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1. 9{10) -carboxystearic acid 2| Time. hr.
oiAEIZ21E Fig. 1. Scheme and computer plot of esterification

of 0.14 molar 9(10)-carboxystearic acid with 4.2
molar dimethylpentanol in benzene at 99°C using
stearate of ) HEEBBIO] KT o A8 Bl R 86 mg sulfuric acid. Samples for the compt.xter Qlot
N ' 3 ) o were methylated. (A} 9(10)-Carboxystearic acid;
HEE AR A BT QRS A s 4 } 9(10}-carbo{dimethylpentoxy) stearic acid; (C)
K 26~274% Llrel RIS AL s, B dimethyipentyl 9{10)-carboxystearic acid; (D) di-

g(10)-carboxystearic acid ¢} alkyl 91() -
carboaikoxystearate, atkyl 9(1(0)-carboalkoxy.

BEol wel ¥4 girh 2, 2-dimethylpentanol methylpenty! 9{10)-carbo(dimethylpentoxy) steara-
o] jT&BpEe, 2-methoxyetanol, 2-chloroethanol te.

Table I. Rates of Esterification

Pot Rates, hr'l

Experiment  Alcohol Moles/ Catalyst, tempera-
liter mg H280, ture, °C Kk, k3 ka ks  ka/ks
9(10)-Carboxystearic Acid (0.1398 molarj

1 n-Butyl 4.2 424 85 0.031 0582 0776 0019 - 31

2 n-Butyl 42 63.1 85 0.067 1.16 1.18 0.039 30

3 n-Butyl 42 838 85 2.32 0.088 26

4 n-Butyl 2.1 85.8 83 2.60 0.104 25

5 2-Methoxyethy! 42 83.8 84 1.01 0.029 35

& 2-Chloroethyl 4.2 81.0 84 1.48 0.054 27

7 2,2-Dimethyipentyl 4,2 85.0 99 1.09 0.042 26

& 2,2-Dimethyipentyl 2.1 825 86 0.84 0.031 27

9 2-Ethylhexyl 4.2 84.5 106 2.44 0,165 16
10 2-Ethylthexy! 2.1 83.6 86 2.44 0,085 25
11 n-Octy! 2.1 80.2 87 3.83 0,155 25
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Table {1. Esterification of Phenols with Carboxylic Acids a
Reaction isolated
Product Solvent Time, Hr. Yield, %
Pheny! benzoate Toluene 8 94
P-Methoxyphenyl benzoate Xylene 23 88
P-Nitrophenyi benzoate Xylene 23 85
Phenyl butyrate Xylene 17 86
Diphenyl isophthalate Sulfolane/xylene 24 58
Diphenyl terephthalate Sulfolane/xylene 23 87
Diphenyf tetramethyi-
terephthalateb Xylene 48 80
2-Naphthylisobutyrate Xylene 5 58

3 1n atl cases the reaction was conducted by removing water by azeotropic distillation
from a solution of the phenol and carboxylic acid in a solvent containing 1 to 5 mole
% of boric and sulfuric acids. Products were isolated by oppropriate crystaliization
or distiflation.

This compound, m.p. 265-266°C., had correct analysis for carbon and hydrogen.

2. Hl=2] boric acid BRI %51
MI:\.H!?A@ Hy O+ {CH;3}, CIOCH ), —» 2CH, OH + CH 3éCH3

ggg-,
‘1'»191
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1 2 3 4
3. Acetone dimethyl ketal 2 {#HS= Motes of
Hgaas24t’ Prapionic acid 0.25 025 025 0.25
&gﬁﬁk 13}_{_ o] %0“ @:3} O“Aﬁﬁ f3$t~¥‘~ Methanol. 0.75 0.25 0.075 0.00
A Bz, o REE& &fhsu acetone dxmethy ydrogen chioride : ) : :
ketal 2} o] o AWl BALEIS REtE 2.2 olAl
E o9 oS slol BgfEe] A% ,;;J%gﬁ,__g,_.ﬂ of 4. OABIZACREL Bk
A B} #ITHTHFIg, 2), Acid polymer 2 2] polystyrene copotymer 2| su-

ifonic acid & i8] A capacity == 4 5mequiv/g
{Rexyn/101{H} R— 231) o 48 mequiv/g(Re-

