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Abstrac-The auxin activities of the cis- and frun&omers of 2-methyl-1,2,3,4-tetrahydro-l-naphthoic acid 
and 2-alkyl-1-indancarboxylic acids were estimated by the pea straight-growth test. The activity difference 
baweenthegtereoisomerswasattributedtothoirconformatio~differenocduetothealicyclicringconversian. 
The activities of 2-alkyl-3-indenc-carboxylic acids were also examined. For the latter acids, where both the 
carboxylgroupandtheallryIsu~ti~~~coqiugatewiththeannnaticringsystem,analectroniceffectof tbe 
alit was suggested to be decisive for activity. 

Pnuvrous publications in this series have dealt mainly with the relationships between chemical 
structure and auxin activity of the hydro-l-naphthoic acids and their related compounds.r‘“s 
For various series of the related compounds, the auxin activities were found to be higbly 
dependent on the steric configuration of the carboxyl groupI* 3 although, for some series, the 
activities seem to correlate best to electronic structure of the molecule.*~ 3 In or&r to gain 
further insight into significance of these structural features, in particular, the effect of a group 
adjacent to the carboxyl on the activity, we have synthesized a number of uc-alkyl-substituted 
hy~o-l-~ph~oic acids and their analogs and estimated their auxin activities by pea straight- 
growth test. In this paper, we wish to report their activities and aualyse them in terms of their 
molecular structures. 

The plant growth activities of ci+r- and trans-%methyl-1,2,3,4-tetrahydro-I-naphthoic 
acids are shown in Fig. 1. The @-isomer is almost as active, whereas the &isomer is 
about three to four times as active as the parent tetrahydro-acid. In Table 1, their activities are 
compared with those of the parent acid and related compounds. The cis-isomer is ranked as 
one of the most active compounds among the related compounds. 

The c&isomer can exist as an equilibrium mixture of the two conformers, the la2e and 
le2a forms, through the alicy~Ec ring conversion as shown in Fig. 2. Of the two conformers, 
the la2e form is regarded as the more stable form than the le2a form since, in the latter, a 
steric repulsion between le-carboxyl group and 8-methine group would be operative.4 The 
higher activity of this compound than that of the uusubstituted tetrahydro-acid might be due 
to that the equatorial Zmethyl group would assist the molecule to orient properly through 
hy~ophobic bonding on the surface of the primary site of action. 

+ Part XIX; T. FUJITA, K. KAWAZU, T. Mann, M. tim and J. a~), Asp. BioL Chem. (Tokyo) 
30,128O (1966). 

t Mt of Botany, International Christian University, Mitaka, Tokyo, Japan. 
m S. Iux, T. m and J. K-u-o, &r. 33&Z. Ckm. (Z’ok& 25,710 (1961). 

: 2 ~~‘T Funx~ &d T Mm Agr, &I. Gem. @‘&yo) 3@,261(1966). 
3 T.*FUIITA, i. I&w-, T. Mksur, M: KAXWMI and J. -10, Agr. Biol. Gem. (Tokyo) 30,128O (1966). 
4 T. FUJITA, J. Am. Chem. Sot. 79,2471(1957). 
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FIG.~. THRPLANT:GROWTI-I ACTIVITY OF CiS- AND trrmS-2-MEnln-1,2,3,4-~TRAH~R~l-NAPHTHC 

ACIDS. 

TABLX 1. PLANT GROWTHACTlVlTYOFTHE 
HYDRO-I-NAPHTMOICACIDDERIVATIVES 

Compound Activity? 

--.----- 

l&Dihydro- 
1,2,3&Tetrahydro- 
3&Dihydro- 
4-Me-1,2,3,4-tetrahydro- 
6-Me-l&dihydro- 
6-Me-1,2,3,4-tetrahydro- 
B_Me3,4_dihydro- 
8-Me-lP-dihydro- 
8-Me-1,2,3&tetrahydro- 
S-Me-3,4-dihydro- 
cis-2Me-1,2,3,4-tetrahydro- 
trans-2Me-1,2,3,4-tetrahydro- 

6 x lo-‘* 
2 x 10-6, 

lo-4f 
3 x 10-S 
4 x lo-6* 
8 x lo-5* 
5 x lo-4* 
2 x lo-‘* 

10-s* 
lO-5* 

6 x lo-’ 
3x10-h 

i Minimum concentration in mole/l. 
causing a 10 per cent elongation of pea stem 
m 24 hr. Those asterisked were taken from 
Ref. 1. 

la20 Ie2a 

FIG. 2. DIAGRAMMATICREPRBSBNTATIONOFRING CONVERSIONOF ci~2-r+~r~~~-l,2,3,4--r~~~~~y~~o_ 
l-NAPHTHOIC ACID. 

