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halogen increases to second in bromination® and
probably also in iodination!! processes.

To check the order of the uncatalyzed reaction
of iodine monochloride and to compare the ef-
ficiencies of zinc chloride and iodine monochloride
in functioning as the reagent E, a few rate runs
on the iodination of mesitylene, without catalyst,
were made. In analyzing the data from these
runs it was assumed that, compared to free iodine
monochloride, ICl;~ (or HICl,) is ineffective as a
halogenating agent. Since the runs were self-
inhibiting, because of the conversion of free halo-
gen to ICl;~ as hydrogen chloride was formed,
none of the runs was followed to more than 459,
of total halogen consumption. The rate law

—d(ICY /dt = Eo(ArH)(ICD? = ky(ATH)(ICY 1%/
1+ K(Cl17)]2 (6)

in which (ICl)y = (ICl) + (ICl;~), was assumed.
Values of (ICl)r during the course of the runs
were calculated from the optical densities of the
solutions at 370 mu using the approximation (see
Table I) that the trihalide ion has the same extinc-
tion coeflicient as free iodine monochloride at this
wave length. Values of free chloride ion concen-
trations were estimated from the relationship

(C17) = (ICh; — (ICHT — K (CI7)(IC)1/[1 + K (Cl7)]
@

on the assumption that X, = 250 (see eq. 1, Ex-
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perimental section),!* The %, values were cal-
culated from the measured values of (ICl)p during
the course of the runs by use of eq. 8.
[1/0CHT — 1/(ICD1] [1 + K(C17)]? = ky(ArH):  (8)
Average values of %, for each of the runs are re-
ported in Table V,

TABLE V
THE UNCATALYZED IODINATION OF MESITYLENE (25.2°)

(ArH);. mole/l. (ICI);, 103 mole/1. ks, mole =2 1.2 sec. !

0.200 1.84 0.11
.200 3.68 .10
.200 7.36 .09

Since at low zinc chloride concentrations, the &,
value for mesitylene iodination is approximately
0.06 mole~? 1.2 sec.™!, on a mole for mole basis
iodine monochloride is actually a somewhat more
effective reagent E than is zinc chloride, The
data of previous publications®’® indicate, however,
that in the bromination of mesitylene in acetic
acid zinc chloride is (on a mole for mole basis)
about five times more effective as the reagent E
than is bromine,

Acknowledgment.—The authors are indebted to
the National Science Foundation for a grant in
support of this research.
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(16) R. E. Buckles and J. F. Mills, THis JoURNAL, T6, 4845 (1954),

report much higher values for the association constant of iodine mono-
chloride with quaternary ammonium chlorides in acetic acid.
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A new synthetic scheme, leading stercospecifically in only four steps from the Reimer-Tieinann product of 4-methyl-1-
uaphthol to a liydrophenanthrone, is presented. The stereochemistry of all intermediates is discussed.

The hydrophenanthrene skeleton I is the basic
ring structure common to all aromatic tricyclic
diterpenes and could serve potentially as a syn-
thetic precursor for the hydroaromatic tricyclic
diterpenies as well as possibly for the steroids.
Three formally different routes have been followed
in the past for the synthesis of compounds of gen-
eral structure I. One procedure has involved the
prior coupling of rings A and C by various means
and a subsequent formation of ring B by acid-
catalyzed cyclization.® This scheme has led re-

(1) Part of this work was presented at the Symposium on the
Chemistry of Natural Products, Technion, Haifa, Israel, June 28-29,
1955, and at the 14th International Congress of Pure and Applied
Chemistry, Zurich, Switzerland, July 21-27, 1955.

(2) National Science Foundation predoctoral fellow, 1953-1955.

(3) (a) G. A. R. Kon, J. Chem. Soc., 1081 (1933); (b) E. C. Sterling
and M. T. Bogert, J. Org. Chem., 4, 20 (1939), and preceding papers;
(c) R. Ghosh, Science and Culture, 8, 120 (1937) [C. A., 32, 145 (1938)];
(d) R. Grewe, Ber., T2, 426, 785 (1939); (e) R. D. Haworth and R.
Barker, J. Chem. Soc., 1299 (1939); (f) S. N. Slater, ibid., 68 (1941);
(g) C. D. Nenitzescu, E. Cioranescu and M. Maican, Ber., T4, 687
(1941); (h) M. 8. Newman and M. D, Farbman, TH1S JoURNAL, 66,
1550 (1914); (i) B. K. Bhattacharyya, J. Indian Chem. Soc., 22, 165
(1945); (j) R. D. Haworth and B. Moore, J. Chem. Soc., 633 (1916);
(k) W. B. Renfrow, A. Renfrow, E. Shoun and C, Scars, THis Jour-

cently to the non-specific total synthesis of d,/-
ferruginol® and d,[-podocarpic acid,®* A second
route has consisted of varied syntheses of 1-methyl-
2-tetralones for rings B and C and a subsequent
incorporation of ring A by the Robinson cyclo-
hexenone synthesis.* The utility of this method
has been portrayed excellently by the total syn-
theses of the steroid nucleus®* and d,/-dehydro-
abietic acid,*® Finally, a third synthetic pathway
to the tricyclic ring system I has been accomplished