H+
RCOOH + CH; OH ——— RCOOCH; + H,0 ‘
2 3o xyn/10UH) R—204) (W« 100°C2 &
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Myt CaS0, (40 ~ 30 mesh, 180 C=E m#ste #
BARES AE UL AE @3k yagsl May  RCOOH+ROH+ (4| +21——p micooR?
of fpsta foh 47 & Bo] CaSO. o] Figsie] o « Y Mo X
R & - ~
AU BERFEEY FEHE Al BHHE HEs) . ( /1 PIHX S LHY
Elegof b Ebyd ek Table 1), N"D
5. Betaine2 {#Hsl= FIZE AR L\/ NJ 1]
OlAE|24EY
Betaine (3,4-dihydro - 2H-pyrido [1,2-a} py- 6. FIREA|Bo ffEst PN =
rimidin- 2-one ) o] 4 Foll A 1-methyl-2-f]. N, N-Dimethylphosphoramidic dichioride (A)
uoro &2 -2-chloropyridinium sait & 5 i a e E+4= phenyl dichlorophosphate (Bl sheaa

FrEEA g G aee B BRMEY kM o Bd (Ll MET B8 HiEE tl g3
WHER o 2B AS2s Ao T2 A B, KR A A BT E
(Table [V}, {Table V),

Table Ui, Yield Data for Esterificatioms

Reaction Acid
Run  Alcohol Solveny ~ratio, Time  Polymer: . . Acid  Yieid,
acid: alcohol dehydrator
{v/v) {9/g) polymer  + 5%
1 Methanol 1:10 10 min a 67
2 Methanoi 1:10 14 hr a 82
3 Methanol Ether, 10 mi 2:0.6 10 min a 21
4  Methanol Ether, 10 mi 2:0.6 17 hr a 59
5 Methano! 1:10 10 mifn 10:0 16.1 R204 87
6  Methanol 1:10 10 min 3:7 6:3 R204 94
7 Methanot 1:10 10 min 3:0 4:7 R231 32
8  Methanol 1:10 20 min 3.7 6:3 R204 93
9  Methanot Ether, 10 mi 1:2 20 min 37 6:3 R231 52
10 Methanol 10:0.6 120 min 3:7 7.5 R204 73
11 Methanol Ether, 10 m} 2:0.6 20 min 37 7.5 R231 33
12 1-Butanol 1:10 60 min a 53
13 1-Butanol 1:10 60 min 3:7 6.3 R231 84
14 1-Butanol 1:10 60 min 3:0 4.7 R231 26
15  1-Butanol 1:10 10 min 37 6.3 R204 22
16  1-Butano! 1:10 160 min 3:0 47 R231 58
17 1-Butano! 1:10 17 hr 37 8.3 R231 100
18  1-Butanol! 1:10 190 min 3:0 4.7 R231 68
19 1-Butanol 1:10 14 hr 3:0 4.7 R231 100
20 1-Butanol 1:10 80 min 3:7° R231 52
21 1-Butanol 1:10 90 min 370 R231 65
22 1-Butanol 1:10 17 tr 37 R231 93
23  2-Propanot 1:10 17 hr 37 6.3 R231 99
24 2-Propanol 1:10 17 b 3:7° R231 73

4. No catalytic dehydrator used in these runs. The reactions were catalyzed by p-toluenesuifonie acid.
b, Anhydrous silica gel used as the drying agent.
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Tabie 1V. The Synthesis nf Caruuxylic Esters

