
solvc~tit c~vaporutcc! in air lwviiig 0.18 g. of pale yello\v solid, 
11i.p. li5-210'. Crystallization from heri~eiic~-~~etrol~~~iiiln 
other (b.p. 80-100°) gave 0.16 g. of crystals 1n.p 218-1'20". 
This material did not depress the melting point of nn nil- 
thentic sample of l-beiizenesulfot1a1nido-5-1nethos~a~~~ti:i~~li- 
ttic~rir (5). The infrared spwtra of tlicsc ni:tterinls \\.(srf' 
supc~imposable. 

T h e  Teuclioii qf Q-Cet~zetiesrilfo~ii1~c~ido-~-~1rethor~~-6-c1c~~.- 
7iciphtheneqi~inol ocetafe wid hydrochloric acid. 4-Bcrirsc~1i~~- 
sulfonimitio-5-1iicthosy-5-acenaphthenequinol ncetatcl (SI), 
I .1 p. (0.00%3 mole), was suspended in i s  ml. of glacial :m'- 
tic: :Lcaid arid i 1111. of concd. hydrochloric acid \vas atitlr7d \vith 
stirring. The yc~llo\v suspensioii s lo \v l~~ changrd t o  ;I ( l ( q x ~  
yello~v solution over N period of 40 niiri. :ind theti :I >.c>llo\\ - 
oraiigc. solid began to sep:iratc,. Tlica rcviction riiistiirc \vas 
stirretl for :i total of I O  hr. arid thc~r i  :illo\vrd to  st:iiitl ovt'r- 
night at  rooiii teinl)cratiirc:. Thcl >.t~llo\v-orangc~ solid \v:is c.01- 
I rc ted on :I filter and tlricd yieltliiig 0.85 g. Chrorii~itopr:il)liic. 
purific:itioii iising 2'; r n c t h ~ ~ l  alcohol in chloroforni as cluc*iit 
follo~wtl by c~rystullizatio~i froni I i ( ~ ~ i z c ~ i c  cliloroforrn giivc: 

0.8 K .  ot 4 , 4 ~ - ~ l i l ~ ~ ~ 1 i ~ ~ ~ 1 i 1 ~ ~ i 1 l ~ ~ ~ 1 i : 1 i 1 1 i t l ~ - ~ ~ , ~ ~ ' - ~ l i 1 i i c t l 1 ~ ~ ~  . -2 , l  '- 
l)iacvriaIJhth!.litliiic ( S I 1  J :I? ).f.ilo\\ -oraiig? cr? 
2G4--265", with darkcnirig. 

.Inol. Cnlcd. for ( '&~~S&O~,:  ('> ( j i . ( i 4 ;  f+> -4.48. l ~ 'o i in t l :  
(1, 67.54; H, 4 . 5 i .  

Thc acetic acid-hyclrocliloric acid h1tr:itc: f'roiii ttic, :i/)ovta 
rcwtion \vas diluted with a large volunie of n-strr and 0.30 g. 
of a yellow suhstmicc, t11.1). 1-15-- 1 ;i5" precipitatrd. This \vas 
not, identified. 

Biucenaphthy/idit/e (XIV). Six g. (0.0994 mole) of acr- 
riaphthyleiir irns dissolved in 300 1111. of glacial acetic acid 
and 21 nil. of coned. hyclrochloric acid \vas added with stir- 
ring. The solution l ~ c c ~ n i c  niore or:iiigc and after 10 hr. stir- 
ring thc, ),ellow solid fornird \vi is collected on a filter anti 
\vashed \vel1 uit,h \vutrr. Tlicsre \ \as obt,aitied 5.0 g. of SIV, 
1n.p. 230-250". A s indl  si~iiiplc n.ns crystallized from ben- 
xcnc: giving yc~llon.-or:irigc prisnis, 111.p. Pi3-27'  (lit.18 m.p. 
?Ti0). 

