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reacted ferroccne (3.9 g.; 11% of thc original amount). 
Distillation of the ferrocene-free residue gave I11 (34.7 g.; 
32% yield) which was collected as an orange-red oil within 
the temperature range of 180-198" (0.17-0.25 mm.). This 
material was subsequently column-chromatographed on 1000 
g. of Woelm, nonalkaline, Grade I alumina. The product, 
111, was eluted from the column with a benzene-ethanol 
mixture (35 parts of benzene and 1 part of ethanol) after 
the column was developed with benzene. The material was 
chromatographically homogeneous; ny 1.5202. 

Anal. Calcd. for GaHtsFeSi: C, 71.76; H, 10.32; Fe, 11.92. 
Found: C, 71.96; B, 10.30; Fe, 11.85. 

The residue obtained from the distillation of the crude 
reaction product was column-chromatographed on 800 g. 
of alumina. Development and elution were carried out with 
benzene, and IV (29.8 g.; 35% yield) was obtained from the 
eluate. A portion of the product was rechromatographed for 
analysis; ng 1.5054. 

A d .  Calcd. for CUHseFeSiz: C, 73.55; H, 11.54; Fe, 7.43. 
Found: C, 73.23; H, 11.36; Fe, 7.24. 

B. I11 and IV via sodiation of ferrocene.E Ferrocene (23.3 
g.; 0.125 mole), dissolved in toluene, was treated with 
phenylsodium12 (0.25 mole) at room temperature during 
24 hr.; and a t  75-80' for an additional 7 hr. Tri-n-hexyl- 
bromosilane (90.8 g.; 0.25 mole) was rapidly added (mild 
exothermic reaction), and the mixture stirred at room tem- 
perature overnight; then heated at 70-80" for 24 hr. The 
reaction mixture, cooled to loo, was passed through a bed 
of "Filter-Aid," and the filtrate (500 ml.) was heated on a 
steam bath in vacuo (20 min.) to sublime the unreacted 
ferrocene (17.9 g.; 77% of the initial amount). The residue 
was then heated under distillation conditions, and material 
which was collected up to 100' (0.04 mm.) was not investi- 
gated. The undistilled portion (28.2 g. of a dark fluid) 
was chromatographed on 400 g. of alumina. The chromato- 
gram was developed with cyclohexane and eluted with ben- 
zene. Two bright orange-colored bands were successively 
eluted. The slower-moving band yielded 111 (580 mg., 0.5% 
yield) which when rechromatographed was obtained 
analytically pure; ng 1.5202. 

Elution of the faster-moving band gave IV (.5.63 g., 8% 
yield); ng 1.5054. 

C. IV via tri-n-hexylsilylcyclopentadiene (X). Freshly 
distilled cyclopentadiene (13.7 g.; 0.21 mole) was added 

(12) 11. Gilman, H. A. Pacewitz, and 0. Blaine, J. Am. 
Chem. Soc., 62 ,  1517 (1940). 

to sodium shot (2.34 g.; 0.10 mole) over a lbmin. period. 
Evolvement of hydrogen ceased 45 min. after the addition 
was completed. The reaction mixture was cooled to 5', and 
tri-n-hexylbromosilane (36.5 g. ; 0.10 mole), dissolved in 20 
ml. of THF was added with stirring during a 1-hr. period. 
The mixture was allowed to  reach room temperature while 
the stirring was continued for an additional 2 hr. After the 
reaction mixture was subsequently heated under reflux 
during 24 hr., it was cooled to room temperature and 
passed through a bed of Filter-Aid to remove the white 
precipitate (NaBr) which was present. The filtrate W&Q 
evaporated on a stenm bath in vacuo, and the residue dis- 
tilled. 