Nal, 78, 317 (1951); (1) G. Stork and A. Burgstahler, ¢bid., T3, 3544
(1951); (m) E. M. Fry, J. Org. Chem., 17, 1484 (1952); (n) N. C.
Deno and H. Chafetz, ¢bid., 19, 2015 (1854); (o) F. E. Ring, T. J.
King and J. G. Topliss, Chemistry and Industry, 108 (1954); (p)
N. N. Saha, P, N. Bagchi and P. C. Dutta, THls JoUurNaAL, T7, 3408
(1955), and preceding paper; (q) W. Parham, E. L. Wheeler and R. M.
Dodson, ¢bid., T7, 1166 (1955), and preceding paper; (r) R. A, Barnes
and M. T. Beachem, ibid,, T7, 5388 (1955), and preceding papers;
(s) F. E. King, T. J. King and J. G. Topliss, Chemistry and Industry, 113
(1956).

(4) (a) J. W. Cornforth, O. Kauder. J. E. Pike and Sir R. Robinson,
J. Chem. Soc., 3348 (1955), and preceding papers; (b) C. A. Grob and
W. Jundt, Helv, Chim. Acta, 81, 1691 (1948); (c) W. F. Newhall,
S. A. Harris, F. W. Holly, E. L. Johnston, J. W. Richter, E. Walton.
A, N. Wilson and K. Folkers, THis JOoURNAL, T7, 5646 (1935); (d)
G. Stork and J. W. Schulenberg, ¢bid.. T8, 250 (1956),
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most recently by the condensation of unsaturated
ketones with 1-methyl-2-naphthol.

7

A
NN

)2
VA VER!

It was of interest to uncover yet another avenue
toward I whose main attributes would be the brev-
ity of the synthesis, the stereospecificity of secur-
ing a A/B trans fusion and the avaijlability of a
suitable functional group in the final product for
elaboration to a natural product, For this purpose
the Reimer-Tiemann product of 4-methyl-1-naph-
thol was chosen as the starting material and its
chemistry came under scrutiny, The Reimer-
Tiemann reaction has been used to advantage pre-
viously for the construction of bi- and tri-carbo-
cyclic ring systems but always with the view of the
dichloromethyl function in the resulting cyclo-
hexadienones being converted to an angular methyl
group in the end.® It was the goal of the present
investigation, however, to use the dichloromethyl
substituent as a potential ring methylene group.’

Previous preparation of the unsaturated ketone
IT consisted of sulfonation of l-methylnaphtha-
lene,® alkali fusion of the sodium sulfonate®?® and
alkaline chloroform treatment of the resulting
naphthol.¥ When this procedure was used on a
large scale, without purification of intermediates,
a 349, yield of ketone III® accompanied the de-
sired product, This observation was indicative of
the fact that sulfonation of the naphthalene pro-
ceeded not only para to the methyl group but, as
might liave been expected, also to some extent
ortho to the latter 4-Methyl-1-naphthol, the im-
mediate precursor of II, was also obtainable by a
Clemmensen reduction!! of the known 4-hydroxy-1-
naphthaldehyde.!2

CLCH

QﬁHﬂ/ %
NN 0/
II IT1

Sodium ethoxide-catalyzed Michael condensation
of acetoacetic ester with ketone II led to a 949
vield of a C;3sHy04Cl; compound, While the lat-
ter’s elemental analysis indicated the product to be
a simple Michael adduct, the lack of any aliphatic
or aromatic carbonyl absorption in the 1650-1750
cm. ™! region in the infrared and the presence of an
OH band at 3600 cm.~! and of 1640 and 1605 cm. !

(5) E. Wenkert and T. E. Stevens, THiS JoUurRNaL, T8, 2318 (1956).

