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Striking changes occur when the reactions of t-alkyl peroxides with aralkanals art: carried out a t  100'. Car- 
bonyl-containing products are formed indicating that the reactions of intermediate rtral kanoyl radicals become 
more important a t  the lower temperature. For example, the reaction of t-amyl peroxide with 4methyl-4 
phenylpentanal (VI) a t  100" gives 18% 4,4-dimethyl-l-tetralone (VIII)  and 18% 4methylvalerophenone ( IX)  
and only 30% of the product of decarbonylation, 3-methyl-3-phenylbutane (VII). Structures with strong 
steric interactions have a similar effect, The reaction of 2,3-dimethyl-3-phenylbutanal ( Ia)  with tbutyl peroxide 
even at  140' produces 2,3-dimethyl-3-phenylbutyl 2,3-dimethyl-3-phenylbutyrate (Va, 67ajO), 2,3,3-trimethyl- 
1-indanone (IVa, 21 %), and products of decarbonylation with partial rearrangement (7ajO)-carbon monoxide, 
2-methyl-2-phenylbutane (IIa), and 2-methyl-3-phenylbutane ( IIIa). 

Previous studies of the free-radical reactions of aral- 
kanals with t-butyl peroxide have stressed their de- 
carbonylation to give aralkanes with their intermediate 
free-radical rearrangement (1 ,2-shift of aryl groups) 2-4  

that is dominant above 130'. The influence of reac- 
tion t e m p e r a t ~ r e ~ d , ~ ~ , ~  and reactant  concentration^,^^^^^ 
as well as c o n f o r m a t i ~ n a l ~ ~ , ~  and other structural ef- 
fects, 2b,c-3a,b,48,d on the extent of rearrangement have 
been considered. I n  two prior studies, the formation 
of a tetralin3a and an indanone4a as minor products has 
indicated that intramolecular free-radical alkylation 
or acylation also occurs, and an example of 1,4-rear- 
rangement has been observed.3& 

The observation that the sterically congested alde- 
hyde Ia  with t-butyl peroxide, even a t  140°, gives the 
tetralone VIa and its Tischenko ester Va as dominant 
products encouraged study of these reactions under 
conditions planned to favor the formation of such 
carbonyl-containing products. Previous research6 with 
free-radical reactions of aldehydes and ketones has 
shown that yields of carbonyl products are enhanced 
a t  lower reaction temperatures as a consequence of the 

(1) W. H. Urry, D. J. Trecker, and H. D. Hartzler, Abstracts of Papers. 
140th National Meeting of the American Chemical Society, Chicago, Ill., 
Sept., 1961, p. 75Q. 

(2) (a) S. Winatein and F. H. Seubold, J .  A m .  Chem. Soc., 69, 2916 
(1947); (b) W. H. Urry and N. Nicolaides, ibid. ,  '74, 5163 (1952); (0) D. 
Y. Curtin and M. J. Hurwitz. ibid., 74, 5381 (1952); (d) F. H. Seubold, 
ib id . ,  76, 2532 (1953). 

(3) (a) S. Winstein, R. Heck, S. Lapporte. and R. Baird. Ezperientia, 
13, 138 (1956); (b) L. H. Slaugh, J .  Am.  Chem. Soc., 81, 2262 (1959). 

(4) (a) D. Y. Curtin and J. C. Kauer, J .  078. Chem., 96, 880 (1960); 
(b) J. W. Wilt and H. Philip, ib id . ,  34, 441 (1959); 36, 891 (1960); (c) 
J. W. Wilt and C. A.  Schneider, ibid., 36, 4196 (1961): (d) C. Rllchardt, 
BeT., 94, 2599 (1961). 

(5) (a) C. H. Bamford and R. G. W. Norrish, J .  Chem. Soc., 1531, 1544 
(1938); (b) R. Cramer, J .  A m .  Chem. Soc., 79, 6215 (1957); (c) F. E. 
Blacet and J. G. Calvert, ibid. ,  78, 667 (1951). 

decreased rates of decarbonylation of intermediate 
alkanoyl radicals. Accordingly, reactions of the 3- and 
4-phenyl alkanals Ib, IC, and VI1 with t-amyl peroxide 
a t  100' have been found (see Table I) to give increased 
yields of ketonic products, but esters were not observed 
(even qualitative tests were negative). 

Rs Ri 
I I  

Ia,R1 = Rz =R3 = CHs IIa, b, c IIIa,c 
-+ 
co 

b, RI = Rz=H, R3=CH3 
c , R ~ = R ~  =CH3, R3=H 

Va 
IVa, b, c 

At 100' with 2-amyl peroxide, 4-n~ethyl-4-phenyl- 
pentanal (VI) gives 4,4-dimethyl-l-tetralone (VIII) and 
decarbonylation product VII. An interesting product 
of rearrangement, 4-methylvalerophenone (IX) , also 
is formed (see p. 1664, col. 1). 

In  all experiments, carbon inonoxide was obtained 
in a yield equal to that of the alkyl benzene product, 
and all reactions were continued until its evolution 
ceased. The time required to complete the reaction 
was longer, and the conversions of aldehyde to products 
were lower in the experiments a t  100' (cf. experiments 
2 and 3, and 4 and 5, Table I). Analysis of distillation 
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TABLE I 
REACTION OF ARALKANALS WITH L-ALKYL PEROXIDES' 

Expt.  

1 
2 
3 
4 
5 
6 
7 
8 

Aldehyde 
(mole) 

Ia  (0.095) 
I b  (0.17) 
Ib  (0.058) 
IC (0.29)  
Ice 
VI1 (0.188) 
Ia (0.053)g 
I C h  

Peroxideb 

TBP 
TAP 
TBP 
TAP 
TBP 
TAP 
TBP 
TBP 

Reaction 
time, 
hr. 

20 
84 
27 
24 

138 
48 

7 

% conversion 

58 
32 
70 
58 
71 
58 
75 
57 

% yields' 
Hydrocarbon Ketone Other 

7, IIa,  IIIa 21, IVa 67, Va 
81, IIb 6, IVb d 
98, I Ib  2, IVb d 
62, IIc;  38, IIIc 5, IVC d 

18, I X  30, VI1 
8, I Ia ;  19, IIIa f 46, Va 

47, IIc;  53, IIIC f 

15.9, IIc;  80.6, I I IC~ f 

18, VI11 

Experiments 1 to 6 without, and 7 and 8 with solvents. * In  all experiments, approximately 10 mole % of peroxide was used: 
Corresponding 1,2- 

/ Ketone product was not isolated. 0 Ia  was 0.90 M 
IC was 1.01.M in 

TAP denotes t-amyl peroxide a t  loo', and TBP, t-butyl peroxide at  140'. 
diketone was shown to be present in distillation residues. 
in chlorobenzene, 23 mole % l-butyl peroxide was used, and reaction temperature was 130'. 
o-dichlorobenzene, and reaction temperature was 129.7'. 

c Based upon aldehyde consumed. 
e Data from ref. 2d. 

Data from ref. 4d. 
Product contained 3-4% phenylisobutenes. 

CH3 
I 

(CH3CHz-C-0) 100~ 

CH3 
I 

fJ- X--~CH.CH.CHO -c CH3 I - 138hr. 

VI, 0.19 mole 0.021 mole 

CH3 I C\Ha,CHs 0 0 C'FH~ ~ $ - C H Z C H Q - C - H  I 

+ ' C ~ H Z  CHs 
1x9 18% 

+ 6 VII, 30% 

VIII, 18% 

residues showed that they contained the expected 1,2- 
diketones (RCHO + RCOCOR). 

