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EXPERIMENTAL 

Bis(perfluoropropy1) suljide. Perfluoropropyl iodide,3 105 
g., (0.36 mole) was treated with 11.5 g., (0.36 g.-atom) of 
sulfur in a 180 ml. stainless steel rocking autoclave' for 10 
hr. a t  300'. By fractional distillation of the reaction product 
there was recovered 37.4 g. of (n-C3Fi)2S21, b.p. 123", ny 
1.3231, (53%), A,, = 2394 A, emax 327, W1lZ = i150 em.-'; 
and 11.0 g. ( ~ - C S F ~ ) ~ S ~ , ~  b.p. 155.5", ~L',;I 1.3594, (14.5%), 
A,, = 2448 A, emax = 1540, 1 V / p  = 8700 em.-'; and in 
addition 7.0 g. (n-CaF7)& b.p. 88", nZl: 1.2872, (11%)) 
A,,, belon- 2100 A, and E (2100 A )  = 70, t (2400 A )  = 14. 

A n d 6  Calcd. for CsFuS: C, 19.47C/c;F , 71.87%. Found: 
C, 19.5%; F, 72.170. 

The infrared spect,runi of the liquidmonoshlfide very closely 
resembles those of t'he disulfide ttnd trisulfide! (the bailtl 
a t  12.59 p reported for t,he trisulfide' was spurious, 3s it  is 
completely absent in my preparation),' but may be distin- 
guished froin thein by the presence of medium-strength 
bands at 8.75 p and 14.90 p, and the virtual abspnce of those 
a t  9.24 fi  and 14.70 f i .  

Bis(perJEu0roheptyl) d i su l jde .  Perfluoroheptyl iodide,G 
61.6 g. (0.124 mole) and sulfur, 3.9G g. (0.124 g.-atom) were 
divided equally between two 30 nil. heavy-iralled Lorosili- 
cate glass ampoules, which \vert: sealed and hoated for 17 
hr. a t  255" j= 5'. The anipoules xwe chilled in liquid air 
and opened caut,iously, then warmed to melt the cr 
product; after filtration to rrniove iodine crystals 
liquid had ng 1.3305 (supercooled), mid weighcd 45.8 g. 
(about 95% yield, crude). A sinal1 ainount, recrystallized 
from carbon tetrachloride and from benzene-heptane had 
n1.p. 37.5"-39.5", but the sulfur analysis ivas high: calcd. for 
CiaF&, S, 8.00%; found, P, 8.65c;',. It appeared that 
higher sulfides were present,. The remaining m:itt:rial, 44.0 g., 
was refluxed for G5 hr. with 25 ml. of red fuming nitric acid. 
There was rrcovered 41.5 g. of colorless product having 
n'," 1.3242 (supercooled), from which 25.2 g. xas distilled 
through a 10-em. packed' fractionating column. Crystalline 
bis(perfluorohepty1) disulfide, 20.1 g., having b.p. 246.5" 
and n1.p. 38.5°-39.50 (recrystallized from carbon tetrachlo- 
ride) was thus produced in 60% yield. 

Anal. Calcd. for C14F&; C, 20.96",,; F, 71.040;,; S, 
8.00yc. Foimd: C, 21.0%; F, 713%); S, 7.994;. 

Its ultravioJet spectriiin (2.00 ing./ml. in isooct:tnej liad 
A,,,, = 2387 A, e, , , , , ,  389, Tvidth at half-height, \V1/* = 7340 
tin.--' 

,4ck/iowZedynienl. I ain greatly iiidebted to 13. Nr. 
Nippoldt and P. B. Olson for development of the 
modified analytical ttchnique required for suvh 
sulfur-bearing hamples.s The infrared spectra wcrc 
interpreted by Dr. .J. J. JIcRrady and Dr. Mi. E. 
Keiser. 
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(4) Aminco Instruine~it Co., Silver Spriiig, J ld .  
(5) H. E. Freier, B. IT. Sippoldt, P. R. O~SIJII. : i i > i1  
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a n  erroneous refractive indes xas reported for n-GFljl, 
the correct value being n'," = 1 3339. 
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In connection with a study of structural require- 
ments for the formation of @-lactones from @ -  
hydroxy acids,I our attention was attrarted to re- 
ports2 that 3-hydroxy-S,4,4-trimethvlpentaiioic 
acid (I) undergoes dehydratioii by various acidic 
agents t80 yield ~-ter.f-l~iit~~l-y-biityrolactonc (11). 