Infrared analysis of a fraction collected a t  140-160' 
(0.5-0.7 mm.), n? 1.4750-1.4743, indicated the presence of 
a substituted cyclopentadiene compound. A portion of this 
material (3.5 g.; 0.01 mole based on the presence of pure X) 
was dissolved in benzene and treated with n-butyllithium 
(9 ml. of a 0.183-1 ethereal solution), and then heated under 
reflux during 1 hr. Iron(I1) chloride (3.5 g.; 0.02 mole) was 
added ILS a slurry in THF, and the reaction mixture heated 
under reflux for 3 hr.; then stirred at  room temperature 
during an additional 24 hr. After the mixture waa poured 
onto 200 ml. of water-crushed ice and phase-separated, 
ether extracts of the aqueous phase were combined with the 
bulk organic portion. The presence of the ferrocene nucleus 
in tbis solution was indicated by means of a paper chro- 
matography test.I3 Evaporation of the solvent yielded a 
dark fluid which wns heated to 250' (0.1 mm.) until no 
further distillate was obtained. The undistilled portion was 
chromatographed on 30 g. of alumina, and the compound, 
I V  (56 mg., 4% yield), ng 1.5056, was obtained from the 
benzene eluate. 

The infrared spectrum of the product was found to be 
identical to those of the disubstituted compounds (both IV) 
prepared via the 2 metalation procedures. 
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The (+)- and ( -)-12methyloctadecanoic acids have been prepared from (+)- and ( -)-2octanols by the, procedure 
pioneered by Prout, Cason, and Ingersoll.2 The active acids have higher melting points than the abacid. 

The preparation of the active 12-methylocta- 
decanoic acids represents an extension of earlier 
work2,3 and the scheme is given in the chart. 

( I )  This work was abstracted from the Master of Scicnce 
theses submitted to the faculty a t  De Paul University by 
Donald E. Dickson (1952) and Itobcrt J. Klimkowski 
(1958). 

(2) F. S. Prout, J. Cason, and A. W. Ingersoll, J .  Am. 
Chem. SOC., 7 0 ,  298 (1948). 

(3) J. Cason and R. A. Coad, J .  iim. Chem. SOC., 72 ,  
4695 (1950). 

- 

The (+)- and ( -)-2-octanols4 (I) were converted 
to the antipodally pure (-)- and (+)-&methyl- 
nonsnoic acids (V) by a four-step procedure in 
which optical purity was assured by fractional 
crystalliaution of the (-)- and (+)-2-octylmz~lonic 
acids (IV). The active forms of IV (m.p. 106-108") 
were obtained readily by crystallization from 
hexane; however, the m-form (m.p. 80-82") did 

(4) J. Kenyon, Org. Syntheses, Coli. Vol. I, 2nd ed, 
418-21 (1941). 
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not crystallize except when equal amounts of the 
two purified antipodes were mixed. 

The active 3-methylnonanoic acids5 ( [ ( Y ] ~ T  
4.5') (V) which resulted from decarboxylation 
of the (-)- and (+)-2-octylmalonic acids (IV) 
were esterified and reduced catalytically over 
copper chromite. The yields of (-)- and (+)-3- 
methyl-1-nonanol (VII) were low, presumably 
because conditions for reduction were too severe 
and gave hydrocarbon (3-methylnonane). Action 
of hydrogen bromide gave the (+)- and (-)-1- 
bromo-3-methylnonanes (VIII). These bromides 
were lengthened to the ethyl (*)-12-methyl-9- 
oxo-octadecanoatc (IX) and the keto esters were 
reduced6 to give ( =t)-12-methyloctadecanoic acid 
(XI). The properties of these acids and their deriv- 
atives are summarized in Table I. 

EXPERIMENTAL 

All melting points and boiling points were uncorrected. 
Most produets were fractionated through a 60-cm., heated 
Kgrcux column. Density is reported in absolute unitts 
(g./cc.). The expression "hexane" refers to Skellysolve B, 
a ligroin fraction, b.p. 60-70', supplied by the Skelly Oil 
Company, KanBas City, Mo. All rotations were observed in 
a Rudolph Universal High Precision polarimeter through a 
two-decimeter tube unless otherwise noted. The elemental 

TABLE I 

DERIVATIVES 
hfELTING POINTS O F  12-METIIYLOCTADECANOIC ACID A N D  

Tri- 
bromo- 

Acid .- Amide, anilide, 
"C. aanQ "C. "C. 