(The condensed benzene ring is not shown in the drawings.) 
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As to the trans-isomer, the conformational equilibrium can occur between la2a aud le2e 
conformers as shown in Fig. 3. From the observation of the coupling constant between 
hydrogens at 1 and 2 positions in NMR spectrum (Jr, s = 8.5 cfs), this compound is expected 
to exist almost entirely as the le2e conformer in chloroform solution where the spectrum has 
been taken. 

Thus, the difference in activity between the two isomers seems to be attributable to either 
the difference in the tbreedimensional molecular architecture itself or the difference in some 
ph~i~ch~~ properties such as dissociation constant a~rnp~~ with it. It has been 
shown that the ionization constant of the carboxyl group varies with the axial or equatorial 
nature, i.e. the axial carboxyl is less acidic than the equatorial carboxyl as found in cr;F- and 
tran&-t-butylcyclohexanecarboxylic acids5 At any rate, that the axial conformation of the 
carboxyl group is more favorable to the activity than the equatorial conformation is not 
incompatible with our previous tindings on the related compounds.l* 3 However, the tram 
isomer where the carboxyl group supposedly takes the favorable equatorial evocation 
does exhibit almost the same activity as the unsubstituted tetrahydro-acid where the carboxyl 
group exists almost in the favorable axial position. If the equatorial 2-methyl group is efficient 

la& 

8 

la20 

in making the molecule fit properly at the site of action, then this might counteract the defect 
of the functionally inefhcient equatorial carboxyl group. This discrepancy might be also due 
to that the mode of ~~~tion~ ~~~b~~ is di&rent at the site of action from in 
chloroform solution. The trans;isomer might take the la2a conformation at the site of action 
more frequently than in the solution. 

The argument that the activity difference between the two 2-methyl-tetrahydro-acids is 
due to conformational difference of the carboxyl group would be supported by the fact that 
both the c& and trrans-isomers of 2-methyl- and 2-ethyLl-indancarboxylic acids exhibit 
ahnost the same activities as the ~u~ti~~ acid as shown in Fig. 4. Since, in the indane 
derivatives, the alicyclic ring conversion is not significant if any,%e conformational Werenee 
of carboxyl group is regarded to be small between ci& and trans-isomers. The fact that the 
trans- and cis-2-isopropyl-1-indancarboxylic acids are only weakly active, however, would 
suggest that the larger the dimensions of the 2-alkyl group, the less favorable is the orientation 
of the molecule at tb.e site of action. The activity difference between the two isomers may 
indicate that, when the adds of alkyl substitu~t are increased, the ~~o~atio~ 
difference would be amplif?ed. That the c&-isomer is more active than the trans-isomer would 
show that the conformational effect of the Zisopropyl group on the carboxyl is similar to 

5 R. D. STOLOW, J. Am. Chem. Sot. 81,5806 (1959). 
6 C. W. B~cmm, N. K. FREEMAN and K. S. Prmm, 3. Am. Gem. Sot. 70,4227 (1948). 
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that of the IL-methyl group in the 2-methyl-tetrahydro-acids. A geminal dimethyl substitution 
at the 2-position makes the molecule completely inactive as is seen in 2,2dimethyI-l- 
ind~c~boxylic acid. The lack of activity of this compound may suggest that the totai 
thickness of the susbtituent(s) at the 2-position also should not be too large for the molecule 
to fit the receptor. 