B O ~ L U B R ,  CVLO. 
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Novel Polyacetylenic Diols1 and Polyacetylenic Polyurethanes 
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TABLE I 
PROPERTIES OF SIWLE POLYACETYLEXIC POLYURETHANES 

Reaction 
Diiso- Time, Reaction Vinh 26'1 Softening Shore D 

cyanate Diol Hr. Temp. DMFP Range "C. Hardness 

TDIa  
T D I  
T D I  
MDIa  
M D I  
M D I  
HMDIa 
H M D I  
H M D I  
HDDIb 
H D D I  
H D D I  
HDIa 
H D I  
H D I  

I 0 . 5  
I1 12 

111 5 
I 22 

I1 18 
I11 17 

I 20 
I1 19 

I11 19 
I 18 

I1 18 
I11 18 

I 72 
I1 72 

72 c 

7gd 
110e 
110 
98, 
98 
98 
98 
98 
98 
98 
98 
98 

110 
110 

1104 

0 .65  
0 .31  
0.41 
0 . 4 5  
0.70 
0.41 
0 .37  
0.62 
0 .38  

0.17 
0.19 
0.26h7i 
0.23hvi 

- 

0. 62h 

274-287 
235-245 
226-238 
133-190 

136-150 

150-280 

274-277 

250-283 

126-138 
< 50 

70-75 
70-80 

280-300 
335-345 
160-360 

a 99.7+ % pure. 87% pure. 1,24-Tetracosanediol. Benzene. e Toluene. Heptane. Diinethylformainide.  cresol. 
Did not all dissolve. 

TABLE I1 
POLY URETHANES OF POLYPROPYLENE GLYCOL= AND OF POLYACETYLENIC DIOLS WITH HEXAMETHYLENE DIISOCYANATE~ 

AND TRIMETHYLOLPROPANE 

A B C D E 

Diol 
Cure temp. 
Cure time (days) 
Avg. tensile strength ( p s i . )  
Avg. tensile modulus (p.s.i.) 
Avg. elongation a t  break (yo) 
Test speed (in./min.) 
No. specimens tested 
Hardness-shore A 

shore D 
Avg. B.t.u./lb.' 
Avg. calories/g.d 
Avg. density (26') 
Avg. calories/ml. 

PPGe 
60 
3 

1 , 300 
450, 

1,380 
5 . 0  

3 
40 

13,230 
7,351 
1.022 
7,513 

- 

PPGe 
60 
4 

1,250 
425f 

1,120 
5 .0  

3 
40 

13 , 190 
7 , 328 
1.022 
7,489 

- 

I 
80 
3 

3 , 490 

1,200 
20.0 

1 
77 

14,650 
8,140 
1.094 
8,905 

- 

- 

I1 
80 
4 

3 , 650 
12,400 

95 
0 . 5  

3 
100 
73 

14,860 
8,256 
1.094 
9,032 

I1 
100 

a 
2,140 
5,650 

160 
0.5 

3 
98 
54 

14,625 
8,126 
1.092 
8,874 

a Polyoxypropylene glycol 2025 from Union Carbide Chemicals Co., South Charleston, W. Va. was used as reccivrd. 
Average of two values of gross 

heat of combustion including hydrogen to liquid water and nitrogen to nitric acid dissolved in water. Cosma Testing Labora- 
tories, Cleveland, Ohio. Average B.t.u./lb. x 0.5556. e Catalyzed by 10 mg. of ferric acetylacetonate per 0.01 mole of diol, 
and containing 1% N-phenyl-2-naphthylamine as antioxidant based on the combined weight of diol and triol. f 100% 
modulus. 

H M D I  from Mobay Chemical Co., New Martinsville, W. Va. was distilled prior to use. 

are summarized in Table I. With the exception of 
the 5,ll-hexadecadiyne 1,16-diisocyanate-I prod- 
uct, which was soft and waxy, all the polyurethanes 
shown were hard and generally tough materials. 

A polyurethane similar to that prepared by 
Smith and Magnusson6 from polypropylene glycol, 
hexamethylene diisocynnate and trimethylolpro- 
pane was chosen to represent a typical elastomeric 
composition. Analogous compositions containing 
I and I1 in place of the polypropylene glycol were 
prepared to demonstrate the effect of the triple 
bonds. The mechanical and thermal properties of 
t>hose polymers are summarized in Table 11. 