DL- 26-27 84-86 93-94 

(+) 37-38 +O 09' 74-75 89-9 1 
27.6-28 2b 8688.2'  94.2-95 2b 

(-1 3 6 3 7  -0.10' 72-75 90-92 
~ 

' Rotation is homogeneous, 2 d. t,ube. Ref. 7. 

analyses were performed by Abbott Laboratories, North 
Chilago, Ill., by Micro-Tech Laboratories, Skokie, Ill. or 
by Drs. Strauss and Wriler, Oxford, England 

tOctanoZ (I) itas resolved by the method of Kenyon.' 
The alcohols used had specific activities of [a]? +7.92" to 
+0.19" and -5.91' to -9.07". Pirkard and Kenyon* 
reported maximum values [a]D zk9.9'. Highly purified 
alcohol was not rcquircd b(.causc the very efficient crystal- 
lization of antipodal 2-ortylmalonic acids (below) effected 
separation of pure antipodal 2-octylmalonic acid where 
the excess of one form was small. 

The b-bromo-octanes (11) were prepared in 50-8070 
yields using the basic procedure of Hseuh and Marvel? 
DL-form, b.p. 110-115' (90 mxn.1, d Z 3  1.111; (-)-form, 
b.p. 105-108' (60 mm.), dab 1.105, [a]? -35.3' (homo- 
geneous); (+)-form, b.p. 95-97'' (13 mm.), da4 1.10, [a]? 

Scheme for Synthesis of 12-Methyloctadecanoic Acida 

CeH1&H( CHI)-OH __f CsH&H( CH31-W - CeHI3CH( CH,)-CH-( COOC,H,), - 7940% 7143% 69-7070 

+9.19b -35.3 0.0 
-9.07 f30.8 0.0 

I I1 I11 
92% 92-98% 3747% 

CeH&H( CH,)-CH,COOC,H, -> CeH13CHICHJ)-CH-(COOH), __f CeHiaCH( CH?)-CH,COOH 
-8.33 -4.51 -0.59 
+8.18 +4.44 $0.59 

IV V VI 
80-82 % 43-5201, 

CeHl,CH( CH~)-CHpCH~OII CBHlICH( CH1)-CH2-CH2Br -+ 
-0.37 +1.15 
+0.38 -1.17 
VI1 VI11 

60-73% 59-92Y0 
CaHlaCH( CH,)-( CH2)10--COOC2H, v CeH,aCH( CHI)-CH,-CH,-C( CH?)&OOC& 

I1 C0.15 
0 

+O.ll 
- 

-0.14 
x 

IS 
CeH13CH( CH,)-( CH2)1&OOH 

+0.09 (2d) 
-0.10 (2d) 

X I  
The yields refer to those obtained with the active antipodes. ' These numbers are the specific rotation in degrees (except 

for XI, an "observed" rotation) for the two forms using the light of the sodium D-line. The first rotation listed throughout 
is the optical activity of the compound ultimately preparcd from (+)-2-octanol; the rotation below the first is the activity 
of the compund dcrivcd from ( - )-2-octanol. 

- 
( 7 )  J. Cason, E. L. Pippen, P. B. Taylor, and W. R. 

(8) R. H. Pickard and J. Kenyon, J. Chem. SOC., 99, 49 

(9) C.-M. Hseuh and C. S. Marvel, J. Am. Chem. SOC., 

Winans, J. Org. Chem., 15, 135 (1950). 
(5) This acid was resolved previously by P. A. Levine 

and R. E. Marker who reported [a]D +0.78", J. BioZ. (1911). 
Chem., 91, 98 (1931). 