COAH co I / \  

CHR 
I 

CHaCOH 

1 I 
CH3 CH3 (w3 

I .  R = H  I1 111 

Curiously, this formuhtioii of the lactoiiic product 
appears to h a w  been widely accepted," despite t>hc 
fact' that the gciierat,ion of such a structure from I. 
presumably by way of 3-ter.t-butyl-3-buteiioir ac.itl 
(111), woiild be contrary to  t,he Marlion.uikofY rulc. 
011 the other hnad, evcu though a ncopeiityl type 
slcoliol system is presciit in I, t,hc t x o  isomcrir 1111- 

sat'urated acids whivh ran bc prepared from I or it;, 
esters by dchydratioii uiidrr milder (widitioiis, : ~ n d  
\vhic.h arc also cunvt:rt'ible to t8hc lac+me. haw bcrii 
shown t'o possess tmhr unrearrangecl structure IT (01' 

III).4 However, a11 at,tenipts to c?stahlish t,he con- 
qtitution of the lactone by inethods based o i i  

hydrolysis, oxidatmion, or reduction were i~rportctl 
to be unsuccessful. 

As I ,  and also 111 and 1 1 7 ,  hy t~reatmriit with acid 
iiiider sufficiently vigoi*oiis coiiditioiis inighl hc 
cspcct,ed to undergo rc.arr:~iigciiieiit, leading i o  
,~,P,y-t,rimct~hyl-r-valer~)lactoiic. (V), it \vnb nt' 
iiitercst to note that the ~iielt~iiig point r ~ ( ~ i r t l c d  for 
"11" (99-100') is t8he same as tmhat reporkd for V as 

Ia. It 7 CH, 
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CH3 
1 7  I 

C H ,  CH, 
VII .  R = H 

VIIa. R =  CH3 

synthesized by a route involving 3,3,4-t'rimet'hyl-4- 
pentenoic acid (VI) or its equivalent as a final 
intermediate.5 However, the possibility that V 
might be identical with the lactone obtaiiied from 
I or IV appears to  have been overlooked until now. 

In the present work, before a direct> comparison 
was made of material prepared by the iwo methods, 
some additional evidence in support, of structure V 
for the lactone derived from I or I T T  was obtained. 
The infrared spect'rum of the lact,one clearly shows 
that i t  is a y-lactone (carbonyl absorption at  5.65 
p ) ,  in agreement with structure I1 or V. HoLvever, 
the SAIR spect,ium (00 AIc./sec!.) indicat'es the pres- 
ence of two kinds of geminal methyl groups jsin- 
glcts with an arca of six protoiis cach a t  8.92 and 
8 . 6 7 ~  in tleutcrochloroforrn, \\-ith tetjramethylsilane 
;LY internal rd'ereiice) and only one met hyleiic group 
(two equivalent Frot'ons :it 7 . . i G ~ ) ,  t'hus showing 
that structure V is correct, and not 11. 

By way of cheniical proof, reduction of the lao- 
tone with lithium aluminuni hydride afforded a dis- 
tillable diol which, by oxidation with pota. .-sium ' 

permanganate and then treatment, with acid, gave 
back the original lactone. The diol so derived from I1 
would have been expected, on the other hand, to 
yield a substitut'ed succinic acid instead of the 
starting lactone. Finally, as a 111orc direct proof of 
structure, lactonization of t'lie unsaturated acid 
VI,5 which in our n-ork was prepared by hoinologa- 
tiori of 2,2,3-t8rimet~hyl-3-butenoic acid6 by i he 
Arndt-Eistert, procedure, gave the same product as 
that obtained from I. Likewise? the lactone from I 
proved to be ident'ical with :I saniple of TT prepared 
by the met'hod of Rau~ngar ten~ and kindly supplied 
by him. 

