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This exclusive ortho rearrangement of I to form I1 at 
25-30' or higher seems rather unique since,. not only 
does elevation of temperature generally favor the Stevens 
1,2 shift,5 but I reacts with n-butyllithium in ether- 
hexane at 25-30" t o  afford I11 (21-30Q/,) as well as 
I1 (35-45%),6 and with phenyllithium to give largely 
III.687 Apparently the conversion of ylid I' to ylid I" 
(see Scheme I) is retarded in the aprotic solvents em- 
ployed with the organolithium reagents so that consider- 
able 1,2 shift of the methyl group within ylid I' 
occurs. 

Although sodium hydride was employed in the prep- 
aration of the sodium methylsulfinyl carbanion which 
effected the rearrangement of I, no rearrangement was 
observed when I was refluxed with sodium hydride in 
tetrahydrofuran at  65-66' for 12 hr, and 96% of I 
was recovered. 
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A Monofunctional ansa Lactone 

Experimental Sections 

Rearrangement of Quaternary Ion I to Form XI.-In Table I are 
summarized the yields of I1 obtained from the rearrangement of 
quaternary ion I with sodium and lithium methylsulfinyl car- 
banions. The details are described below. 
A. With Sodium Methylsulfinyl Carbanion.-This reagent 

was prepared under nitrogen from 0.03 mole of sodium hydride 
and 100 ml of dimethyl sulfoxide BS described p r e v i o ~ l y . ~  To 
the stirred solution of sodium methylsulfinyl carbanion (pre- 
sumably 0.03 mole) initially brought to the appropriate tempera- 
ture (see Table I) was added, during 1 min, 6.95 g (0.025 mole) 
of benzyltrimethylammonium iodide (I)a in 50 ml of dimethyl 
sulfoxide to produce a light red color that changed to  yellow 
within 2 min. After stirring for 1 hr, the reaction mixture was 
poured into 200 ml of ice-water, and the resulting mixture was 
extracted three times with methylene chloride. The combined 
methylene chloride extract was washed with cold water, and 
then extracted three times with 4 N hydrochloric acid. The 
acid extracts were combined and made basic with excess potas- 
sium hydroxide. The resulting mixture was extracted three 
times with ether, and the etheral solution was dried over mag- 
nesium sulfate. The solvent was removed and the residual oil 
was distilled to give 2,N,N-trirnethylbenzylamhe (11), bp 80- 
82" (14 mm) [lit.% bp 80-80.2O (14 mm)]. The picrate of I1 
melted a t  112-113' (lit.2 mp 112.5-113"), undepressed on ad- 
mixture with an authentic sample. The combined methylene 
chloride extracts were dried over magnesium sulfate and con- 
centrated to yield a neutral fraction of less than 0.1 g of un- 
identified material. 

A vpc of either the crude or distilled product showed it to 
contain 11, identified by enhancement with an authentic sample, 
and a trace (<l%) of an unidentified higher boiling amine. 
None of amines 111 and IV was detected; authentic samples of 
I11 and I V  showed peaks that were not observed in the vpc of 
the crude product. 

With Lithium Methylsulfinyl Carbanion.-This reagent 
was prepared under nitrogen from 0.03 mole of n-butyllithium and 
100 ml of dimethyl ~ulfoxide.~ To the stirred solution of lithium 
methylsulfonyl carbanion (presumably 0.03 mole) a t  room tem- 
perature was added, during 1 min, 0.025 mole of quaternary ion 
I in 50 ml of dimethyl sulfoxide to produce a light red color 
which changed to yellow within 2 min. After stirring for 1 hr, 
the reaction mixture was treated as described in A to afford 
rearranged amine XI, bp 82-84" (15 mm) (pure by vpc). 

B. 
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We have succeeded in obtaining a 16-membered lac- 
tone containing a p-phenylene bridge: 9-p-hydroxy- 
methylbenzoylnonanoic acid lactone (4). In  view of 
the fact that it is the first ansa compound with a single 
lactone functional group, we wish to describe the details 
of its synthesis through an intramolecular cyclization. 

YH2 7 CHZX 
I 

0 0 A0 

1, X = H  
2, X = B r  
3, X = O H  

4 

9-p-Toluoylnonanoic acid (1) was prepared in 47% 
yield by the Friedel-Crafts acylation of toluene 
with w-carbomethoxynonanoyl chloride. Compound 1 
yielded terephthalic acid on oxidation with potassium 
dichromate and sulfuric acid. Its ultraviolet spectrum 
in methanol [Amax 251 mp (e 17,200)] indicated the 
para isomer.2 A by-product (14% yield) was 1,S-di-p- 
toluoyloctane, very likely formed from sebacoyl chloride, 
which arose by disproportionation of w-carbomethoxy- 
nonanoyl chloride in the presence of aluminum chlo- 
ride. 

Compound 1 was brominated with 1 equiv of N- 
bromosuccinimide (NBS) in CCL to give, after separa- 
tion by crystallization, 9-(pbromomethylbenzoyl)- 
nonanoic acid (2). 