The free-radical chain reaction mechanism pro- 
p ~ s e d ~ - ~  for this reaction must be supplemented with 
unit reactions of intermediate aralkanoyl radicals 
resulting in the formation of the ketonic products 
important a t  lower temperatures. 

In this reaction of VI, the aralkanoyl radical X under- 
goes intramolecular free-radical acylation a t  either 
adjacent ortho position to give the intermediate radical 
XI (eq. 2, Ari ring closure3a) that, when attacked by 
another free radical as in reaction 3, completes the for- 

VI X + RH 

H3c\ ?Ha 

0 
XI 

CH3 .CH3 

XI1 

(4) 

CH3 :: I 

!! I // 

xII --+ o C - C H z C H a - C *  I (6) 
CH3 

CH3 0 
XI11 

xIII + RCHO QJC-CBCB-C-H + RC* 
X 1 

VI1 C €33 
IX (6) 

mation of the tetralone VIII. Alternatively, the 
radical X effects ring closure to the 1-position (Arb) 
to give the spiro radical XII .  Subsequent ring opening 
of XI1 may occur to regenerate X,  but presumably re- 
action 5 is favored since the transition state leading to 
the more stable tertiary radical XI11 is of lower energy. 
Reaction of XI11 with another molecule of aldehyde 
gives 4-methylvalerophenone (IX) and another aral- 
karioyl radical X to continue the reaction chain. 

Indanones6 are formed in the reactions of aldehydes 
Ia, Ib, and IC by a reaction sequence analogous to 
reactions 2 and 3. However, tetralones are obtained 
in higher yield than indanones when the reactions of 
homologous aldehydes are compared (cf. experiments 
4 and 6, Table I). Yields of indanones are greater in 
the reactions of the more highly substituted 3-phenyl 
alkzlnals (cf. experiments 1 and 2 with 4, Table I)  
with a methyl group on the 2-carbon atom being as 
effective in increasing indanone formation as two 
methyl groups on the 3-carbon atom. 

Even a t  100' with Ib, IC, and VII, decarbonylation 
of the intermediate aralkanoyl radicals is the dominant 
reaction. 

No 3,3-dimethylindane is formed by XIV via intra- 
molecular free-radical alkylation a t  its ortho position 
(the vapor phase Chromatogram of the reaction product 
of 6, Table I, showed none, while the peak due to this 

(6) T w o  such examples have been reported previously: 3,3-diphenylinda- 
none (9%) from the reaction of 3,~,3-triphenylpropanal with benzoyl 
peroxide a t  80°'8; and Auorenone from the reaction of 2-phenylbenzsldahyde 
with t-hutyl peroxide a t  140°. D. P. Denney and P. P. Klemchuk. J .  Am.  
Chem. Soc., 80, 3289 (1958). VI11 
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XIV 

vl VI1 

indane was visible in the chromatogram of a 1% solu- 
tion of it in VII). However, the analogous formation 
of tetralins from 4-phenylbutyl radicals is well 
k n o ~ n . ~ a '  These observations, and the fact mentioned 
above that tetralones are obtained in higher yields than 
indanones (cf. 1 and 4, Table I), suggest that six- 
membered ring intermediates (such as XI) form more 
readily than the corresponding five-membered ring 
ones. Indanes are formed, however, in the reaction of 
alkylbenzenes with olefins a t  400-485 ', presumably via 
substituted 3-phenylpropyl radicalsS8 

That indanones are formed a t  100-140' and indanes 
are not suggests that 3-phenylpropanoyl radicals un- 
dergo the ring-closure reaction more readily than 3- 
phenylpropyl radicals. An attractive hypothesis is 
that overlap of the a-orbitals of the carbonyl group of 
the former with those of the phenyl ring permits a 
transition state of lower energy than that for the ring 
closure of 3-phenylpropyl radicals. Another possi- 
bility is that the latter radicals undergo the competing 
attack upon aldehyde molecules (reaction 8) a t  a much 
faster rate than that of their ring closure. 

Another limitation of the versatility of radical XIV 
is that it does not undergo 1,3-rearrangement. No 2- 
methyl-4-phenylbutane is observed (experiment 6, 
Table I). In contrast, the 1,Bshift is a common reac- 
tion of 2-phenylethyl radicals, and the 1,4-shift of a 
4-phenylbutyl radical, 4-methy1-4-phenylpenty1, has 
been postulated3* for the formation of 2-methyl-5- 
phenylpentane in the reaction of t-butyl peroxide with 
5-methyl-5-phenylhexanal. 

With aldehyde IC a t  loo', the decabonylation 
product contained 62% of 1Ic and 38% of the product 
of rearrangement, IIIc. This extent of rearrangement, 
that is lower than obsewed before,2a,d4d may be at- 
tributed to two factors. During this reaction, the 
average concentration of IC was higher than in former 
studies as a consequence of its low conversion (%yo). 
Hence, the competing attack of the 2-methyl-2-phenyl- 
propyl radical upon aldehyde prior to its rearrangement 
is favored. Further, R u ~ h s r d t ~ ~  has shown that the 
ratios of the rates of these competing reactions, re- 
arrangement vs. attack upon aldehyde (Ruchardt's 
k4/kg), are 2.76 a t  129.7' and 3.25 a t  144.5'. It is 
likely that this rate ratio is lower (k , /k ,  -2) a t  100'. 

Even though the 2-phenylethyl radical undergoes 
3.3-5.1y0 rearrangement in this rea,ction of 3-phenyl- 
propanal (1 M in chl~robenzene),~b the extent of re- 
arrangement of such radicals (100% with Ph&CH2.)2a 
seems to depend upon the degree to which the re- 
arranged radical is more stable than the unrearranged 

(7) D. F. DeTar and C. Weiss, J .  A m .  Chsm. Soc., 78,  4298 (1956) 
(8) H. Pine and J. T. Arrigo, abad., 79, 4958 (1957). 

one. The rearrangement tendency of the 1,Zdimethyl- 
2-phenylpropyl radical (experiment 7, Table I, second- 
ary radical rearranging to a tertiary one) is only a 
little less than that of the 2-methyl-2-phenylpropyl 
radical (primary giving a tertiary radical). This as- 
pect of the reaction of t-butyl peroxide with aldehyde 
Ia  was studied in chlorobenzene (0.90 M aldehyde) 
a t  130'. With the lower aldehyde concentration, 27% 
of decarbonylation product was obtained. It con- 
tained 70% 2-methyl-3-phenylbutane (IIIa, rearrange- 
ment product) and 30% 2-methyl-2-phenylbutane (IIa). 
In  a study of this reaction of IC (experiment 8, Table 
I) a t  129.7' in o-dichlorobenzene, R U ~ h a r d t ~ ~  found 
80.6% of the rearrangement product IIIc, a t  an alde- 
hyde concentration of 1.01, and 81.8% of it a t  0.70 M .  

In  these reactions a t  loo', chain-breaking events are 
profoundly changed. 1,2-Diketones were found to be 
present in distillation residues to suggest that diineri- 
zation, and probably cross dimerization, of both aralkyl 
and aralkanoyl radicals occurs. Most interesting is 
the fact that the formation of indanones and tetralones 
becomes an important chain-breaking reaction under 
these conditions. I n  the formation of each molecule 
of these products (reactions 2 and 3), two radicals 
are consumed. To illustrate the importance of such 
reactions, the yields of these cyclic ketones, based 
upon t-alkyl peroxide used, are listed in Table 11. 

