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Fig. 11.-Loss of proton from carbonium ion vie ?complex. 

possible that the formation of the x-complex 
occurs during the formation of the carbonium ion. 
To the extent that the transition states are ap- 

(38) Xeighboring hydrogen participation in the  formation of 
carbonium ions by ionization has been demonstrated recently: W. B. 
Smith, R. E. Bowman and Th.  J. &net, THIS JOURNAL, 81, 997 
(1959); D. J. Cram and J. Tadanier, ibid., 81, 2737 (1959); S. 
Winstein and J .  Takahashi, Telvahedron, 2, 316 (1958). 

proximated by the n-coniplexes (Fig. 11) i t  ap- 
pears that the energies of the ~-coinplexes are 
cis < trans = I-butene. I t  is interesting to note 
that cis-olefins form more stable n-complexes with 
silver ions39a40 than the corresponding fran.s- 
olefins. Recent studies on hydrogen bonding to 
o l e f i n ~ ~ l - ~ ~  have shown that %olefins (apparently 
mixture of cis- and trans-) are stronger bases than 
1-olefins and form stronger hydrogen bonds. 
Thus, the relative stabilities of the n-complexes, 
and therefore the relative rates of formation of the 
olefins, seem to be governed by the basicities of the 
corresponding olefins. 

(39) F. R. Hepner, K. S. Trueblood and H. J. Lucas, THIS JOURXAL, 

(40) P. D. Gardner, R. I>. Brandon and N .  J. Nix, Cheinislvy & 111- 

74, 1333 (1952). 

dtLsIYy, 1363 (1958). 

( I  938). 

(1958). 

(41)  1. n'. Baker and 1. T. Shulgin, THIS T O U R K A L ,  80, 5338 

(42) P. V. R. Schleper, D. S. 'l'rifan and R .  Racskai, ibid., 80, GG91 

(43) R. West, ib id . ,  81, 1614 (1030). 
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The Reactions of 3-Phenyl-l-b~tylmine-3-~~C and 3-p-Ani~yl-l-butylamine-3-~~C 
with Nitrous Acid1s2 

BY -4RTHUR w. FORT .4ND ROBERT E. LE.4RY 

RECEIVED OCTOBER 1.3, 19.59 

The diazotization of 3-phen~-l-l-butylamine-3-'~C in acetic acid gives 3-phenyl-l-butene, 3-phenyl-1-butyl acetate and 
The sec- 

The significance of these results is 
diastereoisomeric 3-phenyl-2-butyl acetates. 
ondary ester products of these reactions show extensive isotope-position rearrangement. 
discussed. 

3-P-.2nisyl-l-biltylarni1le-3-'~C gives a similar product mixture 

The reactions of 3-phenyI-l-b~tylamine-3-~~C 
and 3-p-ani~yl-l-butylamine-3-~*C with nitrous 
acid have been investigated with the objective of 
identifying the intermediates leading to secondary 
products in these and similar reactions. In the 
present work information was sought concerning 
the relative importance of the possible intermedi- 
ates I, I1 and 111. 

Ar 13 -4 r Ar . '+' . I +  
CH~C*HCH-CH~ CH~C*HCHCH~ C H ~ C * H = C H C H ~  

. .+. . 1 
I I1 I11 

Ar = CcH5- or p-CH3OCsH4- 
The symmetrical aryl-bridged ions 111, if formed, 

will lead to secondary products showing isotope- 
position rearrangement. Secondary products 
formed by solvent attack on intermediates I and/or 
I1 will not show isotope-position rearrangement. 

The reaction of 3-phenyl-l-b~tylarnine-3-'~C 
with sodium nitrite in glacial acetic acid gave 3- 
phenyl-l-butene-X-14C (IV), 1070, and a mixture 
of phenylb~tyl-X-'~C acetates, which, after treat- 
ment with lithium aluminum hydride and distilla- 
tion at  reduced pressure, gave a 63y0 yield (based 
on unrecovered amine) of phenylbutanols. The 
ratio of alcohol products, estimated by gas chroma- 

(1) Presented a t  t h e  Organic Division, A.C.S. Meeting, Atlantic 

(2) Financial support by the  U. S. Atomic Energy Commission is 
City, N. J., September, 1959; abstracts, p. 27-P. 

