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zone identical with that formed from an authentic sample of 
2-hydroxytetrahydropyran . 

Fraction 3 was not definitely identified although it was 
partly soluble in alkali and must have contained some 6- 
valerolactone. The properties of fraction 4 indicated that 
it was a mixture of 6-valerolactone and a product insoluble 
in 10% alkali. Since this fraction failed to give an aldehyde 
test, the product insoluble in alkali cannot be P-hydroxy- 
tetrahydropyran which is knownz1 to lose readily a molecule 
of water a t  high temperatures and to go over to di-2- tetra- 
hydropyran ether. In fact, a carbon and hydrogen analyck 
of this fraction gave values corresponding to about equal 
quantities of 6-valerolactone and di-2-tetrahydropyran ether. 

l-Hydroxy-l,4-dihydroperoxybutene (V).-To a cold (0 ' )  
mixture of sulfuric acid (30 g. of 95.5%) and hydrogen per- 
oxide (70 g. of 48%) was added, dropwise with stirring in 
the course of one hour, 34 g. (0.5 mole) of furan.l9 The 
temperature was maintained a t  0 i 5". Stirring was con- 
tinued for 1.5 hours longer a t  Oo, then the mixture was sat- 
urated with solid ammonium sulfate and extracted with 
ethyl ether. The ether extract was shaken once with mag- 
nesium carbonate, dried a t  -9' and the ether removed un- 
der reduced pressure. The yellow residual oil was sub- 
jected to distillation at  2 mm. and at  water-bath tempera- 
ture of 40'; a small amount ( ca .  1 g.) of a yellow oil dis- 
tilled over which gave the following analyses. 

Anal. Calcd. for CaHsOs (V) :  C, 35.30; H ,  5.92; (0), 
23.6. Found: C,36.85; H,4.42; (0),20.8.  

This peroxide decomposes readily to maleic acid which 
was identified by m.p. and mixed m.p. with an authentic 
sample. The presence of this acid in the analytical sample 
would tend to raise the carbon and lower the hydrogen and 
active oxygen content and therefore account for the results 
obtained. The yellow oil also gave a positive test with a 
silver foil for the presence of hydrogen peroxide. 

1,4-Dihydroxy-l,4-exocycloperoxene-2 (VII) .--When a 
large sample of the crude peroxide V was repeatedly ex- 
tracted with a saturated solution of ammonium sulfate an- 
other peroxide was formed and isolated as a yellow oil which 
failed to give a positive test for hydrogen peroxide; n2% 
1.4947. 

Anal. Calcd. for C4HeO4: C, 40.68; H, 5.12; (0), 13.6. 
Found: C, 39.00; H, 4.98; (O) ,  15.7. 

On standing at  room temperature this peroxide was also 
converted, in part, into maleic acid and a yellow polymer. 
When it was reduced in ethanol with hydrogen, using palla- 
dium catalyst (2%) deposited on barium sulfate, malealde- 
hyde was isolated and converted into its bis-phenylhydra- 
zone according to a recent methodz2; m.p. 184-186" (lit. 
180-1 84 ) . 

(21) R. Paul, Bull. SOL. chint . ,  [ 5 ]  1, 071 (1931). 
(22) N. Clauson-Kaas. F. Limborg and K. Glens, Acta Clzem. Scoiid.,  

6, 531 (1952). 

Anal. Calcd. for C16H1&4: C, 72.70; H, 6.10; X, 
21.20. Found: C, 72.92; H,6.15; N,20.93. 

2-Methy1-2-hydroperoxy-2,S-dihydrofuran ( IX)  .--Into a 
cold (0") mixture of hydrogen peroxide (19.5 g. of 48%) and 
sulfuric acid (17.3 g. of 95.5Q/,) was added, dropwise with 
stirring in the course of one hour, 20.5 g. (0.25 mole) of 
methylfuran.'g The temperature of the reaction was main- 
tained at  0 f 5' .  A red color developed during the addi- 
tion of methylfuran and the mixture became thick and 
sticky and difficult to stir efficiently. I t  was found essen- 
tial to add 50 cc. of anhydrous ether to dissolve the sticky 
material and facilitate stirring. The mixture was stirred 
for an additional hour, then the non-aqueous layer sepa- 
rated, extracted with saturated ammonium sulfate solution, 
then shaken with magnesium carbonate and dried. When 
the ether was removed under reduced pressure a yellowish, 
peroxidic oil (9 g., 34% of theory) was obtained. This had 
an active oxygen content of 9.9% as against the theoretical 
of 13.8%. This preparation was repeated using anhydrous 
ether as a solvent from the beginning of the reaction. In 
this case a crude product was obtained in 70% yield with an 
active oxygen content of 11.27,. 