(6) (a) R. B, Woodward, ibid., 62, 1208 (1940); (b) R. M. Dodson
and W. Webb, ibid., T8, 2767 (1951); (c) M. S. Gibson, Experientia,
7.176 (1951),

(7) An unsuccessful attempt of carrying out a similar scheme on the
Reimer-Tiemann product of p-cresol is recorded in R. Corley, Ph.D.
dissertation, Harvard University, 1950,

(8) K. Elbs and B. Christ, J. prakt. Chen., 106, 17 (1923).

(9) R. Steiger, Hely, Chim. Acta, 13, 173 (1930).

(10) R. C. Fuson and T. Miller, J. Org. Chem., 17, 316 (1952).

(11) R. Robinson and R. Shah, J. Chem. Soc., 1491 (1934).

(12) R. Adams and I. Levine, THis JOURNAL, 48, 2373 (1923).
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bands, characteristic of a conjugated, chelated eol
of a B-ketoester,!® suggested strongly that the ad-
duct had undergone intramolecular aldolization,
This secondary process has been shown previously
to follow the Michael reaction of 8-ketoesters and
cyclohexenones.!* Thus structure IV could be as-
signed to the condensation product, although the

steric implications contained therein required
further discussion (vide infra).
CLCH., | ,
CLCH.
H...\/...QH ‘ e ‘
EtO | l ! |
NS \\/ o7 NN\ "Nq
Vi H
0. -H—-0 CO:Et
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When piperidine was used as a catalyst for the
Michael reaction, an isomer of IV could be ob-
tained, Its a-tetralone-like ultraviolet absorption
maximum at 252 mu (log € 4.00) and its infrared
maxima at 1715 and 1680 cm, !, corresponding to
saturated and aromatic carbonyl absorption, re-
spectively, revealed it to be the unaldolized Mich-
ael adduct V. It could be shown that this reaction
was an equilibrium process, wherein an optimum
vield of 189, of the diketoester V, 19, of its aldol IV
and 789, of recovery of starting ketone II was
achieved, when the reaction was permitted to pro-
ceed at room temperature in benzene solution for
52 days. Any variation of reaction time, tempera-
ture or solvent tended to dislodge the equilibrium
in favor of starting material and hence decrease the
yield of desired product V. The stereochemical
assignment for the latter followed the same argu-
ments as those for compound IV. The two isomers
were readily interrelated when it was shown that
sodium ethoxide treatment of the diketoester V
produced a 35% yield of its aldol IV as well as 629,
of the unsaturated ketone II, apparently by a re-
versal of the Michael reaction, 3

Acid-catalyzed hydrolysis of either of the above
esters led to a 3:1 mixture of isomeric C;sH50,Cl;

(13) N. Leonard. H. Gutowsky, W. Middleton and E. Peterson,
ibid., T4, 4070 (1952).

(14) (a) P, Rabe and K. Appuhn, Ber., 76, 982 (1943), and previous
papers; (b) V. Prelog and M. Osgan, Helv. Chim, Acta, 36, 1640
(1953).

(15) It is noteworthy that the ketoester IV exists completely as an
enol in the solid state as well as in solution, while the 3-ketoester V,
as other similar acyclic systems, consists mainly of a keto form and a
six-membered cyclic ketoester such as ethyl cyclohexanone-2-carbox-
ylate is 749, enolic as liquid. While IV is only one of a few examples
of compounds containing a 8-ketoester function as part of a rigid poly-
cyclic ring system [c¢f. also R. B. Woodward, M. P. Cava, W. D.
Ollis, A, Hunger, H. U. Daeniker and K. Schenker, THIS JOURNAL,
76, 4749 (1954) ], and hence no rigorous generalization regarding their
enolization is yet possible, it would not be surprising if future cases
were found also to be 100% enolic. Because of their general mode of
formation, enolizable cyclohexanone-2-carboxylates would have the
ester group in an equatorial conformation. Under such circum-
stances the geometry of the two carbonyl groups would produce the
most unfavorable dipole interaction, which would be best overcome
by the interposition of a hydrogen between two oxygen atoms, thus
forming a hydrogen-chelated enol. [For a complete discussion of simi-
lar systems ride G. S. Hammond, “*Steric Effects on Equilibrated
Systems,” in M. S. Newman, ‘Steric Effects in Organic Chemistry,”
John Wiley and Sons, Inc,, 1956, New York, N. Y., and references
therein. |
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compounds. Spectral analysis showed them to be
the diketone VI and its aldol VII. Thus the more
abundant product had 1715 and 1680 cm.—! in-
frared peaks, for an aliphatic and aromatic car-
bonyl group, respectively, and high-intensity ultra-
violet absorption at 252 mu (log e 4.03), corre-
sponding to a a-tetralone chromophore {(¢f.VI),
The second substance VII revealed the presence
of a hydroxyl group at 3570 cm, ! and a six-mem-
bered cyclic saturated keto group at 1705 cm,~! in
the infrared, while only a low-intensity tetralin
maximum at 265 mp (log e 2,3) appeared in the
ultraviolet spectrum,?