(6) T. L. Smith and A. 13. Magnusson, J .  Polymer Sci., 
42, 391 (1960). 

The polyurethanes based on the polyacetylenic 
diols have about a 6.5% greater density and about 
a 20% greater heat of combustion (cal./ml.) than 
those polyurethanes based on polypropylene gly- 
col. The data also indicate that the use of I results 
in a more elastomeric polyurethane than does the 
use of 11. I and I1 were sufficiently more reactive 
towards the diisocyanate than was polypropylene 
glycol that the use of a catalyst in the polyacetyleiiic 
diol compositions was not needed. 

No attempt was made to develop a procedure 
leading to the optimum mechanical properties of 
the polyacetylene containing elastomers. Useful 
elastomeric properties were obtained and presum- 
ably could be improved by appropriate formulation 
studies. 
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TABLE I11 
B I S C d R B A N I L A T E S  OF P O L Y A C E T Y L E K I C  DIOLS 

Product 
Yield, Empirical Calcd. Fouiid 

% M.P. Formula C H c I3 

EXPERIMENTAL' 

1.7,lS,lLl-l?icosatctrayne-ol,w-diGrignard reagent (IV). A 
soliitioii of 3.2 moles of ethylinagiiesiuni bromide in 3 1. of 
tc'trali!.tlrofiir:ln \r:w placed into :I 5-1. flask fittrd 'with a 
goo11 siirrcr, rt.flrix condcnser, dropping fiinnc~l, and thermoni- 
c,tc'r. 1,7,1B,1'J-I~:icosutc~traync (399 g., 1.5 molcs) n:is 
:d(lrtl 11 i t h  stirring tiririiig 30 niin. while tlie temprratrire 
rose to :i rcfiiis. Iirflusiiig W:LS contiiiiictl, ivith the applica- 
tion of cstciriinl hczt, for about 2 hr. uritil the rthaiic cv0111- 
tion ce:Lsed. 

2,8,f 4 , % ~ . ' - l > ~ ~ ~ ~ ~ . ? n / ~ : i i . u ~ ~ ~ ~ e - l , d . ~ - d i o l  (I). The ncldition funnc31 
of tlic: fl:isk rn1it:iiiiiiig 11' \vas rcplart~tl \\-ith a gas inlet tube 
clippiiig b ~ l i i ~ v  tlic surface of the liquitl. P : t rn fo r~nn ld~~h~~dc  
( 1  00 g., :3.:1:3 moles), n.hich hnil been clrivtl nvrr p h ~ s p h o r ~ i s  
jwritoxitlc, n : w  j)l:ic(~d i r i t o  :L fl:wk f i t t c ~ l  with a i1itrogc.n inlet 
t i i l J c  nntl :I, gnh i ~ i i t l o t  1 i i 1 ) t 5  c m n i i w t c d  to  the Crigrinrtl solii- 
tion f i : i ~ k ,  -1 iiriv +t re:iiii of tlr), nitrijgvn \ v a ~  p : ~ + s t d  over the 
j~ :~ r : i fo rm: i l r l~~ l i~~c lc ,  ivl i i lc  the lnttcr WIS hcn.tctl to 170-200", 
:tiiCl thc 1iI~c~r:itctl forrii:ililc~li~~tir w:ts 1 
griwd soliilioii iiiitil t h c  origiii:il L1:tck 
light t:in, 11si1:111y :ifter !I3 fi .  (3.1 moles) of form:il tIdi~-d~~ had 
IJC('I1 iritrotliic~~ri. *is t I I P  rc~a,ctitrn progrc~sc~l ,  thcl mixture h- 

x i s  and stirring bccnine diflicult,. After 2111 the  
inti Ixxn :icld(d, the mixture was refliiscd ail 

:dditioii:d 80 min. n,nd thrii was ~ioirrcd, with stirring, into 
12 1. of icc :iiitl watcr to  which 1 1. of coricd. hydrochloric 
:wid had ~ X I I  addecl. The solid T T ~ S  filtcxd off, dried and re- 
crystallized tlircc time3 from 1-1. portions of carbon tctrn- 
chloridc t o  give. 300 g. (61%) of I melting a t  G7--68.3". 