FIG.& ~~~RO~HA~VI~ OF~ALKYL-~-~A~CAR~~LIC MXX+, 

-•-: lndancarboxylic; ---A-: rrans-t-Ethyl-; 
----U-: c&2-Methyl-; ----A---: cis-2-Isopropyl-; 
-----A------: ~r~~2-~~~~-; --S---z rows-2-Isopropyl-; 
- >-----: cis-2-Ethyl-; -v-: 2.2-DimethyI-. 

MO- 

130 - 

120 - 

______c___“______________ 

FIG.!& THEPLANT GROWTHACTIVITY OFhALKYL-HYDRO-1-NAPHTHOICACIDS. 

-+---: 1,2,3,4-Tetrahydro-; -v---z 1,2Rihydro-; 
--,-: 4Methyl-tetrahydro-; -v-: 4-Methyl-dihydro-; 
--2---: 4ZthyLtetrahydro-; ----IF-: 4-Ethyl-dihydro-. 

The effect of substitution at the &position on the activity of l.Zdihydro- and 1,2,3,4- 
tetrahydro-1-naphthoic acids is also examined as shown in Fig. 5. Although the stereo- 
chemistry of the tetrahydro-acids is not certain, it would be anticipated that the longer the 
alkyl chain at this position, the less favorable becomes the fitting of molecule to the receptor. 
This argument is consistent with our early discussion on the ar-substituted hydro-I-naphthoic 
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acids that the length of the molecule in transverse direction of the hydronaphthalene ring 
should be restricted for the molecule to exert the activity.l 

Accordiug to Veldstra, the essential structural requirement for the plant growth activity 
is the presence of a lipophilic ring system and a hy~op~li~ carboxyl group in a very definite 
spatial relation to each other (as perpendicular and ~~phe~c~ as possible), possessing an 
appropriate Iipohydrophilic balance. 7 Although the weak activity for the ethyl hydro-l- 
naphthoic acids and isopropylindancarboxylic acids seems also due to a shift in the lipo- 
hydrophilic character beyond optimum, the lipohydrophilic character of the molecule for 
the other compounds seems to be still in an optimal range. Thus, the activities of alkyl- 
substituted hy~o-l-~phthoic acids and 1-indanc~bo~lic acids seem to conform to the 
Veldstra hypothesis. 

The auxin activities of substituted indene-3-carboxylic acids are shown in Fig. 6. It is 
observed that methyl and ethyl substitutions at the 2-position enhance the activity of the 

MO- 

3 IJO- % * tzo- 

f 
40 IIO- 

100 ----- 

F%CL 6. THE PLANT GROWTH ACI’IVITY OF 2-_4LKYL-INDENE-3-cARB(u[yLIC ACIDS. 

d-: Indme3-carboxylic; ---o-: 2mhyL; 
-A-: ZMethyl-; -AZ!---: 2&opropyl-. 

parent acid about ten times. The effect of the 2-substituent could have been assumed to twist 
the carboxyl group from the ring plane so that it takes more favorable position to exert the 
activity as discussed earlier for the 2- and &substituted I-naphthoic acids * and g-substituted 
3,4dihydro-1-naphthoic acids.’ If the carboxyl group were twisted from the plane of the 
conjugate system, the carboxyl-carbonyl and also ethylenic double bond orders and hence 
their stretching frequencies observed in the i.r. spectra should be increased. However, the 
ethylenic double bond stretching frequency of the Zmethyl acid is not different from that of 
the parent acid and the carbonyl stretching frequencies of the Zalkyl acids are less than that 
of the parent acid probably since an electron-donating character of the alkyl group would 
enhance the polarization of the carboxyl-carbonyl and decrease its bond order (Table 2). 
Therefore, the spatial relation of the carboxyl group to the ring system is reasonably considered 
to be similar to each other in this series. 

