
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. 
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A New Synthesis of Irones. 11. The Synthesis of 4-(2-p-Cymyl)-2-butanone 

H. E. ESCHIXAZI 

Received January 26, 1961 

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). 



propoi tioii:itioii or iiitcrnio1cc'~ilar hydrogt.11 truis- 
fer, afford l-(%p-cymyl)-%butanone (IV). 
IIIL? clihytlroironr likely t,o he formed ncl n re- 

, j i l t  I)[ i h i i  ilrtcimolecular transfer hetweeii 111 
i~iid irone m i y ,  uiider coiiditiotis similar to those re- 
ported by Ruchi niid c o - ~ o r k e r s , ~  rvclodehydrntc 
t o  bic\rc.lic olcfiii5 , thcw hydrocarbour could in tiirii 
:wt as hydrogen acceptors during thc h)rdrogcn 
i ransfcr involving 111 to yield IV. 

'I'hc cnmplctc proof of thiq hydrogel1 traiirfer 
rractioii u i l l  h a w  to await thc final isolation of the 
hydrogen trariqfer acceptors probably prei;ent as 
compoizenti i n  the lights obtained in the reaction 
mixture. 

EXPERIMENTAL 

A mixture of 2-(2,2,3-trimethylcyclobutyl)-hepta-2,4- 
(lien-6-one (1000 g,) ,  benzene (5000 ml.), and 857, phos- 
phoric acid (1500 g.) \vas placed in a reaction flask under a 
nitrogen atmosphere and stirred at room temperature for 
100 Iir. .4n equal voliinic: of water was then added to the mis- 
trirc : t i i d  the stirring \vas continued for another 10-15 min. 
.4fter srpriratiori of the bottom layer the hcnzrric extract was 
ric~ritrnlizrtl with IO',{) sodium hydroxide, ivashrd with wirter, 
:iiitl  the solvent rvaporatctl. "hi, criitli~ residue  vas strani 
tlistillrrl with ovrrhr:ited s t w m  (130') under a slight 
v:icuuni (160 mm. pressiirc). A yield of 500.-600 g., n:," 
1.5050 ~ n s  ol)t:tincd. The composition of the crude distillatc 

ho\vti  ti>. gas-liquid chromatography@ ~ n s :  

Lights: 20 % 
Iso a-ironc' 36.5 
0-Iron?" 6 . -  
D-Irone 6.- 
4-~2-p-c:~"- 31 .- 

?-hi i t  anone 
a a-Irot~c. :mtl iso a-ironr have also h e w  nanicd with 

thv prcfis nw-  to cIc3signate the trans structure of thc4r 
1111t.i~iionc~ sitlc rhnin, (: f .  Y. R. N:ivi~i;, Helv.  Chiu1. .tctrc, 32, 
$169 (104!)). 

The tlistillntion of thr  rriitlc product through a 4 ft.- 
S icke l  Cannon-pacltrd coliirnn at 0.5 inin. pressurc shoivd 
the following cuts' 

I! 2,: 

( 'lit  ti i*oiisistc~l m ~ i i i i l ~ ~  of n mixtiire of irones where:ts 
cuts e, f ,  :ind g contained most of the 4-(2-p-cyinyl)-2- 
butanone (IV) 

Kheii ciit f (8.5 6.1 \vas misrd with n coli1 70% ethanol 
snlutioii (400 ml.) rotitnining semicarbneido hyilrochloridc 45 
9,) and sodium acetate (45 g.) a rich precipitate formed al- 
most iustantlv. Aftcr 15 min. the semicarhazonc was filtered, 
\vaahed !villi 500 ml. of ~tIi:itiol, : rnt l  dried: yicld 106 g. 

~llization from ethanol it. melted at 158-150". 
:Inn/. (h lcd .  for ClaH?,SaO: C, 68.94: H, 8.87; X, 16.08. 

