
to warm to room temperature overnight. Filtration gave a 
brown solid which was dissolved in aqueous NaOH, filtered, and 
acidified with HCl to give a yellow solid. Recrystallization from 
95% EtOH gave 1.9 g (37%) of product', mp 219-221" dec. 
;Inal. (CllHsN03) C, H, N. 

8-Chloro-4-nitroso-l-naphthol.-The reaction of nitrous acid 
with N,N-diethyl-~'-(8-chloro-l-naphthyl)ethyleriediamine7 as 
above gave 42yc of product as a pale yellow solid, mp >300". 
.Lnal. (C1,H&lxO,) C, H, N. 
8- [ (2-Diethylaminoethyl)amino] -6-methoxy-5-nitrosoquinoline 

(VIII).-To a solution of 7.4 g (0.027 mole) of 8-[(2-diethylamino- 
ethyl)amino]-6-methox?-q~iitioline1* in 95% EtOH containing 
7 ml of concentrated HC1 at 5' was added an aqueous solution of 
1.87 g (0.027 mole) of N a S 0 , .  The mixture was stirred for 
several hours, diliited with H20,  and made basic with SaOH.  

moved in vacuo, and the residue distilled to give 95.4 g (44'/,) of 
the product, bp 126-128" (0.2 mm). Anal. (C14HliSO) C, 
H, N. 
N-(2-Ethylbutyl)-l-naphthylamine.-A mixture of 42.9 g 

(0.3 mole) of 1-naphthylamine and 30.0 g (0.3 mole) of 2-ethyl- 
butyraldehyde in 400 ml of CsHO containing 1.0 g of p-toluene- 
sulfonic acid was heated under reflux for 3 hr. HzO was removed 
with a water take-off head. The mixture was concentrated to 
di,yness and hydrogenated over 0.5 g of PtO? in 250 ml of EtOH 
fur 16 hr at an initial temperature of 25' and a hydrogen pressiire 
of  3.87 kg/cm2. The catalyst was removed by filtration and the 
solveiit was removed in vacuo. Distillation of the residue gave 
23.4 g (:MC;) of the product, bp 106-108" (0.09 mm).  d n a l .  
(C16HPL?J) C, H, N.  

The green-brown solid which resulted was removed by filtration, 
dried, and recrystallized from CaH6 to give 4.1 g (50%) of the 
product as a yellow solid, mp 135.5-137'. A n a l .  (C~OH??NIOB) 
C. H. N. 
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N-(3-Methoxypropyl)-l-naphthylamine.-A mixtrue of 144 g 
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ht&. The extracts were dried (Na2S04), the solvent was re- 
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Piire 2,2-diniel h?-19-vitiylc~clobtit~iieacetic acid was prepared by pyrolysib of piiiolic acid aiid some acyl 
esters followed by helective epoxidatiori of the ethylideiie homolog which was produced aloiig with the vinyl 
compound. Tests indicate that 2,2-dimethyl-3-vinylcyclobiitaneacetic acid is comparable to 10-heiidecenoic 
acid in its fungistatic activity against Aspergillus niger, Aspergill i ts  oryzae, arid rlspergillus f a v u s .  

10-Hendecenoic acid and its salt are reported to have 
unusually good fungistatic action.2 Because both 10- 
heridecenoic acid and a recently described acid, 2,2- 
dimethyl-3-vinylcyclobutaneacetic acidq3 contains a 
terminal vinyl group it was believed that the latter 
acid may also be an effective fungistatic agent. Tests 
on Aspe iy i l l u s  niger,  Aspergi l lus  oryzae, and Aspergi l lus  
flavus suggest that the test material is as fungistatic as 
10-hendecenoic acid. Since di-n-hexyl pinate4 and 
lauryl pinonatej are not fungistats, the fungicidal prop- 
erties of the vinylcyclobutane derivative must be due to 
the vinyl group rather than the dimethylcyclobutaiie- 
acetic acid moiety which is present in all three com- 
pouiidh. In  additiori to the biological activity the 
acid has a more pleasant odor than 10-hendecenoic 
acid. 

This report covers new information on the synthesis 
and isolation of the vinylcyclobutaneacetic acid and 

(1) (a) Presented a t  the  153rd National Meeting of the  American Chemical 
Society, Miami Beach, Fla., April 1967; (b) T h e  University of l\lississippi; 
(c) Naval Stores Laboratory; (d) Agricultural Research Service. 

(2)  K. S. Marklev, "Fa t ty  Acids, Par t  I, 2nd ed, Interscience Publish- 
ers, Inc. ,  Kew York, N. Y . ,  1960, p 122. 

