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The liquid dimethyl ester of trans-2-methyl-2-carboxy-
cyclohexane-1-g8-propionic acid (V) obtained by evapora-
tion of the filtered methanol solution was then cyclized in
the same way as the ¢zs isomer, seven hours being allowed
for the reaction. The cyclic keto ester gave a bluish-violet
color with an alcoholic solution of ferric chloride. Hy-
drolysis of the keto ester and decarboxylation was carried
out as described and the {rans-8-methyl-1-hydrindanone
was obtained as a colorless liquid with a camphor-like
odor by distillation at 116-120° at 35 mm.; weight, 1.14 g.
On redistillation it boiled at 108-109° at 20 mm.; n?.tp
1.4807.

Anal. Caled. for CoHysO: C, 78.9; H, 10.6. Found:
C, 78.8: H, 10.3.

The semicarbazone after recrystallization from n-
butyl alcohol melted at 234° when the melting point tube
was placed in the bath at 190°. A mixture of the semi-
carbazones of ¢is- and frans-8methyl-1-hydrindanones
melted at 206-208°.
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Anal,
20.1.

The oxime after recrystallization from aqueous alcohol
melted at 113-115.5°. Mixed with the oxime of the cis
cyclic ketone it melted at 74-90°,

Anal. Caled. for CoH;;ON: N, 84.

Caled. for C;HjyON,: N, 20.0. Found: N,

Found: N, 8.2.

Summary

The synthesis of the ¢is and #rans forms of 8-
methyl-1-hydrindanone from cyclohexanone is
described. The ¢is and frans forms of 2-methyl-
2-carboxycyclohexane-1-acetic acid were pre-
pared, the acetic acid side chain was lengthened
to a propionic acid group through the Arndt-
Eistert synthesis and the esters of the resulting
products were cyclized by the Dieckmann method.
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Synthetic Mydriatics.

II1

By F. F. BLickE anD H. M. KapLaN!?

Although atropine is the most outstanding
mydriatic of the ester type, it is known that
certain esters, simpler than the alkaloid in struc-
ture, produce strong mydriasis.® These esters,
like atropine, represent combination of a basic
alcohol with an arylhydroxy aliphatic acid.
The basic alcohol may be as simple as §-dimethyl-
aminoethanol, or somewhat more complex such as
8,8 - dimethvl - v - piperidinopropanol. The acid
may be a substituted acetic or propionic acid.

Hitherto, no systematic study has been made
to determine which basic alcohols and arylhydroxy
acids are most suitable for the preparation of
esters which possess mydriatic properties. Dur-
ing this investigation fifty-two products have
been synthesized which represent combinations
of phenylhydroxyacetic (mandelic), diphenyl-
hydroxyacetic (benzilic), «-phenyl-a-hydroxy-
propionic (atrolactic), a-phenyl-8-hydroxypro-
pionic (tropic), B-phenyl-a-hydroxypropionic,
B-phenyl-g-hydroxypropionic or g,8-diphenyl-
B-hydroxypropionic acid with one of fourteen
different basic alcohols,

(1) This paper represents part of a dissertation submitted to the
Horace H. Rackham School of Graduate $tudies by H. M. Kaplan in
partial fulfiltment of the requirements for the degree of Doctor of
Philosophy in the University of Michigan.

(2) Lilly Endowment Fellow.

(3) (a) Blicke and Maxwell, THIS JOURNAL, 64, 428 (1942); (b)
64, 431 (1942).

The esters were obtained by interaction of the
phenylhydroxy acid with the required basic
alkyl halide according to the procedure of Horen-
stein and Pihlicke.*

The compounds, in the form of hydrochlorides,
hydrobromides, phosphates or methobromides,
were tested by Dr. John G. Beall for mydriatic
and local anesthetic activity by surface applica-
tion of freshly-prepared 29, aqueous solutions to
the rabbit's cornea. The pharmacological data
are reported in Table I, column I.