(6) Huang-Minlon, J. Am. Chem. Soc., 68, 2487 (1946). 50, 855 (1928). 
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+30.8' (homogeneous). The maximum optical activity is 
3~38.9'.1~ 

Butyl boctylnialonates (111) were prepared by adaptation 
of the malonic ester procedure in 1-butanol of Reid and 
Ruhoff.zsll Thus 21 g. of DL-2-bromo-octane and 27 g. of 
ethyl malonate were condensed to furnish 33 g. (92%) of 
butyl Dthctylmalonate;  b.p. 160-210' (3 mm.); d20 0.932; 
ng 1.4361 

The (+)-forml2 was prepared from 27.4 g. of (-)-2- 
bromo-octane ([a]: -35.3'). The yield of ester was 39.0 
g. (83%); b.p. 131-134' (0.3 mm.); n? 1.4360; d26 0.925; 
[ala' $0.0" (homogeneous). 

The (-)-formlZ w&s prepared in 7170 yield (140 9.) from 
116 g. of (+)-2-bromo-octane ([a]? +29.3"): b.p. 131- 
134' (0.3 mm.); n;: 1.4360; dza 0.925; [ C Y ] :  -0.0" (homo- 
geneous). 

Anal. Calcd. for ClPHJ~O4: C, 69.46; H, 10.88; sapon. 
equiv., 164. Found: C, 68.97; H, 11.05; sapon. equiv., 169 

~1~2-Octylmalonic acid (IV). Butyl ~~-2-octylmalonat~e 
(33 g.) was heated under reflux for an hour in a solut,ion of 
23 g. of potassium hydroxide, 150 ml. of $157, ethyl alcohol, 
and 6 nil. of water. After extraction the solvttnt w:w removed 
furnishing 17 g. (78%) of crude acid as an oil. 

i)r.-2-0ct,ylmalonic acid failed to crystallize direct,ly. 
However, the m-acid made from mixing the two forms had 
a melting point of 80-82" aftcr two eryst3nllizutions from 
hexane. 

(-)-2-Octylmalonic acid was prep:tred from 145 g. of 
butyl (+)-2-0otylmalonete~~ and furnished 120 g. (1260/0) 
of crude acid. The acid was systeniatically cryst,allized from 
hexane to give 66 g. (69%) of pure (-)-2-octylmalonic acid; 
m.p. 106-108' (apparently polymorphic); [a]? -8.3" 
(0.901 g. dissolved up t,o 10 ml. in 95'3 ethanol, a: -0.75', 
1 d. tube). 

Anal .  Calcd. for CllH200a: C, 61.09; H, 9.32; equiv. wt., 
108.1. Found: C, 61.30; H, 9.27; equiv. wt., 107.2. 

(+)-2-Octylmalonic acid was prepared in 13OY0 (120 9.) 
crude yield by saponifying 140 g. of the but,yl (-)-2-octyl- 
malonate.'* Systematic crystallization from hexane gave 64 
g. (70%) of pure (+)-2-octylmalonic acid: m.p. 106-108" 
(probably polymorphic); [a]? +8.2" (0.882 g. of acid dis- 
solved up to 10 ml. in 95% ethanol, a? +0.72", 1 d. tube); 
equiv. wt., 108.6 (calcd. for ClIH2OO4: 108.1). 

DtS-Methylnonanoic acid (v). Seventeen g. of Dt2-OCty1- 
malonic acid was heated at 16,5170' for an hour. The 
product, was distilled: b.p. 122-125' (3 mm.); 10 g. (76%); 
nF 1.4318; d*a 0.888; equiv. wt., 174.1 (calcd. for CIOHZOOL: 
172.3). 

The p-bromoanilide~3 was prepared in 83Yb yield and 
crystallized twice from methanol, m.p. 93-94'. 