TABLE I1 
Aldehyde 

Ib (140) 2-Methyl-1-indanone (9.3) 
Ib  (100) 2-Methyl-1-indanone (18) 
I C  (100) 3,3-Dimethyl-l-indanone (23) 
Ia (140) 2,3,3-Trimethyl-l-indanone (80) 
VI1 (100) 4,4-Dimethyl-l-tetralone (90) 

Ketone (% yield, baaed upon 
(reaction temperature, "C.) peroxide used) 

Even at  140' with Ia, this sequence is the dominant 
chain termination, but it is less important with Ib. 
With all of the aldehydes studied, its importance is 
increased at  100'. With Ia  a t  140' or VI1 at  loo', 
ring closure to form the indanone or tetralone is so 
efficient that little chain breaking occurs via other re- 
actions. 

The absence of esters among the products of the other 
reactions in this study emphasizes the uniqueness of 
the reaction of Ia with t-butyl peroxide a t  140' to give 
67% of the ester Va and 21% of IVa with only 7% 
of the products of decarbonylation and rearrangement- 
carbon monoxide, IIa, and IIIa. Va probably is 
formed by the two-step chain mechanism (reactions 9 
and 10) in which aralkanoyl radical attack on the alde- 
hyde carbonyl function involves addition to the oxygen 
atom. The limited number of prior examples of such 
presumed acyl radical addition to the carbonyl group 
involve obvious steric effects or resonance stabilization 
of the intermediate radical (enolate or benzyl radicals 
are formed). This type of reaction step is proposedg 
as part of a chain sequence for the photochemical reac- 
tion of benzaldehyde with phenanthraquinone to give 
the monobenzoate ester of phenanthracene-9,lO-diol. 

(9) R. F. Moore and W. A. Waters, J .  Chem. Soc., 238 (1953). 
(10) (a) R. Minger, Ann., 949, 137 (1888); (b) A. E. Schonberg and 

H. IMoubasher, J .  Chem. Soc., 1430 (1939): (c) .4. E. Schonberg, N. Latif, 
R. Moubasher, and A. Sina, ibid., 1364 (1961). 
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0 0 0 

(9) 
// // 

R-C. + R-C +R-C' H 

\H \ A  0- -R 
Ia  

0 0 
// 

R-Cy H +R-C 

' d  0- -R 'H 

Ia 

0 

H 
Fra 

The quantum yield of this reaction is not known and 
it may be a nonchain photochemical process. Similar 
reaction steps have been proposed in the nonchain 
radical reactions: (1) perfluoro acid chlorides and 
nickel carbonyl with perfluoro 1,2-diketones to give the 
perfluoroenediol diestersll ; (2) benzoyl peroxide with 
benzaldehyde to give mesoL2 and dP3 sym-diphenyl- 
ethyleneglycol dibenzoate ; and (3) t-butyl peroxide 
with benzaldehyde in pyridine to give 4-( a-benzoyloxy- 
benzy1)pyridine. l 4  The recently studied vapor phase 
photolysis of butanal to give sym-tripropyltrioxane 
(81%),15 and of 3,4-hexanedione in propanal to give 4- 
oxo-3-hexanolpropionate1~ (54 yo), may again be re- 
actions of photochemically excited states. 

Free-radical, chain-addition reactions in which it is 
postulated that intermediate acyl radicals add to ole- 
fins" to give ketones and to azo compounds to give 
substituted hydrazines's as the eventual products are 
well known. 

Steric effects and the tendency of radicals to form a- 
complexes with aromatic substances are probably 
responsible for the above reaction of Ia to give the ester 
Va and the indanone IVa, and for its diminished 
decarbonylation reaction. Study of the molecular 
model of the 2,3-dimethyl-3-phenylbutanoyl radical 
(from Ia) indicates that its most stable conformation is 
that in which the %methyl group is staggered between 
the two methyl groups on the 3-carbon atom. In this 
conformation, the acyl radical is forced toward one side 
of the phenyl ring. Hence, this radical may be sta- 
bilized against decarbonylation by a-complex forma- 
tion. Addition of this radical to the oxygen atom of 
another aldehyde molecule on the side of the acyl 
group away from the phenyl ring (reaction 9) would 
lead to the ester-forming reaction, and formation of the 

(11) J. Drysdale and D. D. Coffman, J .  A m .  Chem. Soc.. 84, 5111 (1960). 
(12) F. F. Rust, F. H.  Seubold, and W. E. Vaughan, ibid.. 70, 3258 

(13) A. L. J .  neckwith and G. W. Evans, J .  Chem. Soc . ,  130 (1962). 
(14) M. S. Kharasch, 0. Schwartz, M. Zimmerman, and W. Nudenberg, 

J .  Org. Chem., 18, 1051 (1953). 
(15) D. J. Trecker, Doctoral dissertation, University of Chicago, Chicago, 

Il l . ,  1962. 
(16) W. H. Urry and D. J. Trecker. 3.  Am. Chem. Soc., 84, 118 (1962). 
(17) (a) M. S. Kharasch, W. H.  Urry,  and R .  M. Kuderna. J .  O w .  

Chem., 14 ,  248 (1949); (b) J. D. LaZerte and R. J. Koshar, J .  Am. Chem. 
Soc., 77, 910 (1955); (c) T .  M. Patrick, Jr . ,  J .  Org.  Chem., 17, 1009 (1952); 
(d) R. L. Huang, J .  Chem. Soc.. 1794 (1956): (e) T .  M. Patrick, Jr., J .  
A m .  Chem. Soc. ,  17, 1269 (1952). 

(18) (a) M. S. Kharasch, kI. Zimmerman, W. Zimmt, and W. Nuden- 
berg, J .  Ow. Chem.. 18, 1945 (1953); (b) R. Cramer, J .  A m .  Chem. Soc..  
79, 6215 (1957); (e )  R. Huisgen and F. Jacob, Ann., 690, 37 (1954). 

(1948). 

u-bond to the ortho carbon of the phenyl ring would 
lead to the formation of indanone product. 

This intramolecular stabilization of intermediate 
acyl radical by a-complex formation is the converse of 
a suggestion by Wallinglg that such r-complex forma- 
tion by t-butoxy radicals give enhanced @-scission. 
It is reasonable that a partial negative charge on oxygen 
atom in the t-butoxy aromatic complex should lower 
the energy of the transition state for ,&scission to give 
acetone and a methyl radical. On the other hand, 
similar complex formation by alkanoyl radicals may be 
represented as follows. 

0 Ii 0 

R- tl .Ar -++ R- -Ar+ C+ R.&Ar 

The partial negative charge on the carbonyl carbon 
of the complex may stabilize it against a-scission de- 
carbonylation. 

The decarbonylation of two aliphatic aldehydes, 
2,3,3-trimethylbutanal and cyclopropylacetaldehyde, 
have given interesting results. With the former, only 
2,2-dimethylbutane and carbon monoxide were obtained 
to indicate that there is no comparable rearrangement 
of aliphatic free radicals with a quaternary carbon 
atom. The peroxide-induced reaction of cyclogropyl- 
acetaldehyde gave only 1-butene and carbon monoxide. 
It is apparent that the intermediate cyclopropylcar- 
binyl radical undergoes a ring-opening reaction as a 
consequence of the strain in the cyclopropyl ring to 
give the but-3-enyl radical that abstracts the aldehydic 
hydrogen of another aldehyde molecule to give 1- 
butene. 