It was found that most of the esters which are
strong mydriatics are also strong local anes-
thetics. With the possible exception of compound
34, B,B8-dimethyl- v - dimethylaminopropyl «-
phenyl-a-hydroxypropionate (27) was the only
strongly active mydriatic found which did not
produce local anesthesia. In view of the high
activity of compound 27, it seems strange that
compound 28, the next higher homolog,* should
have been found to be completely inactive.
The strong local anesthetics, compounds 22, 23,
48, 51 and 52, do not dilate the pupil.

Since tropyl mandelate (homatropine) is an

(4) Horenstein and Pihlicke, Ber., 71, 1634 (1938).

(5) Probably in the strict sense of the term, the next higher homo-
log of a compound which contains the dimethylamino group would
be the corresponding methylethylamino, and not the diethylamino
derivative.
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active, widely-used mydriatic it was expected that atic and, with three exceptions, these esters do
some of the simpler basic-alkyl esters of mandelic not produce local anesthesia.,

acid would exhibit activity. However, every Several striking facts were discovered in the
ester of this acid proved to be inactive as a mydri- benzilic acid series. Six out of the eleven esters

Tanre I
ESTER SALTS AND METHOBROMIDES

The products were recrystallized from the following solvents: 2,21 and 22 from ethyl acetate; 8 and 9 from dilute alcohol;
11 from alcohol: 1, 3. 4, 5, 6, 7, 10, 13, 14, 18, 19, 23, 24, 26, 31, 32, 34, 36, 38-46. 48, 50 and 51 from a mixture of
alcohol and ethyl acetate; 12, 13, 16, 17, 20, 25, 27, 28, 29, 30, 33, 37, 47, 49 and 52 were precipitated from an alcoholic
solution by ether; the oil, 35, after precipitation from au alroholir salution by ether was washed repeatedly with absolute
ether.

Halogen, %
R 14 M. p., °C. Formula Caled. Found
Esters of phenylhydroxyacetic acid (mandelic acid), CsH;CH(OH)COOR

1 CH,CH,N(C;H;),-HCl 0 D 116-118 CisHys03NCl 11.23 11.13

2 CH,CH,N{(C;Hy),-HCI 0 (L 104-106 CisH3O;NCl 10.31 10.31

3 CH,CH,NC;H,-HBr 0 (1 140-141 C1;:H3:0:NBr 23.21  23.29

4 CH,CH,CH;N(CH;);-HCI 0o 9203 CsH3. 03N Cl 9.91 10.03

5 CH,CH,CH,NC;H;,-HCl n ot 136137 CisHuO:NCl 11.30 11.33

ti CHC(CH;):CH2(CH;)»-HCI (1 117-118 C1:HO;NC1 11.75 11.79

v CH:C(CH3)sCH.N (CHylyp CHBr¢ (S 145-146 CieH»O3NBr 22,18 22 12

& CH,C(CH;):CHyN(CoHsip (basc)® (e 165" . . o

a4 CH,C{CH;;CH,NC;H,s (base}? (G 06-97 CisHyO3N (4.59 4. 83 N)