ClzCH._ /
CL,CH. ‘ H\/OH
O/k/ N [
VII

The format1on of the same product mixtures by
the irreversible decarbethoxylation of both the enol-
ester IV and the diketoester V indicated that the
acetoacetic ester moiety in both substances had
the identical steric relationship with respect to its
neighboring substituents, In view of this fact it
was possible to arrive at an unambiguous stereo-
chemical formulation for IV and V and their reac-
tion products, Since compound V was un-
doubtedly the equilibritm product of the Michael
reaction, its two vicinal bulkiest substituents, 7.e,,
the dichloromethyl group and the acetoacetic es-
ter function, would have been expected to be
oriented equatorially, and hence frans with respect
to each other, It is of interest that the resulting
stereoformula V most probably represents also the
initial product of a kinetically controlled step, since
the attack of acetoacetic ester anion on enone II
during the Michael condensation would be expected
to have occurred on the latter’s least sterically hin-
dered side, <.e., cis to the methyl group and hence
trans to the dichloromethyl group. The chemical
interdependence of all other products with V points
to a similar stereochemistry for all systems under
discussion.

Taking advantage of the ready acid-catalyzed
equilibrium attainable in solution between the dike-
toue VI and its aldol VII, both compounds could

(16) Michael addition of acetome to the unsaturated ketone II
yielded only trace amounts of the acetone adducts VI and VII but led
preponderantly (62%) to a mixture of twa CsHz0:Cli compounds
whose chemical and physical properties identified them as unaldolized
triketones derived from a 2:1 interaction of II with acetone. Ex-
cess acetone in the Michael condensation resulted in the isolation of a
Ci1s8Hz00:Cl; diketone. Its chemical and spectral characteristics sug-
gested it to be a mesityl oxide addition product (the mesityl oxide
having been preformed by a base-catalyzed aldol condensation) to
which the following structure could be assigned

CHCI
///\ /\ /\

943

STEREOSPECIFIC SYNTHESIS OF HYDROPHENANTHRONES 5629

be hydrogenated quantitatively in acid medium to
the saturated ketone VIII. It would appear that

retroaldolization precedes hydrogenation and
hydrogenolysis of ketol VII,
CL,CH. Ny l
7N\
o7 NN i

It was hoped that the open-chain ketone VIII
could be induced to undergo an internal base-
catalyzed cyclization to produce the desired tri-
cyclic ring system, Despite the neopentyl nature
of the chlorine atoms, the intramolecularity of the
reaction was assumed to be able to facilitate the
initial halide displacement.”’ Preliminary experi-
ments with such strong bases as potassium -
butoxide and sodium hydride as condensing agents
gave no positive results. However, sodium tri-
phenylmethyl, when used in excess, produced a
chlorine-less compound whose 228 myu (log e 4,1)
and 1670 cm, ™! carbonyl absorption maxima in the
ultraviolet and infrared, respectively, identified it
as the hydrophenanthrone IX, Both cyclizatioa
and B-elimination of chloride had taken place.
Catalytic hydrogenation of the unsaturated ketone
produced the known frans tricyclic ketone X ,? thus
corroborating the assigned stereochemistry of all its
precursors,

AN | %
O/k)\/ o |
IX X

Of the various products that the above stereo-

.specific hydrophenanthrone synthesis has given

access to, compound IX appears most suited to
lead the way to the total synthesis of diterpenic
natural products.

(17) The chemistry of umbellulone [R. H. Eastman and A. Oken,
Turs JournNar, 78, 1029 (1953); R. H, Eastman, ¢bid,, 76, 4115
(1954)] yields several examples of intramolecular displacements of
neopentyl bromides by enolate anions. However in all cases the carb-
anion is in close proximity to the C—Br hond, in fact, always producing
a cyclopropyl ring. While there are other instances when halide ion
formation has been claimed during base-catalyzed processes on nea-
pentyl halide systems, most of the latter have included other functional
groups, which, due to their participation in the reaction, have been
mainly respansible for the cleavage of the carbon-halogen bonds. The
loss of chloride during the alkaline treatment of III (ref. 6b) as well
as its dihydro derivative, observed in this Laboratory, can be cited
as an excellent illustration of the aforementioned. Undoubtedly the
keto group is the site of attack by the base and is the key to the sub-
sequent elimination of chloride

cl

4 c

H,C CHCL H,C CHCl H;
C-—CHLI

o
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Experimental®s

4-Methyl-1-naphthol. (a) From 1-Methylnaphthalene.
—1-Methylnaphthalene was sulfonated by the method of
Elbs and Christ,? and the sodium sulfonate was salted out
uccording to the procedure of Fieser.® Fusion of the salt
with a mixture of equal weights of sodiuin and potassiuin
hydroxide®® gave the naphthol in crude 20-509 yields.

