Summary

Terramycin and Achromycin form chelate compounds with various metals, espe-
cially stable compounds with zirconium and thorium, as previously reported with
Aureomycin, Their molar ratio is 1:1 in thorium chelates and 1:2 in zirconium
chelates., Further investigations on the chelate formation of Apoterramycin and
Isoaureomycin showed that phenolic B-diketone in tetracycline structure was very
important as the chelating group, as was indicated in the previous paper. It is also
suggested that the chelation of tetracylines must further involve the 12-1 bond.

(Received June 21, 1957)
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There have been numerous data concerning the properties of pure synthetic branch-

ed acids, but those of 3,3~dimethylated branched acids have not been reported as a
series. ‘ '

Tasre L.
RCH,C(CH,;),CH,COOH ‘ m.p. (°C)
Compd. b.p. or m.p. 2 S-Benzylthi- -Bromophenacytl
Nol? R Formula ? (°C) P s i uroniugl salt ? estgr v
(1) CH, C:H,,0, b.p. 203~204% 0,9348 1.4280 162.0 54.8
(1) C.H; CsH ;1602 b.p. 208~210 0.9009 1.4278 144.0 66.2
() C;H, CoHy 50, b.p. 217~218»)  0.9102» 1. 4329 136.0
(1) C.H, CioHg0Oz  b.p. 242~244 0.9129 1.4346 123.0
(V ) . C5H11 C11H2202 b.p5 130~133 0.8995 1. 4370 © 131.0
(VI) C¢H;s CpHO:  b.bg 124~125 0.8954 1.4398 124.5
(VI) C:His Cyi3Hy0;  b.py 154~157 0.8827 1. 4415 125.5 42.0
(Vi) CsHy; CyHosOy  bups 141145 0.8841 1.4420 118.0 .
. (IX) C9H19 C15H3002 b.p3 157~158 0. 83892 1. 4450 126.5 41.5
(X) CioHoy CygH320,  b.py 162~164% #3 1.4469 119.0
(X1)  CyHss CiHgO; P(’ﬁi‘. I}?szgj}f;" 126.0 50.5
(\)  CuHi CiHuOp D2 %000 123.5 47.5
(XM)  CyyHyy CyoHgsOp  m.p. 40.5~41.0 123.5 54,0
(XIV) C14H29 C20H4002 m.p. _44.0’*‘44.8‘7) 121.2 58.5
(XV) Csti 021H4202 m.p. 47.5~48.0 121.3 ) 62.0
(XVI) C16H83 C22H4402 m.p. 53.5~54.0 121.5 ' 60.5
(XVII) C17H35 ngH4eOg m.p. 57.0~57.3 120.0 66.0

All melting points are not corrected.

@) b.p. 209~210° by A.W. Crossley, W.H. Perkin, Jr. (J. Chem. Soc., 73, 18, 35(1898));
b.prs 213° anilide, m.p. 105.5~106.0° by N.L. Drake, G.W. Kline, W.G. Rose (J.
Am. Chem. Soc., 56, 2078(1934)); b.p. 201~202° by L. Schmerling (léid., 67, 1154(1945)).

b) b.pis 133~134°, dys 0.9059, =} 1.4319, by F.S. Prout (J. Am. Chem. Soc., 76, 1913
(1954)).

¢) b.pyp 195° m.p. 15° by A.G. Birch, R. Robinson (J. Chem. Soc., 1942, 494); m.p. 21
~22.5° by G. Gustbée, E. Stenhagen (Chem. Zentr., 1943, 1769).

d) m.p. 44.0~44.8° by J. Cason, et al. (J. Org. Chem., 15, 855(1950)).

* - Yoshida-Konoe-cho, S.aky()nku, Kyoto (ARFTEe—, W ¥).
1) Part 1: Yakugaku Zasshi, 76, 960(1956).
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It seems to be interesting to observe changes of physical properties caused by the
introduction of 3,3-dimethyl groups into a corresponding normal fatty acid and to
compare 3,3-dimethyl branched acids with other branched acids. On the other hand,
it appears desirable to investigate uses of synthetic acids, for example, in perfumes
or in bactericidal activity with chemical structure, etc.

We prepared 3,3-dimethylated branched acids by the electrolysis of mixed salts,
a kind of Kolbe reaction. This is a very convenient synthetic method for fatty acids.

A mixture of methyl or ethyl hydrogen 3,3-dimethylglutarate and various straight-
chain acids was electrolysed in methanol or ethanol, giving a mixture of a hydro-
carbon, a diester, and a monoester. The last one is the desired cross—coupled product.