gratefully acknowledged. 

tography, was 62 f 2% 3-phenyl-l-b~tanol-X-'~C 
(V), 28 =t 2% erythr0-3-phenyl-2-butanol-X-'~C 
(VI) and 10 + 2y0 thre0-3-phenyl-2-butanol-X-'~C 
(VII) . Other isomeric phenylbutanols were not 
detected. The alcohol mixture was separated by 
fractional distillation into V and a mixture of the 
diastereoisomers VI and VII, from which pure 
erythro-3-phenyl-2-butanol was obtained by the pro- 
cedure of Cram3 The absence of the conjugated 
olefins, cis-2-phenyl-2-butene and trans-2-phenyl- 
2-butene, from the crude olefin product was estab- 
lished by gas chromatography and by the similarity 
of its infrared spectrum with that of authentic 3- 
phenyl- 1-butene. A control experiment showed 
that the conjugated olefins would have survived the 
reaction conditions, in large part, if they had been 
formed. 

Isotope-position rearrangement attending the 
formation of products in the deamination reaction of 
3-phenyl-l-b~tylamine-3-~~C was determined by 
oxidizing each product to benzoic acid and compar- 
ing the I4C-activity of the benzoic acid fragment 
with that of its parent compound. The measured 
I4C-activities and percentage rearrangements are 
given in Table I. 

The reaction of 3-$-ani~yl-l-butylamine-3-~~C 
with sodium nitrite in acetic acid gave a product 
mixture that was similar to the one obtained from 

(3) D. J. Cram, TEIS JOURNAL, 71, 3863 (1949). 
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TABLE I 
1 4 C - A ~ ~ r ~ I r ~  LIEASUREMENTS ON THE 3-PHENYL-I-BUTYL- 

AMINE-3-l4c- NITROUS ACID REACTION PRODUCTS 
Compound Counts/min. a Rearrangement, 70 

3-Phenyl-1-butene (IV) (973 f 7)” 1.5 f 2.4 ( 3 ) d  
Benzoic acid from IV 1370 f 23 
3-Phenyl-1-butanol (V) 971 + 4 0 
Benzoic acid from V 1395 i 28 
erythro-3-Phenyl-2-butanol 

(VI) 976 z!z 9 34.6 =!= 2 . 7  
Benzoic acid from \‘I 926 i 16 (35.4)d(34.5)d1a 

0 Measured activity of “infinitely thick” barium carbon- 
ate of uniform area corrected for background with average 
deviation from the mean value. * Percentage loss of 14C- 
activity from C-3. Measured activities of IV, V and VI 
must be multiplied by 10, and those of benzoic acid by 7 to 
adjust for relative carbon content before making compari- 
sons. Not measured. This value is the average of the 
activities of V and VI. Result obtained from measure- 
ments made by New England Nuclear Assay Corp.; see 
footnotes a and b ,  Table 11. e Contained 30% of the threo 
isomer VII. 

3-phenyl-l-butylamine-3-’4C. Inactive 3-p-anisyl- 
1-butene (VIII), 3-$-anisyl-l-butanol (IX) and 
erythro-3-p-anisyl-2-butanol (X) were added to act 
as carriers. Treatment of the crude mixture with 
lithium aluminum hydride followed by fractional 
distillation gave 12% 3-$-ani~yl-l-butene-X’~C 
(VIII),4 53% 3-p-ani~yI-l-butanol-X-’~C (IX)4 and 
a mixture of diastereoisomeric 3-9-anisyl-2-buta- 
nols from which 17% pure erythro-3-p-anisyl-2-bu- 
tan01-X-I~ C (X),4 was obtained by the procedure 
of Winstein and rob ins or^.^ Isotope-position re- 
arrangement attending the formation of these prod- 
ucts was determined by oxidizing each product to 
anisic acid and comparing the I4C-activity of each 
anisic acid fragment with that of its parent com- 
pound. The I4CC-activities and percentage rear- 
rangements for these compounds are given in Table 
11. 