1~'oiintl: (;. 68.70; H, (3.17: N, 16.10. 
'1'hc L',4-tliiiitroi)henylhydrazoiie W:IS I)rc~p:trwI front a 

s:iiiipli~ of :riiiic:irl):tzoiic 1,s treatment of itii  acid (hydro- 
rhloric) :~lcoholic: solution of 2 , 4 - r i i n i t r o ~ ~ h t ~ i t ~ ~ I - h ~ d r a z i i i ~ ~ ,  
m.p. 121-1 22' (t~t1i:~nol). 

. tna/ .  Ca,lcd. for C&H*J4Oa: C, 62.5: H, 6.29; X, 14.57. 
Found: C, G2.70: H, 6.30; pi, 14.63. 

The pure I d o n e  \vas recovered in :ilmost quantitative 
yield when the semicarbazone, m.p. 158-159' n-:is rcflused 
ni th  570 oxalic acid (20 volumes) for 2 hr. After extraction 
with benzene and neutralization Kith sodiuni carbonat,e, 
the ketone was freed from the solvent and distilled a t  105' at, 
1.5 mm.; n'," 1.5078; 0'; i t  g:ivc the.~Rmc,semicarhnzone 

., . . , . ,  .. . .  . 
c!/ii7!/1)-2-h7rtnnn/~r srmica~.hazo~ir. A inistiire of semicar- 
hazone, ni.1). 1,58-150° (5  g . ) ,  tlii~thyli~iic~ glycml (25  nil.), 
%yo h>drnzinc hytlratc (2 .5  nil .)  and potas.;iiini hydrositic. 
~ ) ~ l l i ~ t s  (4 g.) was rcflrixcd for 0.5 hr .  :it llOo; thc tc~mpcrn- 
turt. w:ts thcn raistd to 175" 1)y the distillntiori of :tholit 2 ml. 
of gl>w)l-natrr mistirre and thc rcfiusitig IVXS rcwimcd for  
:in :tddition:tl 10 hr. \vhercl,y the rcvirtion t i~mprra turc~  
rcnched 1!)0-200". The rcaction mixtiirc. wn?; thr~n distillrci 
off until the pot temprrature reached 260". The distillatc~ 
was shalieri with a sttiiratetl sntliiiiii chloride solution, 
washed with 107; siilfiiric ticid anti distilled over sodium; 
yield 2.4 g., h.p. 242-243" at 743 mm.; n;" 1.4030; a: 0". 
U1tr:tviolet absorption: 270 mp, 590; X,,, 266.5 
nip, c~~~~~ 580 in alcohol. 

( I ) )  B!/ Griynnrd rrarfion wi'lh C C I I ' V ~ ~ I C .  I:reshly distilled 1- 
cltrvone (35 g.), ?L: 1,4!)i8: aly;r -60" w i s  added within 20 
min. into an ethcr solution of n-l~rit~~lrii:ig~~esi~~n~ bromide 
p r ~ p a r e d  from n-hiityl bromide (35 9.) and magnesium 
(6.5 g.) i n  ether !IO0 inl.), The. rcwtioi i  inisturr n- i i s  rcfluscd 
for 3 hr., left ovc~rnight and thcn rl(wnii)nacd I)?. pouring onto 
lo%:, srilfiirir acid (250 g.) :tt -5' iindiBr stirriiig. -4ftcr 0.5 
hr. the csthcr solution \vas srpmttcd, ~ v w h c d  n.ith Lv:itrr, and 
nrutr:dixrd with 105,  sodium hydrosidc. .4ft,cJr evaporation 
of thv solvent thr  rractioii prodiict \ v w  siihniittetl for dis- 
tiI!:it i n t i  :it 1.5 mm. \Vhcn the pot trniprratiirc rc:tchcd 80" 
slight g i , ~  forni:ition fhj.tlrogrn I)roni;dc) took place. The 
r t w t i o n  niisture wis r~c~ri t r~i l izc~l  i i t i e ~  ninrc with 10C;; sodium 
h>.ilrosidi? :ind rli.~tilli~tl :ig:tin nt 2--4 r i m .  pressure. Some 
.mdl :imoiiiit of g:is form:ition i\.:is :%gain cavidcnt. Thc distil- 
late, :%$ g., ?!$' 1,4!&f a ] ,  -4". \\.:is ~ : : i , ~ h c d  with I O c ,  ,cocliuni 

