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inu1.).  The sublimate weighing 1.6 g. (537} yield) was re-
crystallized from ether-hexane twice to give 0.5 g. of
phthalic anhydride, m.p. and mixed m.p. 127°. Itsidentity
was further confirmed by infrared spectra.

Anal. Caled. for CgHQs: C, 65.01; H, 2.72.
C, 65.21; H, 2.66.

The mother liquid from the above recrystallization was
evaporated and the residue recrystallized twice from ether—
hexane to give 0.4 g. of 3-ethylphthalic anhydride, m.p. 97—
08° (lit.1¢ 98°). The infrared absorption band at 14.0
characteristic of phthalic anhydride was very faint in its
infrared spectrum.

Anal. Caled. for C;0HsO5:
C, 68.64; H, 4.41.

4. 4-Ethyiphthalic Anhydride (XIX). a. 2-Ethyibutadi-
ene was prepared by pyrolysis of 2-ethyl-3-acetoxy-1-bu-
tene according to Marvel and Williams.’®* The diene boiled
at 66-68.5°, n2p 1.4325 (lit.!® 65-66°, 1.4325).

b. Dimethyl 3,6-dihydro-4-ethylphthalate (XVIII) was
prepared from 2-ethylbutadiene as in 3-b in 459, vield.
The adduct had b.p. 135-136° (3 mm.), »2p 1.4928, 42
1.1138 (new compound).

Amnal. Caled. for C;H;604: C, 64.27; H, 7.19. Found:
C, 64.60; H, 7.20.

c. Dehydrogenation of the adduct XVIII was performed
as in 3-¢, and 4-ethylphthalic anhydride was obtained in 689,
vield (new compound), m.p. 76-77°; mixed m.p. with the 3-
ethyl isomer, 66-69°. Infrared spectrum showed the ab-
sence of phthalic anhydride.

Amnal. Caled. for C;0HgO;: C, 68.16; H, 4.58. Found:
C, 68.49; H, 4.46.

B. Apparatus and Procedure. Apparatus.—The ap-
puaratus consisted of a Pyrex reaction tube having a reaction

(13) C. S. Marvel and J. L. R. Williams, THis JoUurRNAL, 70, 3842
i 19481,

Found:

C, 68.16; H, 4.58. Found:
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zone of 2.0 cm. outside diameter hecated by a thermostati-
cally controlled vertical furnace. The dienes were intro-
duced into the tube, packed with 32 ml. of about !/s inch
quartz chips in the reaction zone, by means of a motor
driven syringe at a rate of 5.6 ml./hr. The lower end of the
reaction zone was attached to a liquid receiver, which in
turn was attached through Dry Ice-acetone cooled trap to a
gas collecting bottle.

Infrared spectra were taken on a Baird double beam ra-
cording infrared spectrophotometer having rock salt optics.1

Ultraviolet spectra were taken on a Cary model 11 record-
ing quartz spectrophotometer.?

Hydrogenations were carried out with a micro-hydrogena-
tion set-up using a platinum oxide catalyst at room tempera-
ture and atmospheric pressure.

Vapor phase chromatographic analysis was inade on a
Podbielniak chromacon.'* A 6-ft. column packed with
449, of fluorene-picric acid (1:1) on 35-60 mesh fire-brick
(density 59 g./100 ml.) was used for analysis of aromatics at
80°. A 12-ft. column packed with 309; of tricresyl phos-
phate on 35-60 mesh fire-brick (density 39 g./100 ml.) was
used for gas analysis. .\ 6-ft. column of the same kind
was used for general purposes. Helium was used as the
carrier gas.

Dehydrogenation!® was done by passing saturated samples
over 10 ml. of a platinum-alumina catalyst at 290°.

Reaction with dimethyl acetylenedicarboxylate was done
according to Parker and Goldblatt.” The gaseous products
were analyzed by vapor phase chromatography. The liquid
products were converted into phthalic anhydrides and iden-
tified by infrared spectra.

(16) Baird Associates, Inc., Cambridge, Mass,

(17) Allied Physics Corporation, Pasadena, Calif.