TABLE I1 
14C-L4CTIVITY MEASUREMENTS ON THE 3-p-ANISYL-1-BUTYL- 

AM1NE-3-l4c- NITROUS ACID REACTION PRODUCTS 
ucuries/ Rearrange- 

Compound mmoleotb ment,c Yo 
3-p-Anisyl-1-butylamine.HC1 1.32 f 2 5 (-l)d 
Anisic acid from amine 
3-p-Anisyl-1-butene (VIII) 1.10 += 2 6 ( 2 ) d  
Anisic acid fron VI11 
3-p-Anisyl-1-butanol ( IX) 1.04 f 2 7 (3)d 
Anisic acid from IX 
erythro-3-p-Anisyl-2-butanol (X) ,836 & 1 52 (49Id 
Anisic acid from X 

a Measured activity with average deviation from the 
mean value, corrected for background and coincidence but 
not corrected for quenching. Measurements were made 
on solutions of the compounds named using an internal scin- 
tillator by New England Nuclear Assay Corp., Boston, 
Mass. Percentage loss of I4C-activity from C-3. d Ob- 
tained by applying a reasonable correction for quenching 
effect to the individual measurements on anisic-14C acid. 

1.26 z!z 5 

1.03 f 2 

0.965 rt 4 

.404 f 1 

Discussion 
In the acetolysis of the tosylates of optically ac- 

tive erythro- and threo-3-phenyl-2-butanol (VI and 
VII) Cram6 observed, among other reactions, an 
El, non-stereospecific process leading to 3-phenyl- 
(1) Calculated by isotope-dilution analysis. 
( 5 )  S. Winstein and G. C. Robinson, TEIS JOURNAL, 80, 169 (1958). 
( 6 )  D. J. Cram, i b i d . ,  74, 2137 (1952). 

1-butene (IV) and cis- and trans-2-phenyl-2-butene 
(XI). I t  seems probable that this reaction pro- 
ceeds through the “open” carbonium ion ios-pair 

CeH6 c6H5 c6H5 
I I 

CH3CHC?ICH3 + CH3CHCHCHI + CHJ&=CHCHI 
I + ~ XI, cis and trans 

OTs 

VI tosylate 
VI1 tosylate IV, optically active 

XII. In the present work the yield of 3-phenyl-l- 
butene (IV) from 3-phenyl-1-butylamine was ap- 
proximately 10% and this product was free of cis- 
and trans-2-phenyl-2-butene. Less than 5% of the 
conjugated olefins in the 3-phenyl-1-butene product 
would have been detected by the methods used. 
Thus, the deamination of 3-phenyl- 1-butylamine 
gave less than 0.5% of 2-phenyl-2-butenesJ and it 
seems unlikely that the “open” carbonium ion (11, 
Ar = C6Hb-) was an intermediate in this reaction. 

2-P-Anisyl-2-butenesJ if formed, would not have 
survived the reaction conditions in the deamination 
of 3-p-anisyl-l-butylamine, but the almost 50% 
isotope-position rearrangement that occurred in 
the formation of 3-p-anisyl-2-butyl acetate from 3- 
p-anisyl-l-buty1amine-3-l4C shows that very little 
of this product could have arisen from the “open” 
carbonium ion (11, Ar = CH30C6H4-). That the 
extensive isotope-position rearrangement observed 
in the 3-p-ani~yl-2-butyl-X-’~C acetate product of 
the present work could not have arisen by rearrange- 
ment of the “open” carbonium ion 

-0TS CeHi 
I 

XI1 CHJCHCH=CH2 

CsH40CH3 CsH40CH3 
1 

CH&*HCHCHs CHsC*HLHCH3 + + 
follows from the stereospecificity observed in the 
solvolysis of optically active erythro- and threo-3-p- 
anisyl-2-butylsulfonic  ester^.^ The isotope-posi- 
tion rearrangement observed in the present work is 
readily understandable in terms of the aryl-bridged 
intermediates 11, essentially the same intermedi- 
ates postulated to explain stereospecificity in the 
solvolysis of 3-phenyl-2-butyL3z7 and 3-p-anisyl-2- 
butyPsulfonic esters. 

In  favorable cases diazotization of amines might 
be expected to give “open” secondary carbonium 
ions by 1,2-shift of hydrogen. It is interesting to 
note in this connection that appreciable amounts of 
2-butenes are obtained in the reaction of l-butyl- 
amine with nitrous acid,g indicating the probable 
intervention of the “open” carbonium ion XIII. 

