
acid ( 2 0  g.) \v:is st,irrc'd aiid h(bat,ed a t  140-150" for I hr. 
after which thr .  viscous inass was tjrwtjed uit,h 20c,*{ hydro- 
chloric acid to form the sparingly soluble hydrochloride of 
the quinoline which was then warmed with 10% sodium hy- 
tlroxid(~, filtcbrcd from very small quantities of the 4-phenyl- 
2-hydroxyquinoline; the filtrate was treated with charcoal 
;ind then acidified with acetic acid. The 2-phenyl-4-hydroxy- 
(liiinolinw wcrc dcpositcd in 35-400,b yields. However, hy in- 
creasing the, :mioirnt of c s k r  to 0.1 mnk. t h r  \+Ids of t,hc' 
quinolincs incwnsrd to 50-70',;. 

Thr  following quinolinc,s w r e  ol)t:iinect I)! this proc~rdurt,: 
2-ph~~iiyl-~-~iydrn~y(ii i i i ioli i i(~,  2-ghr~iiy1-4-hytIroxy-~j-~~ieth!l- 
cliiinolinc~. L'-plic~11yl-~-h~dros~~-8-mrthylqi1inoli1ie, 2-pheriyl- 
4 - hydras!. - (i - nic.thosycliiiiinline, 2 - phenyl-4- hydroxy-& 
c*hloroquinolincs. 

8-Phen!/l- . / , -h.!lrl i .~~~~/-~-~~ itmq/(ino/i~ F. A niisturv of p - i i i h -  
aniline (4.0 g.), rthql henzoylncetatc, (6  g.),  and polyphos- 
phoric acid (10 g.) \v:is stirred :ind heated a t  160" for 20 min. 
The product, was t,xtractrd with hot,, dilute acetic acid ( to  
rcninve unchanged amine), the residue warmed x-th 10% 
sodium hydroxide, and the alkaline solution filtered off from 
:I dark tarry product and acidified \ d h  acetic acid to yirld 

0.42 g. of n coll)pnund which, after pllrification 1)y dissolvin(l 
iri dilutc sotliiilii hJ.dro.sitlc, trcs:itrnt>nt wii.11 (~hiircoi~l, : I J I ~  

reprecipitating with acetic arid, g a v ~  :t pale-yellow mnor- 
phous powder, m.p. 328-330". 

Anal. Calcd. for C1,,HIO?i203: C, 67.67; H, 3.TG. Found: 
C, 67.96; H, 3.89. 

On treat,ment with :t ~nixtiirr of phosphorus osychloridv 
and phosphorus pntachloridr thrb h\-droxyqninolinc gavf' 
2-~)heii~I-l-chIorc,-6-nitrorliii~~nli~~(~, pnlr yrlllnw nectllPs. In.]). 
I H8-lti0°. 

(i:j.?(i: H.  3 . l ( i .  Vo\~ncI: (', 
6:<,48: H. :3.0!1. 

. I  t i n [ .  Calctl. for ( ' lsH!,Sd) 

. I c / ; , ~ ~ ~ c I c ~ Y , , I ( ' / I ~ .  Oiie of 11s (S.S.1.) wishes to 
thaiik thr S.h.  Counril for Scieiitific atid Industrial 
Research for :I graiit of :I research assistantship. 
Wc also wish to thank the Tlesearch and Procws 
Development Department of Tscor! Pretoria, for 
the microanalyses. 
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Pyrolysis of Esters. XIX. Synthesis of Racemic 
and Optically Active 3-Methyl- l -~entenel-~ 

IYILT,1.4bI J. BAILEY .ipi l )  EI)TYI!i T. Y.\TES4 

Kereived Febriinry 8, 1860 

Racemic 3-methyl-1-pentene was synthesized in threcs ste1)s from sec-butyl hroniide in an over-all yield of 12%) wit'h 
the pyrolysis of a. butyrate as the final step. Opticallj- active d-:3-inet,h!.l-l-peritene, the simplest optically active olefin, with 
[a]: +X3.49", \vas prepared iri foiir steps in :in ovc,r-all yicld of ?Of  ;, from active amyl alcohol, with the Ipmlysis of the 
butyrate as the final strp. 