This hydroperoxide cannot be crystallized but can be ob- 
tained as a white powder from ethyl ether by the addition 
of small quantities of petroleum ether. When well dried, it 
explodes upon heating and decomposes without melting a t  
80-100°. 

Anal. Calcd. for CsH803: C, 51.77; H, 6.95; (0), 
13.8; (Zerewitinoff H), 1.0. Found: C, 50.66; H ,  6.83; 
(0), 13.2; (Zerewitinoff H),  1.1. 

When catalytically hydrogenated in ethanol, using plati- 
num oxide as catalyst, it absorbed 1.1 moles of hydrogen, 
while in glacial acetic acid, it absorbed 2.2 moles of hydro. 
gen. I t  also absorbed bromine slowly in ethyl acetate show- 
ing definitely that it was unsaturated. An infrared spec- 
trum showed three bands a t  2.8-3.1 p ,  9 p and 11.8-12 p 
characteristic, respectively, of the hydroxyl radical of the 
hydroperoxy group, the ether linkage and the hydroperoxy 
radical. Molecular weight determinations in dioxane by 
the cryoscopic method23 failed to give reproducible results 
showing that this hydroperoxide may be polymeric or poly- 
merizes in dioxane. 
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(23) 0. L. Mageli, Ph.D. Thesis, M.I.T.,  April, 1963, p. 16. 
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Synthesis of Polyenes. IV. The Reaction of P-Ionone with Grignard Reagents 
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Contrary to general belief, 8-ionone has been found to react normally with Grignard reagents to give the 1,2-adduct as 
Evidence is presented correlating the predominance of the 1.2-addition major product and the l,4-adduct in minor amount. 

with the steric hindrance in 8-ionone. The spectral characteristics of the resulting P-ionols are discussed. 

For quite some time now, B-ionone (I) has been \ / CHa \ /  CH3 
assumed to react abnormally with ordinary Grig- A-CH=CII--C=O ' fi--CH=CH--C=O I nard reacents. This conceDt stems from the orie- 

I 1  I 1  I v- inal repoyt on this reaction by Karrer, et al.,I why0 + I1 
could obtain no carbinol from p-ionone with allyl- 
magnesium bromide in spite of the fact that a- 
ionone (11) gave the expected 1,2-adduct with this 

Acto, 16, 878 (1932). 

reagent. To account for these results it was sug- 
gested that a 1,4-adduct was formed with p-ionone, 

were given.' Since then similar failures to achieve 
(1) P Karrer,  H. Salomon, R. Morf and 0. Walker, Hclw. Chim. but no Of the Of the product 
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Methyl 
Ethyl 
Propyl 
Allyl 
Prenyl 
Phenyl 
Benzyl 
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Yield, 
% 
83 
71 

71 
78 
74 
82 

-- 
10 

Boiling point 
"C. Mm.a  

68-70 U.002 
82-84 ,001 
84-85 . 2  
83-85 . -  
82-86 . 2  

111-11T .2  
124-128 . 3  

0 

TABLE I 
THE SUBSTITUTED ~- IOSULS 

n% Xlll2.X t 

1 ,4923 231 . 5  WJ, 1 

1 ,4958' 23 1 . 5  5300 
1 ,4930' 23 1 .?I 3.100 
1.5019 231.5 5500 
1.5046 2331.3 5500 
1.5433 235 0500 
1 . 5390 231 ,Ti 6000 

Carbon, % 
CdIcd. Found 

80 71 811 66 
X I  02 81 08 
81 29 81 16 
X 1  99 81 . i1  
82 38 X2 39 
84 39 84.58 
84 45 84.49 

VOl. 7ti 

Hydrogeii. ',:, 
Calcd. Foutiii 

11.61 l I . ,5 i  
11.79 11.6ii 
11.91 12.02 
11.18 11.10 
11.52 11 .61  
9.69 9.63 
9.92 9.9Y 

The recorded pressures are those at the vacuum pump rather than receiver-pressures. b The spccilnerl tllatle by hydru 
genation of V showed m z o ~  1.4971; Amax 231.5 mp, e 5600. 
cedure of F. B. Kipping and F. LiU12 showed m z o ~  1.4932; A;,,,x 231 nip, e 5600. 

