at 2.55-2.92 (2 H, 1 Hy, 1 By), a multiplet at 3.73-4.34 (1 H,
1 Hy), a multiplet at 4.75-5.15 (2 H, 2 Hy,), singlet at 6.11 (3
H, OCHj;), broad pattern at 6.55~7.40 (7 H, 1 Hs, 2 Hy, 2 H,, 2
H,), and a broad pattern at 8.20-9.00 (6 H, 2 Hs, 2 Hy, 1 Hg, 1
H,). The recovered starting material was 639,

Synthesis of Deoxyquinine and Deoxyquinidine.—The deoxy
bases were prepared by treatment of the bases, quinine and quini-
dine, respectively, with PCl; in CHCl; to form the 9-chloro bases
followed by reduction with Fe-H,SQ, according to the procedure
of Rabe.’” The deoxy bases were purified by preparative tle on
silica gel HF254 using a mixed solvent composed of n-hexane,
acetone, and diethylamine (6:3:1). The materials were identical
(ir, uv, nmr, optical rotation) to the deoxy bases obtained from
the irradiated solutions.

Photolysis of Cinchonidine.—Cinchonidine (3.005 g, 0.0102
mol) was dissolved in 700 ml of 239, (v/v) 2-propanol-2 M
HCl! and irradiated in quartz. After 24 hr, the solution was
worked up and chromatographed as usual. It afforded 1.18 g
(41.69,) of anhydrous deoxycinchonidine as an oil. Similar
irradiations using Pyrex-filtered light for 24 hr gave 499, of
deoxycinchonidine and 17% of recovered cinchonidine. At-
tempts to recrystallize the deoxy base were unsuccessful. The
anhydrous deoxy base oil showed [a]¥D —27.3° (¢ 2.089, absolute
aleohol) [lit.?? [a]¥p —29.9° (¢ 2.006, 999 alcohol)]. Infrared
spectrum (net) shows no bands corresponding to the absorption of
cinchonidine (KBr) at 3200 (OH) and 1100 em™ (hydroxylic
CO stretching).

Nmr spectrum (CDCl;) shows a doublet at » 1.17 (1 H, H,,
J = 4.5 Hz), multiplet at 1.73-2.03 (2 H, Hs,, Hy¢), multiplet
at 2.15~2.54 (2 H, H;y, Hy), doublet at 2.74 (1H,Hy, J =4.5
Hz), multiplet, eight lines, 3.88-4.50 (1 H, Hy), multiplet at
4.83-5.23 (2 H, 2 Hy,), broad pattern at 6.48-7.67 (7 H, 2 Hy, 2
H;, 2 Hy, 1 Hg), and a broad pattern at 7.80-9.15 (6 H, 2 H;, 2
H, H,, Hy).

Photolysis of Cinchonine.—Irradiation of 3.00 g (0.0102 mol)
of cinchonine in 700 ml of 239 (v/v) 2 M HC) by Pyrex-filtered
light for 24 hr afforded 1.40 g (49.4%) of deoxycinchonine and
209, of recovered starting material. Deoxycinchonine from z-
hexane gave mp 90-91° (lit.« 90-91°), [e]®p +176.5° (¢ 2.313,

(38) G. Giemsa and J. Halberkann, Ber., 54 [B], 1189 (1921).
(39) M. Heidelberger and W. A, Jacobs, J. Amer. Chem. Soc., 43, 1489
(1920).

STENBERG AND TRAVECEDO

absolute alcohol) [1it.¥ [«]¥%p +179.3° (¢ 2.025, 999, alcohol)].
Nmr spectrum (CDCl;) shows a doublet at = 1.18 (1 H, Hy,
J = 4.5 Hz), multiplet at 1.75-2.16 (2 H, Hy, Hs), multiplet
at 2.20-2.71 (2 H, Hy», Hy'), doublet at 2.83 (1 H, Hy, J = 4.5
Haz), multiplet eight lines at 3.71-4.34 (1 H, Hy,), multiplet at
4.75-5.18 (2 H, 2 Hy)), broad pattern at 6.57-7.50 (7 H, 2 Hy,
Hs, 2 H,, 2 Hy), and a broad pattern at 7.59-9.15 (6 H, H,, H;,
2 Hy, 2 H;). Infrared spectrum (net) shows no bands correspond-
ing to the absorption of cinchonine (KBr) at 3200 (OH) and 1115
em™! (hydroxylic CO stretching).

Sensitized Irradiation of Cinchonine.—A solution of 0.20 g of
benzophenone (Fisher) and 0.581 g of cinchonine in 131 ml of
509 (v/v) 2-propanol-2 M HC] was irradiated in the Srinivasan—
Griffin-Rayonet reactor with the 350-nm lamps for 5 hr under
oxygen-free nitrogen.# The amount of 2-propanol was increased
to 509, to overcome the low solubility of benzophenone in aqueous
solutions. The usual work-up procedure afforded 0.41 g (74%)
of deoxycinchonine and traces of cinchonine. Irradiation of
cinchonine without benzophenone, under the same conditions,
gave 439, of deoxycinchonine and 369, of recovered cinchonine.

Thermal Decomposition of Benzopinacol in the Presence of
Cinchonine.”—A solution of 12.2 mg of benzopinacol and 25.9
mg of cinchonine in 5 ml of 509, (v/v) 2-propanol-2 M HCl was
sealed in a test tube and heated at 130-133° for 6 days. Tle
analysis of the resulting solution showed no deoxycinchonine to
be present.

Irradiation of 2- and 4-Hydroxymethylquinolines.—The fol-
lowing procedure was used for both cases: the hydroxy-
methylquinoline hydrochioride (3.07 X 10-2 mol) was dissolved
in 210 ml of 2 M HCI-20% 2-propanol and irradiated until the
starting material disappeared. The course of the reaction was
monitored by tlec on silica gel HF254 (Merck) with a solvent
mixture of n-hexane, acetone, and diethylamine (5:3:2). By
bubbling NHj; (gas), the pH was raised to ca. 1; the solvents were
removed under reduced pressure at 40°. The residue was made
ammoniacal with excess NH; (gas) and extracted eight times with
80-ml portions of ether. The dried ether was distilled slowly
through a 1-ft glass-packed column. To the residue, after the
distillation of the ether, 0.1838 g of 4-methylquinoline or 2-
methylquinoline, as the case may be, was added as internal
standard and the volume diluted to 10 ml. Glpec analysis was
done on a 7.5 ft X 1/, in. 209, OV-I (Applied Science Labs)
Chromosorb Q, mesh 60-80, column temperature at 178°, and
the helium flow of 80 ml/min. The retention times were 2-methyl-
quinoline, 5 min, and 4-methylquinoline, 6.5 min.

For identification purposes all the samples were collected by
preparative vpe and their ir’s compared to those of authentic
materials, 2-methylquinoline (quinaldine) from Aldrich Chemical
Company and lepidine (4-methylquinoline) from City Chemicals,
N.Y.

Registry No.—1I, 130-95-0; II, 56-54-2; 1II,118-10-5:
IV, 485-71-2; ethyl 4-quinoline carboxylate hydro-
chloride, 26316-04-1; methyl 2-quinoline carboxylate,
4491-33-2; 2-hydroxymethylquinoline hydrochloride,
26315-73-1; 4-hydroxymethylquinoline hydrochloride,
26315-74-2; V, 14528-51-9; VI, 14528-50-8; VI1I, 5808-
37-7; VIII, 5949-01-9; deoxyhydroquinine, 26315-79-7;
hydroquinine, 522-66-7.
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