This reaction is formulated as follows :

RCOOH + HOOCCH,C(CH,;),CH;COOR' —
R-R + RCH,C(CH;);CH,COOR’ + R’OOCCH:C(CHjs)(CHz):C(CH,;),CH,COOR’

The lower members of this series of acids (up to C,;sH;,0,, 3,3-dimethyltetradecan-
oic acid) are liquid, while acids ranging from C;;H,,0, to C,H,O, are solids. Physic-
al constants for 3,3-dimethylated branched fatty acids are listed in Table I. They
do not show alternation of melting points between odd and even members.

The authors wish to thank Dr. T. Kariyone and Dr. M. Takahashi for their kind encourage-
ment and advice. ‘The microanalyses were carried out by Misses H. Iwata and Y. Mano, and
Mr. I. Horiuchi of this Faculty, to whom they are indebted.

Experimental

Apparatus—The apparatus consisted of a cell, a source of D. C. current, an ammeter, and a
variable resistor, all lconnected in a circuit in [series, and a voltmeter in parallel with the cell.
The cell was made up of a cylindrical glass vessel of 50-cc. capacity. The temperature of the
electrolyte was maintained at 40~60° by water-cooled condenser and external cooling.

Method—A mixture of the half-ester and monocarboxylic acid was electrolysed according to
the general procedure of Linstead, ef al.2 After termination of the electrolysis, the methanolic

TasLe II.
Half-ester Mono]aasic Crude monoester . Yield of
(CH,),C <CH2002R, acid RCH,C(CHj3), CH,» MeOH Current Period Product acidd)
CH,CO.H RCOOH COR/

Co(g) (8.) (°C) (g (cc.) (4A) (hrs.) (g.) %)
R'=CHs; 9.4 R=CH; 18.0 ) 5.0 25 1.2~1.6 4.5 2.0 30.4
Y 9.4 R=CH; 15.0 b.p. 166~167 4.8 (EtOH)35 1.0 7.5 2.0 27.8

7 9.4 R=CgH, 14.0 b.p, 195~204 5.0 23 0.6 9.0 2.0 25.3
R'=CH; 8.7 Vs 17.6 b.p. 189~193 1.4 35 1.0 7.5 1.0 12.7
Vs 8.7 R=CH, 10.0 o 7.0 45 1.0 6.5 2.8 32.6

Y 8.7 R=CsH;; 11.6 b.p. 200~228 4.0 40 0.8~1.0 5.5 2.3 24,7

v 8.7 R=CgH;; 13.1 © 11.0 35 1.0 6.5 3.6 36.7

Vs 8.7 R=C;H;; 14.4 9] 12.0 40 1.0 5.0 2.7 25.2

y 8.7 R=CgH;; 15.8 © 18.0 40 0.6~0.8 8.0 0.7 6.2

v 6.0 R=CgHj, 9.6 b.ps; 140~160 9.0 40 1.0 5.5 2.7 32.2

Vs 5.8 R=C;Hs; 9.3 ) 11.0 40 1.0 4.5 1.2 14.1
R'=CHs; 4.8 R=Cy;Hy3; 10.0 b.pz 140~167 9.0 40 0.8~1.0 4.5 2.7 40.0
R'=CH; 4.8 R=C;;Hy; 10.7 b.p, 165~182 1.9 40 0.8 4.5 0.8 10.3
v 4.4 R=CjHys 8.2 b.ps 125~160 3.4 40 1.0 5.0 1.5 9.4

7 5.0 R=Cy;3Hy; 6.0 b.ps 125~172 3.0 30 1.0 2.0 0.7 5.6

v 3.6 R=C;Hyy 4.0 b.ps 155~215 0.6 45 1.0 2.0 0.5 8.9

7 5.5 R=C;sHy; 5.0 b.p; 136~176 0.8 40 0.8 4.0 0.6 5.8

v 3.5 R=CiHzz 5.4 b.p; 135~179 1.6 45 1.0 11.0 0.8 11.8

v 3.5 R=Cy;Hgs 5.0 b.pg 127~187 1.5 502 0.6~1.0 4.0 0.2 2.9

a) Tetrahydrofuran was used as a solubilization agent.
b) The yield was calculated on the half-ester present.
¢) Crude oils were hydrolysed without distillation.