Anal .  Calcd. for CloH&kNO: N, 4.31. Found: N, 4.39. 
The amide2 was preparcd in 93% yield. Three crystul- 

lizations from acetone gave a waxy solid, m.p. 88-86". 
Anal. Calcd. for CloH?tKO: N, 8.18. Found: N, 8.48. 
(-)-S-Meth?/lnonunoic acid was preparcd from 59.r) g. of 

(-)-2-octylmalonio acid ([a]:: -8.3'): b.p. 140-141° (11 
mm.); 43.5 g. (92.2'70); ,ny 1.4326; dz4 0.899; [a]: -4.51' 
(homogeneous, 1 dm.); cquiv. wt., 169.6 (calcd. for CICHZOO~: 
172.3). 

The p-bromoanilide had m.p. 109-109.5' lifter two crystal- 
lizations. The amide had m.p. 86.5-88'. 

(10) W. Gerrard, J .  Chom. Soc., 848 (1945). 
(11) E. E. Reid and J. Ruhoff, Org. Syntheses, Coll. Vol. 

II, 474-5 (1943). 
(12) The plus or negative sign herc is arbitrary because 

the optical activity is zero. The sign corresponds to the sign 
observed by Prout, Cason, and Ingersoll (Ref. 2) for the 
active butyl 2-decylmalonates. 

(13) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, "Tho 
Systematic Identification of Organic Compounds," 4th 
ed., John Wiley and Sons, Xew Yorlr, N. Y. (1O56), p. 200. 

(DL), 159 (+), 161 (-). 

I-- 

(+)-~~-'3-Methylnonanoic acid was prepared from 72 g. of 
(+)-2-octylmalonic acid ([a]? +8.3') in 92% yield 
(52.5 g.): b.p. 131-133" (9 inin.); n g  1.4323; dZ4 0.898; 
[a]: +4.44" (homogeneous, 1 dm.); equiv. wt., 174.5 
(citlcd. for C l ~ H ~ o O I :  172.3). 

The p-bromoanilide melted at  109-110'. The amide 
melted at  86-88'. 

Ethyl DL-S-methylnon.anoutc! (VI). DL-3-Methylnonanoic 
acid (96.9 g.) was esterified with ethanol in the usual way to 
give 100.9 g. (92.1%); b.p: 108-109" (16 mm.); n y  1.4240; 
dS 0.864. 

Anal .  Chlcd. for C12HZ402: C, 71.95; H, 12.08. Found: C, 
71.70; H, 11.98. 

Ethyl (-)Y-methylnoi~nnoate was prepared from 41.5 g. 
of (-)-3-methylrionanoic acid ([a]? -4.51') in 91.9% 
yield: 44.2 g.; b.p. 108-109' (16 mm.); n:," 1.4238; & 
-1.02" (homogeneous); [a]? -0.59'. 

Ethyl (+)-S-~lethybaonanoate, preparcd from 32.5 g. of 
(+)-3-met,hylnonarioic acid ([a]:: +4.54'), was obt,ained 
in 98.1% yiold: 36.0 8 . ;  l),p, 101-1012' ( I  mm.); n y  1.4238; 
CY:: + 1.02" (homogcrieoris); [a]:: +0.59". 

i)r,-S-~~feth!/l-f-nonccnol (VII). A mixture of 100.9 g. of 
cdhyl r)r,-:~-mc,t,liyliionano:ite :tnd 8 g, of copper chromit,e14 
in  it bomb was charged with hydrogen :tt 1575 p.s.i. a t  30". 
Thv mixtiire was then liettt,ed arid shaken at 285" for 3 
hr. IJ~OII  fractionation two product's were obtained: (1) 
16.7 g., b.p. 48-84' ( 1  mm.), ny 1.4536; and (2) 42.0 g. 
(55.87!), b.p. 95-97" (1 mm.), dZ6 0.847, n? 1.4355. Fraction 
1 was insoluble in concentrated sulfuric acid and presumably 
is i)L-3-methvlnonane. The literature7 reoorts b.D. 108- 
1090 (11 mm:). 