Acid® Alcohol® Pyridinium  Sa¢  eaction  Volumeof - lsolated
Time Solvent Yield
R! R? X Y (hr} {ml) (%)
PhCH, PhCH, ci I 3 10 969
PhCH, Ph cl I 3 10 789
PhCH, PhCH=CHCH, cl I 3 10 g7d
PhCH, CH;CH=CHCH, cl I 3 10 g4¢
PhCH, CH; (CH, )5 ci I 3 10 god
PhCH, CH; CH, CH(CH;) ci [ 3 10 724
PhCH, {CH3);C Cl i 8 4 728
PhCH, CH, PhCH, F TsO 6 4 74°
CH;CH, PhCH=CHCH, F TsO 75 4 60°
CH, (CH; )5 PhCH, F TsO 46 4 748
CH; (CHa) o PhCH, F Ts0 ~5 109 424

Condition ; in CH,Cl; at r.t. a. 1.0 mmol, b, 1.0 mmol, ¢. 1.2 mmol, d. betaine 2.4 mmaol,
e. betaine 4.8 mmol, f. at r.t. for 1 hr, and then reflux for 5 hr, g. in CICH,CH, Cl.

Table V.  Esterification of Carboxylic Acids

CsHsN : {CH3); NPOCI, (A) .
RCOOH + R'OH RCOOR
or CgHsOPOCI, (B)

Isolated Yield (%}

Entry RCOOH R'OH A B
1 C¢H35OCH,COOH CgHs OCH, CH, OH 82 88
2 {CH3)5COH 89 94
3 < >—(}OH 76 84
4 CH,CH,OH 84 97
5 { ._/“\ COOH CeHsCH,CH,CH,OH 70 81
6 CsHsOCH{CH;}COOH  CH,CH, OH 83 92
7 CH,0H 84 85
8 CsHsCH, OH 96 95
g9 {CH;},COH 84 90

10 CH,; =CH{CH,)sCOOH  CH,=CHCH,OH 73 77
1 CH3CH,OCH,COOH  CgHsOH 96 98

6 ~_~_-COOH

-
U g
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CsHsCH, OH 88 65

CsH;OH 84 60

7. BEBAERC| EEANS ol AR2A4ET
J2 858 (10 meq), 2t E-8( 1 1meq) , dicyclohexyle-
arbodiimide (DCC ; {.1meqg)sl 4- dxmethvldm]

nopyridine (DMAP | 0.1meq)-g- 3
BSCi-wﬂnmﬁﬁkﬁmus1L4 20 Hrgn o
o Zl v} (Table Vi),
i
IR'COH + 2DCC ——— = (R'CO); 0 +
25°C

t1DCC + 1DCUY

{R'CO);0 + DMAP —— [R'CODMAP] *R'CO,

Rl'
~~——~~QE~-*R ‘COOR"” + R'CO,H + DMAP

CeHi N =C=NCsH,, (DCC)
(CHs)N-") (DMAP)
’\ i
H O H
i !l DCU
CeHy N~ NC(,H“ (bew
Table V1. Esterification in Quiet
Entry Ester Yield{%)2

1 CH3{CH,;);0C0O,CH; 740

2 CHslCHy),0CO,CHICH3), 66

3 CH;3 {CH;),¢CO,CH,CCl; 84

4 CH3(CH,);5C0,CH CeHs g1

5 CH3(CH2)10CO:GH; 780
CH3{CH;)10C0O,CH,

6 CH3(CH2)15C02"‘?Hz 88b
CHs(CHz)mC()z*(‘:H
CH;3{CH,),4CO,~CH;

7 Cholestery! laurate 67b

8 CHy{CHy)10CO,CHCH,CH,==CH 72

9  CH;(CHa);6C0,CICH: ), 6g°

10 CH;(CHy);6CO,CH, CH=CH 85

11 H=CCH(OTBS)(CH,),CO,CHCH,~ 73
CH,=CH

a. Yields are of isolated, purified material and are
not optimized. All new substances gave correct
combustion analysis and/or gc/ mass spectra and
nmr spectra. b.Known compound which provid-
ed correct physical and spectral data.