In an over-all program to determilie the correla- 
tioii between the chemical structure and physical 
properties of polymers, the effect' of asymmetry 
in the side chain of an isotactic polyolefiii has beeti 
of i n t e r e ~ t . ~  For this study rwemic : ~ n d  optically 
active 8-methyl-l-penteirc, the simplest optically 
active olefiii, was desired. Although Schmitt and 
Roord6 had previously prepared d,Z-S-tncthyl-1- 
pentene in five steps from scc-butyl 1)romide air(] 
acetaldehyde iii ;in o ~ w - a l l  yield of I%;,, it ~ ~ 1 s  

thought) that a three-step syiithesis iiivol\.iirg thv  
pyrolysis of :in ester ivotild he mor(' con\wiiett t .  
I;or t'his reason the Crrignard rcngcii t from raremic 
sec-but'yl bromide ~ i s  treated \I-ith et hyleire oxide 
to give a 28c& yield of d,(-:-:-mcth!-l-n-am!.l alcohol. 

( 2 )  Pr twnted  i t i  p t r t  lic-forc, thc, I)ivision of l'olyinc~r 
Chemistry at  thc  137th hlrrt ing of th(. ,imcric:iii Chc,niir:il 
Society, Cleveland, Ohio, April 1960. 

(3)  This work \v:m suppnrttd i i i  p r t  I)!. :i gr:iiit froin the! 
Tational Scirncsc Fnirndntinn. 

(4 )  Offic~, of S:iv:tl Resoarch Fc~ l l o \ v ,  1955- 1957: (;ootl- 
w i r  Tire and liiihtwr Fe~llo\v, 1957: ancl Dnnlop Rrsc.:irch 
Fellon., 1957-1 958. 

( 5 )  \V. J. T3:rilcq and E. T. Y:itcw, J .  O ~ J .  C'hetn., 2 5 ,  

(6)  C. Q. Schmitt 2nd C. E. Rnord, J .  Ani.  Chetn, Soc., 
1800 (1960). 

64. 751 (l!K{2 ) ,  

When this alcohol was esterified with ac'etyl chlo- 
ride and pyridine, ;til 80% yield of d,Z-:bmethyl-n- 
amyl acetate was obtaincd. Hon-ei-er, vapor phase 
chromat,ography revraled that :i T Y T ~  careful and 
tedioiis fractionatioii was required to remove thc 
iiiicahaiigcd alcohol from the ester, since their boiling 
poiiits :w \ w y  close. 1:or this reason the preparatioii 
of tt higher hoiliiig ester was fouiid to he considerably 
mow coir\wiiriit. Thus, irheii the d.l-3-methyl-n- 
amyl :ilcohol \viis cstcrifietl with :L mixture of bu- 
tyric, :inhydride aiid sodium hutgrate, u 78% yield 
of f he corrcspoiitling hiityratc i w s  ohtaiiied in n 
rdativc\ly piiw st:itc by a siinplr distill' 'i t '  1011. 

Pyrolyses of i hr esters were c*:irried out iiiider 
conditioiis that had hec.ii denioirst riitrd not to cause 
reatmtrgc~mcvit of douhle 1)oiids i n  the preparatioii 
of isomere of :womatir h!.droc':ii.},r)irs.' Thus, at 3 0 "  
thc rl.I-:3-mctliyl-n-nniyl a c r t a t e  gave a i2:& yield 
of the racemic 3-nicthyl-1 -pcliitciie. while the cor- 
responding /i-hutyr:itc gn1.r :i 54% yield. As this 
olef i l l  was iiittiided for i iw iir polymeriz:ition, the 
emph:tsis throiighout the synthesis \vas on purity 
of the product, whicah \vas c ~ " ~ n i e n t l y  followed 
with gas-phase c-hroniatography. With the butyrate 
it, \vas much easier to ohtaiii a pure product. 

( 7 )  JY. J. Bailey and R ,  Bnrchy, Jr., J .  .1 tu, f'hena. Soc., 
81,53934(195Q). 
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.Mg then 
ethylene oxide 

d,l-CR3-CI-I-CFT,-CH3 - ----+ 
I 28 % 

Br 
butyric anhydride 

78% 
d,Z-CH,---CH?--CH--CH~i-CH?OH --f 

L F L  
0 

d,l-Cr-r,-C€~z-~H-c€I,-CH,-o- 

CIIj 

5300 J 5 4 %  

d ,  ~-CH~-CH~-CH-CH=CHL 
I 
CHI 

SOCl? 