Anal .  Calcd. for C~of122O: C, 75.88; H, 14.01. Foiind: C, 
75.29; I-I, 13.86. 

(-)-S-MethyGl-nonanol v7as prepared from 39.1 g. of 
ethyl (-)-3-methylnonanoate ([sly -0.59"). Fractionation 
gave two fractions: (1) 7.2 g., probably hydrocarbon; b.p. 
62-73' (30 mm.); n? 1.4326; and (2) 21.1 g. (67.4%) of 
alcohol; b.p. 125-126' (30 mm.); ng 1.4353; ay -0.63' 
(homogeneous); [a]Y -0.37'. 

(+)-3-Melhyl-l-nonanol was prepared from 36.2 g. of 
ethyl (+)-3-methylnonanoate  C CY]^ +0.59"). Distillation 
gave 14.6 g. of forerun; b.p. 43-65' (1 mm.); n y  1.4330 
and 13.0 g. (37.2%) of alcohol; b.p. 96-97' (I mm.); n v  
1.4356; ag +0.64" (homogeneous), [CY]? +0.38'. 

m-1-Bromo-3-methylnonane (VIII). DL-3-Methyl-1-non- 
anol (43.0 9.) was treated at 100" with hydrogen broniidc.I6 
The reaction mixture, dissolved in benzene, was washed with 
cold concentrated sulfuric acid, water, and saturated sodium 
chloride solution. After drying over potassium carbonate thc 
bromide was distilled: 45.0 g. (74.8%); b.p. 92-94' (I mm.); 
ny 1.4553; dm 1.060. 

Anal .  Calcd. for CIOH?lBr: C, 54.30; H, 9.57; Br, 36.13. 
Found: C, 54.63; H, 9.60; Br, 35.87. 

The literature gives b.p. 121-122" (25 mm.) 
(+)-1-Bronio-S-nzeth?/lnonane was prepared in 81 .8(% 

yield from 19.8 g. of (-)-3-niethyl-l-nonanol ( [ a ] y  -0.37'). 
1)istillation gave 22 5 g. of bromide; b.p. 02-94' (1 nim.); 
7~y 1.4550; a: $2.43' (homogeneous); [a]g  +1.15O. 

(-)-l-BronioJ-methylnonane was prcpared in 80.3% 
yicld from 13 0 g. of (+)-3-methyl-l-nonariol ([a]g +0.38'). 
I)ist,illation furnished 14.6 g. of bromide; b.p. 92-94' (1 
mm.) ;ny  1.4552; a: -2.48" (homogeneous); [CY]? -1.17". 

Ethyl ~r,-D-ozo-1I-methytocta~eca~oate (IX). Di-(l)L-3- 
methylnonyl-)cadmin"B was made using 2.70 g. of mag- 
nesium, 24.2 g. of In,-1-bromo-3-methylnonanc and 12.1 g. 
of cadmium chloride. After the solvent had been changed 
to benzene, 20.7 g. of w-carbethoxycaprylyl chloride 1b.p. 

(14) W. A. Lazier and H. R. Arnold, Ory. Syntheses, 

(15) E. li:. Reid, J. Ruhoff, and R. Rurnett, Org. Syn-  

(16) J. Cason and P. S. Prout, Org. Syntheses, Coll. 

Coli. Vol. 11, 142-5 (1943). 

theses, Coll. Vol. 11, 246-8 (1943). 

Vol. 111, 601-605 (1955). 
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148-152' (3 ".)]I7 was added. After the usual Fork-up 
the product was fractionated to give 17.8 g. (47.7%) of keto 
ester; b.p. 195-230' (1 mm.); naa 1.4482; dZ 0.864. Two 
carbon-hydrogen analyses indicated that the keto ester was 
contaminated with ethyl azelate: C, 72.44, 72.54; H ,  11.56, 
11.65 (calcd. for C21HdOOa: C, 74.06; H, 11.87). Cason et al.7 
report a 43% yield, b.p. 216-220' (5 mm.). 