+ 
CHiCHzCHCHa 

XI11 

Migration of an a-phenylethyl group or an CY-@- 
anisy1)-ethyl group in the present reactions would 
have led to primary ester without isotope-position 
rearrangement and would not have been detected. 
However, benzyl and p-methoxybenzyl groups do 
not migrate in the reactions of 3-phenyl-1-propyl- 
amine- 1J4C and 3-p-anisyl- 1-propylamine-l- X! 
with nitrous and it is unlikely that there was 

(7) D. J. Cram, { b i d . ,  74, 2129 (1952). 
(8 )  A. Streitwieser, Jr., and W. D. Schaeffer, i b i d . ,  79, 2885 (1957). 
(9) A. W. Fort  and J. D. Roberts, i b i d . .  7 8 ,  584 (1956). 
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migration of a-arylethyl groups in the present re- 
actions. Displacement of nitrogen with Walden 
inversion accounts for 69% of the primary acetate 
product in the deamination of 1-butylamine-1-d in 
acetic acid8s10 and the reactions reported here are 
undoubtedly similar. 

The low percentages of isotope-position rear- 
rangement involved in the formation of 3-aryl-l- 
butenes indicate that the aryl-bridged intermedi- 
ates H I  react with solvent to form ester much faster 
than they lose a proton to form olefin. This result 
is consistent with Cram's findings in the acetolysis 
of optically active threo-3-phenyl-2-butyl tosylate.6 

The 35% isotope-position rearrangement that 
occurred in the formation of erythro-3-phenyl-2-bu- 
tyl acetate indicates that 70% of this product arose 
from the phenonium ion (111, 9 r  = C6HS-). The 
remaining 30% arose, possibly, from reaction of 
solvent with the hydrogen-bridged ion (I, b r  = 
CGHS-). 

Ar 
Ar = CsHs- I 

CHIC*HCH2CH2K2+ or p-CH30CsHa- 

Ar '+' , 
Ar H 

I :-'. 
CH3C*HCH-CHe --+ CH3C*i€-CHCH3 

I I11 

Ar 4' 
CH3C*HCHCHg 

I 
CHsC*HCHCH3 

I 
OAc 

I 
OAc 

The 49yo isotope-position rearrangement that oc- 
curred in the formation of erythro-3-p-anisyl-2- 
butyl acetate indicates that the hydrogen-bridged 
ion (I, Ar = CHXOC~H~-)  is converted into the aryl- 
bridged ion (111, Ar = CH30C6H4-) much faster 
than i t  reacts with solvent to form ester. The in- 
creased degree of isotope-position rearrangement in 
the formation of secondary ester in this reaction was 
anticipated on the basis of the known influence of a 
p-methoxyl substituent in stabilizing an aryl- 
bridged cation like III. l l  

The course of reaction of 3-p-anisyl-1-butylam- 
ine-3-I4C with nitrous acid is similar to the results 
reported by Saunders12 for the deamination of 3,3- 
dimethyl-l-butylamine-l-l C in aqueous solution. 
The latter reaction gave 2,3-dimethyl-2-butanol 
(XIV) as a major product, but no detectable 
amount of 3,3-dimethyl-2-butanol (XV). Thus, 
(CH3)3CCH2CH2Naf --+ 

H . '+' . + 
(CH3),CCH-CH2 --+ (CH,)2CCH(CH,12 

5 
(CH,)zCCHCH3 (CH,)CCH( CH3)n 

I 
Xiv ox XIV OH 

. ..~ 

(1U) A. Strcitwieser, Jr., J. O r g .  Chem.,  22, 861 (1937). 
(11) J .  D. Roberts and C. M. Regan, THIS J O U R K A L ,  75, 2069 

(12) W. H. Saunders, J r . ,  ibid., 78, 6127 (1556). 
(1953). 

Vol. s2 

the hydrogen-bridged intermediate undergoes 1 ,?- 
shift of methyl faster than i t  reacts with water to 
form XV. 

Acknowledgment. - --We are indebted to Ilr. 
Claire J. Collins, Oak Ridge National Laboratory, 
for a gift of standard benzoic-'"C acid, used to pre- 
pare self-absorption curves for barium carbonate. 