(b) From a-Naphthol.——4-Hydroxy-l-naphthaldehyde,
m.p. 170-172°, was prepared by the method of Adains and

evine.!? Clemmensen reduction of the aldehvde using an
cthanol-water nediuin!! gave crude 4-metliyl-l1-naphthol
in 40-45Y; over-all yield. Recrystallization from petroleun:
cther produced white crystals of pure naphthol, m.p. 83-84°.

4-Dichloromethyl-4-methyl-1(4H )-naphthalenone (II).—
The procedure of Fuson and MillerV was used for the
conversion of crude 4-methyl-1-naphthol into its Reimer-
Tiemann product. The ncutral fraction was purified by a
distillation, by a passage of a 1:1 petroleun ether-benzene
solution of the distillate through an alumina column and,
finally, by recrystallization from petroleum cther. The
pure substance consisted of white needles, m.p. 109-110°,
whose  2,4-dinitrophenylhvdrazone meclted at 212-213°;
spectra: infrared, C=0 1670 cm. Y(s); ultraviolet, Auax
232 myu (e 10,000), 267 1nu (€ 5300), Amin 254 u1u (e 3600).

Concentration of the petroleun cther filtrates from
Reimer-Tiemann runs on crude 4-mnethyl-1-naphthol,
prepared from l-inethylnaphthalene, vielded 3-497 of the
isomeric 2-naphthalenone,’® m.p. 66-67°; ultraviolet
Spectrim: Amax 239 mu (e 13,300) and 315 mu (e 9900).

Hydrogenation of the latter over Adains eatalyst gave the
kngwn 1-dichloromnethyl-1-inethyl-2-tetralone,®® m.p. 71-
72°.

Ethyl 3,5-Dihydroxy-6,7 - benzo- 8- dichloromethyl - 8-
methylbicyclo [3,3,1 Jnon-2-ene-3-carboxylate (IV).—Ethyl
acetoacetate (10.8 g., 83 nunoles) and the 1-naphthalenone
IT (20.0 g., 83 mmoles) were added to a sodium ethoxide
solution, coutaining 0.64 g. (36 mnoles) of sodium in 240
mnl. of absolute ethanol. After standing 5 days at roomn
temnperature, the solution was poured into 1 1. of water,
neuatralized with acetic acid and extracted with chloroforin,
The cextract was washed with sodium bicarbonate solution
and water, dried over magnesium sulfate, evaporated and
the semi-solid residue takeu up inn petroleum cther. TFromn
this solution there crystallized 18.89 g. (61.4%) of the
cnol-ester IV, m.p. 114-116°. The filtrate was chromato-
graphed on a Celite-silicic acid eolunn and gave 4.31 g.
(21.69) of starting material IT on clution with 32:1 pctro-
leumn ether—ether, and 3.81 g. (12.49;) of additional enol-
ester, mn.p. 114-116° on elution with a 9:1 mixture. Re-
crystallization from petroleumn ether yielded white prisms,
m.p. 116-117°; spectra: infrared, OH 3600 cm.Y(w),
C=0 and C=C (enol) 1640 cm.(s) and 1605 cm. I(s);
ultraviolet, Apmax 258 niu (€ 8300), Amin 232 mu (e 2800).

Anal. Caled. for CixHz0.Cls: C, 38.23; H, 5.43; Cl,
19.10. Found: C, 58.13, 58.19; H, 5.63, 5.58; Cl, 19.2,
19.05.

The enol-ester 1V also was obtained by the use of one
mole of sodiuin ethoxide or 0.3 or one mole of potassitn
t-butoxide as base and carrying out the reaction at either
roomn temperature or at reflux. However, the above pro-
cedure gave the best results.