I 66 % 
tl-CH3-CHz-CH-CHzOH -+ 

CH3 
hfg then 

CIIZO 

l e??; 
d-CH3-CH2-CII-CII9-Cl- 

butyric anhydride 
~-CH~-CH~CH-CHQ-CH~OH ___ -+ 

I 92% 
CH?. 

t/-CI~?.-CH?-CH-CH-CH2-0- 8 -CHr-CHz-CH3 
I 

CHI 

530' 4 49% 

tl-CHs-CHL-CH-CH=CH* [a] + 33.49" 
I 
CHI 

For the synthesis of the optically active 3-methyl- 
l-pentene a slightly different s-ynthetic route start- 
ing from active amyl alcohol was used. This change 
mas dictated by the fact that the synthesis from 
the optically active amyl alcohol appeared to be 
more convenient than the resolution to obtain the 
optically active 3-methyl-n-amyl alcohol. Since 
this work was completed, Pino, Lardicci, and Cen- 
tonis have reported a similar synthesis of this ole- 
fin, (+) (S)-3-methyl-l-pentene, by the pyrolysis 
of the corresponding acetate. We, of course, 
preferred the butyrate because of the greater ease 
of separation from any unchanged alcohol. Their 
Qynthesis of the d-3-methyl-n-amyl alcohol was 
the same as that reported here but with a lonw 
over-all yield (367&) for the conversion of the op- 
tically active chloride to the Grignard and subse- 
quent treatment with formaldehyde. Their con- 
ditions for the pyrolysis of the active ester ap- 
parently were more vigorous than ours, as they 
report a 70% conversion to the optically active 
olefin and the formation of lower boiling, highly 

( 8 )  P. Pino, L. Lardicci, and L. Centoni, J .  Org. Chena., 
24,1399 (1959). 

refractive compounds. They estimated from re- 
generation of the starting alcohol from the olefin 
that up to 8.55% racemization occurred during 
esterification and pyrolysis. For this reason they 
concluded that their sample of 3-methyl-l-pentene 
probably contained 91.7% of (+) (S)-3-methyl-l- 
pentene, 5.7% of (-) (R)-3-methyl-l-pentene and 
2.6% of 4-methyl-l-pentene. 

In a pilot study, which is reported ~epara te ly ,~  a 
mixture containing 60% d-amyl alcohol and 40% 
isoamyl alcohol was converted in four steps to a 
mixture of d-3-methyl-l-pentene and 4-niethyl-l- 
pentene. The conditions that gave maximum yields 
in the pilot study were then used for the synthesis 
of the optically active olefin. Fusel oil (which con- 
tained approximately 10% d-( -)-amyl alcohol 
and 90% isoamyl alcohol) was carefully fraction- 
ated to give a sample of d-amyl alcohol, which, on 
the basis of reported rotational  value^,^ was as- 
sumed to be approvimately 96% pure. Vapor 
phase Chromatography indicated that the major 
impurity was isoamyl alcohol. The reported meth- 
ods for purification of the active amyl alcohol 
through solid drrivatives proved impractical 
for large scale preparations. In ally case, mpor 
phase chromatographic studies showed that deriva- 
tives related to the isoamyl alcohol greatly di- 
miniqhrd in concentration during the subsequent 

ithesis. By the method of RScIienzie 
and Clough,'O the &(-)-amyl alcohol was con- 
verted to d-( +)-2-methyl-n-butyl chloride. Treat- 
ment of the optically active chloride with magne- 
sium produced the corresponding Grignard rca- 
gent, which was treated with gaseous formaldehyde 
plus solid paraformaldehyde to give a 62y0 yield 
of &(+)-3-methyl-n-amyl alcohol. Treatment of 
this alcohol with a mixture of butyric anhydride 
and sodium butyrate gave a 92% yield of d-(+)-3- 
methyl-?$-amyl n-butyrate. Pyrolysis of the opti- 
cally active butyrate was carried out a t  530" 
under conditions that would minimize any race- 
mization or rearrangement.' Under these fairly 
mild conditions, a 33% conversion to d-(+)-3- 
met hyl-l-pentcne [L-( +)-3-methyl-l-pentene or 
(+) (S)-3-methyl-l-pentene ] was realized. Vapor 
phaqe chromatographic studies indicated very little 
4-methyl-l-pentene in oiir sample of optically active 
olefin, and the milder pyrolysis conditions may 
have caused less racemization. Nevertheless, the 
properties of their olefins agree fairly well with those 
of our sample; for example, they report [CY];' + 
32.86' compared to our [CY]: + 33.49. The present 
work does have the advantage that the purity of 
every intermediate in the synthesis was checked 
by vapor phase chromatography. The corresponding 
racemic materials, as well as a mixture5 containiiig 

(9) IT'. Marckwald and A. McICenzie, Ber., 34, 485 

(10) A. McKenaie and D. W. Clough, J .  Chem. SOC., 103, 
(1901). 