Critical evidence for the structure of 2 (rather than 
isomeric monobromo compounds with the bromine 
atom in the aliphatic chain) came from its nmr spec- 
trum. The peak due to methyl protons in the spectrum 
of 1 had disappeared, and a new peak at 4.53 ppm was 
present. 

When 2 was treated at  reflux for 4 hr with excess 
aqueous methanolic KOH, it was converted to 9 - ( p  
hydroxymethylbenzoy1)nonanoic acid (3). By con- 
trast, the ansa compound 4 could be isolated, by a series 
of preparative thin layer chromatographic separations, 
as the product of 3 with KOH in tetrahydrofuran under 
high dilution conditions. Assignment of the structure 
to 4 is based on its composition and the infrared, ultra- 
violet, nmr, and mass spectra. 

In the nmr spectrum of 4 the shielding effect of the 
aromatic ring on the methylene protons is evident. 
While in the nmr spectrum of 1 the methylenes (ex- 
clusive of the two adjacent to carbonyl and carboxy) 
appear at 1-2 ppm, the spectrum of 4 contains two 
broad peaks at  1.2-1.7 and 0.95 ppm, each correspond- 
ing to six protons. This shielding effect, first noted by 

( 1 )  (a) National Defense Education Act Fellow, 1963-1966; (b) National 

(2) For spectra of model compounds 0- and p-methylacetophenone, see 
Science Foundation Cooperative Fellow, 1961. 

R. B. Turner and D. M. Voide, J .  A m .  Chem. soc., 78, 1403 (1951). 



427 8 NOTES VOL. 31 

Waugh and Fesse~iden,~ indicates that the aliphatic 
chain is part of a ring, which is situated over the aro- 
matic nucleus. 

This new class of ansa compounds is of extraordinary 
interest for several reasons. The physical and chemical 
properties may serve as criteria for estimating inter- 
atomic distances, electronic effects, ring strain, and 
other steric effects. Compounds of the type 4 are use- 
ful models for macrocyclic ring tautomers4 and for 
macrolide antibioti~s.~ We are currently investigating 
other properties of 4 and the synthesis of lower and 
higher homologs. 

Experimental Section6 

W-( p-Toluoy1)nonanoic Acid.-To a mixture of 15 g (0.065 mole) 
of methyl hydrogen sebacate and 125 ml of dry ligroin, heated 
to 70', was added 31 g (0.26 mole) of thionyl chloride in several 
portions. Then the mixture was heated a t  70-75" for 7 hr, and 
excess thionyl chloride and ligroin were removed by distillation 
at atmospheric pressure. The residual viscous, dark brown 
liquid was distilled: bp 124-127' (0.6 mm), yield 15.2 g (47%). 
In several experiments the yield of w-carbomethoxynonanoyl 
chloride varied from 59 to 83%. 

To a solution of 130 g (0.55 mole) of w-carbomethoxynonanoyl 
chloride and 500 ml of dry, freshly distilled toluene, cooled to 3O, 
was added, with stirring, 1.50 g (1.13 moles) of anhydrous alu- 
minum chloride so as to maintain the temperature a t  5-10'. 
The mixture was stirred in the cold for 1 hr, then heated on the 
steam bath for 8 hr. After decomposition with ice-dilute hydro- 
chloric acid, the organic layer was removed and combined with 
two ether washings of the water layer. The organic phase was 
steam distilled until no more toluene could be collected. Then 
the residue was extracted with ether. The ether solution was 
washed four times withi saturated sodium bicarbonate and twice 
with, water, dried over anhydrous sodium sulfate, and concen- 
trated to vield 148 g of crude product. This was distilled up to 
340' (21 mm). The distillate (123 g) was heated under reflux 
with aqueous, methanolic KOH for 3.5 hr. The solution was 
cooled and the 1,8-di-u-toluoyloctane was removed by filtration 
and recrystallized from ligroin: mp 100-101', yield 27.5 g 
(14%), Cco 1680 cm-l, XmRx 251 mp (log E 4.50). 

Anal. Calcd for CZtH3002: C, 82.24; H, 8.63. Found: C, 
82.12; H, 8.39. 

The semicarbazone had mp 223-224'. 
Anal. Calcd for CZV,H~BNRO~: C, 67.21; H, 7.81; N, 18.09. 

Found: C, 67.29; H, 7.82; N,  18.32. 
The filtrate from above was acidified to yield w-(p-toluoy1)- 

nonanic acid ( I ) ,  which was recrystallized from ligroin: mp 
92-93", yield 71.8 g (47y0), Cco 1720 and 1695 cm-l. 

Anal. Calcd for CI.1H2403: C, 73.88; H, 8.75. Found: C, 
74.06; H ,  8.79. 

Ultraviolet showed Allax 251 mp (log E 4.16); nmr peaks (CC4) 
at 1-2 (broad multiplet), 2.28 (triplet), 2.38 (singlet), 2.88 
(triplet), and 7.44 ppm (quartet). 

The semicarbazone of I had mp 155-156' (ethanol-water). 
Anal. Calcd for CljiH27N303: C, 64.84; H, 8.16; N, 12.60. 