/ lna l .  Cnlccl. for (72?11,,o02: C, 81.0; TI, 9.2; Hyrlrox~~l  S o .  
3.16. Fountl: r, 80.1; H, !),L'; T1ytlros?.l Yo. 345. 

3,,'ls I:i.,'f-Tel,r/c,o,sa/~f~a,/,tc-f ,%$-diol (11). .I soliitinii of 11- 
(0.086 ninlr) i l l  200 ni l .  of t c ~ r : ~ t ~ y i i r o f u r a n  V : I M  placcvl iiitn a 
500-1iiI. f l : i > l i  fittrd as lwfnrc. T':ihyIeric ositlc (1 1.2 g., 0.2<56 
iiiolc) \v:ts pnssctl, r v i t l i  the aid of a nitrngcii stream, throiigli 
thc stirrrtl, rdliisiiig Grignartl solution during 3 hr. The 
exreptionall!. visc*ous inixtnre was reflriscd an :itlditional 30 
niin. and hjdrolyzetl hy poliring into a tlilutc Iiyclrorhloric 
:tcid-ice niistiire. Tho crude solid mas dissolvc(1 in carbon 
trtrachloridc, dried wit11 anhydrous m:tgncsiiiin siilf:tte, tmo- 
thirds of tlic solvent removed, and tlie sohition chilled. The 
rrsulting prodiict FRY rrcrystnliixrd from c:trhon tr( riichlo- 
i,iilc to give 18.6 g. 1.57y0) of 11 mclting :Et 74.5-75.0'. 

.Inal. (~ ' : i l (d .  for c'~,IT,,O~: C, 81.8; 11, 9.A: H,droxyl No. 
: < l i .  FoilntI: c', 80.4; I T  

4,10, l f i , ,? ,?-€Z~~mcoscLlrl l .n~/ne- l ,~~-d~ol  (111). A solution of 
I \ -  iO.5S6 mole) in  620 ni l .  of trtr:i,hydrofuran \vas placed 
i i i t o  :I. 1-1. fl:t.sk fiirriishcrl with :L stirrer, thcrnionicter, refliis 
con(lt,iiscr, a.ncl an :iilditiori funnel. Triniethyleiie oxide (58 
g., I rriole) ~ r a s  :itlded during 1.2 hr. while the stirred solrition 
\ \ : is  1ie:ttctl at n reflus. Aftcr an addition:tl4-hr. reflux period, 
tlrr niisture \vas cooled and then hydrolyzed bv  pouring into 
1 1. of icc anti wntcr coritninirig200 ml. of coned. hydrochloric 

6 ;  rrydroxyl To. 301. 

( 7 )  .ill melting points arc uncorrected. Elemental 
analyses by the Diamond Alkali Co., Research Analytical 
Laboratory. 

acid. The solids were filtcrcd off and dissolved in 1 1. of hot 
carbon tetrachloride, the solution dried with ailhydrous 
magnesium sulfate, concentrated to 650 ml. and cooled and 
the resulting solid recrystallized from 400 nil. of cahori  
tetrachloride to give 30 g. (13%) of 111 melting a t  65-66'. 

Anal. Cnlcd. for C2~Ha802: C, 81.6; H, 10.0; Hydrosyl No. 
204. Found: C, 81.4; H, 10.0; Hydroxyl KO. 274. 

Biscarbanilates of 1-111. A solution of diol (0.05 mole) in 
35 ml. of toliiene was prcparetl in a 100-nil. fhsk fitted with a 
reflux condenser. Ph[snyl isoc!mate (12 nil., 0.108 mole) was 
added and the solution \vas rcfluscd 30 miii., coolcd and the 
~ ~ r o d u c t  !vas recrj.stallized from toluene to give thc biscar- 
lmnilatrs whose yirlds and propertics are siinini:trizeci i n  
Table 111. 