Experimental 
All melting points reported are corrected. Microanalyse$ 

are by Drs. Weiler and Strauss, Oxford, England. 
3-Phenylbutanoic Acid.-To a solution of 40 g. of 3- 

phenyl-2-butenoic acid13 in 150 ml. of absolute ethanol W;LS 
added 1 g. of 5% palladium-charcoal and the mixture was 
shaken a t  room temperature under a low pressure of hydro- 
gen until the calculated quantity of hydrogen was absorbed. 
Distillation of the combined product from several runs gave a 
9570 yield of 3-phenylbutanoic acid, b.p.  120-126" (2 mm.) 
(lit.14 b.p. ca. 160" (16 mm.)).  

3-Phenylbutanamide was prepared by the general method 
of Boissonnas.16 Ethyl chloroformate (43.5 g., 0.401 mole) 
was added to a stirred solution of 63.3 g. (0.386 mole) of 3- 
phenylbutanoic acid and 40.5 g.  (0.401 mole) of triethyla- 
mine in 900 mi. of chloroform a t  0".  The solution  as stirred 
for 13 minutes, then a stream of ammonia was passed into 
the reaction mixture for 10 minutes. The mixture was 
stirred and allowed to warm to room temperature over a 
period of one hour, filtered and the chloroform evaporated. 
The residue was recrystallized twice from benzene and once 
from aqueous ethanol to give 41.0 g.  (65%) of 3-phenylbu- 
tanamide, m.p. 104-105° (lit.16 m.p. 105'). 
3-Phenyl-l-butylamine.-Lithium aluminum hydride (20 

g., 0.53 g.f. wt.) and 450 ml. of dry ether were placed in a 
flask equipped with a mechanical stirrer and an ex- 
traction bulb surmounted by a reflux condenser. In the 
bulb was placed 41.0 g. (0.232 mole) of 3-phenylbutanamide 
and the mixture was heated under reflux until all of the amide 
was extracted. Distillation of the product gave 22 g. 
(59%) of 3-phenyl-l-butylamine, b.p. 98" (11 mm.) .  

The phenylurea derivative was prepared without solvent 
i nd  recrystallized from 90% ethanol, m. p. 115116°.  

Anal. Calcd. for C1;HsoNyO: C, 76.08; H, 7.51; N, 
10.44. Found: C,76.33; H,7.52; N, 10.20. 
3-Phenyl-l-butanol.-3-Phenylbutanoic acid (51 .0 g., 

0.311 mole) was reduced with cxcess lithium aluminum hy- 
dride. Distillation gave 38.0 g. (81 yo) of 3-phenyl-l-b~- 
tanol, b.p. 104-105O (4 mm.) (lit.I7 b.p. 117" (8 mm.)).  

The N-(a-naphthyl )-carbamate of 3-zhenyl-1-butanol was 
recrystallized from ligroin, m.p. 90-91 . 

Anal. Calcd. for C:,HLINO2: C, 78.97; 1-1, 6.63; N, 
4.39. Found: C, 79.09; H, 6.8'4; N,4.39. 

3-Phenyl-l-butene.-Crude 3-plienyl-l-butanol, obtained 
from 40 g. (0.24 mole) of 3-phenylbutanoic acid by reduction 
with lithium aluminum hydride, was acetylated by heating 
under reflux for one hour with excess acetic anhydride in the 
presence of pyridine. The reaction mixture was cooled and 
dissolved in ether. The ether solution was washed with wa- 
ter, then with dilute sulfuric acid, dried and the ether re- 
moved by evaporation. The crude ester was passed over 
beryl saddles heated a t  520", using a sloiv stream of purified 
nitrogen as a carrier gas. The pyrolysate was dissolved in 
ether, washed with water, then with dilute sodium carbonate 
solution, dried and distilled a t  atmosphoeric pressure. The 
yield of 3-phenyl-l-butene, b.p. 170-172 , was 11.7 g. (367, 
over-all (lit.18 b.p. 157-162' (630 mm.)). The infrared 
spectrum of this product was identical with that reported6 
for ( - )-3-phenyl-1-butene. 
threo-3-Phenyl-2-butanol.-thi.eo-3-Phenyl-2-butyl acid 

phthalate was obtained by the procedure of Cram3; m.p. 
130-131° (lit.3 m.p. 130-131"). Saponification of 10 g. of 
the acid phthalate gave 3.5 g. of threo-3-phen~-l-2-butanol, 
b.p. 69" (2  mm.), n 2 . 7 ~  1.5160 (lit.3 h.p.  108" (10 nlm.), 
n2'D 1.5159). 