2) R.P. Linstead, ef al.: J. Chem. Soc., 1950, 3326.
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TasLe M. 3,3-Dimethylated Branched Acids

RCH,C(CH,),CH,COOH Analyses (%)
Compd. ' ,_(Z,alci Found
No. R Formula é H C H
(T) CH, C,H,,0, 64.58  10.84 64.76  11.16
(Im) C,H; CsH;60; 66.63 11.18 66.39 10.96
() C:H, CoH 50, 68.31 11.47 68.61 11.44
(1v) C.H, C1oHzoOs 69.72  11.70 69.58  12.00
(V) C:H,, C11Hg0, : 70.92 11.90 71.16 11.85
(V1) CeHis Ci2H2.0, 71.95 12.08 72.18 12.12
(V) C/H;; Ci3H360, 72.84 12.23 72.59 12.25
(V) CsH C14H50, 73.63 12.36 73.77 12.41
(IX) CoHig C15H300; 74.32 12.48 74.37 12.68
(X) CioHy; C16H3:0: 74.94 12.58 74.95 12.86
(X1) Ci1Hys Ci:H3,0, 75.50 12.67 75.25 12.40
(xm) CigHos Ci5H3:0; 75.99 12.76 76.19 12.76
(XIH) C]3H27 'ClgH;;gOz 76.45 12. 83 76.40 12.78
(XIV) CieHso CaoHyO; 76.86  12.90 76.89  12.76
(XV) C15H31 C21H4202 77.23 12.96 - 76.93 12.84
(xvI) CieHys CoeH 40, 77.58 13.02 77.47 12.83
(xvI) Cy-Hgs CosHyO, 77.90 13.08 77.68 12.89

TasLe IV. S-Benzylthiuronium Salts of 3,3-Dimedhylated Branched Acids
. Analyses (%)
Formula Calcd. Found

Compd.

No. —— .

C H N C H N
(1) CisHz40,N,S 60.79  8.16  9.45 60.60  7.96  9.47
(IL,) C16H0:N,S 61.91  8.44  9.03 62.03  8.26  9.33
(TL,) Ci7Hz50,N;S 62.94 8.70  8.64 62.71  8.67  8.89%
(1vy) C15H300:N:S 63.88 8.94 8.28 64.15  9.22  8.25
(V1) C19H3:0:N;S 64.74 9.15  7.95 64.48  9.04 7.72
(VI,) CyoH340,N;S 65.54 9.35  7.64 65.32  9.54 7.71
(VII,) CoiHaO:NS 66.28 9.54 7.36 66.49  9.73  7.09
(v, ) C22Hg30:N,S 66.97 9.71  7.10 66.90 9.85  7.00
(IX,) Cy3H 4O, N;S 67.61  9.87  6.70 67.43.  9.74  6.51
(X,) C2sH4,0,N,S 68.21 10.02  6.63 68.28  9.96  6.48
(X1,) CysH4O:N,S 68.77 10.16  6.42 68.52 10.34  6.20
(X,) CyeH 02 NS 69.29 10.29  6.22 69.20 10.35  6.25
(xiy) CarHs0:N,S 69.79 10.41  6.03 69.53 10.62  5.86
(X1vy) CosHs50:N,S 70.25 10.53 5.85 69.96 10.68  5.62
(xV,) CaH520,N,S 70.69 10.64  5.69 70.94 10.75  5.66
(XVIy) C3oH3540,N,S ©71.10 10.74  5.53 70.99 10.69  5.46
(XVIy) Cy1H560:N,S 71.49 10.84  5.38 71.22  10.70  5.43.

Tasre V. p-Bromophenacyl Ester of 3,3-Dimethylated Branched Acids
Analyses (%)

Compd.

No Formula , Calcd. Found
. e e, e —
C H C H
(T2 C1sH1s05Br 55.05 5.85 54.97 5.91
(]Ig) CerzloaBr 56.30 6.16 56.10 6.15
(Vﬂz) 021H3103B1' 61.31 7.54 61.10 7.72
(IXZ) C23H3503Br 62.79 8.02 62.56 8.02
(XIs) CysH3903Br 64.23 8.35 64.03 8.62
(XHZ) C25H4103Br 64.84 8.58 64.69 8.57"
(sz) C27H4303BI‘ 65.45 8.69 65.67 8.92
(XIV,) CpsHys0,Br 66.01 8.84 66.29 8.99
(XV3) CgoH47O3Br 66.52. 9.05 66.24 8.76
(XVIp) C3H40;Br 67.04 9.13 66.80 9.04
(XVIL;) CyiHs5,04Br 67.42 = 9.24 67.15 9.47"
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TasLe VI. Molecular Refractivity