699 (1913). 
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those derived from isoamyl alcohol, were available 
as reference materials. Of course, the vapor phase 
chromatograms gave no indication of the optical 
purity of these materials. 

One must c.oiicludc t'hut thc pyrolysis of esters 
is well siiitecl for the synthesis of optically nctive 
olefins. The relatively high specific activity ob- 
tained for &( +)-3-methyl-l-pentene suggests that 
many of the optically active olefins reported in the 
literature w e  not of high optical purity. 1' lor ex- 
ample, dehydratioii of optically active 4-methyl-2- 
hexsnol over alumina" gave a mixture of olefins 
with [a]: + 13.7" 

 EXPERIMENTAL^^ 

d,l-5-.l~elhyl-n-aniyl alcohol. I n  a modification of the 
general procedure of Huston : L i d  Agett,'$ a few drops of 
methyl iodide, 240 ml. of dry ether and a few milliliters of a 
solution of 766.9 g. (5.6 moles) of d,l-sec-butyl bromide dis- 
solved in 1500 nil. of anhydrous rther were added to  a 5-I., 
three-necked flask. After the ether solution of bromide had 
been added at a rate such as to maintn.in gentle reflus, the 
mixture wis heated wider reflux on the steam bath for an 
:~dciitional 3 hr. A solntion of 400 g. (9.1 moles) of ethylene 
oxide (dried over soda lime) in 650 ml. of anhydrous ether 
\vas kept cool in ice and small portions were added to the 
stirred Grignard reactioii mixture which mas kept below 10" 
by immersion in an ice bath. After ttll the ethylene oxide 
was added, the reaction mixture was allowed to warm until 
gentle reflusing began. It was then heated under reflux on the 
stcam hntli for 2 hr. and finally stirred for 1 day at room 
tcnipprature. After ahoiit 1 1. of ether was removed by dis- 
tillation, 1 1. of dry benzene was added to the reaction 
flask. 'rlie distillittioii was continued with stirring until 
tlic teniperatrire of tlie vapor reached 65'. After the miutiire 
W;LS :illorred to stand overnight :it room tempemtiire, i t  was 
tlcconiposed with 2 .5  1. of ice and water. A viscous tar, which 
was not tieconposed L)J- tlie ice water, was hydrolyzed 1))- a 
cwiicd. Iiydrochloric acid-icc mixture. Enough of the 
Irydrochloric acid-ice mixture was added to the reaction 
iiiistiirc to dissolve the magnesiiim hydroxide. The benzene 
Iayrr wis srparated, and t,he aqueous phase was estracted 
with six 200-nil. portions of cthcr. After the combined ex- 
f r:tcts were dried OV(T aiihydroiis magnesium sulfate: the 
rolvciits \\-ere remowil tiy distilhtion through a 6-inrh, 
lic~lix-paclied coliin~n. IXstillation of the rrsitliie through 
ihc s:tmP column yirldrd 159 p. 128To) of criitle d,l-3-inrtlivl- 
n-anij I :ilrohol, 11.1) 64-85" (YO-32 Inin.) [rrportcd14 11"p. 
1.53.7-1 34 1 O (760 inin.)l. . .  

d,/-S-J~elhyl-n-nrriyl acclale. 'Yo a coded soliition of 106.1 
g. ( I  .04 molcs) of d,I-3-inetliyl-n-aini~-l :ilcohol and 500 nil. 
of pyridine was slo~vly addcd, with stirring, 80.5 g. (1.1 
inolesj of xcet,yl chlori(l(h. 'I'he mixtiire heai(d on thc 
btcam hnlh for 2..5 h r .  aiid WLR thcri : i l lo~ctl  to stnml over- 
night, :tt room temperature. When t,he re:tct ion mixtiire \vas 
])oiired into 1 1. of tlilute liydrochloric acid cnntaining ice, 
t II(: acet:ite scpar:ttrtl as an oil. The aqueous ph:tae ~vv:is cs- 
tractcd wit,h seven 200-ml. portions of ether, and the ethereal 

(11) G. S. Gordon I11 and R. L. Burwell, Jr., J .  A n i .  C'hern. 
Soc., 71, 23355 (1949). 