Ethyl (+)-9-ozo-l%methyloctudecanoate. This ester was 
prepared using 18.6 g. of (+)-l-bromo-3-methylnonane 
( [ a ] y  +1.15'), 2.02 g. of magnesium, 9.3 g. of cadmium 
chloride, and 15.9 g. of w-carbethoxycaprylyl chloride. Dis- 
tillation gave 14.8 g. (51.9%); b.p. 198-225' (1 mm.); ng 
1.4481; ag +O.lO' (homogeneous, 1 dm. tube); [ala" 
+0.11'. 

Ethyl (-)-9-oxo-l2-methylodadecanoate. The levorot,atory 
ester was made from 14.4 g. of (-)-l-bromo-3-methylnonane 
([(YIY -1.17'), 1.60 g. of magnesium, 7.16 g. of cadmium 
chloride, and 12.2 g. of o-carbethoxycaprylyl chloride. The 
yield was 9.4 g. (43%); b.p. 191-212' (I mm.); n y  1.4479. 

EthTyt DL-I 2-methyloctarlecanoate (X). Ethyl 1~~-9-0xo-12- 
methyloctadecanoate (17.0 g.), 9.5 g. of potassium hy- 
droxide, 8.5 ml. of 85% hydrazine hydrate, and 85 ml. of 
diethylene glycol was heated under reflux for 1.5 hr.G The 
mixt.ure was concent,rsted until the temperature of the solii- 
tion was 195", t,heri reflux was continued 4 hr. The react.ion 
mixture was worked up to furnish the acid. The crude acid 
was esterified wit,h absolute ethanol and sulfuric acid. The 
ester was ultimately distilled to give 12.3 g. (75.494) of ethyl 
DL-12-methyloctadecanoate; b.p. 205-212' (1 mm.) ; n z  
1.4425; dS 0.824; sapon. equiv., 319 (calcd. for C21€1420~:  
327). Cason et al.7 report b.p. 183-185' (2 nim.), n y  1.4463. 

Ethyl (+)-12-methyloctadecanoate was prepared by the 
procedure used above with 14.8 g. of ethyl (+)-9-oxo-12- 
methyloctadecanoate ([a]? -0.10'). After extraction and 
esterification 10.5 g. (73.1 %) of (+)-ester was obtained; 
b.p. 191-204" (0.5 mm.); ng 1.4428; a? +0.23' (homo- 
geneous); [a]: +0.15'; sapon. equiv., 322 -(calcd. for 
Cz1Ha20z : 327). 

(17) F. S. Prout and J. Cason, J. Org. Chem., 14, 132 
(1949); cf. also H. McKennis, Jr., and V. du Vigneaud, 
J .  r im.  Chem. Soe., 68,832 (1946). 

Ethyl (-)-lbmethyloctadecanoate wm prepared by reduc- 
tion of 9.4 g. (ethyl (-)-9-oxo-l2-methyloctadecanoate. 
After the work-up 5.4 g. (60%) reduced (-)-ester was 
obtained; 11.p. 190-198' (0.5 mm.); ng 1.4429; ay -0.22' 
(homogeneous) : [a]? -0.14': sapon. eauiv., 325 (calcd. . -  - .  .- 

for c ~ , H ~ ~ o ~ :  327). 
DL-I 2-&f ethuloctadecanoic acid (XI). Ethvl zm-12-methvl- 

. I  

oct,adecanoat; (5.2 g.) was heated under "reflux for 1 i r .  
with 3.6 g. of potassium hydroxide in 100 ml. of 95% 
ethanol. The mixture was diluted wit>h water and extracted 
with ether. The aqueous phase was acidified with hydro- 
chloric acid and the acid was extracted with benzene. 
Removal of the solvent and crystallization of the acid from 
acetone-water mixtures furnished 3.7 g. (78%), m.p. 26- 
27', equiv. wt., 299.1 (calcd. for ClgHas02: 298.5). The 
literature' reports m.p. 27.6-28.2'. 