CnfalTjtic reduction of the polyacetylenic diols. The poly- 
ncctxlrnic diol (5-15 g. )  i n  rtliyl acetate (125 ml.) containing 
ahoiit 0.1 g. of plntiniiin dioside as catalyst was hjdrogcnated 
at  GO p s i .  and a t  room tcinpcrntiire in a 1':m lnw-pressure, 
sh:tkcr-type h,~drogenaf inn apparatus. IIjdrogcIri uptake was 
essentially coiiiplete in 30 inin. The mistrirc: was heated to  
dissolve thc product, fi1tc:rrcl t o  rcniovr the catalyst, de- 
colorized with carbon and coolcd to separate the satiirated 
diols. The results arc sumniarized in Table IV. 

T.4BLE IV 
S A T U R A T E D  D I O L S  FROM P O L Y A C E T Y L E N I C  n101,S 

1I.P. 
I'rocliict '/A Found Reportedb 

1 .22-l)orosanrdiol no 104-10.5 10<5.B-I  05.7  
I ,L'I-Ti~tracosnncdiol 75 10G--l07.5 108 3-108.6 
1,2li-Hcsacosanediol 85 110-110.5 110.4-110.5 

a S o  attempt mas made to obtain masiiniun yields. See 
rcf. 4. 

Preparntion of polijacetylmic polyurethanes All pnlyure- 
thanrs were prepared by weighing 0.01 mole of the diol into 
an 1%". test tube placed into a vapor hnth polvmerizer.8 
The diols were melted and degassed at about 30 mm. for 30 
inin. The diisocvanate (0.01 mole) wa~ j  veighrd into the test 
tiihe aiid mixing was acconiplished with buhbling dry high- 
purity nitrogen. The nitrogrn stream mas then passed over 
tlir melt during the polvmcri7ntion which mas carried out for 
the time and a t  the trmperaturr indicated in Table I. 

Prepnrotioit of elnstomerzc poli/vrPlhanes. T h r  mole ratio of 
inprcdients u w r l  WRS 7.5 diisocj~anatr:5 diol: l-trimethylol- 
prop.tn~. All ingredients cvcept the diisocyannte were 
wcighcd into a flask fitted with a stirrer, thermometer and a 
vnriiiini take-off tube. The  flask was immersed in an oil 
bath kcpt at 80-90" and the stirred mixture n m  degassed 

(8) P. J. Flory, J .  Am. Chem SOC., 6 2 ,  1057 (1940). 



i)i I ' (LCUO for 3-5 hr.  The diiwcyiLiiittt: \\-:IS :ttklrd, stirring 
wts continued for an additional 30 mill. and thrl melt was 
poured into 4" X 8" X 0.075" polyethylene h i ed  molds and 
ovc11 cured a t  60-100" for 3 or 4 days. After removal from 
the mold, the polyurethaiie sheet was cut into 4" X 0.5" X 
0.075" strips for physical testing. The results are summa,rized 

A c]inouler7ymenf. 'rhe anthers wish to t,ha& h1r. 
R. 1;. Lidams for the aatalytic hydrogenation data 
and Dr. A. xeros and 'Ir* A* *. K1ann for the 
mechanical testillg data. 

in Table 11. ~'AIr\.ESVII.LE, ( > H I 0  
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A New Synthesis of Irones. 11. The Synthesis of 4-(2-p-Cymyl)-2-butanone 

H. E. ESCHIXAZI 
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In the synthesis of irones by the acid rearrangement of 2-( 2,2,3-trimethylcyclobutyl)-hepta-2,4-dien-6-one a substantial 
amount of 4-(2-p-cymyl)-2-h11tanone is formed as a result of a hydrogen transfer reaction. 

In  a previous paper* describing a new synthesis of 
ironcs from a-pinene involving fivc et'eps we also 
reported the formation of a high boiling isomer in 
l(iyo yield, 4-pheii~~lsemic~arbuzollc, m.p. 144O.2 

We wish to report the isolation of 4-(2-p-cymylj- 
'2-butanonP (IT7) as the prcwmed isomer from the 
irone-containing mixturc resulting from t.he acid 
t reat,ment of 2- (2,2,3-t rimeth~lcpclohntyl j -hepta 
2,4-dien-6-one. 