(12) The authors are grateful to Nrs.  Kathryn Gerdeman 
Baylouiiy and Miss Jaiie Swan for the microanalyses. 
Vapor phase chromatograins were determined on a special 
apparatus described previously [K. J. Bailey and W. H. 
Hale, J. Am. Chem. Soc., 81, 647 (1959)]. 

(13) R. C. Huston and A. H. Agett, J .  Org. C h e ? ~ ,  6 ,  
123 (1941). 

(14) J. F. Korris and F. Cortew, J .  -1m. C'hena. Soc., 49, 
2ti40 (192i). 

extracts, combined with the previously separated organic 
lityer, were m-ashed with dilute hydrochloric acid to reniove 
any dissolved pyridine. After t8hc ether solution was dried 
\vith itiihydroiis magnesium sulfate, the ether was removed 
by distillation through a ti-inch, helix-packed column. The 
rcsidiics ~ v i t s  tiistilled twice through the m n e  column under 
reduced pressiire to  yield 115.8 g. (800/0), of d,I-3-mcthyl-n- 
amyl acetate, b,p, 66-73" m m j ,  a-; 1.41013. A vapc~r- 
phase chroniatogram of this inatorial over dideeyl phthalate 
on  Chromosorb showed the preseiicc of :I single syinrnetricnl 
peak. 

Anal. Calcd. for CBIiltiO2: C, 60.62; €I, 11.18. Found: C, 
66.63; H, 11.09. 

Pyrolysis of d,Z-5-iracth,y1-n-a~~i~l acciate. The pyrolysis 
apparatus was essentially the same as that de~c r ibed '~  
previously. At a rate of 30 drops per min., 150 g. (1.04 moles) 
of d,l-3-methyl-n-ainyl acetate was added from a dropping 
funnel to a Vycor tube heated at 510-530'. The  pyrolysate 
was collected in a receiver cooled in a Dry Ice-Methyl Cello- 
solve bath. After the pyrolysate was dissol\wl in ?a-butJ.1 
ether, th8 resulting solution \vas extracted with ice water 
until the extmcts \yere rieutrd. Ilistillation of the n-butyl 
ether solution through a 6-inch, helix-packed column yieldecl 
54.3 g. (627,) of d,I-3-1iietliy1-1-pcnteiie, b.p. 50-53", n:: 
1.3819-1.3831 (reported6 b.p. 53.6-54", n?," 1.3835), arid 
21.3 g. (14Yo recovery) of iirichanged starting ester. The 
yield of d,I-3-mcthyl-l-pentenc, based on unrecoverrd ace- 
tate, was 72%. A vapor-phase chromzitogram over siliconc 
grcase on Chromosorb showed a single symmetrical peak. 

d,l-S-dlethyl-n-a71iy~ n-butyrate. After a mixtiiw of 81.6 g. 
(0.80 mole) of d,Z-3-niethyl-n-amgl alcohol, 150.8 g. (0.95 
mole) of butyric snhydride and 8.8 g. (0.08 mole) of sodium 
butyrate was heated under reflus for 20 hr., it was allowed 
to stand overnight at room temperatiire. Agitat,ion with 300 
ml. of warm water hydrolyzed the escess butyric anhydride 
and dissolved most, of the acid. l 'he aqueous 1)hasr n-as 
extracted with four 50-nil. portions of ether, and the ethereal 
extracts were added to an ether solution of t,he hut,yratc. 
Extaraction of the combined ether solutions with sis 50-ml. 
portions of water and eight 50-ml. portions of dilute sodium 
bicarhonnte solut~ion rendered the extracts neutral to lit- 
mus. Aftcr thc solution had been dried over anhydrous mag- 
nesium sulfate, the ether was removed by distillation 
through a 6-incli, helix-packed column. Fractionation of thr  
residw through the same column yielded 107.7 g. (78%) 
of d,I-3-niotli~l-n-am~l n-butyrate, b.p. 92.5-91.4" (20 
nim.), n'," 1.41ti3-1.41ti6. 