A specimen made from propyllithium according to the pro- 
d Inflection point rather than A,,,,,. 

TABLE 11 
THE 1 ,~-ADIIUCTS 

-- 7-- - Semicar],azolles-.-~ ~ . ~ 7 7- 

Yield from 

hl p.,  
I< O C .  

Nethyl  187-188 
Ethyl 182-183 
Propyl 197-198 
Allyl 
Prenyl 
Phenyl 191-196: 
Benzyl 154-153 

semicarba- 
Yield, Carbon, '/o Hydrogen, (,'; Nitrogen, ''h zone, n . p . ,  Carbon, Yo Hydrogen, % 
7" Calcd. Pound Calcd. Found Calcd. Found 7" 'C. .\Iin. ii?uu Calcd. Found Calcd. Found 
1 67.87 88.13 10.26 10.29 15.82 15.95 I 

15 68.77 68.85 10.46 10.51 15.04 15.08 !,ti ti(<-67 0 15 1.4841 81.02 80.74  11.7'3 1 1 . 7 2  
14 69.58 69 .72  10.65 10.63 1 4 . 3 2  1 4 . 4 6  83 78-79 . 2  1.4838 81.29 81.29 11 .94  11 .72  

0 
0 

31' 73.33 73 .43  8 .93  9.00 19.83 19 .82  7011 113-12U ,U> 1.5830 84.39 86.'3011 Y . t i ! i  9.B8 
17 73 .85  73 .61  '3.16 9 . 0 9  12.31 1 2 . 2 8  , 75 108-110 001 l.:ZiO 84.45  81.49 9 . 9 2  9 . 9 3  

carbinols from @-ionone have beeti reported with 
methyl-2 and phenylmagnesiuiii halides? as well as 
with the magnesium derivative of 1,4-dibromobut- 
2-ene and of 1,2-dibronioethane." 

In contrast to these results is the normal behav- 
ior of @-ionone with other organometallic reagents. 
Methyl- and phenyllithium yield the expected 
carbinols arising from 1,2-addition,' as do the num- 
erous acetylenic Grignard reagents4 and metal ace- 
tylides reported during the past decade.j Only 
the l,?-adduct is obtained in the Reforinatsky re- 
action with ethyl bromoacetate and its vinylogs, ' s 6  

as well as in the Darzens reaction with ethyl chloro- 
acetate.' The recent variation of the Reformatsky 
reaction employing propargyl bromides instead of 
bromoesters likewise gives the 1,2-adduct only.8 
Most syntheses of polyenes based on p-ionone ern- 
ploy one or another of these methods, and the 110s- 
sibility of extending the @-ionone side-chain through 
ordinary Grignarci reagents has up to now been 
universally discounted. 

Our attention was recently drawn to this prob- 
lem when it became increasingly evident that the 
side-chain double bond in P-ionone is sterically 
hindered.q This arises from interference between 
one of the ring geminethyl groups and the second 

( ? J  1'. B. Kipping and I?. \'.?Id, J .  ( , ' h e j n  Soc.,  123'3 (1940); SPC dliO 
ref 20. 

1 3 )  V 'l'eterin and A Ivanov, Coii!,hi. i e i z d .  Acad .  Sci. U.R.S S , 2 ,  
25!l (IK35). 