{18) Chromacon, Series 9475, Padbielniak, Inc., Clicagy, 111
(19) H. Pines and A, W, Shaw, THIs JoURNAL, 79, 1474 (1957).
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The Absolute Configuration of Plant Growth Substances—Partially Hydrogenated 1-
Naphthoic Acids!

By KazuvosHt Kawazu, Tosuio Fujita aND TETSUO MITSUI
RECEIVED JUNE 2, 1958

1t was shown in the previous papers that ( —)-1,2,3,4-tetrahvdro-1-naphthoic acid (1), (+ )-1,4-dihydro-1-naphthoic acid
(II) and (- )-1,2-dihydro-1-naphthoic acid (III), having greater plant growth activities than their respective antipodes,
possess the same configuration around the asymmetric carbon atom. Recently Westman established the absolute configura-

tions of I and «-phenylglutaric acid (V).

The authors have confirmed this by another method: (- )-V has been correlated

through (+ )-2-phenylpeutane (IX) to (+ )-a-phenylvaleric acid (X) of known absolute configuration, and (+)-V to (+ )-
III; (—)-I, (+)-1I and (- )-III have been shown to possess the same configuration as the physiologically more active enan-

tiomers of the other plant growth substances.
have also been determined.

Optically active a-(3-indole)-propionic acid,? re-
ported by Kogl in 1937, provided the first example
of a synthetic plant growth substance having an
asymmetric carbon atom whose antipodes showed
different plant growth activities. Since about 1950
a number of studies on the relationship between
plant growth activities of optical antipodes and
their configurations have been carried out. It has
been found that a-aryloxyalkylcarboxylic acids,®—®

(1) Abstracted partly from the Master Thesis submitted by K.
Kawazu, March, 1957, partly reported in Kagaku-no-Ryoiki (J. Japan.
Chem.), 12, 2 (1958), and presented in the monthly meeting of Kansai
Branch of the Agricultural Chemical Society of Japan, Kyoto, April
19, 1958.

(2) F.Kogl, Naturwissenschafien, 28, 465 (1937).

(3) M. 8. Smith and R, L. Wain, Proc. Roy. Soc. (London), B139, 118
(1951).

(4) K. V. Thimann, "Plant Growth Substances,’” F. Skoog, Ed.,
Madison, Wise., 1951, p. 21.

(3) B. Aberg, Kgl. Lantbruks-Hogskol. Ann., 20, 241 (1953).

The absolute configurations of the intermediates of the transformations

a-arylalkylcarboxylic acids®=" and 1l-indancar-
boxylic acid® also show differences between their
antipodes, and the physiologically more active
enantiomers of these acids possess the same config-
uration,$—!! the same arrangement of four sub-
stituents around the central asymmetric carbon
atom: aromatic ring system, carboxyl group,
alkyl chain and hydrogen atom. This arrangement
is shown by the projection formula!?

(6) H. Veldstra and C van de Westringh, Rec. {rav. ¢him., 70, 1127
(1951).

(7) K. Kawazu, T. IFfujita and T. Mitsui, unpublished.

(8) A. Fredga, Ber., 89, 322 (1950).

(9) K. Pettersson, Arkiv Kemi, 9, 509 (1856).

(10) M. Matell, ""Stereocliemical Studies on Plant Growth Sub-
stances,” Diss., Uppsala, 1953, p. 29.

(11) A. Fredga, Arkiv Kemd, T, 193 (1934).