.4lthough efforts t'o c-onvert I to the correspoiidiiig 
#-lactone VI1 by niems of such rcagent8s as acehyl 

ethyl chloroforn~at~e,lr or iV,N'-diiso- 
propylcarbodiimide le  gave only mixtures of lion- 
crystalline products, it was possible to obtain, in 
607, yield, the more highly substituted p-lactonr: 
VIIa. 1n.p. 46-47', by the action of the carbodiimide 
reagent on 3-hydroxy-2,3,4,4-t,etramethylpentanoit 
acid (I&). This result, taken in conjunction with 
structural features of other 8-hydroxy acids which 

( 5 )  H. E. Baiiiiigartcti, .I. .1 m. (,'/VIIL. Soc., 75, Of0 (1!)531. 
( 0 )  A. Courtot, BiiZZ. YOC. chim. F'ranm, [4], 35, 295 (1906). 

have been dehydrated to P-lactones,' suggests that 
steric compression' by CY- and/or ,%substituents 
greatly enhances the ease of @-lactone formation. 
However, further work will be necessary before a 
precise evaluation of such substituent effects can be 
made. 

 EXPERIMENTAL^ 
I~ctli*ction-oxidation sequence on the lactone V. The prepa- 

ration of 3-hydroxy-3,4,4-trimethylpentanoic acid ( I )  and its 
lactonization by the action of 50Y0 sulfuric acid were ac- 
complishcd as described by Newnian and nosher.' For re- 
diiction, a solution containing 3.0 g. of the lactone (n1.p. 
!)!)-100") in FjO nil. of dry ether was added slon-ly to a well 
stirred solution of 1 g. of lithium aluinin~~ni hydride in 100 
nil. of the same solvcsnt,. After 10 inin. 5 nil. of ethyl acetate 
was added dropwise, and thcn 5 nil. of :t saturated aqueous 
sodium sulfat,e solution. Anhydrous sodium sulfate (20 g.) 
\vas added, :intl the coagulnted solids were separated by 
filtration and washed with additional ethcr. The combined 
filtrntes and washings wvrw dried fiirther over anhydrous 
ni:Lgimiiini sulf:ito, evaporated, and tlie residue distilled, 
!-iclding 1.3 g. of :L viscous oil, b.p. 112-111° (0.6 mni.). 
'rhc infr:ired spcctriim of this product showed strong hy- 
droxyl nhorption :it 2.f.5-2.9 p ;  the carhonyl region n-as 
tr:insparrnt. 

For tiit. oxidation, 25 tnl. of a C;Sb solution of potassium 
perninng:inntc in writer \v:is ndded slowly at  25", with stir- 
ring, to 25 nil. of an aqiieous sohition containing 0.6 g. of 
thr foregoing prodii d 2 g. of sotiiiiin vnrhonate. .4fter 
8 hr. a t  20-25' tht. ure was treated with nirthanol to 
rlestroy the vxcess prrnxinganttte ~ i n d  filtcrcd. After vxtrac- 
tion with ether thc fi1tr:ite \vas :icidified with 6.Y hytlrochlo- 
rir acid and rr-extracted with ether. Evnporation of the 
lntter t2str:icts affordrd a viscous oil n-hirh \vas warmed 
hriefly on thr  strxm-bath and taken up in an additional 
50 nil. of c~th(~r.  The ether solution wis n-ashcd with cold 
Sf;; aqurxoiis sodiitni carbonate, dried o w r  anhydrous mag- 
nesiuni siilfntc, :in(1 cvaporat,cd. The rcsidiie on crystalliza- 
tion from 1jpxizc.ne-petroleuni t9thc.r ib.p. 60-70") furnished 
110 m g .  of fine prisms, m.p. 98-100", undeprcssed on ad- 
mixture with the original lactone. The infrared spectrum of 
this product R-as also identical with thxt of tlie original 
I:trtonr as well :is \vith that of a n  authentic saniple of V 
(sw bclow). 