(4 )  J .  Salkind, S. Zonis and N. Blcxhin, ibid , 2 ,  57 (1933); Chciii. 
Z e n l r . ,  109,II, 768 (1938); A. F. Thompson, X. h LIilas and I. Rovni,, 
T H I S  J O U R N A L ,  63, 752 (1911); !AT. Oriishnik, 0 Karmas and A. D. 
Xfebane, ibid , 74, 3807 (19.52); also ref 12 

(;)) \\'. Oroshnik and X D. Mehane, ib 
(6) \V. G. Young, L .  J .  Anilrens and 

(1044); D .I \-an Dorp and I. P .%rent. Rer I ~ u t '  chi?&, 66, 338 
(194fi). 

( 7 )  I .  M.  Heilbron, A. \V. Johnson, IC R. H Jones and A.  Spinks, 
J .  Chem. S o c  , 727 (1942) 
(8, \V. Huber a n d  A Husinger ,  U .  S. I'atcnt 2,.540,11G (l!l>l); 

0. Isler, L! 5 .  Patent ?,.j40,118 (l!l .>l)  
(u) i; 1. Brdurlc, cl  t ! l . ,  J CheoL. S V L  , 18!10 (19.191, acc a l w  re[. I:' 

hydrogen in the side-chain. The likelihood of any 
appreciable 1,4-addition of Grignard reagents to 
such a hindered structure appeared rather remote. 
This reaction was therefore reinvestigated with a 
number of Grignard reagents which were so chosen 
as to include examples derived from alkyl, allyl, 
aryl and alkaryl halides. The results indeed sub- 
stantiated the above hypothesis. In  every case thc 
expected p-ionols were obtained in good yields. Iri- 
deed, with allyl rnagnesiuni broniide and prenyl- 

chloride, these wcre the sole products. 
The other Grignard reagents gave, in  additioil, 
small quantities of ketonic products which are tenta- 
tively designated as the 1 ,l-adducts." The clatrr 
are sunmiarized i n  Tables I and 11. 

The contention that steric hindrance deteriiiitied 
the course of the above reactions is further sui>- 
ported by the fact thut +ionone, which is acyclic 
and therefore has none of the hindrance present in 
/3-ionone, gives mainlv ketonic product11 with ethyl- 
magnesium bromide. Only a minor quantity of 
ethyl-+-ion01 (IT.') the 1 ,?-adduct, was obtained in 
this case. 

CHS 

I 
C' I 

b- 

CHJ 
I 

OH 

,' , --c1I--c1I-c--c*H, 

0 H ~ 

1 \r 111 

( I O )  The name prenol has been suggested fi,r y:,-ilimethylallyl al- 
cohal hy E. Spath and J. Bruck t o  indicate i t s  derivation from iso- 
prene' B e r . ,  71, 2709 (1938). 

(11) The  1,6-addition, which is also possihle. would gibe P . 7 -  
unsaturated ketones Such structures ~voulil be exiiected t i ,  rquili- 
I r a t e  spontaneously with the a,@-unsaturated furms, which show 
characteristic bands in the  ultraviolet However, all of the ketones 
obtained were transparent in the  ultraviolet. T h e  phenylated ketone 
was ohtained pure only as  the  semicarbazone which likewise showed 
n o  spectral evidence of conjugation Dir ing  the  acid hydrolysis thi, 
he tonc  appai-ently rearranges and dehydrates t o  some exteni. as c'\ I -  

I ~ c l l c c ~  ~ i y  t t t e  t l ig t l  ciirl,oii \ r ( ~ u c \  *lid A,,,,,,, 317 l n p ,  I X ; ~ ; ~ , ,  l ;$ l j .  
,, 
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The new p-ionols were readily identified by their 
characteristic ultraviolet absorption spectra. Those 
shown by ethyl-P-ionol (111) and ethynyl-P-ionol 
(V) are typical (Fig. 1). Their pronounced hypso- 
chromic and hypochromic degradation, which 
arises from the break in coplanarity between the 
ring and side-chain double bonds,12 is clearly seen 
in Fig. 1 where they are compared with their acyclic 
unhindered analogs, ethyl-$-ion01 (IV) and ethy- 
nyl-$-ion01 (VI). 

(2% 
I 1 I -CH=CH-C-CzCH Y ! 