of r : i rvnn(~ \\.cr(x rc~itiovc~il 1)). clistiil:~tion over sntlitini and t h c x  
L ' - i ~ i ~ t ~ ~ l - p - r ~ ~ n i i ~ t t ~ ~  g.) tlistill(~l :it 123-124" at  17  nini. 
ni: 1.4$):30, all 0'. 7rh~x iiifr:rrcd m i l  ii1tr:ivioIct spertr:i tvrre 
iili,nt'c.:il with t h o  1i~~tlroc:irI)nn olit:iincd i n  in). 

111). c~;rrv:ic~rol f o r n ~ i ~ l .  the  I 

I~L~w.~xN.A. ,  S. J. 
(ti) 307;  C:irlm\v:is 20.11 polyrthylrnc glycol compound, 

:tvc'r:igc. mol. l v t .  20,000 (Union Cnrhidc Chemicals) with 
Chromosorh-\V. C'vlitc-like. siipport i.Jnhna-~Ianvilli~l. Th(9 
Tnstriiinrnt, Pi~rliin-I<lnirr nindvl 21. 

(7)  Thi. ni:tin part of thc lights sho\\-ii i n  tliia c-hroni:ito- 
gr:tphica viirvc c-oiisistc~ti of :I p:tir of t l o i i l ~ l i ~ t  praks, prc- 
s r in i : i l i I ! ~  tliir tn the' prcw~ncc~ of c~~.c.lodt~h~~tlr:ttiori products 
of irniii, nliirh r;iielit h:tvcx nlso : i c . t rc l  as h\-drogrn nccrptors. 
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Synthesis of 8-Bromoflavone and Related Compounds’ 

C. T. CHANG, T. S. CHEN, AND F. C. CHEN2 

Received January 27, 1961 

Synthrsis of 8-bromo-5,7-dimethoxyflavone (III), S-bromo-5,7,4’-trimethoxyflavone (IIIa),  &bromo-5,7,4’- t r imeth~~~~ 
3’-iodoflavone (IIIh) ,  thr corresponding chalconw (11, IIa,  and IIb),  their tribromides (V, Va, and Vb), and the acetophenone 
( I )  is described. The products, m.p. 242” and 250°, formed from the dehydrobromination of the tribromochalcones, by heat- 
ing above the melting point under pressure, reported earlier3 as &brom0-5,7-dimethoxyflavone and 6-bromo-5,7,4’-trimeth- 
oxyflavone, are proved to be 8-bromo-5 hydroxy-7-methoxyflavone (VI) and 8-bromo-5-hydroxy-7,4’-dimethoxyflavone 
( YIa), respectively, showing that the 5-methoxy group is easily demethylated during the elimination of hydrogen bromide 
of the corresponding tribromochalcones (V and Va). 

In  a previous paper4 from this laboratory, the 
synthesis of 8-iodo-5,7,4‘-trimethoxyflavone and re- 
lated compounds was described. Iodination of 
phloracetophenone dimethyl ether and 2’-hydroxy- 
4,4’,6’-trimethoxychalcone orfho to the hydroxyl 
group was accomplished with iodic acid and iodine. 