Thus, it seems adequate to consider that the effect of substituent at the Zposition in the 

7 H. VB~ Ann. Rev. Pkztit Pkysiol. 4,151(1953). 
* K. Kosmazu, T. FUJITA and T. MITSLJI, J. Am. Chm. Sm. 82,4041(1960). 
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indene derivatives is somewhat different from that in the indane derivatives and also tetra- 
hydro-naphthoic acids. It might be anticipated that an electronic factor is operative in this 
series. In this respect the activity enhancement of indene3-carboxylic acid by methyl 
substitution at the 2-position could be compared with that observed between p-methyl- and 
/3b-dimethyl-atropic acids, the open analogs of the indene derivatives, where the activities 
have been found to correlate closely to their electronic structures by means of molecular 
orbital calculations recently.2 The alkyl substituent in the indene3-carboxylic acids may also 
modify the electronic structure of the parent molecule so that the alkyl substituted molecule 
can become attached to the receptor more properly and firmly. The weak activity of the 
24sopropyl derivative would be due to an unfavorable bulkiness of the 2-substituent similarly 
to the case of the Zisopropyl-1-indancarboxylic acids. 

TABLE2. ChRBONYLAND ETHYLENIC DOUBLE 

BOND STRETCHING FREQUENCIES IN DIOXANE 

m-9 

Acids “c-0 YE-0 

Indene3-carboxylic 1716 1640 
2-Me-indme-3-ca.rboxylic 1708 1641 
2-Et-indene-3-carboxylic 1709 - 

The present results, except for the compounds where molecular dimensions and/or 
lipohydrophilic character interfere with the activity, would be summarized as follows: 

(1) For the compounds where the carboxyl and vicinal alkyl groups do not conjugate 
with the ring system so that the alkyl substituent does not exert a change in the electronic 
structure of the aromatic ring, the steric circumstance of the carboxyl group is critical to the 
activity. 

(2) For the compounds where both the carboxyl group and the alkyl group conjugate 
with the ring system so that the alkyl substituent may intervene in the electronic structure of 
the aromatic ring, an electronic effect of the substituent might be decisive to the activity. 

These conclusions are not inconsistent with our earlier findings on the activities of W- 
substituted derivatives1 and cyclic homologs of the hydra-1-naphthoic acids.3 In order to 
draw general structural requirements for the auxin activity common to the hydro-1-naphthoic 
acid related compounds, more precise informations about the steric and electronic structures 
and lipohydrophilic characters of the molecules are desirable. It would also be helpful to 
our problem to apply an extrathermodynamic approach recently developed by Hansch et al. 
where the various effects of a given substituent are delineated in terms of substituent constants 
for steric, lipohydrophilic and electronic effects.gJO 

EXPERIMENTAL 

Plant growth test. Pea straight-growth test was carried out as described previously.3 
hjiired measuremitts were carried out in the same way a3 reported previ0usly.z 
Preparation of compounds.* 

* All melting points are uncorrected. NMR measurements are done using CDC13 sohtion and the 
chemical shifts arc reported relative to internal tetramethylsilane. 
9 C. HANEH and T. FUJITA, J. Am. Chmn. Sot. 86,1616 (1964). 

10 C. HANSCH, E. W. DEUBCH and R. N. SIITH, J. Am. Chem. Sot. 87,2738 (1965). 
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2-Methyl-1,2,3,4-Tetmhydro-l-Naphthoic Acti. 
Ethyl a~a-p~~1+-methylglutaratc. Sodium (l-4 g) was dissolved in absolute ethanol (20 ml), 

ethyl Phenylcyanoacetate ~(10 g) and ethyl p-bromo-x-butyraters (12 g) were added and the solution was 
refluxed for 9 hr at 90-110”. Water was added and the mixture was extracted with ether. The ether was driven 
OffRJldthe remking viscous oil was distilled in vacua to give the ester (14.2 g), b.p. 188-193” (4 mm). 

a-Fhenyl-/Smethylghuaric acid. Ethyl a-cyano-a-phenyl-~methylghuarate (10 g) was rethtxed for 18 hr 
with48%HBr(12Oml). Anoilseparatedon~linewastakenupine~andremovalofether~~~the 
dicarboxylic acid as a viscous oil which was a mixture of two diasmmomers. Crystallixation t?om benxen+x- 
hexanealTordedoneisomerofthemasneedles,m.p. U&142”. (calc.forC12H1404: C,@85;H,6.35. Found: 
C, 65.13; H, 6.47x.) 