(13) S. Lindenbaum, Be?. ,  50, 1270 (15171. 
(11) E.  Fischer bnd W-. Srhrnitz. iM.. 39, 22003 (1906). 
(15) R. A. Boissonnas, H p j u .  C h ~ m .  .4cln, 34, 874 (1931). 
(1s) E. P. Kohler and M. Keimer, A m .  Chem. J . ,  33, 333 (1908). 
(17) B.  Wojcik and H. Adkins, THIS JOURNAL, 56, 4935 (1533). 
(18) S. J.  Cristol, W. C. Overhults and J .  S. Meek, ;bid., 73, 813 

(1Y51). 
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erythro-3-Phenyl-2-butanol .-erythro-3-Phenyl-2-butyl 
acid 3-nitrophthalate was obtained by the procedure of 
Cram3; m.p. 156-157" (lit.3 m.p. 156-157'). Saponifica- 
tion of 10 g. of the 3-nitrophthalate gave 4.0 g.  of erythro-3- 
phenyl-2-butanol, b.p. 78" (3.5 mm.), nZ3D 1.5177 (lit.3 b.p. 
105' (10 rnm.), nZ5D 1.5167). 

The Reaction of 3-Phenyl-1-butylamine with Nitrous Acid. 
-A mixture of 26.7 g. (0.387 g.f. wt.) of sodium nitrite, 
31.5 g. (0.211 mole) of freshly distilled 3-phenyl-1-butyla- 
mine and 134 ml. of glacial acetic acid was stirred overnight a t  
2'. The mixture mas allowed to warm to  room temperature 
and stirring was continued for 14 hours more. The reaction 
mixture mas poured into a mixture of ice and water contain- 
ing 95 g. of sodium hydroxide and extracted four times with 
pentane and twice with ether. The combined extracts were 
washed with dilute hydrochloric acid to  remove unreacted 
amine (14y0 recovery, b.p. 88-90' (8 mm.)), then with wa- 
ter and dried. The residue from evaporation of solvent was 
distilled under reduced pressure to give 2.56 g. (1170 based 
on unrecovered amine) of 3-phenyl-l-butene, b.p. 55' (10 
inm.) to 60" (12 mm.), identified by its infrared spectrum, 
which was identical with that of authentic 3-phenyl-l-b~- 
tene in all major respects; 1.5 g. of an intermediate fraction, 
b.p. 70-105" (7.5 mm.); 21.5 g.  (62y0) of phenylbutyl ace- 
tates, b.p. 105-120" (7.5 mm.);  and 2.0 g.  of column holdup 
and pot residue. The ester fraction was treated with excess 
lithium aluminum hydride to convert the esters into the cor- 
responding carbinols. Fractional distillation of the carbi- 
nol mixture through a 75 x 0.8 cm. column equipped with a 
wire spiral gave 3.1 g. of a mixture of diastereoisomeric 3- 
phenyl-2-butanols, b.p. 104-111" (9.2 mm.), identified by 
its infrared spectrum, which was identical in all major re- 
spects with that of a mixture of erythro- and threo-3-phenyl-2- 
butanols obtained by reaction of hydrotropaldehyde with 
methylmagnesium iodide, except for a band a t  5.8 w indi- 
cating the presence of unreduced acetate; and by prepara- 
tion of erythro-3-phenpl-2-butyl acid 3-nitrophthalate, m.p. 
156-157'; and 7.5 g. of 3-phenyl-1-butanol, b.p. 113-115' 
(8.5 mm.) ,  identified by preparation of its N-(a-naphthyl)- 
carbamate, m.p. 90-91". The infrared spectrum of the 3- 
phenyl-1-butanol fraction had bands a t  5.80 and 8.10 p 
which corresponded to  intense bands in the spectrum of 3- 
phenyl-1-butyl acetate. 