. BRI MEE TATRES EHSH
ol e 4L’
i (tetrahydrofuran) ﬁi} polystyryldiphenyl-
FtedAf, vag 9 dethyl azo-
X@ 2 ol A IR

phosphine |
dicarboxy&ate 2 fnEtch

Pod gk vt EERIAC3~4 hr) &y kw9
2 e =) g vi(Table VD),
Ph
(p)—p{  +ROH+RCO,H + Et0, CN=NCO, Et
Ph
THF _ R—CO,—R +Et0,CNHNHCO, Et +
Ph
P)—~P==0
Ph
Ph
1 " t — u |
(P)— P4—0—C~0—C-—R"—(P; —P==0
ph H R Ph
a
!
+ G !1
R¢ SO-—C-—R"
A
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P’h P Table Vil. Esterification in Phosphine Agents
%WTFW 0= CH%::- (CHa )n\\% Entry ’ Cﬁorj)pd. Yield, %

Ph S0 C/' 1 PhCO,CH.Ph 86

(li 2 e COr—CH,Ph 86

3 pp GO O(CHC Hy o

. Feafnfghstel st 4 CH@?‘“‘*@"“C% <] 75

5 s:;f"“‘\v}mcoz {CH, )5 CH;3 90

REFURE B ol et o) Kl B8, e
2d K, P58 488, oo mEE o & CH,
Bdse] EEMLE A @Eol Bla, o kaiEs Wi & Ci»-@}~— CO, {CH, )5 CHx 89
B Lot SR MR T, &
Bl (L e] Bkt ook »i0

70N f/)j}-«—--uco2 (H;)sCHs 84

1. HErSERREE %3 HEKLEM 8  {CH3}3CCO;CH,Ph 99
- .. 11
Sel|Bah 9 Et0,(CH,14CO,Et 79

o gbeE B ol KA A o) &8 B ool whet A
A o9 = A9k (shealether) o B 10 N 00,(CH, )6 CH3 92
{ hydroxypenylstearic acid)s 28 4ol ¥ o 11 {+)-PhCO, CH{CH; }{CH, }s CH; 65
Aok, ol 2EES CREIMel Hoge EAM G B O
Avk e ﬁ% I VP/! i \? HHEERE LV s 19 CHa+nE=0 10b
ol whed 84 aet(Table ), Sy’

3 All vields are isolated except as noted.PGC vield.

CH4(CH3)»CH = CH{CH; ), COOH CH; (H2) <CH(CH }y COOH
o {x+y=15) (1]
Py
1°]
+  CH,S0.H el
OH 2222y CH,4(CH,), CHICH, ly COOH
A |
Kf o 1/61
L L7 (2]

GH (x +y=15) B
CH3 (CH2)aCH = CH(CH, )6C00—~ 0 5 (3]
A —

{a+b=14)

TN

CH3(CH2)xCH(CHz)vCOO~~< 0 4]
O {x+y=15)
o0
N [}
dimer
trimer 6]
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Table VII1. Reaction of Qleic Acid with Phenot ?

BB

Oleic acid/CH;S0sH Temperature Conversion Phenylether 1-Hydruxyphen\/(stearatebc 3 4 b+6
{molar ratio) (C) {%) (%} {%) (%) (%) (%)
1/0.5 25 32 28 2 2 - -
1/0.5 50 80 41 13 6 16 4
1/0.0 25 65 46 7 2 5 5
1/1.0 50 87 25 39 4 9 10
1/2.0 25 82 54 17 2 5 4
1/2.0 50 97 1 82 2 - 12
1/6.0 25 98 2 88 1 — 7

a Time 6 hr; oleic acid : C4HsOH = 1:5 {molar ratio}.

b Ortho : para ~ 4:1,

¢ Yields were based on oleic acid.