Experimental 
Preparation of VI .-The Grignard reagent waa prepared from 

l-chloro-2-methyl-2-phenylpropane (570.3 g., 3.37 moles, b.p. 
65' a t  2 mm., T Z ~ D  1.5250; prepared in 617' yield by the method 
of Whitmore)zo with magnesium turnings (87.5 g., 3.65 g.-atoms) 
in anhydrous ether (950 ml.). Treatment of the reaction 
mixture with a large excess of Dry Ice and its acid hydrolysk 
gave 3-methyl-3-phenyIbutanoic acid (493 g., 2.77 moles, 
m.p. 57-58°,21 82% yield). Reduction2* of this acid with lithium 
aluminum hydride (119.8 g., 3.16 moles) in anhydrous ether 
(3.5 1.) gave 3-methyl-3-phenylbutanol (378.8 g., 2.31 moles, 
b.p. 137' a t  16 mm., ~ Z % D  1.5228, 91% yield). 

Anal. Calcd. for ClIHllO: C, 80.4; H, 9.8. Found: C, 
80.7; H, 9.8. 

3-Methyl-3-phenylbutanol (378.4 g., 2.31 moles) with thionyl 
chloride (550 g., 4.60 moles; Matheson Coleman and Bell) 
gave l-chloro-3-methyl-3-phenylbutane (314.7 g., 1.72 moles, 
b.p. 123' at 18 mm., ~ * O D  1.5194, 75% yield). The Grignard 
reagent from this chloride (274 g., 1.5 moles) with magnesium 
turnings (40 g., 1.7 g.-atoms) in anhydrous ether (850 ml.) was 
treated with ethyl orthoformate (333 g., 2.25 moles) in anhy- 
drous ether (370 ml.). Hydrolysis of the resulting acetal with 
sulfuric acid solution (5 M ,  500 ml.), ether extraction, drying 
(sodium sulfate), and distillation gave VI (101 g., 0.57 mole, 
b.p. 123' a 10 mm., nZ0D 1.5109, 38% yield). Its 2,4-dinitro- 
phenylhydrazone (m.p. 81" from ethanol) was prepared. 

Anal. Calcd. for ClsH&,O,: C, 60.7; H,  5.7; S ,  15.7. 
Found: C, 60.4; H, 5.9; N, 15.8. 

Reaction of VI with t-Amyl Peroxide.-In a nitrogen atmos- 
phere, a solution containing T'I (33.0 g., 0.188 mole) and the 
peroxide (3.6 g., 0.021 mole) was held at  100' for 138 hr. in a 
three-necked flask (50 ml.) equipped with a thermometer, a 

(19) (a) C. Walling and 4 .  Padwa. J .  A m .  Chem. Sac.. 86, 1.593 (1963): 

(20) F. C. Whitmore, C. A.  Weisgerber, and A.  C. Shabica. Jr . ,  ibid., 

(21) A. Hoffman, ibid., 61, 2545 (1929). 
(22) R. F. Nystrom and W. G. Brown, ibid., 69, 2548 (1947). 

(b) C.  Walling and P. Wagner, ibid., 86 ,  2333 (1963). 

66, 1469 (1943). 
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nitrogen inlet tube, and a condenser (attached through a -80' 
trap to a Precision wet test meter). Carbon monoxide (0.85 l., 
18%) waa evolved. 

Fractional distillation of the reaction mixture through a 3-ft. 
Podbielniak Heli-Grid column gave VI1 (4.4 g., 0.03 mole, b.p. 
63-66' a t  10 mm., n z o ~  1.4995, 3Oy0 yield); unchanged VI 
(1.9 g., 0.011 mole, b.p. 123" a t  10 mm., n Z 0 ~  1.5109); and a 
mixture of carbonyl compounds (12.7 g., b.p. 123-127' a t  10 
mm., n z o ~  1.5149, infrared at  1725 and 1675 cm.-l). Distillation 
then waa continued in a molecular still to give another such 
mixture (6.0 g.; infrared at  1720, 1690 and 1675 cm.-l). Quan- 
titative analysis of these carbonyl-containing fractions k.y 
chromatography of a mixture of their 2,4-dinitrophenylhydra- 
zones on silicic acidza gave unchanged VI (12.0 g., 0.068 mole, 
total recovery 42%), VI11 (3.4 g., 0.020 mole, 17.5% yield), and 
I X  (3.3 g., 0.019 mole, 17.5% yield). 

A distillation residue (6.2 g., infrared a t  1710 cm.-', no hy- 
droxyl) remained, and part of it (1.0 9.) waa chromatographed 
on neutral alumina. The first two fractions contained 2,9- 
dimethyl-2,9-diphenyl-5,6-decanedione (positive 2,4-dinitro- 
phenylhydrazine and periodic acid tests; hydroxylamine-ferric 
chloride test for ester waa negative; carbonyl content 10570, 
based on one carbonyl function per molecule aa determined by 
the hydroxylamine hydrochloride method) . 2 4  

Anal. Calcd. for C2dH3~02: mol. wt., 350. Found: mol. 
wt., 355. 

Treatment of this residue with aqueous periodic acid gave 4- 
methyl-4-phenylpentanoic acid (melting point of its anilide, 165- 
166"; melting point of mixture with authentic sample, 166- 
167'). 

VI1 was identified further by the preparation of ita p-sulfon- 
amide (m.p. 85-86°,26 melting point of mixture with an authentic 
sample waa undepressed). 1,l-Dimethylindane (b.p. 85" at  
20 mm., n Z 0 ~  1.5150; prepared according to Bogert and David- 
son)z6 waa not a product of this reaction. This hydrocarbon and 
VI1 are separated by the V.P.C. method used (Fisher-Gulf par- 
titioner; 11-ft. column packed with tricresyl phosphate on fire- 
brick; isothermal, 120'; helium flow, 100 ml. per min.), but 
the chromatogram of the reaction product had no peak due to this 
indane. 

The mixture of the three 2,4dinitrophenylhydrazones ob- 
tained from the carbonyl-containing fractions was triturated with 
boiling ethanol, and the insoluble 2,4-dinitrophenylhydrazone 
of VI11 (m.p. 224-226'; mixture melting point with authentic 
sample, 223-225') waa separated by filtration of the hot mix- 
ture. 

Anal. Calcd. for Cl~Hla04N4: C, 61.0; H,  5.1; N, 15.8. 
Found: C, 61.1; H,  5.2; N, 15.9. 

The 2,4-dinitrophenylhydrazone of I X  (m.p. 177-179", un- 
depressed with a mixture with an authentic sample) recrystal- 
lized from the ethanol solution. 

Anal. Calcd. for CI8Hz0N4O4: C, 60.7; H, 5.6; N,  15.7. 
Found: C,  60.7; H,  5.6; N,  15.5. 

This derivative also gave the same X-ray diffraction pattern aa 
an authentic sample [d 10.0 A. (8); 7.5 A. (w); 5.5 A.  (9); 4.8 
A.  (m); 4.2 h;.  (9); 3.5 A .  (m);  3:O A .  (w); and 2.0 A .  ( w ) ] . ~  

I X  (20.0 g., 0.11 mole, b.p. 143-145' a t  20 mm., nZoD l.5100,24 
61 yo yield) waa prepared by the reaction of 4-methylpentanoyl 
chloride (25.0 g., 0.19 mole, Eaatman) with benzene (141 g., 
1.8 moles) and aluminum chloride (30.0 g., 0.23 mole). After a 
17-hr. reaction period, additional aluminum chloride (30.0 g., 
0.23 mole) waa added and stirring was continued for 2 hr.  Its 
oxime (m.p. 70-71' from ethano1)lB and its 2,4-dinitrophenyl- 
hydrazone (m.p. 180-181O) were prepared. 