The unknown kctoiie reacts readily in the cold 
with an aqueous alcoholic solut.ion of semicarb- 
azide acetatc and gives an immediate precipitate of 
semicarbazonc, m.p. 158-159', from which the pure 
ketone is ohtaincd: b.p. 10.i-106° a t  1.5 mm. pres- 
sure, ng 1 ..'iO77, c$ Oo, 2,4-dinitrophenglhy- 
drazone, 1n.p. 122'. 

The NMIi  spcctruni3 of the new ketone taken in 
carbon tetrachloride solution, Tvith t'etramethyl- 
silane added as ail internal standard, showed six 
peaks (A to 1:) in the spectra which corresponded 
well with thc following groups: (A) aromatic; 
(€3) methylme adjacent to aromatic. ring, methylene 

I 
adjacent to  ketone and methinc (-C-Hj adja- 

I 
cent to an aromat'ic ring; (C) ai1 isopropyl group 
on an aromatic ring; (D) methyl ketone; (E and 
Fj methyls of an isopropyl group on an aromat,ic 
ring. The interprctatioii of these data in terms of an 
aromatic ring substituted by methyl and isopropyl 
groups and a butanone side chain was furthermore 
confirmed by the absence of opt,ical rotation, and, 

(1) H. E. Eschiriazi. .I. AHL.  ('hem. SOC., 81, 2905 (1959). 
(2) The elementary an:ilysis gave: C, 74.03; H, 8.18. 

irone 4-phenylsenric:trbazone, CZLHdSO, mol. 
: C, 74.29; H, 8.61: N, 12.38. Calcd. for 4-(2-p- 

c.ym~d)-2-lnitmone, 4-phenylsemicarbazone, CJIH~,NK), mol. 
wt., 387.43: C, i1.71; H, 8.07; S, 12.45. 

(3 )  \Ye wish to csprrss our sincere thanks to Dr. Martin 
Saunders of Yale University, New Haven, Conn., for the 
S l I R  spwtrn  as well as the constriictive suggestions in 
roinrwtioii ivith thct c~liiridntio~i of thc stnlc+ilrr of thct !don(: 
11.. 

.~ - 

by chemical and spectroscopic evidence. In  contra- 
distinction with irone which was smoothly hydro- 
genated to tetrahydroirone in the presence of pal- 
ladium catalyst, the ketone was unaffected by this 
treatment thus pointing to the absence of alkene 
linkages and the possible presence of an aromatic 
ring. The summation of the above evidence and the 
Wolff-Kishner reduction of the ketone to 2-butyl-p- 
cymene confirm its structure as that of 4-(2-p- 
cymylj-2-butanone (IV). 

The synthesis of 2-butyl-p-cymene was achieved 
in a single step through the Grignard reaction be- 
tween carvone and butyl magnesium b r ~ m i d e . ~  
The infrared and ultraviolet spectra of the two 
hydrocarbons were identical in every respect. 

The formation of 4-(2-p-cymylj-2-butanone (IV) 
may be rationalized by assuming that a protonated 
form of 2-(2,2,3-trimethylcyclobutyl)-hepta-2,4-di- 
en-6-one (I) would first undergo a cyclization ac- 
companied by the splitting of the cyclobutane ring 
as in 11; then the p-menthadiene conjugated de- 
rivative I11 obtained from I1 would, through dis- 

n 0 

I A 
I1 

A 
111 

A 
IV 

(4) The Grignard reaction betwwn various alkyl halides 
and carvone has heen described by several workers to give 
a t  first the 2-alkyl-p-menthatriene which rearranges to 
2-alkyl-p-cymene under acetic-hydrochloric acid treatment, 
rj. .I. Klage, Her., 39, 2310 (1906); H. Ruppe and co- 
workers, Be?., 39, 1120 (1906); 47, ,3068 (1914); F. W. 
Srmmler, IC. Jonas, and P. Roenish, H e r ,  50 ,  1885 (1917). 