{12) This configuration was assigned to the p-series by Fredga.!!
wlietller R = O-aryl ur aryl.  Accurding to the rules proposed liy
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COOH COOH COOH COOH
H—C—R HC—CeH, HC— CaH, HC— C:H,
Alkyl R = Q-aryl or aryl. HC\C/(_:? II HZC\C/?H)2 I HG /CH
For partially * hydrogenated ¥ 1-naphthoic acids, H H, g (-1
i.e., 1,2,3,4-tetrahydro-1-naphthoic acid (I), 1,4- T T
dihydro-1-naphthoic acid (II) and 1,2-dihydro-1- co 0 COOH COOH
naphthoic acid (III), which have such substituents ] : . ; 1
around the asymmetric carbon atom as a-arylalkyl- ~ HGCeHs . H‘? C\ths . \ HC——CeH, |
carboxylic acids and l-indancarboxylic acid, one of  p,¢ co HE  COo |H,C  CHOH|
us previously demonstrated that the enantiomers \c/ (+)—Va \c/ (Cy- 1V | \C VI
with the greater plant growth activity, (—)-I , H, \
(+)-II and (+)-II1}415 belonged to the same t
COOH OOH COOH COOH COOH COOH
a0 O e e o
~ , : :
H.C COOH H.C CH, H:C H,
V
I II Il \c/<+>—V N4 - XV \c/(cﬂ-x
steric series by catalytic hydrogenation of the H. Hl H.
enantiomeric  dihydro-acids (II, III) to the l v |
tetrahydro-acid (I)*!¢ but the absolute con- COOCH; COOH COOCH;,
figurations of these acids had not been estab- HE——C.H, HCC,H, H L — C.H,
lished. It seems very important to the rela- : : :
tionship between plant growth activity and chemi-  H:C COOCH: H,C H.C CH,
cal configuration to ascertain whether the enantio- ¢ (+)-Vl (+)\COOH \C{ £)—XI
mers with the greater activity have the same con- 2 H,
figurations as those reported previously. The pres- L |
ent investigation was therefore undertaken to es- CH.OH CH. CH CH.OH
tablish the configurations of these acids by chemi- 7 R i
cal reactions affecting no asymmetric carbon HE——CeHs HCC:H.CO HC——Cels
atom. HC_ CHOH  H(G  CH  HC_ CH
Recently Westman established the absolute con- N c/ : VII N ’ c : <1
figurations of V7 and I'8: he obtained (—)-I by o, (H)-VI 82 XV HZ(‘H"
intramolecular acylation and the subsequent re- | } !
duction of (4)-Va, which was prepared via (4)-a-
phenyl-6-bromovaleric acid, (4)-a-phenyl-§-hy- (?Hons CH3 ?HZoTS
droxyvaleric acid( anc)l (4)-V from (4)-c-allyl- HCG CsH; HC—CsHs HC CsHs
phenylacetic acid (XV) of known configuration.!* : _ -
The authors have converted (+4)-Va to (—)-1 by HaG ‘ CH.O0Ts — HG ~ CHs HZC\ /CH3
the same route as Westman’s and further corre- I(;I’Z(,'*')—VIII g(+)—IX I(-:I(+)_XHI
2 2

lated the former to (4)-III by sodium borohydride
reduction and subsequent dehydration of (—)-
1,2,3,4-tetrahydro-4-oxo-1-naphthoic acid (IV), and
correlated (+)-V to (4)-a-phenylvaleric acid (X)
of known configuration by reduction of the two
acids to the enantiomers of the same hydrocarbon,
2-phenylpentane (IX). The present results are
consistent with Westman’s, being different from
his'”!% in the route by which the configuration of V
is established, and in correlating the configurations
of IV and III. It confirms the absolute configura-
tions of I and III, together with his results, Thus
all the antipodes of the partially hydrogenated 1-
naphthoic acids with greater activity, possess the
same configuration as that of the physiologically
more active enantiomers of the other synthetic
plant growth substances.

Cahn, Ingold and Prelog,'? however, when R = O-aryl, this is assigned

to the R-configuration, but when R = aryl, to the S-configuration.
(13) R. 8. Cahn, C. K. Ingold and V. Prelog, Experieniia, 12, 81

(1956).
(14)
(15)
(16)
a7
(18)