VI11 was prepared by the reaction of 4-methyl-4-phenylpen- 
tanoic acid (17.6 g., 0.09 mole) in carbon disulfide (175 ml.) 
with phosphorus pentachloride (15.8 g.; 0.09 mole; Matheson 
Coleman and Bell) under vigorous stirring for 2 hr., and then 

(23) B .  E. Gordon, F. Wopate, Jr., H. D .  Burnham, and L. C. Jones, Jr. 
Anal. Chem., 13, 1754 (1951). 

(24) W. T. Smith, Jr., and R. L. Shriner, "The Examination of New 
Organic Compounds," John Wiley and Sons, Inc., New York, N .  Y. ,  1956, 
p. 85. 

(25) E.  H. Huntress and J .  S. Autenreith, J .  A m .  Chem. Soc., 63, 3446 
(1941). 

(26) M. T .  Bogert and D .  Davidson, ibid. ,  66, 187 (1934). 
(27) North American Philips Powder Camera with Strouman'a arrange- 

The photographs were mRde by M. E. Lipschutz, 

(28) R. L. Shriner and T. A.  Turner, J .  Am.  Chem. Soc., 63, 1267 (1930). 

ment, 57.3-mm. radius. 
Enrico Fermi Institute, University of Chicago. 

aluminum chloride (30 g., 0.225 mole, Mallinckrodt A.R.) waa 
added and the mixture waa held at  reflux for 2.5 hr. After 
hydrolysis of the reaction mixture with cold dilute hydrochloric 
acid, distillation gave VI11 (3.17 g., 0.21 mole, b.p. 127-128' a t  
7 mm., T L ~ D  1 .5502,z8 24% yield). I ts  2,4-dinitrophenylhydra- 
zone (m.p. 125126' from ethyl acetate), and ita semicarbaaone 
(m.p. 203-204' from aqueous ethanol) were prepared. 

Preparation of IC.-This aldehyde (46.3 g., 0.29 mole, b.p. 
83-85' a t  3 mm., n z O ~  1.5148, 29% yield, 2,4dinitrophenyl- 
hydrazone m.p. 120-122') waa prepared by the hydrolysis of 
its acetal with hydrochloric acid solution ( 5  N ,  400 ml.). The 
acetal waa prepared by the reaction of the Grignard reaction from 
l-chloro-2-methyl-2-phenylpropane (170.0 g., 1.01 mole, b .p. 
75" a t  3 mm., ~ Z ~ O D  1.5252; prepared in 88% yield by the method 
of Kharaach and Brown)Q with magnesium turnings (25.9 g., 
1.11 g.-atoms) in ether (400 ml.) with ethyl orthoformate (148.0 
g., 1.00 mole) in ether (150 ml.). The crude IC from the acetal 
hydrolysis was treated with a saturated solution of sodium 
bisulfite. The precipitated bisulfite addition product waa 
separated on a filter and was washed thoroughly with ether. 
IC was recovered by treating the addition product with hydro- 
chloric acid solution (1 N ,  200 ml.). 

Reaction of IC with &Amyl Peroxide .-In the apparatus 
previously described, IC (46.3 g., 0.29 mole) and t-amyl peroxide 
(5.6 g., 0.032 mole) were held at  a temperature of 100' for 24 hr. 
(swept with nitrogen). During this time, carbon monoxide 
(3.4 l., 52%) was evolved. 

The gaa chromatography (apparatus described above; iso- 
thermal, 220') of the reaction mixture indicated that it contained 
2-methyl-2-butanol and 2-butanone, a mixture of butylbenzenes 
(48.5%; retention time, 5 min.), unchanged IC (42% recovered; 
retention time, 22 min.), and IVc (2.5y0; retention time, 30 
min.). Fractional distillation through a 3-ft. Podbielniak Heli- 
Grid column gave the following products: a mixture of 2-methyl- 
2-butanol and 2-butanone (5.0 g., b.p. 55-90', ~ * O D  1.4918); a 
mixture of butylbenzenes (21.9 g., 0.163 mole, b.p. 58-60' a t  
20 mm., n Z 0 ~  1.4918-1.4873), shown to contain 62% IIc (13.8 g., 
0.103 mole, 5770 yield) and 39y0 IIIc (8.1 g., 0.060 mole, 
yield) by comparison of the refractive index of each fraction ob- 
tained with a graph (refractive indices us.  per cent composition) 
from the known butylbenzenes (infrared spectra of fractions were 
identical with mixtures of the indicated composition); a mixture 
of carbonyl compounds (10.7 g., b.p. 60' a t  1 mm., n M ~  1.5172) 
that contained unchanged IC (9.5 g., 0.059 mole) and IVc 
(1.2 g., 0.007 mole, 5% yield); and a viscous residue (6.0 g., 
negative hydroxylamine-hydrochloride test, positive periodic 
acid test) that contained 2,7dimethyl-2,7-diphenyl-4,5-octane- 
dione. 

Anal. Calcd. for C ~ Z H Z ~ O ~ :  mol. wt., 322. Found: mol. 
wt., 319. 

The known p-sulfonamidesz5 were prepared from the IIc (m.p. 
134-136") and the IIIc  (m.p. 86-87', mixture melting points 
with authentic samples were not depressed). A mixture of 2,4- 
dinitrophenylhydrazones waa prepared from the above rnrbonyl 
fraction and the hydrazone of IVc (m.p. 265-267', red crysta1s)Jl 
waa obtained pure by trituration with boiling ethanol. Authen- 
tic IVc (1.6 g., 0.01 mole, b.p. 125" at  21 mm., n Z 0 ~  1.5408, 63g'i, 
yield) waa prepared by the reaction of aluminum chloride (2.7 
g., 0.020 mole) under reflux for 2.5 hr. with a mixture obtained 
from 3-methyl-3-phenylbutanoic acid (2.6 g., 0.016 mole) and 
phosphorus pentachloride (3.4 g., 0.016.mole) in ligroin (20 ml., 
90-100') that had been stirred for 2 hr. Ita semicarbazone (m.p. 
205-207°),a1 and its 2,4-dinitrophenylhydrazone (m.p. 268' 
from ethyl acetate,a1 mixture melting point with above deriva- 
tive showed no depression) were prepared. 

Separation of the above 2,4-dinitrophenylhydrazone mixture 
with column chromatography on a 2:  1 mixture of activated silicic 
acid and Celite ( 156-AIza gave the 2,4-dinitrophenylhydrazone of 
3-methyl-3-phenylbutanal (m.p. 121-122°).z* The reaction of 
the residue from the above distillation with an aqueous solution 
of periodic acid gave 3-methyl-3-phenylbutanoic acid (m .p. 
56-57').21 

Preparation of Ib.-l-Phenyl-2-propanol (478.8 g., 3.53 
moles, b.p. 95' a t  7 mm., n% 1.5241; prepared in 47% yield by 

(29) S. J. Lapporte, Doctoral dissertation, University of California at 
Los Angeles, 1956, pp. 183-188. 

(30) M. S. Kharasch and H. C. Brown, Jr.. J .  A m .  Chem. Soc. ,  61, 2143 
(1939). 