(3)  J. D. Park,  R .  L. Settine, and G .  JT. Hedrick, J .  Ore.  Chem., 27, 902 
(1962). 

(4) S. Berk, H. Ebert .  and L. Teitell, r n d .  E I L ~ .  C h e m . ,  49, 1115 (1957). 
( 5 )  H. R. Summers.  G. \V. Hedrick, F. C. N a r n e ,  and It. T. Mayne. i 6 i d . ,  

51, .549 (1Y5Y). 

results of fungistatic tests of the acid compared with 
10-hendecenoic acid. 

of pinolic acid, .',%-dimethyl-3-( l-hydroxy- 
ethy1)cyclobutaneacetic acid, or its acetate gave R 
mixture of 2,2-dimethy1-3-vinyl- and 2,2-dimethyl-3- 
ethylidenecyclobutaneacetic acids. -4 comparison of 
this mixture with 10-hendecenoic acid gave somewhat 
discouraging results.6 

In the present work, the ratio of vinyl to ethylidene 
compounds was considerably less than previously re- 
ported. To improve the yield of desired product, the 
pyrolyses of some esters other than the acetate were 
investigated (Table I). I'ivalic and 3,3-dimethyl- 
hexanoic acid esters gave substantially better yieldh 
than the other esters. Separation of  producti: was 
effected by selective epoxidation of thr olefin mixture 
with ni-chloroperbeiizoic acid (JICPA) in ether. The 
vinyl compound was less readily attacked than the 
ethylidene derivative and distillation of the partially 
epoxidized mixture gave dimethylvinylcyclobutane- 
acetic acid free of the ethylidene derivative. 

Thoi7 and Trave8 and other workers have given the 
name cis-dl-pinolic acid to the solid isomer, mp 105" 

( 6 )  R. Mayne, unpulAished results, 1Y61. 
( 7 )  Le-ran Thoi, . . i r in .  Chim. ( R u n e ) ,  10, 3: (1Y3I) 
(8) 8. Trave, Chim. I t i d . ,  86, YO8 (lY58). 





T A ~ L E  111 
PHYSIC i~ DAT.\ FOR ETHYL PIKOLITE, OLEFINIC COYPOCNDS, .AND THEIR EPOXIDES 

Yield 
Conigd g c/o Bp, "C (mm) no ( t ,  "C) Foriiiula 

Ethyl pinolate 193 905 116- 
Ethyl 2,2-dimethyl-3-vin~-lcyclobutane- 

acetate 72 73 5* 
2,2-Dimethyl-3-vinglcyclobutaneacetic acid 100 101- 
111 hg'l 2,2-dimethyl-3-ethylideiiecyrlo- 

biLtaneacetate epoxide 118 111c 

18 (1 . O )  1.4539 (20) 

88 (4.0)  1.4511 (25) Cj2H2002 

02 (0.5) 1.4640 (20) C ~ O H ~ ~ O ?  

121 hyl ~ ,2-d imethyl -~-v i i i ; l (~~~lob~i tane-  
82-83 (0 .6 )  1.4536 (20) CILHXO? aretate epoxide 14 .5  "2 

Anal ysea 

c, H 
C, H, neut eqiiiv 

c, 13 
c, IT 

Q Lit .g . 3 c i .  Based iipon >Or; vitiyl iii pyrolysate and disregarding prodl1ct in forecllt and intermediate fractions. Pyrolyqnte from 
piitolic acid iised for cotivenielic~e, By glpc roiitaiiied :ipproxinintely 105, of the epoxide from the vinyl conipoiliid. 

Pyrolysis of the Pivalate Esters.-Ethyl pinolate pivalate 
(60 g) was placed in n distilling flask with a 45-cm Vigreitr 
c~olumn, therniometr~r well, and distilling head. The ester \vas 
heated to 325' a t  atmospheric pressure to crack and distil the 
pyrolysate. The crude proditct was dissolved in eth(Jr, Fvashed 
iiiqireorts XaHCO:), H B O ) ,  and dried (NaeSOr). The ether was 
removed and the prodiirt distilled using 20-cm column packed 
with stainless steel helices. The distillate \\-as anal-zed for vinyl 
and ethylidene components by glpc (123'; He (3.5 kg'cmz), 
:30  ml/min). Only two peaks were observed with emergence 
times of 26 and 27.4 min for t,he ethylidene and vinyl compounds, 
respertively. The yield and compositions of olefinic esters from 
pyroll-ses of the aryl esters are given in Table I. 