T. Mitsui, J. Agr. Chem. Soc. Japan, 26, 186 (1952).

M. Inaba and T. Mitsui, Bull. Agr. Chem. Soc. Japan, in press.
T. Mitsui, J. Agr. Chem. Soc. Japan, 25, 526 (1952).

L. Westman, Arkiv Kemi, 11, 431 (1937).

L. Westman, sbid., 12, 161 {1958).

Correlation of the Configuration of 1,2,3,4-

Tetrahydro-4-oxo-1-naphthoic Acid (IV) and 1,2-
Dihydro-1-naphthoic Acid (III).—Sodium boro-
hydride reduction of (=)-1,2,3,4-tetrahydro-4-oxo-
1-naphthoic acid (IV), m.p. 94-95°,'% and (—)-IV,
m.p. 85-87°, [a]D —58° (abs. ethanol, ~90%,
optical purity)!® gave viscous oils which seem to be
a mixture of cis and frans isomers of 1,2,3,4-tetra-
hydro-4-hydroxy-1-naphthoic acid (XVI). De-
hydration of each oil by dil. hydrochloric acid
vielded (=)-1,2-dihydro-1-naphthoic acid (III),
m.p. 98.5-100°, and partially racemized (4-)-III,
m.p. 81-82°, [a]p 420° (benzene). The racemic
form showed no depression in mixed melting point
with the authentic sample,® 2! and the active form
had an ultraviolet spectrum identical with that of
the racemic form. It has been confirmed that the
enantiomeric IV and IIT with the opposite direc-
tion of rotation have the same configuration.

{18) E. C. Horning and A. F. Finelli, TuIs Journar, 71, 3205
(1949).

(20) M. Inaba and T. Mitsui, Bull. Agr. Chem. Soc. Japan, 20, 42
(1956).

(21) K. Alder and K. Triebeneck, Ber., 87, 237 (1954).
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Correlation of the Configuration of a-Phenyl-
glutaric Acid (V) and o-Phenylvaleric Acid (X).—
By reduction with lithium aluminum hydride,
(£)-a-phenylglutaric acid (V), m.p. 82-84°,22
and (+)-V, [a]p +74° (abs. ethanol, ~909%, opti-
cal purity),'” were converted to (=)-2-phenylpen-
tune (IX), b.p. 190-193°,%% and (+)-IX, [«]D
+16° (n-hexane), via (+)-dimethyl a-phenylgluta-
rate (VI), b.p. 178~180° (20 mm.); and (+)-VI [a]D
-+80° (abs. ethanol); (=)-2-phenyl-1,5-pentanediol
(VII), m.p. 34-36°; and (+)-VIL, m.p. 50-52°, [«]D
+31° (abs. ethanol); and (=*)-1,5-ditosyl-2-phenyl-
pentanediol (VIII), 89-90.5°; and (4)-VIII, m.p.
66-67°, [a]D +10° (acetone), respectively.

In a similar way (=%)- and (—)-a-phenylvaleric
acid (X), [a]p —68° (benzene, 859, optical
purity) were converted to (=£)-IX, b.p. 190-193° 2?
and (—)-IX, [a]p —17° (m-hexane), viz (=)-
methyl a-phenylvalerate (XI), b.p. 123-125° (17
mm.); and (—)-XI, [a]p —72° (methanol);
(=)-2-phenyl-1-pentanol (XII), b.p. 130-135° (17
min.); and (—)-XII, [«]p —12° (methanol); and
(=£)-1-tosyl-2-phenylpentanol (XIII), m.p. 68.5—
69.5°;, and (—)-XIII, m.p. 42-43.5°, [a]p —8.0°
(acetone), respectively.

The racemic hydrocarbons prepared by the two
different routes were identified by infrared spectra
and mixed melting points of the corresponding
acetophenone semicarbazones, m.p. 174.5-176°.%
This hydrocarbon might have been accompanied
by 1l-phenylpentane which could be produced by
Wagner—Meerwein rearrangement during reduc-
tion of the tosylates. It appears, according to the
A.P.I. figures,®* that the infrared absorption spec-
tra of several sec-alkylbenzenes are different from
those of the corresponding n-alkylbenzenes most
distinctly around 750 cm.™?, 7.e. the former exhibit
a band at about 760 cm.~! and the latter at about
740 cm.™! This hydrocarbon prepared by reduc-
tion of the tosylates exhibited a band at 758 cm. ™},
the same spectrum as that prepared by Cram??
in another way where no rearrangement occurs,
while 1-phenylpentane® exhibited a band at 741
cm.”l  Therefore, it is quite adequate to comn-
clude that intramolecular rearrangement® did not
occur during the reduction of the tosylates.