:lnal. Calcd. for C10H2002: C, ti9.71: 11, 11.70. Found: C:, , ,  

69.81; H, 11.77. 
Pyrolysis of d,l-.3-,neth!/I-ri-a,iilil n-but!/w/c. To the I'ycor 

tiihe heated xt 530" mas addctl IOE5.8 g. (0.61 mole) of d,l-:L - .  
nicthyl-n-aniJ.1 n-hutymte froiii R dropping f u n r ~ r l  at ' tht, 
ratc of 0.4 g. per miii. The I)yrol>.,cis iv:is coiidiicted i n  :I, 

nitrogrn atniosphere, :inti a rcceirer cooled in a IJry Ices- 
Methyl Cellosolve bath \\-as used to collect, the pyrolysatv. 
A soiutioii of the pyrolysat(c? in I50 nil. of n-hut,yl e thc r  
was washed with iqn wattr : ~ n d  t,hcn t l i l u  te sodiiim hydrositli. 
until the estracts were neritral to litniiis. 1)istillntion of tlir! 
ether Yolution yielded 18.8 g. (369;) of d,l-3-1iic~thyl-l-p(~11- 
teiie, b.p. 52-53', ray 1.3828-1.38:50, and 35.9 g. (34',6 
recovery) of unchanged slarting ma te r id  The yicld of 011.- 
fin, based on nnrwovrred biit,yratc,  vas 54yo. 

d-2-d~et;~yZ-n-butUI chloride. Aj)proxim:itely 3 gallons I J f  
fuel oil (about 10y0 d-amyl alcohol and 90% isoamyl 3.1(*0- 

1101) wits distilled though  a 5-foot Podbic1ni:tlc ~ ~ o I i i i i ! i i  

equipped with an automatic fraction ciitterI6 to yield 845 g. of 
96% d-amyl alcohol,   CY]^ - 5.64" (reportedg [ a ] ~  - 5.90"). 

(15) W. J. Bailey and C. King, J .  A m .  Cherrt. SOC., 77, '75 
(1955). 

(16) The authors are grateful to J. G. O'Rear mid 1'. 
Sniegoski of the Kava1 Research Laboratories, U7asliingtoii, 
D. C.. for m:tking a\~nilnble this coliiinn which \vas eisenti:tl 
for the purification of the d-amyl alcohol. 
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A portion of the d-amyl alcohol was converted to the 3,5- 
dinitrobensoak and recrystallized from 80% ethanoL200J, 
benzene to give d-amyl 3,5-dinitrobenzoate, m.p. 84-86', 
[a]? + 4.47" (reported" m.p. 83-84'] [ a ] y  + 4.9'). 
Saponification of the est,er resultrd iii rtw)very of d-:tniyl 
alcohol, [a]?  - 5.83". 

The procedure for tlic prrgaratmion of the chloride was 
esentially t'hat used by McKenzie and Clough.'" Treatment 
of 636.8 g. (7.24 moles) of the hainyl  alcohol, 800 inl. of 
anhydrous et'her, and 6 nil. of pyridine with 868.6 g. (7.30 
moles) of thionyl chloride yielded 507.!1 g. (669;) of d- 
2-methyl-?a-butyl chloride, h . ~ .  98-100", ny 1.4111-1.4115, 
a': + 1.44' (1: 1.0) [reported'" b.p. 98-99', ay + 0.75" 
(1 :0.5)]. A vapor-phase c1ironiatogr:tni over didecyl ph- 
thalate on Celite gave esseiitially n single symmetriaal peak 
with a very small shoulder. 

d-S-Meth yl-n-c~m1/1 alcohol. The gciieral procedurc of Wood 
:tiid Scarf's for the reactioii of gaseous formaldehyde on :i 