Ethy! 2-(1-Dichloromethyl-1-methyl-4-keto-1,2,3,4-tetra-
hydro-2-naphthyl)-3-ketobutyrate (V).—A solution of 15.0
g. (62 mmoles) of the I-naphthalenone II, 15.0 g. (0.115
mole) of ethyl acetoacetate and 1.2 ml. of piperidine in 120
ml. of benzene was shaken and allowed to stand at room
temperature for 52 days. The solution then was washed
with dilute acetic acid and water, dried over inagnesium
sulfate and evaporated. The solid residue was dissolved
in hot petroleum ether and, on cooling, deposited 5.86
g. (89.19;) of starting ketome II, m.p. 107-108°. On
chromatography of the filtrate on a Celite-silicic acid columnn
and elution with 19:1 petroleurn ether—ether, an additional
5.80 g. (838.79,) of starting inaterial, m.p. 108-109°, was
obtained. Further elution of the coluinn with 9:1 petro-
lenm ether—ether gave 0.24 g. (1%) of enol-cster IV, while

(18) The use of the Baird infrared spectrophotometer of the Insti-
tute of Atomic Research, Ames, Iowa, is hereby gratefully acknowl-
edged.

719) L. 1. Fieser, "Experiments in Organic Chemistry,” 2nd Ed.,
D. C. Heath and Co., New York, N, Y, 1941, p. 139,
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the 4:1 eluate yielded 4.2 g. (18.39,) of white crystals,
m.p. 98-100°. Recrystallization of this substauce with
petroleum ether gave white prisms, in.p. 102-103°; spectra:
infrared, C=0 1715 cm.I(s), 1680 cm.I(s); ultraviolet,
Amax 252 1mpu (e 10,000), 290 mu (e 1400).

Amnal. Caled. for C13H2004C12: C, 5823, H, 543, Cl,
19.10. Fouud: C, 58.32; H, 5.62; Cl, 19.18,

When the reaction mixture was left standing at room
temperature for 20 days, a 159, yield of the diketoester V
was realized. Refluxing the reactants for 3 days in the
same proportion as above resulted in a 0.39; yield of V aud
a 969, recovery of starting material. When a solution of
2.75 g. of ethyl acetoacetate, 5.0 g. of II and 0,40 ml. of
piperidine in 60 mil. of ethanol was refluxed for 3 days, a
0.4% yield of enol-ester IV was obtained and 949 of starting
ketone was recovered.

The diketoester V (300 mg., 0.81 mtole) was left standing
for 30 hours at roomn temperature in 10 ml. of absolute
alcohol containing 0.35 mmole of sodium ethoxide. The
mixture then was poured into 100 ml. of water, neutralized
with acetic acid and extracted with chloroformn. The
extract was washed witlh water, dried over inagnesiuin
sulfate, evaporated and a petroleuin ether solution of the
residue placed on a Celite-silicic acid column. Elution with
19:1 petroleum cther-cther gave 120 mg. (61.59,) of the
naphthalenone II, m.p. 107-108°, and the 9;1 cluate pro-
duced 103 mg. (359) of the enol-ester IV, in.p, 114-116°,

4-Dichloromethyl-4-methyl-3-acetonyl-1-tetralone (VI)
and its Aldol (VII).—Fifteen grams of the enol-ester IV was
added to a solution of 300 ml. of concentrated hydrochloric
acid and 300 inl. of 959, ethanol and the mixture refluxed
on the steam-bath for 9 hr. After the addition of 1,2 1. of
water to the cooled solution, it was extraeted with chloro-
form, the extract was washed with sodium bicarbonate
solution and water, dried over magnesium sulfate and
evaporated. Crystallization of the gummy residue in
959, ethanol yielded 7.88 g. (65.2%,) of a compound, m.p,
145-146°. Recrystallization from petroleun ether-benzene
gave hard white crystals, im.p. 147-148°; spectra: infrared,
C==0 1715 cin.71 (s), 1680 cm.I(s); ultraviolet, Amax 252
i (€ 10,700); Amin 227 tny (€ 2000), 280 mu (e 1050).

Anal. Caled. for CisH1s0:.Cli: C, 60.21; H, 5.39; Cl,
23.70. Found: C, 60.29, 60.34; H, 5.40, 5.47; Cl, 23.6,
23.5.

Evaporation of the ethanolic filtrate under reduced
pressure and recrystallization of the residue five times from
benzene gave 0.77 g.(6.49,) of white prisms, m.p. 187-188°;
spectra: infrared, OH 3570 cm, 1 (w), C==0 1705 cm."Y(s);
ultraviolet, Apax 265 mu (€ 200); Amia 250 mu (e 100).

Anal. Caled. for CisH150:.Cl: C, 60.21; H, 5.39; Cl,
23.70. Found: C,60.14; H, 5.48; Cl1,23.8.