The conjugated olefins, cis- and trens-2-phenyl-2-butene 
and 2-phenyl-l-butane, were shown to be absent from low- 
boiling fractions by comparison of their infrared spectra and 
gas Chromatography retention times with those of authentic 
samples of the conjugated olefins. 

In a control experiment a sample of traits-2-phenyl-2-hu- 
tcne in glacial acetic acid was allowed to stand in the pres- 
ence of sodium nitrite for 36 hours a t  2' then for 36 hours a t  
room temperature. Distillation gave olefin (60y0 recovery), 
shown by gas chroniatographp retention times to be a mix- 
ture of cis- and tiuns-2-phenyl-2-buterie and 2-phen)-l-l-bu- 
teiie. 

Preparation and Diazotization of 3-Phenyl-1-butylamine- 
3-14C.-Acetopheno~~e-7-14C (60.0 g., 0.500 mole, containing 
1 .O mcurie of 14C-activity) mas converted by the procedure of 
L i n d e n b a u ~ n ~ ~  to 3-phenyl-2-b~tenoic-3-~~C acid, 56.0 g. 
(69%), m.p. 97-98" (lit.13 m.p. 97"). Catalytic hydrogena- 
tion of 3-phcny1-2-butenoi~-3-~~C acid, carried out as re- 
ported above for the inactive acid, gave 55 g. (97%) of 3- 
phenylbutanoi~-3-~~C acid, b.p.  120-126" (2  mm.), which 
was diluted with 20 g.  of inactive acid. 

3-Phenylbutanoic-3-"C acid (63.3 g., 0.386 mole) TYRS 

converted, as described above for the inactive acid, into 3- 
~henylbutanamide-3-~~C, 44.5 g.  (70yo), m.p. 104-105". 
Reduction of the active amide with lithium aluminum hy- 
dride was carried out by the extraction procedure described 
above for the reduction of 3-phenylbutanamide. Distilla- 
tion gave 36.3 g. (89y0) of 3-phenyl-l-b~tylamine-3-~~C, 
b.p.  82" (3 mm.). 

Sodium nitrite (28.8 g., 0.417 g.f. wt.) and 34.0 g. (0.228 
mole) of 3-phenyl-l-b~tylarnine-3-~4C were stirred for a pe- 
riod of cu. 30 hours a t  2' in 145 ml. of glacial acetic acid. 
The reaction mixture was allowed to warm to  room tempera- 
ture and stirring was continued for 30 hours more. The re- 
action mixture was poured into a mixture of ice and water 
containing excess sodium hydroxide and extracted with four 
portions of pentane. The combined extracts were washed 
with dilute hydrochloric acid to  remove unreacted amine 
(7% recovery), with dilute sodium carbonate solution, then 
with water, dried and evaporated. Partial distillation of the 

oily residue gave 3-phenyl-l-b~tene-X-1~C. The crude un- 
distilled phenylbutyl acetates were treated with excess lith- 
ium aluminum hydride in ether and the ratio of carbinol 
products was estimated by comparison of the gas chroma- 
tography profile with those of known mixtures of 3-phenyl- 
1-butanol and threo- and erythro-3-phenyl-2-butanol. Other 
isomeric phenylbutanols were not detected. 3-Phenyl- 
1-butanol was separated from 3-phenyl-2-butanol by 
fractional distillation. A colored impurity was removed 
from the 3-phenpl-l-butene-X-14C product by adsorption on 
activated alumina and elution of the olefin with pentane. 
Pure erythro-3-phenyl-2-butanol-X-14C was obtained from 
the secondary alcohol fraction as described above for the 
inactive alcohol. Traces of secondary alcohols were re- 
moved from the primary alcohol fraction by preferential es- 
terification of the primary alcohol with phthalic anhydride. 
Each of the purified products gave a single peak in gas 
chromatography and the infrared spectrum of each was 
identical with that of the corresponding authentic compound. 
A portion of each of the purified products was oxidized to  
benzoic-7-14C acid with potassium permanganate in refluxing 
10% sodium hydroxide solution. 