Isters of diphenylhydroxyacetic acid (benzilic acid), (CeHs1,C(OHYCOOR
1 CH,CH,N(CH3),-HCl A4 TR 183-185 Ci1sH20,N Cl 11750 10.51
11 CH,CH,N(CyH;)-HCI (G 152-153 CaoHoO3NCl 900 .96
12 CH,CH(CH;3N(C:H;)»HCI A+ 4 TG 163-164 CaHosO3NCl 9.38 9.42
13 CH,CH(CH;)N(CH;)p HCI’ o iGh 167-168 CasH30:NCl 8.17 8.13
14 CH,CH,CH,N(C;H;),-HCI + 4+ -+ + (L) 145-146 Ca1HasOsNCI 9.38 9.41
15 CH CH CH,;N(C3;H7)»HCl 0 1Gy 158-159 Ca:H3:0:NCl R8.73 8.75
16 CH,CH,CH,N (CsHq!,-HCI 0 G 114-115 Co:H3s0;NCl 8. 17 8.23
1y CHCH,;CH,N(C4Hy),-CH;Br 0 Gl 166-167 CasH3sO3NBr 16.23 16.37
18 CH,C(CH;);CH,N(CH;)2-HCI R A S S O 169150 CuHzs03NCl 9.38 9.33
19 CH,C(CH3);CH,N{CH;),-CH;3Br + A (I 151-151 CooH0O3N Br 18.31 18.40
20) CH.C(CH;:»CH.N(C,H;s)o-HCI? A e ofe b (B 139-140" Ca3H3,0,NC1 8.73 8.84
Esters of a-phenyl-a-hvdroxypropionic acid (atrolactic acid), CHaC(CsH;) (OHI1COOR
21 CHQCHQN(CQI‘{Q)QI{CI G (T 108-109 C15H2403NC1 11.75 11.7.
22 CH,CH,N(C4Hy)o HCI (e 120-121 CisH3,03NCl 9.91 9.91
23 CH,CH.NC;H,-HCI 1 ik 101162 C1sHoOyNCH 11.30 11.35
24 CH;CH,NCsH,, CH,Br 0o 149150 Ci7HO3N Br 21.47 21.59
24 CH,;CH,CH,N(C,H,y).-HC1 0 iGs 0i3--44 CuH,:O;NCl1 9.53 9.70
26 CH,CH.CH,NC;H,,rHCl 0 (S 130131 Ci7H 0N Cl 10.82 10.77
27 CH,C(CH;),CH,N(CH;)-HCI b = (L 12K -129 CisHaO,NCl 11.23 11.31
2R CH,C(CH)»CHN(C.Hp)o Hs PO, ol 11151 CisH3O;NP 346 3.51ND
Esters of a-phenyl-g-hvdraxypropionie acid {1ropic acid}, CHy(OH)YCH(CsH,1ICOOR
24 CH,CHoN(CoH, b CH3Br? + 4 {1 RISE CieHp0O3N Br 2218 2224
30 CHCH N (CyHly- CHy Br il 131132 CooH3O;NBr 19.19 19,19
31 CH,CH,CH N {CsH,y);-CH;Br [V 127-128 CoH3O3NBr 18.57 18.62
32 CH,CH,CH,;NC;H,,-HCl (N 127-128' C17Ho0O:NCl 110,82 10.83
33 CH,C(CH)sCHyN (CHj} - H; PO, 4+ {0 143-144 CisHasOr NP i 3.51 374 N
34 CH.C(CH,),CH.NIC.H 1 H PO 4 to 130-141¢
4ot
Esters of B-phenyl-a-hydroxypropionic acid, CsHsCH.CH(OHYCOOR

34 CH,CHoN{C:H;):-CH;Br ol oil C1sH 03N Br 2218 22. 14
16 CH,CH,NC;H,o-HC1 0ol 128-12% CisH03NCl 11.30 11.34
i CH,CH,CH,NC;H,,-CH;3Br toih 116-11¥ CisHasOsNBr 20.69 2().93
38 CH,C(CH3)yCH,N(CHj)2-CH3Br 0o 164 -166 Ci7H O3 N Br 21.35 21,44