The combined filtrates fromn all above recrystallizations
were evaporated under reduced pressure, and a benzene
solution of the residue was chromatographed on an alumina
column. Elution with 9:1 benzene-chloroform gave an
additional 560 ing. (4.6%) of the diketone VI, m.p. 144~
146°, while 100:1 beuzene-inethanol yielded 1.15 g. (9.5%)
of more ketol VII, m.p. 186-187°.

Five hundred milligrains of diketoester V was added to a
mixture of 10 ml. of concentrated hydrochloric acid and
10 mnl. of 959 cthanol, and the solution refluxed on the
steam-bath for 7 hr. The mixture then was poured into
100 ml. of water, partially neutralized with a 109, sodiun:
hydroxide solution and extracted with chloroform. The
extract was washed with sodium bicarbonate solution and
water, dried over magnesiuin sulfate and evaporated. A
Lenzene solution of the solid residue was chromatographed
on an alumina column, yielding 235 ing. (58.49) of diketone
VI, in.p. 146-147°, on elution with 9:1 benzene—cther, and
80 ng. (19.8%) of ketol VII, m.p. 184-186°, on continued
clution with 100:1 benzene-methanol.

1-Dichloromethyl-1-methyl-2-acetonyl-1,2,3,4-tetrahydro-
naphthalene (VIII).—A mixture, containing 690 mg. of the
tetralone VI, 200 mg. of 5% palladium-on-charcoal catalyst
and 1 ml. of 809 sulfuric acid in 60 ml. of ethyl acetate,
was hydrogenated at one atinosphere. Hydrogen absorp-
tion ceased after 90 minutesand a two-mole hydrogen uptake.
The mixture was filtered, washed with sodium bicarbonate
solution and water and on evaporation yielded white crystals,
n.p. 76-77°. Reerystallization from aqueous ecthanol
gave white platelets, m.p. 82-83°; speetra: infrared, C=0
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1706 cin. ! (s);
240 mpu (e 200).

Anal. Caled. for CisH1isOCL: C, 63.17; H, 6.35; Cl,
24.87. Found: C, 63.50; H, 6.56; Cl, 24.4.

Its 2,4-dinitrophenyllhvdrazone crystallized from ethanol-
ethylacetate as yellow plates, m.p, 169-170°.

Anal. Caled. for C21H2204N4C12: C, 5420, H, 477,
N, 12.04. Found: C, 54.06; H, 4.72; N, 12.2.

The ketone VIII was isolated sometimes as prisms melting
at 93-94°, The mixed m.p. of the two crystalline modi-
fications was 92-94°. Their infrared spectra were identical,
and their 2,4-dinitrophenylhydrazones had the same m.p.
(169-170°) and showed no depression on admixture.

A mixture of 200 mg. of ketol VII, 100 mg. of 5%, palla-
dium-on-charcoal catalyst and 1.25 ml. of concentrated
sulfuric acid in 25 ml. of cthyl acetate was hydrogenated
at atmospheric pressure. After 24 hr. a two-mole hy-
drogen uptake was attained. The mixture was filtered,
washed with sodium bicarbonate solution and water and
cvaporated. Recrystallization of the residue in petroleum
cther yielded white crystals, in.p. 80-81°, whose lack of
mixed in.p. depression and identity of infrared spectrum with
the ketone VIII proved its identity with tlie latter.

4a-Methyl-4a,9,10,10a-tetrahydro-2(1H )-phenanthrone
(IX).—A 200-ml. ether solution of 28.6 mmoles of sodium
triphenylmethyl was added under a nitrogen atmosphere to
1.00 g. (3.5 rumoles) of ketone VIII. The solution was left
standing at room temperature for 3 days with occasional
shaking. After a final 5 hr. reflux on the steam-bath, the
deep red mixture was cooled, hydrolyzed with water con-
taining a little acetic acid and extracted 5 times with ether.
The organic extract was washed with sodium bicarbonate
solutic1 and water, dried over magnesium sulfate and

ultraviolet, Amax 266 mu (e 400);

Amin
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evaporated. The residuc was extracted five times with hot
petroleum ether and the cooled extract placed on a Celite-
silicic acid chromatography column. The 19:1 petroleum
ether-ether eluate gave 230 mg. of solid, m.p. 98-100°.
Rechromatography under identical conditions of the non-
crystalline fractions, whose infrared spectra made them
appear to contain more unsaturated ketone, led to an
additional 90 mg. of product. Three recrystallizations
from petroleumn ether yielded white crystals, m.p. 103-
104°; spectra: infrared, C=0 1670 cm. '(s); ultraviolet,
Amax 228 mu (e 14,000).