OH 
V 

VI- 
CHa 

I v 
f I/-CH=CH-C-C~CH I 

VI 

I t  is of interest to note the bathochromic effect 
of the ethynyl group in V and in VI (Fig. 1) and 
of the phenyl group in VI1 (Table I)  in spite of the 
fact that  these unsaturated groups are not conju- 
gated with the diene system. 

CH3 

A similar displacement (3.5-4.5 mp) has been ob- 
served in vinyl-P-ionol and in substituted vinyl and 
ethynyl P-ionols.12 This effect is undoubtedly due 
to the hydroxyl group being simultaneously allylic 
to the unsaturated systems on both sides of it. The 
hyperconjugative effect of a hydroxyl group on a 
polyene chromophore to which it is allylic13 or pro- 
pargylicI4 already has been demonstrated in a vari- 
ety of compounds. Since both unsaturated sys- 
tems in each of the above P-ionols are hyperconju- 
gated with the same hydroxyl group, it stands to 
reason that there should be some interaction be- 
tween the two  chromophore^.'^ Similar spectral 
effects have been reported by Bohlmann16 in a ser- 
ies of distyrylcarbinols and their vinylogs, although 
the role of the mutually hyperconjugated hydroxyl 
group was not recognized. In that work, a batho- 
chromic effect of 12.5 mp was observed in going 
from methylstyrylcarbinol to distyrylcarbinol. The 
bathochromic effect was still further increased upon 
vinylogously increasing the size of the interacting 
groups. 

The infrared spectra corroborated the structures 
assigned to the ,B-ionols. That of ethyl-P-ionol 

(12) W. Oroshnik, G. Karmas and  A. D. Mebane, THIS JOURNAL, 
74, 295 (1952). 

(13) W. Oroshnik, A .  D. Rlebane and G. Karmas, ibid , 7 6 ,  1060 
(1953) 

(14) J. B. Armitage and hI C. Whiting, J. C h e m  Soc., 2005 (1952). 
(15) In  Par t  1 1 2  the  lower A,,,>,y. of ethyl-p-ionol with respect tu i ts  

vinyl and ethynyl analogs was considered anomalous, but i t  is now 
apparent from the  da ta  acquired in the  present work tha t  its spectrum 
is quite normal. The  rather high A,,,. of carbethoxymethyl-@-ionol, 
235 mp, may perhaps indicate enolizatirm uf the  carbonyl group. 

(10) I'. Buhlmaun, C h e m  Be? . ,  85, 1145 (19.52). 

30 
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0 
I ' 15 
X 
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6 

0 

210 250 290 
A, m p .  

Fig. 1 .-The ultraviolet absorption spectra of ethyl-p- 
ionol (111), ethyl-$-ionol, (IV), ethynyl-0-ionol (T),s and 
ethynyl-$-ion01 (TI).  

(111) is representative, and its identity with the 
spectrum of a specimen obtained by hydrogenation 
of V is shown in Fig. 2 .  The strong band around 
10.3 p ,  characteristic of the tmm-CH=CH- 
double bond, was exhibited by all of the p-ionols, 
and by P-ionone as well, showing that the steric 
configuration of the side-chain double bond is re- 
tained through the Grignard reaction. 

The spectrum of allyl-P-ionol had, in addition, 
rather strong bands a t  6.1 and 11.0 p which are 
characteristic of the terminal vinyl group. Bands 
a t  the same location and of cornFarable strength 
were observed in the spectrum of the product from 
prenylmagnesium chloride, indicating that the al- 
lylic isomer VI11 was formed rather than the pri- 
mary product 1X.I' The abnormal weakness of 
the hydrogen-bonding band (2.85 p) observed in 
this spectrum has been correlated in other com- 
pounds with extensive branching around the hy- 

CH3 CH, 
I 1  
I 1  

, -CH=CH-C---C-CH=CH2 

OH CH3 
VI11 

CH3 CH3 

I 

5 4- 
-CH=CH-C-CHz-CH=C-CHS I 1 

OH 
IX 

7 v- 
___-__ 

(17) Such rearrangements frequently have been encountered in re- 
actions of allylic Grignard reagents with carbonyl compounds; cf. 
J .  D. Roberls and W. G. Young, THIS JOURNAL, 67, 148 (1945); 
K.  W. Wilsun, J. D. Roberts and W. G. Young, ibid., 71, 218 (1950). 
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3 4 5 b 7 t I O  - m * * - -  WAVE LENGTH IN MICRONS, I 6  1 1  11 I 1  I, I 5  - -- 
Pig. 2.-The infrared spectrum of ethyl-a-ionol top curve, specimen obtained by hydrogenation of V; bottom curve, 

spccimen obtained by the Grignard reaction 

droxyl group,18 and hence is likewise more consist- 
ent with formula VI11 than with IX. This struc- 
ture was confirmed by ozonolysis, which gave a 
59% yield of formaldehyde. 