Sj/nthrsi .s u n t l  lnctorrirutio,, of 3,B,4-tl.iinethyl-4-p(iitenoic 
ticid (VI) .  'I'htx :rcid chloridc ( 3 . 5  g., 0.024 mole) of 2,2,3- 
i riiiicth!.l-:~-liiiteiioic :lci(l, Ijrqxirrzd IIJ. thc. nietliod of 
(loiirtot.6 was :idded slon-I!., i n  1.5 ml. of dry rther, to 0.075 
tiiole of tli:izoniethnnc~ in 150 nil. of dr3- ether a t  0". After 
24 lir. a t  this tettiperaturc~ the reaction \vas still incomplete 
(acid rhloricir c:%rboiiyl lxind :it, 5.(i p still present). However, 
:iftcr :it1 arl(litiona1 12 hr. at, 2.5" the rtviction appeared to  be 
cswntial l~~ c~oiiil)lr~tc. 1Cv:Lpor:ttiori of the solvent under re- 
tlric:etl p rcwi i rv  i'iir~iishctl :til oily diazo ketone (In, 4.75 
: c u t 1  fi.15 p1, Ivlrich (lid not show :iny tendency to crystallize 
:inti \\-:IS tlirwforc- Iic~atetl directly i n  rthanol with freshly 
!irwipit:itr(l si1vc.r. oxi(1v a t  70" for I hr .  :ind then at rcfliis 
f o r  4 hr .  ThcI r(Lsi i l f i i ig t,lc,:ir Iiiiature \ws decantrtl, evapo- 
i,:tlc,tl on tho stc~:ini bath under reduced pressiire. and thc 
rc.ri(liirx disti l id :it, :itiuosplierie presr-ure. The desired frnc- 
tioli. t l i v  ethyl ester of :I,:(,4-trimethyl-4-pentenoic acid 

ti) trf. E. L. Eliel in  Steric Ejfecfs in Organic Chettiistrq, 
11. P. Yewnian, ed., \\-iley, New York, 1956, pp. 117-120. 

( €4) l lr l t ing points are unvorrected and were observed in 
r:ipill:tr>. tither. Infrared spectra ivere determined iu chloro- 
Form solution on a, Perkin-Elmer Jlodel 21 double-bean1 
rccordilig ry)ectroi)hototneter. Anslj.ses 7vere performed by 
I ) I ( >  Scli\i-:irzkopf l1icro:malyticnl Laborator),, \\.oodsidc, 
s. Y. 
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(VI), was collected a t  200-205' (745 mm.); yield 0.85 g. 
(21% from the acid chloride). Hydrolysis with 10% alco- 
holic potassium hydroxide furnished the viscous free acid 
VI,6 which was not purified but was characterized, in part, 
as the amide by the thionyl chlorideammonia procedure. 
After recrystallization from benzene-petrolcum ethcr (b.p. 
40-60"), this derivative was obtained in fine plates, m.p. , -  

140-140.5'. 

Found: C. 67.83: H. 10.95. 
Anal. Calcd. for CsHlsOS (141.21): C, 68.04; €1, 10.71. 

A mixed m.p: of this dcrivative with the amide,4 m.p. 
140-141', of the solid isomer of IV,4 m.p. 84-85' (samples 
kindly supplied by Professor Melvin S. Newman), was de- 
pressed to 106-129'. The infr;ired spectra and the ultraviolet 
end-absorption of the two specimens were also characteristi- 
cally different. In  addition, tetranitromethane produced a 
light yellow color with the free acid VI but no color with the 
crystallhe sample of IV, in accord with the conjugated 
structure of the latter. 

Treatment of the remaining portion (ca.  0.3 g.) of the 
crude acid VI with 20 ml. of 50% sulfuric acid on the stram- 
bath for 1 hr., and then isolation of the neutral product by 
extraction with ether, furnished 145 mg. of fine prisms, 1n.p. 
03-98'. After t ~ o  recrystallizations from benzene-petroleum 
ether (b.p. 60-70"), these melted a t  99-100" and did not 
depress the m.p. of the lactone obtained from I. The in- 
frared spectra of the tTvo preparations were also identical, 
and a sample of V kindly furnished by Professor Henry 
E. Baumgarten5 was likewise indistinguishable from them 
both. 

a,8,y,y-TetramethyZ-8-~aZerolactone ( VIIa). Ethyl 3-hy- 
droxy-2,3,4,4-tetramethylpentanoate, b.p. 62-64' (0.6 mm.), 
was obtained in 72% yield in a 0.1-mole run by the Refor- 
matsky procedure from pinacolone and ethyl a-bromopro- 
pionate. Hydrolysis of this ester with 57, aqueous-alcoholic 
sodium hydroxide afforded the corresponding acid Ia, m.p. 
108-110°, in 81% yield after crystallization from dilute 
ethanol. Two additional crystallizations from the same 
solvent furnished the pure acid as fine prisms, m.p. 109- 
110". 