The transformations described above have con-
firmed that the enantiomeric V and X with the
same direction of optical rotation possess the same
configuration.

Experimental”

Conversion of 1,2,3,4-Tetrahydro-4-oxo-1-naphthoic Acid
(1IV) to 1,2-Dihydro-1-naphthoic Acid (III). (=:)-1,2-Dihy-

(22) M. F. Ansell and D. H. Hey, J. Chem. Soc., 1683 (1950).

(23) D. J. Cram, THis JoUurRNaAL, T4, 2154 (1952).

(24) Infrared Spectral Data of the American Petroleum Iustitute
Research Project 44: #n-propylbenzene, serial no. 313; isopropyl-
benzene, 314; n-butylbenzene, 468; sec-butylbenzene, 470; #n-octyl-
benzene, 337; 2-phenyloctane, 407; 1-phenyleicosane, 416; 2-phenyl-
eicosane, 417; 3-phenyleicosane, 418.

(23) H. Gilman and J. Robinson, Org. Syniheses, 10, 4 (1930).
This hydrocarbon was characterized as the corresponding acetophe-
none semicarbazone, m.p. 180-181°,

(26) A hydrocarbon, obtained from (=£)-V1I by treating with phos-
phorus pentabromide followed by lithium aluminum hydride reduction,
exhibited botll bands at 741 and 758 em. ~!. It is considered that this
hydrocarbon involves the rearranged product.

(27) All melting and boiling points are uncorrected and rotation
nieasurements were held at room temperature (13°).
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dro-1-naphthoic Acid (III).—To a stirred solution of 0.4 g.
(0.011 mole) of sodium borohydride in 15 mi. of methanol
including a few drops of 2 NV sodium hvdroxide solution was
slowly dropped a solution of 1.4 g. (0.0074 mole) of (*)-1V,
m.p. 94-95°, in a mixture of 10 mil. of methanol and 1.5
ml. of 5 NV sodium hydroxide solution, and the reaction mix-
ture was refluxed another hour. After dil. hydrochloric acid
was added to decompose the excess of the reagent, methanol
was removed in vacuo. The residual solution was extracted
with ether, the ethereal solution was washed with water,
dried and concentrated to yield 0.8 g. of yellow viscous oil.
This oil was boiled with 10 ml. of 2 N hydrochloric acid for
5 minutes and the mixture was extracted with ether. The
ethereal layer was extracted with 2 N sodium carbonate solu-
tion, the alkali layer acidified with dil. hydrochloric acid
and extracted with ether. The usual treatment gave 0.8 g.
of crystals. Recrystallization from n-hexane vielded 0.6 g.
(47.29) of (=)-III in prisms, m.p. 98-99.5° (iit.? 101°),
which showed no depression when mixed with the authentic
sample, m.p. 98-99°.%

Resolution of «-Phenylglutaric Acid (V)."#—It was
found that both enantiomers of Va could be obtained by
crystallization of the quinine salt; 10.4 g. (0.05 mole) of
(=£)-V, m.p. 82-84°,”2and 16 g. (0.05 mole) of quinine were
dissolved in a mixture of 100 ml. of ethanol and 100 mi. of
water. The solution was left to crystallize, and the salt
was purified by repeated crystallization from ethanol. From
the last salt fraction, 2.2 g. of the crude (+ )-acid, [«]D +77°
(¢ 2.20 in abs. ethanol) was obtained as an oil. It was re-
fluxed with 50 mil. of acetyl chloride for half an hour; after
removing the excess of acetyl chloride and acetic acid i
racuo the residue was crystallized from benzene to give 0.5
g. of (4 )-a-phenylglutaric anhydride (Va), m.p. 114.5-116°,
[a]p +13° (¢ 3.59 in chloroform). Four grams of the acid,
[a]p —66°, obtained from the first filtrate was similarly
converted to 0.8 g. of pure ( —)-Va, m.p. 114.5-116°, [«]D
—12° (¢ 4.20 in chloroform) (lit.’® m.p. 118~120°, [«]%D
+41° (ethyl acetate)).!®

The free enantiomeric acids were obtained by boiling the
anhydrides with water and extracting with ether as oils,
[@]D 4+84° (¢ 3.10 in abs. ethanol), —82° (¢ 4.72 in abs.
ethanol) (1it.)? m.p. 129-131°, [«]%D +86.1°, —85.5° (abs.
ethanol)).