(31) G. Baddeley and R. Williamson, J .  Chem. Soc.,  4653 (1956). 
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the method of Huston and B o s t w i ~ k ) ~ ~  with thionyl chloride 
(905 g., 7.06 moles) gave 1-phenyl-2-chloropropane (386.9 g., 
2.51 moles, b.p. 94' a t  17mm., 71% 1.5196,83 71% yield). Ethyl 
orthoformate (296 g., 2.00 moles, Eaatman) in anhydrous ether 
(400 ml.) was treated with t,he Grignard reagent prepared from 
the 1-phenyl-2-chloropropane (309.7 g., 2.00 moles) with mag- 
nesium turnings (53.5 g., 2.20 g.-atoms) in ether (950 ml.). 
The product acetal was hydrolyzed with hydrochloric acid (5 N ,  
200 ml.). The aldehyde-sodium biaulfite addition product waa 
prepared. Ita treatment with hydrochloric acid (1 N )  gave Ib 
(57.0 g., 0.62 mole, b.p. 89-90' at 6 mm.,34anaO~ 1,5141,31'%). 
Ita semicarbazone (m.p. 121-122°)ak and ita 2,4-dinitrophenyl- 
hydrazone (m.p. 116-117') were prepared. 

Reaction of Ib with &Amyl Peroxide.-Ib (25.0 g., 0.17 mole) 
and the peroxide (3.3 g., 0.019 mole, b.p. 51' a t  13 mm., n Z 0 ~  
1.4087) were h-ld at 100' for 84 hr. in the apparatus described 
above. 

During this reaction period, carbon monoxide (1.25 I., S.C.,34b 
29% yield) was given off. Gaa chromatographic analysis (Perkin- 
Elmer vapor fractometer, Model 154; 12-ft. column, 3570 by 
weight Dow-Corning silicon oil no. 710 on 30-80-mesh firebrick; 
isothermal, 173'; helium flow, 100 ml. per min.) indicated per- 
oxide decomposition products (2-methyl-2-butanol and 2-buta- 
none); IIb (267,; retention time, 5 min.); unchanged Ib (72%; 
retention time, 23 min.); and 1% (2%; retention time, 37min.). 
Authentic samples gave the same retention times. A known 
mixture of 2-phenylpropane (retention time, 4.5 min.) and IIb 
(retention time, 5.0 min.) was separated by this analysis. 
Hence, 2-phenylpropane is not a product of this reaction. 
Similarly, 2-methylpropiophenone (retention time, 25 min .) was 
shown to be absent from the product. 

Fractional distillation (the Podbielniak Heli-Grid column, 
50-plate) of this reaction mixture gave (1) a mixture of Z-methyl- 
2-butanol and 2-butanone (3.2 g., b.p. 55-90'); (2) IIb (5.0 g., 
0.042 mole, b.p. 53' a t  15 mm., n2% 1.4740, 81% yield); (3) a 
mixture of carbonyl compounds (b.p. 90-95" at  .7 mm., 12% 

1.5120, infrared a t  1725 and 1690 cm.-l) composed of Ib  (17.1 
g., 0.115 mole, 68% recovered) and IVb (0.5 g., 0.032 mole, 
67"); and (4) a dark viscous residue (2.0 g., mol. w t .  325, 
infrared at  1705 cm.-l with no hydroxyl absorption, positive 
periodic acid test, and negative hydroxyl amine-ferric chloride 
wter test). 

IIb gave ita p-sulfonamide (m.p. 108-109", mixture melting 
point with authentic sample the same).2s Fraction 3 gave a 
mixture of 2,4-dinitrophenylhydrazones (red and yellow crystals). 
The red needles of the 2,4-dinitrophenylhydrazone of IW (m.p. 
201-203' from ethanol-ethyl acetate, m.m.p. 204-205') were 
obtained by filtration when the mixture was triturated with boil- 
ing ethanol. 

Anal. Calcd. for C I ~ H I ~ N ~ ~ ~ :  N, 17.2. Found: N, 17.4. 
The 2,4-dinitrophenylhydrazone of Ib  (m.p. 116-117') re- 

crystallized aa the ethanol solution cooled. IVb (13.4 g., 0.092 
mole, b.p. 108" at 9 mm., nZoD 1.5550,62% yield, semicarbazone 
m .p. 198-199', 36 p-nitrophenylhydrazone m .p. 16&166', 
and 2,4-dinitrophenylhydrazone m.p. 207-208') waa prepared 
otherwise from the rea.ction of 2-methyl-3-phenylpropanoyl chlo- 
ride (from the acid, 24.6 g., 0.15 mole, and phosphorus penta- 
chloride, 31.2 g., 0.15 mole, in ligroin, 90°, 175 ml.) and alumi- 
num chloride (40.0 g., 0.30 mole) a t  reflux for 2 hr. The 2- 
methyl-3-phenylpropanoic acid (59.1 g., 0.36 mole, b.p. 146" at  
7 mm.,37 nmD 1.5186, 72oj, yield, amide m.p. 106°)38 waa pre- 
pared by the carbonation of the Grignard reagent obtained from 
I-phenyl-2-chloropropane (77.2 g., 0.50 mole) with magnesium 
turnings (13.3 g., 0.55 g.-atom) in anhydrous ether (160 ml.). 

Reaction of Ib with &Butyl Peroxide.-Ib (8.5 g., 0.058 mole) 
and the peroxide (0.93 g., 0.0063 mole, b.p. 42" at  58 mm., 12% 
1.3889) were brought intJo reaction aa previously described except 
that the reaction temperature was held at  140" for 27 hr. Gaa 
(1.15 I., S.C.,a4b 7992, carbon monoxide) waa evolved. Chroma- 
~- 

(32) R. C. Huston and 0. 0. Bostwick, J .  Org.  Chem., 13, 334 (1948). 
(33) J. Kenyon, H.  Phillips, and V.  P. Pittman, J .  Chem. Soc.. 1084 

(1935). 
(34) (a) M. Ramart-Lucas and L. Labaune, Ann. Chem., 16, 292 (1931). 

(b)  Standard conditions. 
(35) E. A. Speight. A .  Steveneon, and J. F. Thorpe, J .  Chem. SOL,  136, 

2191 (1924). 
(36) R .  Kishner, J .  Rusa. Phys. Chsm. Soc., 46, 1413 (1914). 
(37) F. 9. Kipping and G .  Clarke, J .  Chem. Soc..  83,  915 (1903). 
(38) E. H. Woodruff and T.  W. Conger, J. A m .  Chem. Soc.. 60, 465 

(1938). 
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tographic analysis, aa before, showed (a) 2-methyl-2-propanol 
and acetone; (b)  I Ib  (69%; retention time, 5 min.); (c)  Ib  
(30% unchanged; retention time, 23 min.); and (d)  1% (1%; 
retention time, 37 min.). 

Preparation of 1a.-This aldehyde waa prepared by procedures 
aa described above. from 2-bromo-3-methyl-3-phenylbutane. 
Bromine (48 g., 0.30 mole) was added in six portions to 2-methyl- 
2-phenylb~tane~~ (160.0 g., 1.08 mole, n z o ~  1.4960; purified by a 
previous bromination to remove 2-methyl-3-phenylbutane pres- 
ent)q irradiated with a 150-w. flood lamp for 6 hr. (50-60"). 
After a short induction period (20 min.), hydrogen bromide waa 
evolved. After 6 hr., residual hydrogen bromide and bromine 
were removed through an aspirator as nitrogen waa bubbled 
through the reaction mixture. Distillation gave unchanged 2- 
methyl-2-phenylbutane (123.9 g., b.p. 40-42" at 2 mm., n% 
1.4958) and 2-bromo-3-methyl-3-phenylbutane (38.6 g., b.p. 
78-80' a t  2 mm., nZoD 1.5425, 71% yield baaed upon amylben- 
zene consumed). 