2-Methyl-eOxo-1,2,3,4-tetrahydro-l-naphthoic acid. A dia&momeric mixture of a-phenyl-@n&hyl- 
ghttaric acid (5 g) was heated in polyphosphoric acid (80 g) at 80-100” for 40 mm and the mixture was poured 
into water. The crude product (4 g) obtahted by ether extraction was pmi8ed by being converted to the semi- 
carbaxone (2.7 g), m.p. 238-253” (dec.). The k&-acid liberated by boiling with dil. HCl weighed 1.4 g, 
m.p. 120-131”. Rmtion from benxene gave one of two diastereomem of the k&o-acid in needles 
(@7 g), m,p. 140-142”. (Calc. for CrsHrsOs: C, 7057; H, 5.92. Found: C, 7@44; H, 5.82x.) 

cis- and tram-2-Metl&1,2,3,4-tetmhydro-1-naphthic a&is. To a solution of 2-methyl4oxo-1,2,3,4- 
tetrahydro-l-naphthoic acid, m.p. 118-124” (1.5 g), in methanol (10 ml) containing a few drops of 2 N 
NaOH, there was added a solution of NaBHa (@3 g) in methanol (10 ml). After removal of methanol in 
vacua, the residual mixture was acid&d, extmcmdwithether. Theetherextractwaswashedwithwater, 
dried and evaporated to give 2-methyl-4-hydroxy-l~3,4-tctrahydro-l-Isaphthoic acid (1.2 g). This wss 
boiled with 2 N HCl(l5 ml) for 10 mhr, giving an oil (1.3 g), which was hydrogenated over platinum black 
in ethanol to atford a mixture of dias&momers of 2-methyl-1,2,3,4-tetrahydro-l-naphthoic acid (1.3 g). 
This mixture was chromatographed on an alumina column (Broclonan No. 4, 2.5~ 16 cm) with 
benzene. Ehrtion with (1: 1) benxene-ethyl acetate (500 ml) furnished one of the ci.r-tra&somers (@62 g), 
which was recrysUixed from x-hexane to prisms, m.p. 109-110”. (Calc. for CtxHr40s: C, 75.76; H, 
7.42. Found: C, 75.91; H, 7.52x.) The NMR signals: 3H doublet (5=6 c/s) at 1.15 ppm (methyl), 
overlapping 3H multiple& around 2.03 ppm (G2-methine and G3methylene), 2H muhiplet at 2.87 ppm 
(Gemethylene),1Hdoublet(J=~5c/s)at~~~(G1-methine),4Hs~at7~l7p~(~t~~) 
and 1H singlet at 9.78 ppm (carboxyl-hydrogen). 

The subsequent elution with ethyl acetate (200 ml) and ethanol (260 ml) gave no more material. The 
column was washed by 2 N NaOH solution (50 ml), and the alkahne solution was acidified with cont. HCl and 
extracted with ether. Removal of ether furnished the other isomer (0.3 g), which was recrystallized from 
n-hexane to prisms, m.p. 82-83.5”. (Calc. for CraHr40s: C, 75.76; H, 742. Found: C, 7562; H, 764X.) 

The NMR signals: 3H doublet (J= 6 c/s) at 1.12 ppm (methyl), 3H overlapphrg multiple@ around 2*00 ppm 
(C-2methine and C-f-methylene), 2H multiplet at 2.83 ppm (C4methylene), 1H doublet (5=8.5 c/s) at 
350 ppm (C-l-m&tine), 4H singlet at 7.18 ppm (aromatic protons) and 1H singlet at lQ35 ppm (carboxyl). 

Conversion of the high melting acid to the low melting isomer on hcathrg with 20”/, KOH suggests that the 
high melting isomer is a less stable cis-isomer. According to the Karphts equ~ti011,‘3 the lager coupling 
constant (J= 8.5 c/s) between protons at Ct and Cs for the lower melting isomer may be resulted from an 
approximate diaxial in&a&ions. The isomer (m.p. 8283.5’) having the larger coupling co11st8llt is therefore 
assigned to the traxr-acid and the isomer (m.p. 109-1100) with the smaller coupling constant to the c&acid. 
The vahres of 5r ,s, 45 c/s for the c&acid and 8.5 c/s for the truns-acid, are comparable with those for the 
C~S- and trax.s-isomers of methyl 2-ethyl-4-oxo-l,~3,4-tctrahydro-l-naphthoate and their 5- and ‘I-methoxy 
derivative0 