o4 CH,CICH,CH.NTCHu HC ol RS CisH30;NCl 1031 1. 41t
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TasLe I (Concluded)
Halogea, %
R Ie M. p,, °C. Formula Caled. Found
Esters of 8-phenyl-g8-hydroxypropionic acid, C.H;CH(OH)CH,COOR
40 CH,;CH,N(CHy),-CH;Br 0 (I) 129-131 C20H3O3NBr 19.19 19.06
41 CH,CH,NC;Ho-HCI 0 (1) 102-103 CieHaONCl 11.30 11.38
42 CHQCH2NC5H10'CH3Br 0 (I) 113-115 CanO;NBr 21.47 21.67
43 CH.CH,CH,N(C4Hy)s-CH;Br 0 (I 87-89 CoH;3O:NBr 18.57 18.76
44 CH,CH,CH.NC;H;oHCl1 0 (I 143-144 C17H260,NCl 10.82 10.93
45 CH,C(CH;),CH4N(CH,;).-CH;Br 0 (1) 117-119 C17Hy503NBr 21.35 21.40
46 CH,C(CHj3),CH,N(C,H;) HCI 0 (I 89-90 CisH30O:NCl 10.31 10.35
Esters of 8,8-diphenyl-3-hydroxypropionic acid, (CsH;),C(OH)CH,COOR
47 CH,CH,N(C,H),HCl 4+ (G)  144-146 CaHyONCI 9.38 9.41
48  CH,CH,N(C;Hy),-HCI 0 (E) 115-116 CayHyONCI 8.73 8.77
49 CH.CH,NC:H,,-HCl 0 (G) 169-171 C2oHs0;NCI 9.09 9.12
50 CH,CH,CH,N(C,Hs),-HCl 0 (G) 143-145 CasH3pOsNCl 9.05 8.94
51 CH,CH,CH,NC;H,¢-HCI 0 (E) 127-128 Cy»H,00:NCI 8.78 8.82
52 CH,C(CH,;),;CH,N(CH3),-HCl 0 (E) 136-138 CaHj300:sNC1 9.05 9.21
® Mydriatic activity: 0 = inactive; -+ = poor; -+ = moderate; +-++ = good; ++++ = excellent. Local
anesthetic activity: (I) = inactive; (S) = slight; (G) = good; (E) = excellent. ® NC;H;, = piperidino. Since we

were rather surprised to find that the hydrochloride of this ester is inactive (Blicke and Maxwell, THIS JOURNAL, 64, 432

(1942)) it was prepared again and tested as the hydrobromide.
¢ German Patent 594,085 (C. 4., 28, 3417 (1934)), m. p. 67°.
solubility of the hydrochloride a 0.5%, solution, instead of 29, was employed in the tests.

form of the hydrochloride.

¢ Methobromide, ¢ Tested pharmacologically in the
/ Because of the relative in-

? The hydrochloride, as

well as the methosulfate, was described by Fromherz (Arch. Exptl. Palh. Pharmakol., 173, 86 (1933)) as an active mydri-

atic.

Syntropan.

» German Patent 586,247 (Chem. Zentr., 105, I, 248 (1934)). m. p. 141-142°.
oil by von Braun, Braunsdorf and Rath (Ber., 55, 1675 (1922)).
It has been recommended for diagnostic use in ophthalmology; see Fromherz, J. Pharmacot. Expt]. Therap.,
60, 5 (1937). ‘ Horenstein and Pihlicke (Ber., 71, 1656 (1938)), m. p. 138-140°.

{ Hygroscopic. ‘ Obtained as an
¥ This substance is the commercial antispasmodic

The ester hydrochloride has been

described in German Patent 594,085 (Chem. Zentr., 105, 1, 3236 (1934)).

are very active as mydriatics and all eleven are
strong anesthetics. In several instances the
next higher homolog of a very effective mydriatic
proved to be completely inactive., Thus the 8-
dimethylaminoethyl (10) and the §-diethylamino-
ethyl® esters are very potent, while the g-dipro-
pylamincethyl (11) and the g-dibutylamino-
ethyl®s esters are inactive. Furthermore, the
v-diethylaminopropyl (14) ester produces strong
dilation of the pupil but the <-dipropylamino-
propyl (15) and the y-dibutylaminopropyl (16)
esters are without effect.

Among the esters of a-phenyl-a-hydroxypro-
pionic and a-phenyl-g-hydroxypropionic acids
only one compound is a strong mydriatic.

All esters of B-phenyl-a-hydroxypropionic and
B-phenyl-B-hydroxypropionic acid which we pre-
pared possess neither mydriatic nor local anes-
thetic properties.

Only one ester (47) of 8,3-diphenyl-8-hydroxy-
propionic acid shows some activity as a mydri-
atic; all of these esters are active anesthetics.

Since forty of the products prepared are entirely
inactive as mydriatics, it is very evident that
the mere presence of a basic nucleus in the alco-
holic radical of the ester, and a phenyl and a

hydroxy!l group in the acyl radical do not ensure
activity., The nature of the basic nucleus and the
positions occupied by the phenyl and hydroxyl
groups are of prime importance.