Found: C, 65.19; H, 13.44; N,  12.68. 
Oxidation of 1.-A mixture of 1 g of acid 1, 7 g of potassium 

dichromate, 10 ml of concentrated sulfuric acid, and 40 ml of 
water was heated under reflux for 2 hr. It was poured into 50 ml 
of water and the solid was collected. The solid was purified by 
trituration in warm 59', sulfuric acid, dissolution in 10% potas- 
sium hydroxide, acidiiiication of the alkaline filtrate, and re- 
crystallization of the resulting solid from ethanol-water, mp 

(3) J. S. Waugh and R. W. Fessenden, J .  Am. Chem. Soc., 79, 846 (1957). 
(4) I'. R. Jones, Chem. h!ev., 65, 461 (1963). 
(5) M. Berry, Quad. Rim. (London), 17, 343 (1963); H. Griesbach and 

W. Hofheinz, J .  Roy. Inst .  Chem., 88, 332 (1964). 
(6) Infrared spectra were determined as halocarbon and Nujol mulls 

(unless otherwise stated) with a Perkin-Elmer 337 grating spectrophotome- 
ter; ultraviolet spectra were measured in methanol either with a Perkin- 
Elmer Model 4000 Spectraoord or a Cary 14 spectrophotometer. Nmr spec- 
tra were determined in deuteriochloroform (unless otherwise stated) with a 
Varian A-60 instrument and are reported in parts per million (pprn) relative 
to tetramethylsilane. Cornbustion analyses were performed by  Galbraith 
Laboratories. Knoxville, Ttmn. Melting points and boiling points are unoor- 
rected. 

295-300' dec. The infrared spectrum was identical with one of 
terephthalic acid. 

w-( p-Bromoethylbenzoy1)nonanoic Acid (2) .-A mixture of 5 g 
(0.018 mole) of acid 1 ,  3.23 g (0.018 mole) of N-bromosuccin- 
imide, a few crystals of "Vazo" (azobisisobutyronitrile, E. I. 
du Pont de Nemoun and Co.), and 100 ml of carbon tetra- 
chloride was heated a t  reflux for 2 hr. It was filtered while 
still hot, and the filtrate was allowed to cool. The solid was 
recrystallized several times from benzene-pentane, mp 103-104", 
and finally once from acetone-water, mp 105-106". Ita nmr 
spectrum exhibited a singlet a t  4.53 (ArCH2Br) and none at  
2.38 ppm ( ArCH3). 

Anal. Calcd for CnH18BrOa: C, 57.50; H, 6.54; Br, 22.46. 
Found: C, 57.65; H, 6.45; Br, 22.29. 

In  several experiments the yield of 2 ranged from 30 to 70%. 
w-( p-Hydroxymethylbenzoy1)nonanoic Acid (3) .-A mixture of 

1 g of bromo acid 2, 2 g of potassium hydroxide, and 100 ml of 
50% aqueous methanol was heated a t  reflux for 3 hr. After 
acidification, concentration, ether extraction, and removal of 
the ether, there remained a dark yellow semisolid. Repeated 
recrystallization from ether-pentane raised the melting point 
to 90-91': FOE 3500-3700 cm-I, a singlet in the nmr (chloro- 
form) a t  5.50 ppm, Xux 251 mp (log E 4.31). 

Anal. Calcd for C17H2404: C, 69.84; H, 8.27. Found: C, 
69.64; H, 8.29. 

0-( p-Hydroxymethylbenzoy1)nonanoic Acid Lactone (4) .-A 
5-l., round-bottomed flask, containing 2 1. of tetrahydrofuran, 
was fitted with two reflux condensers, each topped with a dropping 
funnel. One contained a solution of 0.5 g of w-(p-bromomethyl- 
benzoy1)nonanoic acid (2) in 250 ml of tetrahydrofuran; the 
other, a solution of 0.08 g of potassium hydroxide, 25 ml water, 
and 100 ml of tetrahydrofuran. The solutions were added drop- 
wise and simultaneously to the refluxing solvent over a period of 
6 hr, while magnetic stirring was maintained. The supernatant 
solution was removed from a white solid by decantation and 
concentrated to an oily solid. The crude product, dissolved in 
chloroform, was separated into two fractions by thick layer 
chromatography (1  : 1 benzene-chloroform eluent) in several 
batches. The faster moving component was recovered as a white 
solid: mp 78-79.5'; ICO (deuteriochloroform) 1685 and 1720 
cm-I; nmr peaks a t  7.68 (doublet), 5.19 (singlet), 2.88 (triplet), 
2.15 (triplet), 1.2-1.7 (broad multiplet), and 0.95 ppm (broad); 
XmX 246 mp (log e 4.14). The mass spectrum7 contains peaks a t  
274 (molecular ion), 256, 228, 216, 189, 134, 118, 90, with 
metastable peaks a t  about 239, 204, and 191. 

Anal. Calcd for CI~H&: C, 74.42; H, 8.08. Found: C, 
74.25; H, 8.11. 
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The reaction of unsym-dineopentylethylene oxide 
with anhydrous hydrogen chloride in ether or with 
other acids leads to the formation of dineopentylacetal- 
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