Mol. refraction
Co&rgpd. Formula —

) Calced. Found
(1) C;H,40, 35.1 35.1
(1) CsH 160, 40.6 40.5
(1m) CoH 40, 45.3 44.8
(Iv) Ci10Hz00s 49.9 49.2
(V) C11H5:0¢ 54.5 54.3
(VI) C12H2402 59.2 58.9
(VIr) C13H:60, 63.7 63.7
(Vi) C14H350, 68.4 68.3
(IX) Ci5Hso0, 78.0 72.6

reaction mixture was neutralised with glacial AcOH and extracted with ether or benzene. The
extract solution was washed with K;CO; solution and water, dried over CaCl,, and evaporated.

The crude products thus obtained were either fractionally distilled or alternatively, hydrolysed
with 10795 EtOH-KOH and the neutral and acidic fractions were separated in the usual way. Cold
petroleum ether was added to acidic products and cold petroleum ether-soluble product was crystal-
lised from a suitable solvent. Petroleum ether-insoluble product was a dibasic acid. A mono-
‘basic acid of cross-coupled product was soluble in petroleum ether (b.p. 50~60°).

Intermediates—Methyl and ethyl hydrogen 3,3-dimethylglutarate® were prepared by semi-
esterification of the corresponding anhydrides obtained by the oxidation of dimedone with NaOCl,»
followed by dehydration of the resulting 3,3-dimethylglutaric acid with Ac,O.

Methyl hydrogen 3,3-dimethylglutarate : b.py 128~131°, »3y 1.4377.

Ethyl hydrogen 3,3-dimethylglutarate : b.py 152~156°, %% 1.4340.

Tridecanoic, pentadecanoic, and heptadecanoic acids were obtained by nitrile synthesis from
‘the next lower homolog. Undecanoic acid was prepared by the catalytic reduction of undecenoic
acid. Other monobasic acids were used after purifying commercial acids. Experimental condi-
‘tions are shown in Table II and analytical values of these acids and their derivatives are given
in Tables 10, IV, and V. Molecular refractivities are presented in Table VI.

The liquid acids (I~XI) were purified after repeated distillation. Some of these esters were
-analysed before hydrolysis. '

Methyl 3,3-Dimethylheptanoate—b.p. 191~193° Auagl. Calcd. for C,HyO.: C, 69.72; H, 11.70.
‘Found : C, 69.56; H, 11.52.

Ethyl 3,3-Dimethylheptanoate—b.p. 203~304°. Anal. Calcd. for C;;Hp0,: C, 70.92; H, 11.90.
‘Found : C, 70.70; H, 11.85.

Methyl 3,3-Dimethylnonanoate—b.p. 220~221°. Anal. Calcd. for C,H,,0,: C, 71.95; H, 12.08.
Found : C, 71.81; H, 12.05.

The acids ranging from C;gH3O; to Cy3HyeO, were purified through calcium or thiuronium salt,
followed by decomposition with conc. HCI.

3,3,6,6-Tetramethylsuberic acid obtained as a by-product showed m.p. 162.0° (m.p. 165.2°(corr.)®).
Anal. Caled. for CipHp0.: C, 62.58; H, 9.63. Found: C, 62.40; H, 9.85. p-Bromophenacyl ester,
m.p. 130.0° Anal. Caled. for CogH3O¢Bry @ C, 53.86; H, 5.17. Found : C, 53.57; H, 5.19.

Summary

Seventeen kinds of 3,3-dimethylated branched fatty acids were prepared by anodic
:synthesis. Methyl or ethyl hydrogen 3,3-dimethylglutarate was used as the half-ester
of dibasic acid. Cross-coupled products were obtained by crossing half-ester with
monobasic acids, Platinum plates were used as the electrodes, and methanol or ethanol
as the solvent. The lower members of the series (up to C,H,,0,) are liquid, while

the higher members (up to C,;H,O,) are solid. No alternation was seen in the melting
‘points of these acids.

(Received July 11, 1957)

3) J. Cason, et al.: J. Org. Chem., 15, 885(1950).

4) Org. Syntheses, 31, 41(1951); Coll. Vol. II, 200(1948).

.5) J. Walker and J.K. Wood (J. Chem. Soc., 1906, 600) reported m.p. 164~165°; S.F. Birch, ef al.
(J. Chem. Soc., 1952, 1363) reported m.p. 169.5°.
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