2-Methyl-3-Indenecarboxylic Acid 

a-Methyl-a’-phenyls ucchric acid. To a solution of sodium ethoxide (Na, 12.5 g) in absolute ethanol (200 ml) 
there were added ethyl phenylcysnoacetaterr (100 g) and ethyl a--onate (100 8). and the solution 
wasrefhmedfor6hr. Afttrcxceasofcthanol~removed,waterwasaddedandthemixturewasextracted 
withether. Theetherwasremovedandtheremah@ viscous oil was distilled in vucgc to give ethyl a-cyano- 
a-phenyl-a’-methylsuccinate (87.5 g), b.p. 135-145” (2 mm). This ~y~o-ester (85 g) was retluxed for 10 hr 
with 48% HBr (850 ml). An oil separated on cooling was taken up in ether and removal of ether afforded 
a-methyl-a’-phenylsuccinic acid (60 g), ntp. 180-183.5’. The melting point was raised up by recrystallimtions 
from water to 189-192”, 189-192 (192-193”15). 

11 E. C. HORNING id A. F. FINBLLI, Org. Syn. 38,43 (1950). 
1s H. Buxro~ and C. K. INGoLD,J. Clssm. Sot. 2030 (1929). 
‘3 M. Kmus, J. ,4rx. Chem. 50~. 85,287O (1963). 
14 Z. Hoan, T. Mm and Y. Tm Chern. Pharm. Bull. (Tokyo) 13,651(1%5). 
15 N. ZEL~TSICY and L. Bucnsr~~, Ckem. Ber. 24,1876 (1891). 
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2-Metlryl-3-oxo-l-~car&~~~~ acid. A suspension of a-methyl-a’-phenyIsuccinic acid (10 g) in cont. 
HzS04 (100 ml) was kept at 60” for 2 hr and then at room temperature overnight. The mixture was poured 
onto ice and the crystah separated (5 g), m-p. 149-155”, was collected, which was mcrysta1lii from benxene, 
m.p. 164-165’ (35 g). (Calc. for CitHieOs: C, 6946; H, 5.30. Found: C, 69.26; H, 544%) 

3-Hydroxr_2-methyl-~-indancarboxylic acid. 2-Methyl-3-oxo-1-indancarboxyhc acid (5.1 g) was dissolved 

in N NaOH (30 ml) and there was added NaBH4 (05 g) in water (10 ml) containing a few drops of N NaOH. 
The mixture was acidiiied with cont. HCl to afford crystals (5 g), m-p. 172-173”. Recrystalliized from ethanol, 
m.p. 180-181”. (Glc. for CIiH1&: C, 68.73; H, 629. Found: C, 6898; H, 622”/,.) 

2-Methyl-3-ittdenecarboxykc acid. A suspension of 3-hydroxy-2-methyl-1-indancboxylic acid (4.7 g) in 
cont. HCl(l30 ml) was boiled under reflux for 50 min. After cooling, the crystals were collected (3.6 g), m.p. 
1985-199~5°. (Calc. for C1iHlo02: C, 7584; H, 5.79. Found: C, 7599; H. 5-65%) Three proton sin8let at 
257 (vinyl methyl) and two proton singlet at 356 ppm (~ylene) in its NMR spectrum show that this acid 
is an a&mtwated acid and concomitant migration of a double bond took place under the condition of 
dehydration. The bathochromic shift of h *sn 270 nm (E 5.31 x 103) of the acid compared with that of 2- 
methyl-indene (egrt 266.5 nm, Q 5.87 x BP) also supports this structure. 