2. Arylstearic acid 2| E#{tRphiE 2} BHIEEY
Hydroxyarylstearic acido] $Eahel &/bEiIL %

Bt vepdcte

A& H, Gissers Weofl 2]8]4

ganol oltl gy &l arylstearic aicd o

2,39 & MBS SEsle], bis(2-~ethylhexyl) se-
bacate of B iAA Edbsty U EEEEE Bl

o} (Table X)),

Table 1X. Etfect of Molecular Structure on Antioxidant and Rust Protection

Oxidation

Rust,

Oxidation Rust,

Additive ;r::ix:)cétion Hours to Additive ;)r;?g(‘:jtlion Hours to
Hours Failure Hours Failure
CH3{CH3 )3 CH{CH, },COOH 30 192 CH4 {CH3)3CH(CH; ), COOH 54 96
1‘/1\} = 0OH
o tert-By ~” OH
OH
CH;{CH, )3 CH{CH, )}, COOH 36 180 CH3 {CH; ) 3CH{CH,} COOH 62 132
1
|
i/\]cm [ = OH
L/’ < OH
OH
H; {CH, 13 CH(CH, )3 CH(CH, ), COOH 128
CHj3 (CH,);CHICH,),COOH 36 72 | OH(© 2’3* ( 2)3L( b 220
L AN
tert-Bu “/\/JCHS &*\"J ﬁ/
’ OH
OH OH
[CH;{CH;)3CH(CH,),C00],Ca 70 162
CHj (CH, )3 CH{CH ;) ,COOH 37 96

OH
tert-Bu
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sidi kel el A BwE ielimssel R 9
CH;(CH3 )3 CH(CH, ), COOH 38 96 |[CH3{CH;)3CH(CH;),C00],Ba »B6 186
1 I
! |
CHW/Q%OH i “j
“_~is0.Pr v
OH
CH
CH3(CH2)3CH(CH2}7COOH 43 96 [ 3(CH;?3CH(CH2)7COO]2$F 81 132
| |
i 5.//‘\‘57
“NOH i
CHaﬂJtert-Bu \\O//H
3. Hydroxyphenylstearic acid #jg" henylstearic acid & % 2.2 o=re|@gily 119 o
Eelfol Axd A A ezl hydroxyp formaldehyde & #§ < atolul,
OH CH;S0;H
P i CH;—(CH,)5-CH=CH(CH, )5 CO0OMH . > CH:r“(CHg);‘"CH““(CH:)\;’“CODH
o \‘ H
@ 9
CHr“(CHg)xMCHy -(CH; }—COQH @
! ement
‘ Rearrat—" ty=15
,(/A\ PR Xty =
x+y=15
OH OIH OH
HOCHq«w(%y~ CH, 7N CH, Q¥§) CH,OH
! [0
\\\% L\Q.r/'/’
CHj ~ e COOH CHy — COQH CHy ~—~L———COOH

ll. Diene synthesis Diels-Alder
reaction)
@ d#ia-E Al V1 ES RokwEimet ]
21719 Diels— Alder o] = o] e
£t

|
_C—H
H—-C? CH—CO
] + 7 S0 ——»
oy CH—CO
i

of Blfel fkefl A HEcide] K@ @& JREst
n2 cialf({ Diene Value) 2 4 et o
A g LENLZE BAET vk

1. Diels-Alder reaction &| RFERE T
& EE bR

methyl cis -y, trans~11-(Ccl ) v} trans-9, tr.
ans -} 1 ~octadecadienoate (Ctt) ol 2] methyl ac.
rylate (MA}Y methyl methacrylate (MMA), me-
thyl crotonate (MC), methyl vinylacetate{ MV},

dimethyi acetylenedicarboxylate (DMAD}, male.