I t  is of interest to note that the acetylenic band 
in the infrared spectrum of ethynyl-@-ion01 (V) was 
almost completely extinguished. This is unusual 
for a compound with a terminal acetylenic group. 
Extraordinary weakening of the acetylenic band 
has been observed previously only when the triple 
bond is more centrally located in the molecule.lg 

Another point of interest was the region around 
12.6 p. Allyl, benzyl and the saturated alkyl p- 
ionols all showed a moderately strong band a t  this lo- 
cation. In phenyl-p-ionol (VII) and ethynyl-@-ionol 
(V) this band was quite weak, and in VI11 it was al- 
most completely absent. The only structural cor- 
relation that  is immediately apparent is the promi- 
nence of this band in the presence of a >C(OH)- 
CH2- group in these compounds. 

To  account for the failure of previous workers 
to obtain 6-ionols by this method, one can only 
surmise that their Grignard reaction mixtures were 
hydrolyzed with dilute acids rather than neutral 
reagents. 0-Ionols are extremely sensitive to ac- 
ids and will allylically rearrange and dehydrate to 
retroionylidene compounds in their presence. 

Giaca1one2O has reported the evolution of rrieth- 
ane on adding methylmagnesium iodide to &io- 
none. This contention that @-ionone reacts to 
some degree in its enolic form was confirmed in the 
present study. A Zerewitinoff determination on 
pure p-ionone showed lay0 active hydrogen. In  
addition, i t  was observed that a considerable por- 
tion of the original ionone always was found in 
Grignard reaction mixtures when the excess of re- 
agent used was less than 15%. With a 20% excess 
of Grignard reagent, the p-ionone was completely 
consumed, the enolic salt apparently being capable 
of further reaction with the Grignard reagent. 
Possibly this secondary reaction is the source of 
the 1,4-adducts encountered in this study. 

Experiment a1 
Absorption Spectra.-All the ultraviolet absorption 

spectra were determined in 9574 ethanol with a Beckman 

(18) F A Smith and  E. C. Creitz, J. Research N a f l .  Bur. Stondavds, 

(19) J H Wot iz  and F A \filler, THIS JOURNAL, 71, 3111 (1Wii) 
(20) A Giaralone, G a m  rhtnz rlal , 67, 464 (1937). 

46, 145 (1951) 

DU spectrophotometer. The infrared spectra were deter- 
mined on neat samples of the same specimens with a Baird 
double-beam spectrophotometer by Samuel P. Sadtler and 
Son, Inc., Philadelphia, Penna. 

General Procedure.-A solution of 19.2 g. (0.1 mole) of p- 
ionone in 50 ml. of dry ether was added a t  reflux tempera- 
ture to an ethereal solution of 0.12 mole of the appropriate 
Grignard reagent.21 The concentration of the latter was 
usually about 0.5 M ,  and, except for prenylmagnesium 
chloride, was determined exactly in each experiment by ti- 
tration. Prenylmagnesiurn chloride is only partially sol- 
uble in ether, making titration infeasible. In this case, 
an adequate excess of Grignard reagent was assured by 
starting with 0.15 mole of prenyl chloride.22 