Anal. Caled. for CisHigO: C, 84.86; H, 7.60.
C, 84.96, 85.21; H, 7.38, 7.61.

Its 2,4-dinitrophenylhydrazone erystallized as red plate-
lets from ethanol-ethyl acetate; m.p. 205-206°.

Anal. Caled. for C21H2004N4Z C, 6427, H, 514, N,
14.28. Found: C, 63.94; H, 5.20; N, 13.8.

The chromatographic fractions immediately preceding the
hydrophenanthrone contained considerable amounts of
unreacted acetonyl compound VIII, as indicated by their
infrared spectra.

trans-4a-Methyl-3,4,4a,9,10,10a-hexahydro-2(1H)-phen-
anthrone (X).—A mixture of 200 mg. of tricyclic ketoue
IX and 50 mg. of 5% palladiuin-on-charcoal catalyst in
20 ml. of ethanol was hydrogenated at one atmosphere.
Hydrogen absorption ceased after 15 minutes and an uptake
of one mole. The mixture was filtered, evaporated and the
residue crystallized in petroleurn ether, yielding white
plates, m.p. 107-108°. Its m.p., mixed m.p. and infrared
spectrum and those of its semicarbazone and p-nitro-
phenylhydrazone showed it to be the previously reporteds
trans-hydrophenanthrone X.

Found:
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The Isomerism of Dithiolphthalates

By Joun C. SHEEHAN AND GERALD F. HoLLAND!
RECEIVED MAy 2, 1956

Both of the possible isonteric structures (symmetrical and unsyminetrical) for diphenyl dithiolphthalate and for di-(p-
nitrophenyl) dithiolphthalate have been obtained in pure form and structures assigned on the basis of infrared spectra.
sym-Diphenyl dithiolphthalate was prepared in 949, yield by interaction of sym-phthaloyl chloride, thiophenol and sodium

methoxide in methanol solution.

By treatment of a mixture of phthalic anhydride and thiophenol with phosphorus pent-
oxide, there was produced a mixture of isomers from which the pure unsym-dipheny! dithiolphthalate was isolated.

sym-Di-

(p-nitrophenyl) dithiolphthalate, synthesized from sym-phthaloy! chloride and p-nitrothiophenol in the presence of pyridine,

was isomerized to the unsymmetrical form in basic solution,

Treatment of glycine and of ethyl glycinate with sym-di-(p-

nitrophenyl) dithiolphthalate at room temperature afforded phthaloylglycine and ethyl phthaloylglyeinate (ethyl phthal-

imidoacetate), respectively.

Two isomeric structures may be written for di-
thiolphthalates: symmmetrical isomer I and unsym-
metrical isomer I1.2~* Troeger and Hornung, af-
ter treating lead thiophenolate with phthaloyl
chloride, obtained a compound, m.p. 84-85°, to
which they assigned structure I in which R =

i i
—C—SR —C
>o
—C—SR -—C
I VAN
O 1 RS SR 1I

Ce¢H;. Two compounds?® were isolated after heating
a mixture of phthalic anhydride, thiophenol and
phosphorus pentoxide, m.p. 84-85° and m.p. 101°.

(1) This work was aided by a contract from the Office of Naval
Research.

(2) J.Troeger and V. Hornung, J. prakt. Chem., 66, 345 (1902),

(3) G. C. Chakravarti and J. M. Saha, J, Indian Chem. Soc., 4, 141
(1927).

(4) W. Knapp, Monatsh., 88, 176 (1931).

It was stated, ‘“neither of these could be hydrolyzed
by boiling with aqueous alkali, which indicates that
neither has the lactone structure adopted for one of
them by Troeger and Hornung. These two com-
pounds are isomeric and the difference between
them is not clear.” Similar results were observed
by heating thiophenol and phthaloyl chloride in
benzene.

Knapp,! by treatment of phthaloyl chloride and
phenyl thiolacetate with aluminum chloride, ob-
tained a compound, m.p, 101°, which was desig-
nated as the lactone structure 11 (R = C¢H;). This
assignment was based on the well-known conversion
by aluminum chloride® of symmetrical phthaloyl
chloride into unsymmetrical phthaloyl chloride,
which could then react with phenyl thiolacetate to
give unsymmetrical diphenyl dithiolphthalate, In
the present investigation the procedure of Chakra-
varti and Saha?® was repeated and two compounds

(5) E, Ott, “’Organic Syntheses,” Coll. Vol. 11, John Wiley and Sons,
Inc., New York, N, Y., 1943, p. 528,