(+)-1,2-Dihydro-1-naphthoic Acid (II1).—Treating (+ )-Va
with concd. H;SO4 gave ( —)-IV, m.p. 83-85°, [a]p —66° (¢
1.12 in abs. ethanol) (lit.!® 81-83°, [a]D —38.3° (ethyl ace-
tate)). A similar reduction and dehydration of 0.5 g. of ( —)-
rich-IV, m.p. 85-87°, [a]p —58° (¢ 5.21 in abs. ethanol,
~90%, optical purity), gave 50 mg. of (=%)-III and 0.1 g.
(22.2%) of (+ )-rich-III in prisms, m.p. 81-82°, [a]D +20°
(¢ 1.22 in benzene); the latter showed an ultraviolet spec-
trum identical with that of (=)-III. Anal. Caled. for
CuHy02: C,75.84; H,5.79. Found: C, 75.86; H, 5.68.

Reduction of Acids to Alcohols. (=)-2-Phenyl-1,5-pen-
tanediol (VII).—Compound (%)-V (5.4 g., 0.026 mole) was
converted to 5.4 g. (89%) of (£)-VI, b.p. 178-180° (20
mm.), with excess of diazomethane in ether. To a stirred
solution of 1.3 g. (0.034 mole) of lithium aluminum hydride
in 45 ml. of dryv ether was added slowly 5.4 g. (0.023 mole)
of (£3-VI in dry ether, and the mixture was refluxed with
stirring another two hours. After cooling, the excess hy-
dride was decomposed carefully and the hydroxides dis-
solved in dilute hydrochiloric acid. The ethereal layer was
separated, the aqueaus laver was thoroughly extracted with
ether, and the combined ether solution was washed with
2 N sodium carbonate solution and water, dried over an-
hydrous sodium sulfate and concentrated. The residue was
distilled ¢# vacuo to give 4.0 g. (87%) of (= )-VII, b.p. 150~
155° (1 mm.), in a colorless viscous oil which crystallized
after standing in a refrigerator for two days. Recrystalliza-
tion from chloroform—-benzene~-hexane gave 3.5 g. (85%) of
colorless needles, m.p. 34-36°. Anal. Caled. for C;1H0::
C, 73.30; H, 8.95. Found: C, 73.03; H, 8.89.

(+)-2-Phenyl-1,5-pentanediol (VII).—A similar reduc-
tion of 3 g. of (+)-VI, b.p. 179-182° (21 mm.), [«]D +&80°
(¢ 5.15 in methanol), prepared from 3.5 g. of (+)-V, [a]D
+74° (¢ 6.48 in abs. ethanol, ~90%, optical purity) gave
2.3 g. of colorless viscous oil, b.p. 155-158° (25 mm.), which
crystallized after two days cooling. Recrystallization from
chloroform-benzene-hexane gave 1.7 g. (749;) of colorless
long needles, m.p. 50-52°, [a]Dp +31° (¢ 4.38 in abs. etha-

(28) A part of the resolution is by Mr. O. Kimura.
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1101). Anal. Caled. for CqueOz:
Found: C, 73.39; H, 8.71.

(=£)-2-Phenyl-1-pentanol (XII).—In a procedure similar
to the reduction of (=£)-VI, 1.9 g. (0.01 mole) of (£)-XI,
b.p. 123-125° (17 mm.), prepared from (=+)-X,?® was re-
duced with 0.3 g. (0.008 mole) of lithium aluminum hydride
to give 1.5 g. (94%) of (£)-XII, colorless oil, b.p. 130-135°
(17 mm.). Awnal. Caled. for CyH;s0: C, 80.44; H, 9.83.
Found: C, 80.21; H, 9.75.