After refluxing for 30 min. the mixture was cooled to 
-10" and hydrolyzed with 30% ammonium acetate solu- 
tion. The ether layer was separated, filtered through an- 
hydrous potassium carbonate and concentrated under 
vacuum. To the concentrate was added a methanolic 
solution of semicarbazide acetate which was prepared by 
stirring a mixture of 35.0 g. of semicarbazide hydrochloride 
and 26.0 g. of anhydrous sodium acetate in 400 ml. of meth- 
anol for one hour, and filtering off the precipitated sodium 
chloride. After standing a t  room temperature for 24 hr., 
most of the methanol was removed under vacuum and the 
residue treated with 250 ml. of water and 500 ml. of petro- 
leum ether. In some cases part of the semicarbazone pre- 
cipitated a t  this stage and was filtered off. The petroleum 
ether solution was then filtered through anhydrous potas- 
sium carbonate and stored a t  -5" overnight. Any 
additional precipitated semicarbazone was filtered off and 
combined with the first crop. The filtrate was then con- 
centrated under vacuum and the p-ionol distilled through a 
modified Claisen flask. The products obtained a t  this 
point were analytically pure. Redistillation produced no 
change in properties. Considerable caution is indicated 
in not overheating the distillation residue, which may con- 
tain more semicarbazone. The latter was removed there- 
from by precipitation with a little petroleum ether. 

The combined crops of semicarbazone were recrystallized 
from ethanol. The yields in Table I1 are those of the re- 
crystallized products. 

The semicarbazones were hydrolyzed by stirring a re- 
fluxing mixture of 10.0 g. of the compound, 200 ml. of 3 aV 
sulfuric acid and 100 ml. of ligroin (b.p. 80-90') for 10-16 
hr. The ligroin was separated and the aqueous layer ex- 
tracted twice with petroleum ether. The combined ex- 
tracts were dried with anhydrous potassium carbonate and 
distilled. 

Ethyl-$-iono1.-A 19.2-g. sample of +ionone was con- 
densed with ethylmagnesium bromide as described above 
for p-ionone. The absorption spectrum of the crude prod- 
uct showed no unreacted +ionone. 

Removal of the 1,4-adduct as the semicarbazone proved 
infeasible here because of the failure of this derivative to 

(21) T h e  bromides were used in all cases except for the benzyl and 
prenpl reagents which were chlorides. 

(22) T h e  prenyl chloride was prepared by saturating iwprene with 
dry hydrogen rhloride according t o  t h e  procedure of W J.  Jones and 
H. W. T Chorley, J .  Chem. Soc., 832 (1946). 
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crystallize properly as well as its tendency to decompose 
during attempts to  distil the ethyl-+ion01 from it. Oxima- 
tion of the ketone and separation of the oxime by alumina 
chromatography was found the most convenient method for 
obtaining the ethyl-+ion01 in pure form. 

The concentrate from the Grignard reaction was accord- 
ingly added to a solution of hydroxylamine, prepared from 
35.0 g. of hydroxylamine hydrochloride and 20.0 g. of so- 
dium hydroxide (95% pellets) in 100 ml. of water. Enough 
methanol was added to effect complete solution of the oil 
(about 300 ml.) and the precipitated sodium chloride fil- 
tered off. The filtrate was warmed to 50' and allowed to 
stand a t  room temperature for 24 hr. It was then worked 
up with water and petroleum ether. After drying with an- 
hydrous potassium carbonate and concentrating to about 
100 ml., the petroleum ether solution was poured onto a 4 X 
60 cm. column of Alcoa F-20 alumina and the chromatogram 
developed with additional petroleum ether. The bands were 
not visible and elution (20% ether in petroleum ether) was 
followed spectroscopically. The ethyl-+ionol, XmX 240 
mu. came off first. Elution was continued with this solvent 

which was completely removed by this solvent. No other 
fractions were obtained. 

The ethyl-$-ionol fraction was distilled, yielding 5.0 g. of 
Droduct at 94.5-96' (0.75 mm.), 12% 1.5028; Xmal 240, c 
56,700. 

C, 80.92; H, 11.85. 
Anal. Calcd. for CUHZOO: C, 81.02; H, 11.79. Found: 

The oxime fraction yielded 10.5 g. a t  98' (0.001 mm.), 

Anal. Calcd. for CI~HZ~NO:  C, 75.89; H, 11.47. 
Found: C, 76.03; H, 11.51. 

Ethynyl-+ionol.-A specimen of this compound was pre- 
pared from lithium acetylide and +ionone by the method of 
Oroshnik and Mebane.6 The absorption spectral constants, 
which were not previously reported, are Am,, 242 mp, e 
27,400. 