Experimental Part

No commnients relative to the preparation of mandelic,?
benzilic,” atrolactic,® tropic? and 8,8-diphenyl-3-hydroxy-
propionic acid!® are necessary,

B-Phenyl-8-hydroxypropionic acid was obtained by
hydrolysis of the ethyl ester!! with 209, potassium hy-
droxide solution.

B-Phenyl-a-hydroxypropionic acid was prepared in the
following manner. Benzylmagnesium chloride was al-
lowed to react with ethyl orthoformate, the phenylacet-
aldehyde diethylacetal hydrolyzed to the aldehyde, the
latter converted to the cyanohydrin, and this substance
hydrolyzed to the acid.

An ether solution of 148 g. of ethyl orthoformate was
added slowly to benzylmagnesium chloride prepared from
126.5 g. of benzyl chloride, 600 cc. of ether and 24.3 g. of
magnesium. The mixture was refluxed for five hours.

(6) Mandeloniirile ('Organic Syntheses,’” Coll. Vol. I, p. 336
(second editiou)) was hydrolyzed with hydrochloric acid.

(5) ""Organic Syntleses,” Coll. Vol. 1, p. 89 (second edition).

(8) McKenzie and Wood, J. Chem. Soc., 115, 833 (1919).

19) Purchased from the lZastman Kodak Company. A synthetic
procedure has just been described by Burtner and Cusic (THils
JourNaL, 65, 266 (1943)).

(10) Rupe and Busolt, Ber., 40, 4539 (1907).

(11) **Organic Syntheses,'” Vol. 21, p. §1.
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During this time a precipitate formed and a secondary
reaction!? may set in, often quite suddenly; in this event
external cooling is required to prevent the reaction from
becoming uncontrollable.!® The Grignard complex was
decomposed with ammonium chloride solution, the ether
layer separated and the aqueous layer extracted with
ether. The ether solution was dried, the solvent removed
and the phenylacetaldehyde diethylacctal distilled; b. p.
114-120° (15 mm.); yield 136 g. (709%,).

A mixture of 87 g. of the acetal and 500 cc. of 109, sul-
furic acid was boiled in a flask fitted with an inclined con-
denser. The aldehyde distilled from the mixture and was
collected in a separatory funnel from which it was allowed
to drop into a well-stirred saturated sodium bisulfite solu-
tion. The sulfuric acid solution was prevented from be-
coming too stronug during the distillation by the addition of
water at frequent intervals. The precipitaied bisulfite
addition product was filtered, washed witli ether, made
into a paste with water and then stirred with a saturated
potassium cyanide solution. ‘The cyanoliydrin separated
as an oil which solidified when cooled. ‘The latter was
placed in an evaporating dish and heated on a steamn-bath
with 100 ce. of 189, hydrochloric acid until solid material
formed, and then allowed to remain at room tenmiperature
for twelve hours. Evaporation was continued untii the
pasty product solidified when cooled. The material was
dried, powdered and the propionic acid extracted with
benzene; vield 24 g.1%; m. p. 95-96°.13

The basic alkyl chlorides were liberated from their
hydrochlorides with saturated sodium carbonate solution,
and distilled just prior to use.’® The chloride hydrochlo-
rides were obtainced fram the basic alenhols and thionwvl
chloride. "&b

Most of tlie basic alkyl chlorides have been described in
the literature: 3-dimethylaniinoethyl,¥'® g-dietliylamino-
ethyl,}*? g.dipropylaminoethyl,’® g-dibutylaininoetliyl,1®
3-piperidinoethyl,” 3-diethylaminopropyl.'™"  2.libntyl-

(12) See Smith and Bayliss, J. Org. Chem., 6, 437 {10341,

(13) 1n one instance the mixture was allowed to vemain overnight
at room temjerature; during this t'me the seeondury regction touk
place and the cuntents were blown out of the 1lusk.