ic (MAR) 9 dimethy! maleate (MDY %81 &8
B ol sEE g (KO IERE el Al il e g

off whabsd g ob 2l rp(Table X)),
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Fh gk
Table X. Veloc«tv Constant of Drels t\lder React ions ~
(mof/100g hrH
Temp. Ctt Cct Ctt C1t Ctt Ctt Cet Ctt Ctt
°cy M A M A MMA MC MV DMAD DMAD MAh MD
60 0.106 36.07
80 0.391 62.38
100 0.092 1.141 117.68 0.108
120 0.287 0.019 3.233 0,057 0,201
140 0.690 0.067 0.018 6.2656 0.166 0.545
160 2,098 0.023 0.236 0.063 0.586 1.405
180 D.055 0642 0.173 0.026 1.503 3.345
200 0.131 © 1.377 0.481 .01 3.734
220 0.311 0.180
240 0.611 0.584
260 1.065
Activation energy 479 192 196 2.3 222 148 193 65 182
{Kcal/mol)
2. C. Dicarboxylic acid ' R! CH=CHCH,CH==CHR" i
#al errh 2 (Fe (COY ] 2 28 T\O‘ 41 B9 ) 1 .
BEol Wl of 2R U-e RAA A SR KM ’"ﬁaoo ¢
s} Diels — Alder i fgo} o[ & o] =@ Cnf’l Bk R CH=CHCH==CHCH, R® "
TER B o] ol Ao |
Diels-Alder | with |
CHa(CHz )4CH = CHCHzCHZ‘: l
CH(CH, ), COOCH; + CH, = CHCOOCH N - CH RO
iFe(CO)s j g 0 .
Rl _+—CH;CH=:CHR
._;;:\ ;%1
CHa — (CHa )5~ AN ,/%_“‘(CH’)" ~ COOH Thermal Dimer
R, ‘\‘Rz R®,—(CH,),CO, (H or CHs)
Theoretical Molecular weight ; 352.5 RY. CHy(CH)a—
Theoretical Acid Value ; 318.4
Theoretical lodine Value ; 72.1 B wfgstey o A £ AR HiEY el Rl
i R;=COOH R,=H el BEEALY Bt A A o Fo] A A gk,
I Ry=H R, == COOH TREEE A #HEolr ool BEREIN e
Felol A, &)l BBiM R "t
3. Z 2Bk (Dimer acid)®
e By 300CR #EASH AgedNBE 4, B olEgn RECIoMEEYT e
B bl Aot AEkE ok of RS =l wEike Diels-Alder ST fg" *
LW R B a8 Diels — Alder cis - 6 - octadecenoic ( petroselinic) acid £} he-
& Ao} xachlorocyclopentadiene nb 9] Diels ~Alder #I'1n%s
Bl el i, SElES BN Ste o UG, B Bl widofl Avl g vinyl 51.2 3 4 5 ¢ 7-hexach-
TEBES FFE0 B an TEHEECEER 4T loro ~% ~unclecylbicycio (% 2, 11-5-hepten -2
Aol ’Fﬁ@m’fﬁxé}&‘ e, EEE REel e yl)-pentanoate % MWW} Eaidmel &9 98
RALKE R algetel 2 dad 2 HHE B iAo o)

- J -
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[v. FEaf0RERAEE 2| epoxiration

4! dihyroxylation

of ZA R ol 28 28

e A fyahelct

1. Epoxilation & dihydroxylation

Wil Lol Gled A diwbur GiARESD BROE 1)

CH3{CH2}1oCH = C‘l
CH(CH,)4COOH + CI—G—G—C—Cl
ci !

Cl-—C—>—C-—Cl

kel o) dsE 6 l

CH3{CH;)1oCH—CH{CH; 1, COOH

SRRV EN
/TN

o Tet B Gde B . o eh b el e oo § oo G C - C
ORI S S HO, - RS 5 L R
of F AL GHS st A vl Rl B, B N ¢ /
SH.S0) el vre fik sy agsle] dihvdroxy {64 (;;:; ;(i:
5 Fch ¢
H H H OH
5 v i |
C~C H202"HC02H, H;LO;-"“CH3C02H-*-H2304 " (\H3(CH4 }2C——C (CH")""
/i \\ » L 2F7 ; 217
CH3(CH2)»  (CH,),COOH on }?4 COOH

Oteic acid {cis type)

-* Toleo type mp 986°C

7 '

T
S e i
8 k\*ﬁ@/‘ !
f ,/’/’
© T
) o - OH
T /N . tHCE — j ! -
g\ —CH—CH— 7 “* - CH-—CH—- 8
= mp59.5°C ~HCI mp 39°C ]
x X
X )
< OH Ci 0. S
2 I l +HCI /N z
2 CH e CH— 47T T, CHeCH ey
e mp 58°C —HCI mp 55.5°C é@ ©
= e o =
< - !
0 / T
K o)
T
y (CHy )y -
H {COOH
. -
{ « ==
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Table XI. Classifications and Structures of Hydroxy Fatty Acid Derivatives
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