( —)-2-Phenyl-1-pentanol (XII).—A similar reduction of 0.7
g. of (—)-XI, b.p. 123-125° (17 mm.), [a]D —72° (¢ 2.11
in methanol), prepared from (—)-X, [a]D —68° (¢ 1.26 in
benzene, 859, optical purity), which was obtained by res-
olution of the (4 )-a-phenylethylamine salt,”® gave 0.6 g.
(98%) of (—)-XII, b.p. 130-133° (17 mm.), [«|D —12° (¢
3.76 in methanol). Anal. Caled. for C;yH;sO: C, 80.44;
H, 9.83. Found: C, 80.28; H, 9.61.

Tosylation. (=)-1,5-Ditosyl-2-phenylpentanediol (VIII).
—To a solution of 2 g (0.011 mole) of (£ )-VII in 12 ml. of
dry pyridine was added 4.5 g. (0.024 mole) of p-tosyl chlo-
rideat 0°. After standing overnight. the mixture was poured
onto ice, and recrystallization of the precipitated material
from methanol gave 3.2 g. (65%) of colorless needles, m.p.
89-90.5°. Amnal. Caled. for CpH2S:0s: C, 61.45; H,
5.77. Found: C, 61.31; H, 5.53.

(4 )-1,5-Ditosyl-2-phenylpentanediol (VIII).—Compound
(+)-VIII, similarly prepared from 1.3 g. of (+)-VII, was
obtained in 1.6 g. (469,) of colorless long needles, m.p. 66—
67°, [a]p +10° (¢ 2.92 in acetone), which seems to be pure
enantiomer. Amnal. Caled. for C;HxS:06: C, 61.45; H,
5.77. Found: C, 61.37; H, 5.60.

(=£)-1-Tosyl-2-phenylpentanol (XIII).—In a procedure
similar to that used for preparation of (=%)-VIII, 2 g. of
(=£)-XI1II, colorless needles, m.p. 68.5-69.5°, was obtained

C, 73.30; H, 8.95.

from 1.2 g. of (£)-XII; yield 869%. Anal. Caled. for
CisH»S0s: C, 67.89; H, 6.96. Found: C, 67.72; H,
7.25.

( ~)-1-Tosyl-2-phenylpentanol (XIII).—Compound (—)-
XIII (0.9 g.), colorless rods, m.p. 42-43.5°, [a]p —8.0° (¢
8.50 in acetone), was similarly prepared in 71% yield from
0.65 g. of (—)-XII. Amnal. Caled. for CisH2SO;: C,
67.89; H, 6.96. Found: C, 68.08; H, 6.99.

Reduction of Tosylates to 2-Phenylpentane (IX).® Re-
duction of (= )-VIII.—To a solution of 1.7 g. (0.045 1nole) of
lithium aluminum hydride in 40 ml. of dry ether was dropped
with stirring at room temperature a solution of 2.8 g.
(0.056 mole) of (== )-VIII in 20 ml. of tetrahydrofuran. The
mixture was refluxed under stirring for two hours. After
cooling, excess hydride was decomposed carefully with water,
and the hydroxides were dissolved in dilute hydrochloric
acid. The ethereal layer was separated, washed with 2 N
sodium carbonate solution and water, dried over anhydrous

(29) A. Rossolymo, Ber., 22, 1235 (1889).
(30) The authors are indebted to Laboratory of Agricultural Chemi-
cals, Kyoto University, for the infrared spectra.
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sodium sulfate and concentrated. Distillation of the residue
gave colorless mobile liquid (0.8 g.), b.p. 188-190°. The ac-
companying unsaturated hydrocarbon was removed by for-
mation of the adduct with 2,4-dinitrobenzenesulfenyl chlo-
ride according to Cram.?® The product free from unsatu-
rated hydrocarbon was distilled twice over a few pieces of
metallic sodium to give 0.4 g. (47%) of pure (£)-IX, b.p.
190-193° (1it.28 191-193°). The infrared spectrum showed
good agreement with that reported by Cram.2® This hydro-
carbon (0.2 g.) was acetylated with acetyl chloride (0.2 g.)
in carbon disulfide (5 ml.) in the presence of anhydrous
aluminum chioride (0.3 g.) to yield 4-(2’-pentyl)-acetophe-
none (XIV) (0.15 g.), b.p. 142-147° (21 mm.). The semi-
carbazone, prepared by the usual procedure, was recrystal-
lized from dilute ethanol in colorless needles, m.p. 175~
176.5° (1it.28 175-177°). Anal. Caled. for C,(HyN;O: C,
67.98; H, 8.56. Found: C, 67.96; H, 8.46.