Anal. Calcd. for CgH1803 (174.23): C, 62.04; H, 10.41. 
Found: C, 62.34; €I, 10.36. 

For conversion t,o the corresponding p-lactone, 1.0 g. of 
the foregoing acid was dissolved in 20 nil. of benzene arid 
treated r i t h  0.75 g. of freshly prepared S,.~r'-diisopropyl- 
carbodiimide.1e After a reaction period of 24 hr. a t  35' the 
precipit:tte of A',N'-diisopropylurra was collected, arid the 
filtrate diluted with petrolemi ether (b.p. 40-6O0), washcd 
rapidly with cold 5% sodium carbonate-bicarbonatr solu- 
tion, and dried over anhydrous magnesium sulfate. Filtra- 
tion alii1 concentration of the solution under reduced pres- 
~ u r e  afforded an oily residue which crystallized readily a t  
-20" from prtroleum ether (b.p.  40-Wo), forming largc 
prism clustws of e,p, 7 ,  ~-tetranieth~l-~-val~rolactone (VIIa), 
1n.p. 46-47'; In, 5.52 p ;  yield 0.55 g. (61%). 

Anal. Calcd. for C9H1602 (156.22): C, 69.19; € I ,  10.32. 
Found: C, (i3.34; H, 10.17. 

When heated to 110-130' this product liberated carbon 
dioxide and furnished an olefin, b.p. 10-1-10G" ('785 mni.), 
n y ,  1.4224; IR, 12.2 ,u (CSp), which is prolmbly largely 3,4,4- 
trimethyl-2-pcntcne [lit.Q b.p. 109" (740 mm.), n?, 1.42321. 
.ittempted lactonization of I gave only noncrystalline neutral 
products whose infrared spectra showed carbonyl p ~ a k s  a t  
5.5 and 5.8 p. Efforts to isolate a pure p-lactone from tho 
inixture 11)- evaporative disti1l:ttion a t  reduced pressure" 
were unsuccrssful. 
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Unambiguous syntheses of both cis- and trans- 
cyclononene have been reported. However, be- 
cause they are multi-stepped and include almost 
prohibitively low-yield steps they do not lend them- 
selves easily to the preparation of substantial quan- 
tities of these interesting olefins. The need for such 
quantities prompted the search for a more efficient 
process, the results of which are the subject of this 
report. 

The two-step allene synthesis reported by Doer- 
ing and LaFlamme2 was found to be nicely adapt- 
able to the synthesis of 1,2-cyclononadiene. The 
required starting material, cyclooctene, was pre- 
pared by reduction of commercially available 1,Fi- 
cyalooctadiene essentially as described for cyclo- 
octatetraene.3 I ts  transformation is summarized 
below. 

cis-Cyclononene was prepared from 1 ,Z-cyclo- 
nonadiene by either catalytic hydrogeiiat,ion or 
sodium-ammonia reduction. The complete absence 
of the trans isomer in both of these reaction prod- 
ucts is as expected. The cis isomer is the energcti- 
cally more stable of the two4 and it is probably this 
factor which dettrniines the stereochemical coursc 

(1) A. T. Rlomquist, L. H. Liu, and J. C. Bohrcr, J .  Ani.  
Chem. Soc., 74, 3643 (1952). See also A. T. Rolmquist anti 
P. R. Taussig, J .  Am. Chem. Soc., 79, 3505 (1957); A. T. 
Blomquist and T. C. Meinwald, J. i lm. Chcm. SOC., 80, 630 
(1958): and V. Prelog. K. Schenker, and W. Kung, Helo. 
Chim.'kcta, 36, 471 (1953). 

(21 W. von E. Doerine: and P. hf. LaFlamme, Telra- 
hedron, 2, 75 (1958). W. ;on E. Doering and A. K. Hoff- 
mann, J. Am. Chem. SOC., 76, 6162 (1954). 

(3) m'. ReDDe. 0. Schlichting, K. Klager, and T. Toepel, -. 
.I,& 560, i i i g i s ) .  

- 

(41 R. B. Turner and W. R. lleador, J .  .4m. Chcm. Soc., 
79: 4133 (1957). 