The amide2 after 5 crystallizations from methanol-wat,er 
melted at 84-86'. A mixture containing equal amounts of 
the (+I- and (-)-amides melted at, 76-78'. 

The tn'hrom,oanilide18 after 5 crystallizations from meth- 
anol-water melted a t  93-04'. A mixture of cqud amounts of 
(+)- and (-)-forms melted a t  91-92', 

(+)-Id-Methqloctadecanoic acid was prepared in 92% 
yield, using 5.8 g. of et,hyl (+)-12-methyloctadec:tIioate. 
Two crystallizations from acetone-water gave 4.9 g. of the 
(+)-acid; m.p. 37-:?8"; a; +0.09' (homogeneous, 2 dm., 
tube); equiv. wt., 208.9 (calcd. for C19HS802: 298.5). 

The amidez aftor 5 crystallizations melted at  74-75'. 
The trihromoaniZide18 after 5 crystallizations melted a t  

( -)-ld-,7lethyloctadecun0ic acid was prepared like the 
other two forms using 5.4 g. of ethyl (-)-12-methylocta- 
decanoate. Two cryst,allizations from acetone-wat,er fur- 
nished 2.9 g. (59%) of (-)-acid, m.p. 36-37', ay -0.10' 
(homogeneous, 2 dm. tube); equiv. wt., 299.4 (calcd. for 

89-91'. 

CiQHaOz: 298.51. 
The amidez after 5 crystallizations melted a t  72-74'. 
The tribromoanilidela melted at 90-92' after 5 crystal- 
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lizations. 

(18) J. Casori, J. Am. Chem. SOC., 64, 1106 (1942). 
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Ozonolysis of Norbornylene 

ROBERT FI. PERRY, JR. 
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Ozonolysis of norbornylenc in inethsnol, a "rearting" solvrnt, gave a mixture of an aldehydic methoxyhydroperoxide anti 
its condensation products, whereas "inert" solvents afforded a polymrrir, artive oxygrn-rontaining substance tentatively 
rharartcrized as a polymeric. ozonide. The nature and modes of formation of theso materials are disrussed. Conversion of 
both products to  czs-cyclopentane-l,3-dicarboxylic acid wm effected in high yield. 

I n  a course of study concerned with the prepara- '(reacting" solvents gives rise to hydroperoxides 

as an oxidant, the conversion of norbornylene to (1) (a) R. Criegee, Ann. ,  583, 1 (1953); (b) R. Criegee, G. 
cyclopentane-1,3-dicarboxylic acid was investi- nlust, and H. Zincke, Chem. Ber., 87, 766 (1954); (c) R. 
gat.ed. Since the literature does not reveal any Crieg% A. Kerchow, and H. Zinke, Chem. Ber., 88, 1878 

(1955); (d) R. Criegee and G. Lohaus, Chem. Ber., 86, 1 

it was of interest to characterize the intermediate, (f) R. Criegee and G. Wenner, Ann., 564, 9 (1949); (g) R. 
or active oxygen-containing, products formed Criegee, Record of Chemical Progress, 18, 111 (1957); (h)  
prior to oxidative decomposition to  the desired 0. Lohaus, Chem. Bpr., 87, 1708 (1954); (i) P. S. Bailey, 

Chem. Rer., 88, 795 (1956); ( j)  P. 8. Bailey, J. Am. Chem. 
SOC., 78, 3811 (1956); (k) P. S. Bailey, J. Org. Chem., 22, 

acid. 
Criegee and co-workers have shown' that, in 1548 (1957); (1) 1'. S. Bailey, J. Org. Chem., 21, 1335 

general, the ozonolysis of olefins in hydroxylic or (1956). 

tion of carboxylic acids from olefins employing ozone __ 

reports Of ozonolysis studies this Olefin, (1953); (e) R. Criegee and G. I,ohaus, Ann., 583, 6 (1953); 