Ozonolysis.-The apparatus and procedure was that de- 
scribed in Part I.'* 
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until the concentration of 240-m~ material substantially 
decreased. On changing then to  30% ether in petroleum 
ether, the 240-mp band rather abruptly disappeared, giving 
way to only end-absorption. This proved to be the oxime, 
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2,2,2-Trichloro-, tribromo- and trifluoroethanol and 2,4,6-trichlorophenol can be esterified under mild conditions in the 
The halides of iron, titanium, antimony, tin and zinc 

The optimum concentration of catalyst is usually 10 to 30 mole 
The reaction proceeds by the formation of an acyl halide-metal halide complex and subsequent 

presence of catalytic quantities of aluminum chloride or bromide. 
and boron trifluoride are also effective in varying degree. 
per cent. of the reactants. 
reaction with the alcohol. 

Alcohols substituted in the beta position by halo- Results 
gens are difficult to esterify because of thei; acidic 
nature caused by the inductive effect of the halo- 
gens. Such alcohols as 2,2,2-trichloroethanol are 
not easily esterified directly by an acid. With an 
acid halide, esterification has previously been ac- 
complished by heating the alcohol and halide a t  
temperatures up to 130' for periods up to several 
hours without a solvent medium.2 Only a few es- 
ters of 2,2,2-tribromoethanol and 2,2,2-trifluoroeth- 
anol have been reported in the literature. Re- 
cently, some experiments were reported in which 
trichloroethanol and tribromoethanol were easily 
esterified with acyl halides under mild conditions 
using catalytic amounts of aluminum chloride or 
aluminum bromide.s This paper reports some re- 
sults of subsequent investigation on the nature of 
the reaction and its applicability in regard to the 
use of various metal halides and of acyl halides. 
Trifluoroethanol and 2,4,6-trichlorophenol have 
been esterified easily. Additional esters of trichlo- 
roethanol and tribromoethanol have been prepared 
from unreactive and sterically hindered acid chlo- 
rides. 

(1) Presented in part before the Organic Division at the 124th 
National Meeting, Chicago, September, 1953. 

(2) (a) J .  W. Cusic and A. L. Raymond, U. S .  Patent 2,584,846 
(1952); (b) H. M. Woodburn and C. E. Sroog, THIS JOURNAL, 71, 
1709 (1949); (c )  J. R. Geigy, Swiss Patent 250,801 (1947); C. A , ,  44, 
1530e (1950); (d) R. Nakai, Biochem. Z., 162, 272 (1924); (e) K. 
Garzarolli-Thurnlackh. A m . ,  210, 63 (1881). 

(3) M. E. Hill, THIS JOURNAL, 75, 3020 (1953). 

The esterifications of trichloroethanol, trifluoro- 
ethanol and trichlorophenol were accomplished 
simply by adding 10 to 30 mole yo of anhydrous 
aluminum chloride to a carbon tetrachloride solu- 
tion of equimolar quantities of the reactants. In 
reactions with tribromoethanol the use of alumi- 
minum bromide improved the yield. Reaction was 
vigorous a t  temperatures from 25 to 50' in most 
cases, with only a short period at reflux tempera- 
ture necessary to complete reaction. If no sol- 
vent was used, the reaction was extremely vigorous. 
The product was isolated by the usual Friedel- 
Crafts procedures. The results of the preparations 
of esters of representative acid chlorides, some of 
which are unreactive, are summarized in Table I 
which lists the melting point, % yield of recrystal- 
lized materials and the elemental analysis of new 
compounds. 

The extent of the catalytic effect of aluminum 
chloride under preparative conditions was indicated 
by a series of experiments in which uncatalyzed re- 
actions were run as controls a t  the same time as 
catalyzed reactions. Thus benzoyl chloride heated 
with trichloroethanol without solvent or catalyst a t  
100' for seven hours gave a 72% yield of ester. 
With 10 mole % of aluminum chloride, a %Yo yield 
of ester was obtained in 23 minutes a t  50'. With 
carbon tetrachloride as a solvent no esterification 
of benzoyl chloride occurred in five hours a t  65' 