Anal. Calcd. for CI1HlLBr: Br, 35.2. Found: Br, 35.1. 
A residue (12.6 9.)  of polybromides remained. This bromide 

waa identified further by carbonation of ita Grignard reagent to 
give 2,3-dimethyl-3-phenylbutanoic acid (m.p. 104-105' from 
aqueous ethanol; 91% yield). 

Anal. Calcd. for C12H1602: C,  75.0; H, 8.4. Found: C, 
75.1; H,  8.5. 

In addition this bromide wm hydrogenated over palladium on 
calcium carbonate to give only 2-methyl-2-phenylbutane. 

The Grignard reagent was prepared by the reaction of %methyl- 
2-phenyl-3-bromobutane (68 g., 0.30 mole, n% 1.5392) with 
magnesium (7.2 9.) in anhydrous ether (100 ml.). After the 
formation of the Grignard reagent waa complete (addition of the 
halide, 2 .5  hr.; reflux, 45 min.), ethyl orthoformate (redistilled 
Eastman, 44.0 g., 0.30 mole, n2% 1.3920) in anhydrous ether (80 
ml.) waa added (over 20 min.; reflux, 12 hr.). 

Work-up of the reaction mixture with hydrolysis of the acetal 
by hydrochloric acid and purification of the aldehyde through ita 
bisulfite addition product were done aa described above. Ia  
(29.4 g., 0.17 mole, 56% yield, b.p. 53-55' a t  0.3 mm., nzoD 
1.5289) waa obtained by distillation. 

Anal. Calcd. for ClZHl60: C, 81.8; H,  9.2. Found: C, 
81.3; H ,  9.0. 

Its 2,4-dinitrophenylhydrazone (m.p. 223-224" from ethyl 
acetate), and its semicarbazone (m.p. 195-196' from aqueous 
ethanol) were prepared. 

Anal. Calcd. for C18H2,,N404: N, 15.7. Found: N, 15.4. 
The Reaction of Ia with &Butyl Peroxide.-A solution of the 

peroxide (1.6 g., 0.011 mole) in I a  (16.7 g., 0.095 mole) waa 
heated at  140" under a nitrogen atmosphere for 20 hr. After 
12 hr., additional peroxide (0.5 g., 0.003 mole) waa added. 
Little carbon monoxide (200 ml.) was evolved. 

The reaction product was separated by fractional distillation 
to give a distillate (7.5 g., b.p. 70-75' a t  1 mm.) and a viscous 
residue (8.4 g., infrared at  730 and 1690 cm.-l). Analysis 
of the distillate (v.P.c., F & M, Model 500, temperature-pro- 
grammed gaa chromatograph, 2-ft. silicone rubber column; 
isothermal, 175"; helium flow, 100 ml. per min.) indicated a 
mixture of amylbenzenes (retention time, 1.7 min.: 0.5 g.; 
0.004 mole; 7.2YG) and unchanged I a  (retention time, 5.3 min.; 
7.0 g.; 0.040 mole; 58% conversion). Recrystallization of the 
residue from ethanol nave Va (6.5 E., 0.018 mole. m.D. 186- - . I  . -  
187", 67% yield). 

81.4; H ,  8.9. 
Anal. Calcd. for C,4H3002: C, 81.8; H,  9.1. Found: C, 

Va was hydrolyzed with aqueous alcoholic potassium hydroxide 
solution (0.86 N ;  reflux, 24 hr.). The ethanol waa removed 
under vacuum, and 2,3-dimethyl-3-phenylbutyric acid (m.p. 
103.5-104.5" after sublimation; mixture melting point with 
authentic acid prepared aa above, 104-105') precipitated when 
the basic solution waa made acidic. From the ether extract, 2,3- 
dimethyl-3-phenylbutanol (m.p. 108-109" from aqueous ethanol) 
waa isolated. 

Anal. Calcd. for ClzHlsO: C, 80.8; H,  10.2. Found: C, 
80.7; H ,  10.0. 

An authentic sample of this alcohol (m.p. 108-109", mixture 
melting point not depressed) waa prepared by the reduction of 
the above aldehyde with lithium aluminum hydride. 

(39) M. Inatome, K .  W. Greenlee, J. N. Derfer. and C. E. Boord, rbzd., 

(40) H. D.  Hartzler, Doctoral dissertation, University of Chicago, 
74, 292 (1952). 

Chicago, Ill.. Aug., 1957, p. 34. 
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The ethanolic filtrate from the recrystallization of Va contained 
IVa (2.0 g., 0.011 mole, 21% yield). It waa converted to ,its 
2,4-dinitrophenylhydrazone [m.p. 75-77', mixture melting point 
undepressed; ultraviolet spectrum waa Amax 390 p (e,,, 1.92 x 
lo'), and 266 (1.18 X IO4)]. Authentic IVa was obtained 
from the reaction of 2,3-dimethyl-3-phenylbutanoic acid (5.0 g., 
0.026 mole, prepared as above) with phosphorus pentachloride 
(5.5 g. ;  0.026 mole; reflux, 1 hr.), and then aluminum chloride 
(6.9 g., 0.052 mole; reflux, 2 hr.) waa added. Work-up of the 
reaction mixture with cold, dilute hydrochloric acid, drying, and 
then distillation gave IVa (3.2 g., 0.018 mole, b.p. 130-134' 
a t  1 mm., n z o ~  1.5437, infrared at  1690 cm.-l). Its 2,4-dinitro- 
phenylhydrazone (m.p. 76-77' from ethanol) was prepared. 

Anal. Calcd. for C18H18N404: N, 15.8. Found: N, 15.3. 
To study the amylbenzenes obtained in the reaction of I a  

with t-butyl peroxide, reaction conditions were modified. A 
solution containing Ia  (9.3 g., 0.053 mole, n z o D  1.5287), the 
peroxide (1.02 g., 0.007 mole, n Z O ~  1.3893), and redistilled chloro- 
benzene (50 ml., n Z o ~  1.5248) was held at  130" for 24 hr. Then 
more peroxide (0.96 9.) waa added, and the reaction waa contin- 
ued for another 24 hr. Carbon monoxide (515 ml., S.C.) waa 
evolved. 

The reaction mixture waa distilled to give chlorobenzene (54.8 
g., b.p. 71-72' a t  112 mm., n Z o ~  1.5248); a mixture of hydrocar- 
bons (2.18 g., b.p. 62-68" at  20mm., n z o ~  1.4931); and a residue 
(5.8 9.)  from which Ia  (4.3 g., m.p. 184-186') waa obtained. 
The infrared spectrum of the mixture of hydrocarbons waa 
identical with a mixture of I Ia  (30%) and IIIa (70%). A mix- 
ture of p-benzamido derivatives waa prepared from the hydro- 
carbon mixture (m.p. 104-118°). 2-Methyl-3-(p-benzamido- 
pheny1)butane (m.p. 138-141", after nine recrystallizations from 
aqueous ethanol; mixture melting point with authentic sample, 
139-141') was obtained. 