The preparation of 8-bromo compounds by 
simiIar nuclear haIogenation has been accomplished 
and is reported in this paper. The melting points of 
these compounds (111, 253’ and IIIa 236’) are 
markedly different from those reported by previous 

Br 

(’H - 
C H  ,O 

0 

IIa. R = OCH3, R ’  = H 
IIb .  R=OCH3, R ’ = I  

11. R, R ‘ =  H 

111. R. R’  = H 
I I I a . R = O C H , , R  =H 
I I Ib  R = O C H  , R ’ = I  

i M e i h  lation 

V. R, R’= H HO 1 
U 

\’a. R=OCH,, R ’ = H  
Vb. R=OCH?,  R ’ = I  VI.  R, R ’ = H  

VIa. R=OCH,, R’=H 
VIb. R=OCH?,  R ’ = I  

(1) Presented in part before the IUP.L\C Symposium on 
the Chemistry of Xatural Products, Melbourne, Australia, 
August, 1960: a preliminary report appeared in the “Ab- 
stracts of Papers” of the Annunl Meeting of the Chinese 
Chemical Society, Taipei, December, 1960. 

(2) To whom inquiries should be addressed. 

investigators3 (242’ and 250’) formed by the de- 
hydrobromination of the so-called 5’-(actually 3’)- 
bromochalcones (V and Va) .5 

In  the present synthetic study, it has now been 
found that the yellowish products, obtained by the 
elimination of hydrogen bromide of 3-bromo-2- 
hydroxy - 4,6 - dimethoxyphcnyl alp - dibromo-p- 
phenyl ethyl ketone (V) and the analogues (Va and 
Vb), give an intense color with ferric chloride, and 
are insoluble in cold dilute alkaline solution, 
showing the presence of a free hydroxy group at 
position 5. By acetylation of the above yellowish 
products (VI, T’Ia, and VIb), colorless monoace- 
tntes are formed and the methylated colorless 
compouiids are identical with the compounds 111, 
IIIa, and IIIb, respectively. It is clear that the 
demethylation a t  position 5 occurs easily during the 
dehydrobromination of the corresponding tribromo- 
chnlcones (V, Va, and Vb). 

EXPERIMEKTAL~ 

5’-Bro~rio-l-hydroxy-C,G-dimethoxyacetophenone ( I ) .  To a 
stirred solution of phloroacetophenone dimethyl ether (1.6 
g., m.p. 82-83’) in glacial acetic acid (30 ml.) was added 
dropm-ise a solution of bromine (1.36 9.) in glacial acetic acid 
(20 ml.) a t  room temperaturo. A ~cl low precipitate sepa- 
rated rapidlv. On dilution with n ater, further precipitate 
was isolated. T h e  product was recrystallized from alco- 
hol; yield 0.96 g. of yellow needles, m.p. 186-187”. 

nna l .  Calcd. for CloHi104Br: C, 43.66; H, 4.03; Rr, 20.04. 
Found: C, 43.54; H, 4.33; Br, 29.22. 

S‘-Bromo-Z‘-hydroxy-4’,6‘-dim~thox~chalcone (11). To a 
cooled mixture of 3-broni0-2-hydroxy-4,B-dimethoxyaceto- 
phenone (I.,  0.8 g.) and benzaldehyde (0.6 g )  in alcohol (10 
ml.) was added 6Op0 potassium hydroude (10 9.) dropvise 
with stirring. The reaction mixture was kept a t  0’ for 2 days 

(3)  IT. A. Hutchins and T. S. Whccler, J .  Chem. Soc., 91 
(1939), ef. Sadkarni and Wheeler, J .  Cniv. Boinbau, 6, ii, 
1 O i  (1937). 
(4) .i\ Preliminnrv ReDort: C. T. Cham.  T. S. Chen, T.  

Veng, S. T. Choong and  F. C. Chen, J. Formosan Sci., 14, 
So.  1, 14 (1960). 

(5) That  the bromine is in the 3‘ position has been 
proven by Donnelly. J. A. Donnelly, ‘I’etrahedron Lelters, 
S o .  19, l (1959) .  

(6)  Capillary melting points were determined for a11 
compounds and were uncorrected. We are indebted to Mr. 
T. Ueng for technical assistance in many of the preparations 
described. 