2-Methyl-3-indenecarboxylic acid (2 g) in ethanol (80 ml) was hydrogenated over platinum black to give 
thedihydro-acid(l*7g), m.p. 103-106”(recrystallizedfromn_hexane). (Calc. for CriHisO~: C, 74.97; H, 686. 
Found: C, 74.72; H, 6*740/,.) The c~~mtion was confirmedt6 by reducin8 the acid to a hydrocarbon, 
which was shown to be identical with c&1,2dimethylindane derived from cis-1,2-indandicarboxylic acid.17 

trams-2-Methyl-i-Indancarboxylic Acid 

A~eof~~~y~~~fr~34gof~~d3.3gofH~l~,~nc.H~(l~~) 
and 2-methyl-39xo-1-indancarboxylic acid (5 8) dissolved in tohrene (120 ml) was heated under retbtx for 20 
hr, during which cont. HCl(l5 ml) was added every 6 hr. Toluene layer was separated, the aqueous layer 
was extracted with ether, the combined solution was washed with water and extracted with NaHC4 
sohztion. The alkalii solution was acidified, an oil separated was taken up in ether. Removal of ether left 
crystals (4-7 g), m.p. 80-85”, which was reciystalhxed from n-hexane to give colorless needles (2-l g), m-p. 87’. 
(Calc. for CtiHraOa: C, 74.97; H, 6.86. Found: C, 75.18; H, 7.01%.) The tratwcon@uration was confirmedt6 
by identity of the corresponding hydrocarbon with trans-1,2dimethylindane &rived from trans-1,2- 
indandicarboxylic acid.17 

2-Et~~-3-1~enecarboxylc Acid and -k&nca&axy ffc Acfds 

The ethyl-substituted acids were prepared in a similar way to that used for the methyl-substituted acids. 
a-Ethyl-a’-phenyls~inic acid, prepared from ethyl cyanophenyl acetateti and ethyl a-bromo-x-butyrate. 

M.p. 195-198*(from dilute ethanol) (m.p. 196’1s). (Calc. for C1sHi404: C, 64.85; H, 6.35. Found: C, 65-00; 
H, 6*44x.) 

2-Ethyl-3-oxo-1-indancarboxylic acid, m.p. 147-150”. 
2Ethyl-3-hydroxy-l-indancarboxylic acid, m.p. 167-170” (dec.) (from dil. ethanol). (Cak. for C,2H1403: 

C, 69-88; H, 684. Found: C, 70.10; H, 6-87x.1 
2-Ethyl-3-indenecarbcuc Ylic acid, m.P. 149-150” (from benxene). (Calc. for C1rHi403: C, 69.88; H, 684. 

Found: C, 70.10; H, 6*87x.) JLB,‘as 270 nm (E 6.12 x 103). 
cis-2-Ethyl-1-indancarboxyhc acid, m.p. 108-109” (from n-hexaue). (Calc. for C,&~02: C, 75.76; 

H, 7.42. Found: C, 75.97; H, 765x.) 
tr~-2-~l-l-ind~~~~~c acid, mq. 79-80” (from tl-hexane). (Calc. for ClaHi,,Oa: C, 75.76; 

H, 742. Found: C, 75.97; H, 7.49x.) 

2-Isopropyl-3-IndenecarboxyIic Acti 

The method of preparation was similar to that for the ~~yI~u~i~ acid. 
a-Phenyl-a’-isopropylsuccinicz acid, m-p. 180-183°, pmpared from ethyl cyanophenylacetateii and ethyl 

a-bromo-isovalerate.is 
2-Isoproplvl-3-0x0-1-i~~~~ acid, m.p. 109-111” (from benzene-x-hexane). 

C, 71.54; H, 6.47. Found: C. 71.30; H, 6.47%) 
(Calc, for C,3H1403: 

2-~opropyI-3-~~-l-in~~~lic acid, m.p. 117-118’ (from dil. methanol). 
C, 7089; H, 732. Found: C, 71.00; H, 7.34x.) 

(Calc. for C13Hr603: 

16 H. IWAMURA, B.S. Thesis, Dept. of Agricultural Chemistry, Kyoto University, Kyoto, Japan (1962). 
“J.W.Coo~andl?.F.M.Srur HBNsoN, 3. Chem. Sot. 848 (I 949). 
1s F. W. HI’soN and T. J. w, J. Am- Chem. Sot. 44,183 (1922). 
19 B. Scmmcnsa, Ann. Gem. 267,115 (1892). 
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Z-Isopropyl-3Gndenecarboxylic acid, m.p. 126-127” (from benzenehexane). (Cak. for CISHIPZ: 
C, 77.20; H, 6.98. Found: C, 77.41; H, 7.08x.) z= 269 mn (c 10.4 x l@). 