i14} Tschitschibabin {Ber., 87, 188 (19041) found 2437-246°,

{15) The procedure described is slightly different from that em-
ployed by La Mer wund Greenspan (Tias Jorryayn, 56, 1494 (1034));
our vield is more than four times that reporied by these investigators,
They found the melting poinl to be Ha-yni-

(18) Because of their tendency tir ovelize, the chlarides were pre-
served as hydrochlorides.

y 173 (a) Gough and King, J. Che
and Behnisch, Ber., 68, 734 (1035
JourNaL, 63, 1443 119401,

{18) B.p 77-74° {19 mn.}

191 Blicke and Maxwelt, Tuis Jocusac, 64

¢ RHRG
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20) Bop. 8% 10 mm ). Dontep {7 C o 101, 2002
(1912)) prepared the chloride hygioehliride, wint <1uted that st
melts at 231° although other javestizators Gl repurted dlese,

We forind the inclting poiat to be U2
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aminopropyl,?! y-diethylaminopropyl,?? y-dipropylamino-
propyl,#® ~y-dibutylaminopropyl,?* ~-piperidinopropyl,?®
8,8-dimethyl- y-dimethylaminopropyl,® 8,8-dimethyl-+-
diethylaminopropyl,?’ 8,8-dimethyl-+v-piperidinopropyl.?”

In order to obtain the esters, molecular equivalent
amounts (0.03-0.05 mole) of the hydroxy acid and the
basic chloride were dissolved in 50 cc. of isopropyl alcohol,
which had been dried over calcium oxide, and refluxed for
twelve hours. The solvent was removed uuder reduced
pressure and the ester hydrochloride washed repeatedly
with absolute ether. After this operation the yield of
crude ester hydrochloride often was as high as 80-909,.
Usually the yield of recrystallized product was 50-60%,.
but the amount could have been increased by rccovery of
dissolved material in the mother liquors. In a few in-
stances it was necessary, in order to obtain a crystalline
salt, to treat the oily ester base with the calculated amount
of concentrated hydrochloric or phosphoric acid.

Methobromides were produced when the cster bases,
dissolved in absolute alcohol, were allowed to remain in
contact with excess methyl bromide for twenty-four hours
at ordinary temperature.

Summary

Fifty-two esters have been prepared which
represent combination of phenylhydroxyacetic

(mandelic), diphenylhydroxyacetic (benzilic),
a-phenyl-a-hydroxypropionic  (atrolactic), a-
phenyl-8-hydroxypropionic  (tropic), @B-phenyl-

a-hydroxypropionic,  S-phenyl-g-hydroxvpropi-
onic or 8,3-diphenyl-8-hydroxypropionic acid with
one of fourteen different basic alcohols. Six esters
of benzilic acid were found to be strong mydriatics
as well as good topical anesthetics. All esters
of 3-phenvl-a-hydroxypropionic and g-phenyl-g-
hydroxypropionic acids proved to be devoid of
mydriatic as well as anesthetic properties.

ANN ARBOR, MICHIGAN RecEveDp JuLy 8, 1944

{21) 13, p. 116~-120° (20 mim.).

(22) Maygidson and Sirukow, Arck. Pharnn., 271, 572 (1933).

(43) B.p. U9-102°. The alcohol was obtained from trimethylene
cldarohiviirin and diprepylamine auccording to the directions given by
Samdah! 2ad Welder (Badl soc. chiw., 33) 2, 2014 (1933)) for another
substiaice.

(24) Blicke and Jeuner, This Jourxar, 64, 1723 (1942), The
melts at 143-146° «fier recrystallization from dilute
Caled. for CnHuNClAa:  Aa, 3613, Found-

clitarouairaze
aleohol. aall
Av, B1ds

‘251 Hurlein and Kuejsel, Ber., 89, 1432 (1806).

(21 B.op. 44-4%° (14 mm.). The chloride hydrobromide has
been deseribed by Blicke and Otsaki, Tais Journat, 63, 1047
il

07 Alanoieh wnd Baumgarten, Jior, 70, 210 (1837).