Reduction of (+)-VIII.—Compound (4 }-IX, obtained
in 35% yield from (4 )-VIII, had b.p. 190-193° (lit.23 191-
193°), [a]D +16° (¢ 1.52 in n-hexane) (lit.2% «Dp +15.0°
homogeneous) and an infrared spectrum identical with that
of the racemic form. The corresponding acetophenone semi-
carbazone had m.p. 170-173.5°. Anal. Caled. for Cy-
HuaN;O: C, 67.98; H, 8.56. Found: C, 67.97; H, 8.53.

Reduction of (=+)-XIII.—1n a precedure similar to the
reduction of (=£)-VIII, reduction of 1.6 g. (0.005 mole) of
(£)-XIII with 0.5 g. (0.013 mole) of lithium aluminum
hydride in 35 ml. of dry ether and purification with 2,4-
dinitrobenzenesulfenyl chloride gave 0.3 g. (509;) of color-
less mobile liquid, b.p. 190-193°. The infrared spectruin
showed complete correspondence with that of (&£)-IX pre-
pared from (=)-VIII and also with that reported by Cram.2?
The corresponding acetophenone semicarbazone was simi-
larly prepared, m.p. 174.5-176°, and showed no depression
in melting point when mixed with that prepared from (=£)-
VIII. Anal. Caled. for CiiHaN3O: C, 67.98; H, 8.56.
Found: C, 67.99; H, 8.40.

Reduction of ( —)-XIII.—Similar treatment starting with
0.9 g. of (—)-XI1I gave 0.2 g. (48%) of (—)-IX, b.p. 191~
193°, [a]p —16.5° (¢ 1.42 in n-hexane). Its infrared spec-
trum was identical with that of the racemic form. The cor-
responding acetophenone semicarbazone had m.p. 160-173°.
Anal. Caled. for CiHaN;O: C, 67.98; H, 8.56. Found:
C, 68.02; H, 8.61.
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peri-Substituted Naphthalenes. 1.

New Rearrangement Reactions of Substituted

Naphthopyrans

By RoBERT L. LETSINGER AND PETER T. LANSBURY!
RECEIVED AUcGUST 4, 1958

Two new rearrangement reactions were observed in the course of investigating the effect of acids on substituted 1,8-

naphthalene compounds:

(1) 1-hydroxy-3,3-diphenyl-1H,3H-naphtho[1,8-c,d]pyran (II) isomerized to 8-benzhydryl-1-

naphthoic acid (VIII) (1,5-hydrogen shift), and (2) l-methylenc-3,3-diphenyl-1H,3H-naphtho[1,8-c,d]pyran (III) rear-

ranged to 3,3-diphenyl-2,3-dihydro-1H-benzonaphthen-1-one (XI).
naphthalene (I) dehydrated without rearrangetnent to give a cyclic ether (IV).

quantitative,

The 1,8-disubstituted naphthalene system is par-
ticularly well suited for investigations of intramo-
lecular interactions of functional groups. Firstly,

(1) National Science Foundation Predoctoral Fellow, 1955~1956.

Financial assistance for this work was also provided by the du Pont
Co. and the Abbott Fund of Northwestern University.

In the presence of acid, 1,8-bis-(phenylhydroxymethyl)-
The yields in all three reactions were close to

the substituents are held firmly in close proximity.
The facile conversion of 1,8-bis-bromomethylnapk-
thalene to acenaphthene by phenyllithium illus-
trates the ease of bonding across these positions.?

(2) E. Bergmann and J. Szmuszkovicz, THIS JOURNAL, 78, 2760
(1953).