Ethyl 2,2-Dimethyl-3-vinylcyclobutaneacetate.-One mole (196 
g)  of an approximately 1: 1 vin -1-ethylidene mixture, prepared 
from cracking pinolic acid and e terifying by the prorediire iised 
for piriolic acid above, was dissolved in  500 ml of EtnO and treated 
with 108 g of 8,icc m-chloroperbenzoic (11CP.k) acid (0.53 mole) 
dissolved in Et20 (50 ml). The peracid solntion was added 
dropwise at  room temperature and the mist,ure was stirred for 
4 hi- after addition. m-Chlorobenzoic and excess m-chloroper- 
benzoic acids were estracted with aqiieoris ?rTa2C03. When 
starch-KI paper gave a negative test for peracid in the E t 2 0  
solution, the proditct was dried (Xa,SO,). Removal of solvent 
and a biilb-to-bulb distillation gave 197 g (97%), bp 107-133" 
(7.0 mm). The product was distilled using a 4.i-cm column 
packed nFith stainless steel helices. After removal of 4 g of fore- 
ciit (mostly prodrict), 72 g was obtained, vinyl olefin ir  absorbance 
at, 3.30, 6.04, and 11.00 p. 

An intermediate fraction was taken, then t'he ethylidene 
epoxide derivative distilled. See Table 111 for data. 

The reaction and distillation was monitored by glpc. The 
relative emergence times (minutes) for the hydrocarbon mixture 
and the epoxides wing  the ?0?> Craig column (168"; He (5.27 
kg/cm2), 50 ml/min) were ethylidene 1.42; vinyl 1.54; ethvlidene 
eposides 4.85 and 5.54 i n  a 4 : l  ratio; vinyl epoxides 8.4, 8 . i ,  
and 9.3 i n  ratios of aboiit 1.8:2.6: 1. 

(;lpc chromatogram of the vinyl homolog when free of the 
other olefin (the above roliimn at, 123') had two peaks with 

retention times of 27.6 and 29.8 min and peak areas about 5 :  1. 
I t  was hoped the ethylidene epoxide could be convert,ed to ethyl 
pinolate for recycling by hydrogenation. Itaney S i  catalyst 
(570)  in absolute EtOH, HP (84 kg/cm2) a t  150" for 3 hr gave no 
ethyl pinolate. Starting material and a number of other sub- 
stances including alcohols were present' as evidenced by glpc 
and ir. No further work was done on this phase. 

Ethyl 2,2-Dimethyl-3-vinylcyclobutaneacetate Epoxide.-The 
vinyl ester was epoxidized to have material for glpc analyses. 
For this 19.6 g (0.1 mole) of the ester in 200 ml of C6H6 was treated 
with 20.5 g of 85% m-ohloroperbenzoic acid (0.1 mole per acid) 
dissolved in 100 ml of CsH6. After an initial slightly exothermic 
reaction, the mixture was agitated overnight a t  room tempera- 
tnre. Glpc analyses of an aliquot indicated only a small amourit 
of unreacted product. The batch was washed (aqueus SalCOs, 
HsO) and tePted for peracid with KI paper. The solvent was 
removed from t,he peracid-free solution and the product distilled 
through a 15-cm column packed with stainless steel helices. 
See data in Table 111. 

Additional evidence of epoxidation was obtained by conversion 
of t8he eposide t,o diethyl pinate. 

The epoxide (2 g, 0.1 mole) was hydrolyzed with 50 ml of 
IC; HZSOI. ilfter stirring overnight a t  room temperature, all 
the epoxide was in solution. Sodium metaperiodate, 2 g (0.0095 
mole), in 10 ml of H2O was added and, after about 1 hr, an oil 
separated. The oil (an aldehyde) was ext,racted with ether and 
the solvent was removed. Excess Ag2O prepared fresh from 
NaOH and AgNQ was added to oxidize the aldehyde. Extrac- 
tion of insoliibles with ether, filtering and acidifying the filtrate, 
and extracting with ether again gave monoethyl pitiate (ethyl 
2,2-dimethyl-3-carbox~-cyclobi~taneacetate ). The half-ester was 
esterified with EtOH12 t,o give diethyl pinate (2 g ) ,  which was 
characterized by comparing the ir spectrum and refractive index 
with that of an authentic sample. 

2,2-Dimethyl-3-vinyleyclobutaneacetic Acid.-Saponification 
of ethyl 2,?-dimethyl-3-viriylcyrlobutaneacetic acid in 0.5 1%' 

alcoholic KOH gave the acid as expected. See data in Table 111. 

(12)  J. R. Lewis and G .  1%'. Hedrick, .J Org. ChPm, 2 4 ,  1870 (1959). 