By hydrogenating 2-isopropyl-3-mdemxarboxylic acid. Mg. 141-143’ (from n-hexans). (Calc. for 
C,&&: C, 76.44; H, 7.90. Found: C, 7622; H, 8.09%.) 

tram2Isopropyl-1-lndancarboxylie Acid 

By clemmensen reduction of Zisopropyl-3-oxo-1-indancarboxylic acid. M.p. 89-90’ (from n-hexane). 
(Calc. for C13H1602: C, 76.44; H, 7.90. Found: C, 76.70; H, 8.01%.) 

2,2-Dime~hyl-3-oxo-l-indmrcarboxylic ad. a,a-Dimethyl-a’-phenylsuccinic acid,20 m.p. 164-165~5” 
(1.8 g), was converted to its acid chloride with thionyl chloride, and it was cyclized in the presence ofanhydrous 
AK& in nitrobenzcne yielding the keto-acid. Purification through its semicarbazone, m-p. 230-233” (dec.) 
(0.7 g), gave the keto-acid (@S g), m.p. 157S18~5” (from benzene). 

2,2Dimr~hy&l-ir~xyh%z acid. The keto-acid (0.4 g) wan reduced by the method of clemmensen to 
givethe acid (0.3 g), m.p. 100-103” (from n-hexane). (Calc. for C12H1402: C, 75.76; H, 7.42. Found: C. 75.69; 
H, 7.67x.) 

Il-Methyl-1,2-Dihydro-l-N~hfic Acid 

To a Grignard reagent prepared from Mg (0.4 g) and methyl iodide (3.4 g) in ether (50 ml) there was 
rapidly added under cooling methyl eoxo-l8,3,etetrahydro-l-nophthoate21(2.2 8). b.p. 131-136’ (2 mm), in 
ether (30 ml.) The mixture was stirred for an hour, dilute H#O4 was added and the ether solution was 
washed with sodium thiosulfate solution, 2 N Na2COJ and water, dried (Na2804), and evaporated. The 
rtmaining yellow oil (2.7 g) was boiled with KOH (1 g) in methanol (20 ml) for an hour. The mixture was 
washed with ether, acidSed withdiLHCland extracted with ether. The ether extract provided a yellow viscous 
oil, which was dii at 170-185” under a reduced pressure (8 mm). The distillate (@8 g) dissolved in ether 
was taken up in aqueous Na&03, the alkaline solution was made acidic and the needles separated were 
collected. They were reuyatallized twice from benxene-rt-hexane. Yield Q5 g, m.p. 132+133”. (Calc. for 
CI$I1202: C, 76.57; H, 6.43. Found: C, 76.57; H, 6.49x.) 

4-Methyl-1,2d&ydro-l-naphthoic acid 01 g) in glaciil acetic acid (12 ml) absorbed 1 mole of hydrogen 
in the presence of platinum black at ordimuy atmosphere, yietiing quantitatively the tetrahydz+acid, which 
~88 -taUixed from mhexane. M.p. 86.5-87.5”. (c&. for C12H14O2 : C, 75.76 ; H, 742. Found : C, 7597 ; 
H, 7.560/,.) 

4Ethyl-l,%DfhydA-Napkrhoic Acid 

InasamemaMcraarusedfor~ti~ofthe4_methyl~~tutedacid,thisacidwas~froan 
metbyl4-oxo-tetrahydro-naphthoate (1 g) and ethywum iodide in 25 per cent yield. Recrystallized 
from mhexane, the acid had m.p. 73-745”. (talc. for C&1402: C, 77.20; H, 6% Found: C, 77.41; H, 
7200/) 

4Elkyl-l,2,3,4~~mirydro-l-NopkfhoL Acid 

4Ethyl-1,2-diiydro-l-naphthoic acid in ethanol was hydromted over platinum black to give quantita- 
tively the t&A&o-acid, m.p. 66-67’ w from n-hexane). (Cak. for C13Hl@2: C, 76.44; H, 7.90. 
Found: C, 7692; H, 8.07x.) 
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