(frignard reagent to !.ield an alcohol was adapted to this 
synthesis. To B 5-l., three-necked flask, fitted with a stirrer, 
:L r p f l u s  coiidenser, and :t dropping funnel, was :idded 11 4.2 
g. (4. i  moles) of magnesium turnings, follot\-ed by :I small 
amount of anhydrous c&er, :t few milliliters of a solution of 
494.9 g. (4.6 moles) of d-2-nieth2,1-n-l)iit!.I chloride iii 1 1. 
of anhydrous ether and a feiv d r o p  of ineth>,i iodide. A4ftcr 
the mixt,ure had hern heated on the steam bath to initiattl 
the reaction, the ether solutiori of the chloride \viis :dded 
a t  a rate such as to maintain gentle reflux. A4fter the dky l  
chloride wlie added, the mkture was heated niitler reflux 
on the steam bath for 1 hr. I n  a 500-m1., round-bottomed flask 
\vas placed 165 g. (equivalent to 5.5 moles of formaldehyde) 
of paraformaldehyde which hits been dried in n v:tciium desic- 
cator over Lhierite. The par:~formsldehyde was decomposed 
at 160-190O and the gaseous formaldehyde was conducted 
through n tuhe heated by resistnnce wire to jrist :hove the 
a~irfaco of the stirred C;rign:trtl reugent . .411 ndditionnl 20 g. 
of solid paraformaldehyde and 1.5 1. of :inhydroiis cJther mere 
:xided to the reaction mixture which  vas he:ited under re- 
flux on the steam bath for 6 hr.  and then nlloived to stand for 
17 hr. a t  room temperature. Crushed ice n-as :iddetl to the 
reaction mixturr, follon-et1 b!- the :Irldition of a slight 
('XCPSS of dilute hjdrochloric acid. The tather layer tvxs sepa- 
rated, and the aqueous phase  vas txxtr:icted with twelve 200- 

(17) J. W. Whitc m d  It-. 1'. Itntchford, J .  .tm. C h e m  Soc., 
71, ll?d5 (1949). 

(18) C ' .  1;. \Vootl a i i c l  1;. h ; t r f ,  J .  Soc.. ( " h e m .  I M ~ . ,  42, 13T 
(1923). 
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ml. portions of ether. The combined ether solutions were 
washed with a 5% potassium carbonate solution and thcl 
aqueous washings were, in turn, extracted with two 200-mi. 
portions of ether which lvere added to the original ether 
solution. After the solution was dried wit,h tFo  successive 
charges of anhydrous potttssium cnrbonate, the ether was 
removed by distillation through a 10-inch, helix-packed 
column. Distillation of the residue yielded 294.5 g. (62%) 
of d-3-methyl-n-amyl alcohol, b.p. 151.5', n*: 1.4186, 
d': 0.829, [a]:: + 8.36" (reported b.p. 151-152",*8 ny 
1.4182,19 d:0'5 0.8262," -I- 8.77,'" [a]'," + 7.890'O). 
,4 vapor-phase chromatograni with a Polyglycol El000 
on Chromosorb column gave essentially a single symmetrical 
peak. 

d-3-illethyl-n-amyl n-but~/ .ule .  In  n procedure similar to  
that  employed for the synthesis of the corresponding race- 
mic butyrate, 282.4 p. (2.77 moles) of d-3-methyi-n-amyl 
dcohol was treated with -175.0 g. (3.10 moles) of hutyric 
anhydride and 11.9 g. (0.11 mole) of sodium butyrate. 
Fractionlition of ttie reaction product through a 10-inch, 
helix-packed columii yielded 437.0 g. (92%) of d-3-mcthyl- 
n-amyl n-butyrate, b.p. 93-94" (20 min.), n'," 1.4170, d:6 
0.877, [a]Y + 7.F1". 

Anul .  Calcd. for C,,H&.: C, 69.74; €1, 11.70. Foulitl: 
C, 69.71; H, 11.57. 

P;yrol?/sis of d-J-niethyl-?L-utnyil n-butymte. The pyrolysis 
p"owiure was the same as that  used for the d,I-butyratr. 
'Po :L Vycor tube heated a t  530" was added 103.5 g. (0.60 
mole) of d-3-mrthyl-n-nmyl n-butyrate a t  a drop rate of 0.4 
g. p r  min. Distillation of a hutyl ether solution of the pyroly- 
s a t t '  through a 6-inch, helix-packed column yielded 17.0 
g. (:3X(%j,) of d-3-methyl-l-peritene, t1.p. 53", n y  1.3830, d&5 
0.0fi8, [a]? f 33.49' [reported8 b.p. 54-54.3' (765 mm.), 
n2rp 1.3840-1.3842, [ a ] y  + 32.86"], and 83.4 g. (320;  re- 
covrrj,) of unc,hnnged starting material. The yield of olefin, 
hnsed on unrecovered butyrate, was 49%. 

.-Inal. Cnlcd. for CsHl?: C, 85.62; H, 14.38. Foulltl: C, 
85.48: H, 14.54. 

V:ipor-pliase chromatograms on silicone grcuse, didecyi 
phthalate, Tide, and silver nitrate on tetracthylene glycol 
:d1 showed a single symmetrical peak. 
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