Preparation of 2,3,3-Trimethylbutanal.-The Grignard reagent 
prepared from 2-chloro-3,3-dimethylbutane (56.0 g., 0.46 mole, 
nmD 1 .4180,41 obtained by careful fractional distillation of the 
mixture products from the photochemical chlorination of 2,2- 
d i m e t h ~ l b u t a n e ) ~ ~  with magnesium (12 g., 0.5 g.-atom) in an- 
hydrous ether (125 ml.; addition, 4 hr.; reflux, 45 min.) was 
treated with ethyl orthoformat,e (Eaatman, 96.0 g., 0.46 mole, 
b.p. 80" at 89 mm., n Z o ~  1.3920) in anhydrous ether (100 ml.; 
reflux, 16 hr.). The acetal product was hydrolyzed with hydro- 
chloric acid, and the aldehyde formed waa purified via the alde- 
hydebisulfite addition product. The latter was treated with 
sodium carbonate solution, and the mixture was extracted with 
ether. The ether solution (dried over sodium sulfate) was dis- 
tilled to give 2,3,3-trimethylbutanal (13.1 g., 0.11 mole, b.p. 
66-68' a t  69 mm., n 2 " ~  1.4125). 

Anal. Calcd. for C7H140: C, 73.6; H,  12.4. Found: C, 
72.9; H,  12.2. 

Its 2&dinitrophenylhydrazone (m.p. 126-127" from aqueous 
ethanol) was prepared. 

Anal. Calcd. for C13HigN404: N ,  19.0. Found: N,  18.8. 
Reaction of 2,3,3-Trimethylbutanal with &Butyl Peroxide.-A 

solution containing this aldehyde (3.54 g., 0.031 mole) and per- 
oxide (0.56 g., 0.004 mole, b.p. 45' a t  72 mm., 72% 1.3889) 
waa heated at 130" for 24 hr. Carbon monoxide (563 ml. S.C. 
80% yield) was evolved. 2,2-Dimethylbutane (2.2 g., n Z o ~  
1.3684,43 83y0 yield) was obtained by distillation of the reaction 
mixture and the contents of the -80" trap. Ita infrared spec- 
trum was identical with that of an authentic sample (Phillips 
99y0 pure neohexane). 

Preparation of Cyclopropyl Acetaldehyde.-Cyclopropane- 
carboxylic acid (51.6 g., 0.60 mole, prepared from y-chlorobutyro- 

(41) F. C. Whitmore, H. I.  Bernstein, and I.  W. Mixon, J .  Am. Chem. 

(42) W. H. Urry and N.  Nicolaides, i b i d . ,  74, 5163 (1952). 
(43) A. F. Forziati, A. R. Glaszow, Jr., C. B. Willingham, and F.  D. 

(44) C. M. McCloskey and G. H. Coleman, "Organic Syntheses," Coll. 

Soc., 60, 2539 (1938). 

Rossini, J. Rea. Natl. Bur. Std., 36, 129 (1946). 

Vol. 111, John Wiley and Sons, Inc., New York, N. Y., 1955, p. 221. 

nitrile)" with thionyl chloride (84 g., 0.70 mole) gave cyclo- 
propane carbonyl chloride (52.3 g., 0.50 mole, 83y0 yield)." 
This acid chloride (14.4 g., 0.14 mole) in ether (50 ml.) waa added 
over a period of 45 min. to a stirred solution of diazoniethane 
(O' ,  from 70 g. of nitro~omethylurea)'~ in anhydrous ether (700 
ml.). The crude diazo ketone obtained by distillation of the 
reaction mixture waa dissolved in absolute ethanol (200 ml.), 
and this solution was irradiated with a mercury resonance lamp. 
Over a period of 2 days, nitrogen (2.98 l., S.C., 0.133 mole) waa 
collected. Distillation of the reaction mixture gave ethyl cyclo- 
propylacetate (13.9 g., 0.11 mole, b.p. 86-88' at 75 mm., n Z o ~  
1.4240). 

Ethyl cyclopropylacetate (18 g., 0.14 mole) in anhydrous 
ether (50 ml.) waa treated with an ether solution (100 ml.) 
of lithidm aluminum hydride (5.0 g., 0.13 mole; addition, 45 
min.; reflux, 2 hr.). Work-up gave 2-cyclopropylethano1 
(11.1 g.; 0.13 mole; b.p. 88-90' at 100 mm.; n Z 0 ~  1.4344; 
93%; infrared a t  3320,3060, and 1050 cm.-I). 

Anal. Calcd. for ChHlOO: C, 69.8; H, 11.6. Found: C, 
69.4; H, 11.8. 

The phenylurethane (m.p. 57-58' from aqueous ethanol), 
and a-naphthylurethane (m.p. 81-82' from 60" ligroin) of this 
alcohol were prepared. 

Anal. Calcd. for C1ZH16NO?: N,  6.9. Found: N, 6.9. 
Anal. Calcd. for C ~ ~ H ~ ~ N O Z :  N, 5.5. Found: N, 5.9. 
2-Cyclopropylethanol(9.0 g., 0.10 mole) in anhydrous pyridine 

(40 ml., Baker) was oxidized with chromic anhydride-pyridine 
complex (120 ml.; prepared from anhydrous chromic anhydride, 
12 g., and pyridine, 120 ml.)." After the reaction mixture had 
been allowed to stand for 12 hr., it was made acidic with dilute 
hydrochloric acid. I t  was then extracted with ether, and the 
ether solution (dried over sodium sulfate) waa distilled to give 
cyclopropylacetaldehyde (4.03 g., 0.048 mole, b.p. 69-75' a t  
166 mm., n Z o ~  1.3891, 48% yield) and unchanged 2-cyclopropyl- 
ethanol (4.01 g., b.p. 78-90" at  160 mm., n z o ~  1.4290, 45% 
recovery). 

Anal. Calcd. for CbH80,: C, 71.4; H ,  9.5. Found: C,  
70.8; H ,  10.0. 

The 2,4-dinitrophenylhydrazone of this aldehyde (m.p. 118- 
119" from aqueous ethanol) waa prepared. 

Anal. Calcd. for CllH12N404: N, 21.2. Found: X, 21.1. 
Reaction of Cyclopropylacetaldehyde with &Butyl Peroxide .- 

This aldehyde (4.14 g., 0.049 mole) and peroxide (1.07 g., 0.0073 
mole, n Z o ~  1.3893) were heated at  130" for 27 hr. Gaasesevolved 
were led through a trap ( -80°, containing 20 ml. of ether) into a 
Precision wet test meter. Carbon monoxide (0.88 I., S.C., 
0.393 mole, 80% yield) was measured on the meter. The de- 
carbonylation product, collected in the ether in the -80" trap, 
waa found to be 1-butene (retention time, 8 min.; Fisher-Gulf 
gaa chromatograph; IO-ft. column, paraffin oil on Celite; iso- 
thermal, 35"; helium flow, 20 ml. per min.). Other possible 
products gave different retention times under the same column 
conditions (butane, 9 min.; cis-2-butene, 10 min.; trans-2-bu- 
tene, 11 min.; methylcyclopropane, 10.5 min.; and cyclobutane, 
18 min.), and their mixtures with 1-butene always gave the 
expected two peaks. 

The ether solution of the 1-butene was treated with 2,4-di- 
nitrobenzenesulfenylchloride in glacial acetic acid, and the 
reaction mixture was allowed to stand for 16 hr. 2-Chlorobutyl 
2,4-dinitrophenyl sulfide (m.p. 77-78", mixture melting point 
with authentic sample w'aa undepressed) waa obtained.'* 

The same reaction products were obtained when cyclopropyl 
acetaldehyde (2.01 g., 0.024 mole) and t-butyl peroxide (0.79 
g., 0.0054 mole) in chlorobenzene (25.6 g., %?OD 1.5248) were 
held a t  130-135' for 48 hr. 
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