3-p-Anisyl-2-butenoic Acid.-A solution of 90 g. (0.60 
mole) of p-methoxyacetophenone and 10.2 g. (0.62 mole) of 
ethyl bromoacetate in 450 ml. of dry benzene was added with 
stirring to 40 g .  (0.62 g.  atom) of #ZO-mesh zinc a t  reflux 
temperature. When the addition was completed the mix- 
ture was boiled under reflux for two hours more than hydro- 
lyzed with dilute sulfuric acid and ice. The benzene layer 
was washed with water, dilute sodium carbonate solution, 
again with water and evaporated. The oily residue was 
heated a t  about 170" for a period of 5 minutes to dehydrate 
the hydroxyester product. The crude unsaturated ester was 
saponified with aqueous ethanolic sodium hydroxide and the 
sodium salt was collected by filtration, washed with etha- 
nol, then with ether and dissolved in water. Acidification of 
the aqueous solution and recrystallization of the crude acid 
from ethanol-water gave 105 g. (9070) of 3-p-anisyl-2-bu- 
tenoic acid, m.p. 1.56-157'. 

Anal. Calcd. for CllH1203: C, 68.73; H, 6.29. Found: 
C, 68.43; H, 6.60. 

3-p-Anisylbutanoic Acid.-To a solution of 30 g. of 3-p- 
anisyl-2-butenoic acid in 150 ml. of absolute ethanol was 
added 1 g. of 5y0 palladium-charcoal and the mixture was 
shaken under a low pressure of hydrogen a t  room tempera- 
ture until the calculated quantity of hydrogen was ab- 
sorbed. The catalyst was removed by filtration, the solvent 
evaporated and the residue distilled under reduced pressure. 
Reduction of 103 g. (0.54 mole) of 3-p-anisyl-2-butenoic 
acid by this procedure gave 70 g. (6770) of 3-p-anisylbu- 
tanoic acid, b.p.  154-155" (1 inin.). The product slowly 
crystallized, m.p.  67-68" after recrystallization from ligroin. 

.4nal. Calcd. for CllH1403: C, 68.02; H ,  7.27. Found: 
C, 67.97; H,  7.28. 

3-p-Anisylbutanamide M A S  prepared by the general pro- 
cedure of Boissonnas.lj il solution of 96 g. (0.49 mole) of 3- 
P;anisylbutanoic acid, 60 g. (0.60 mole) of triethylamine and 
66 g. (0.60 mole) of ethyl chloroformate in 1300 ml. of 
chloroform was stirred a t  0" for one hour. Xmmonia was 
bubbled into the stirred solution for 20 minutes and the re- 
action mixture was allowed to warm to  room temperature 
over a period of one hcur. The mixture was filtered, the fil- 
trate evaporated and the residue was recrystallized from 
chloroform to give 60 g. (63%) of 3-p-anisylbutanamide, 
m.p. 115-116". 

Anal. Calcd. for CllHlsiTO2: C, 68.37; H ,  7.82. Found: 
C,  68.31; H, 7.92. 
3-p-Anisyl-l-butylamine.-3-p-Anisylbutananiide was re- 

duced with excess lithium aluminum hydride in ether by the 
extraction procedure used for 3-phenyl-1-butylamine. Dis- 
tiflation under reduced pressure gave 30 g. (54%)  of 3-p-ani- 
syl-1-butylamine, b.p.  116" (4 mm.), T Z ~ ~ D  1.5220. 

The hydrochloride was prepared in ether and recrystal- 
lized from ethanol-pentane, m.p. 178.5-179'. 

Anal. Calcd. for CIIHlaCINO: C, 61.24; H ,  8.41. 
Found: C, 61.01; H, 8.19. 

The phenylthiourea derivative was recrystallized from 
95Y0 ethanol, m.p. 121-121.5". 
dnd. Calcd. for ClsH2lN,OS: C,  68.75; H, 7 . G .  

Found: C, G8.73; H ,  7.10. 
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3-p-Anisyl-l-butanol.-3-p-Anisylbutanoic acid ( 15 g., 

0.077 mole) was reduced with excess lithium aluminum hy- 
dride in ether. Distillation a t  reduced pressure gave 11 g. 
(79'3) of 3-9-anisyl-1-butanol, b.p. 130" (3 mm.) (lit.'$ b.p. 
158 (14 mm.)). 

The p-bromobenzenesulfonate was recrystallized from 
ethanol-water : m .D. 72-73'. 

Anal. Calcd. for CI7H1SBrO~S: C, 51.13; H, 4.80. 
Found: C, 51.28; H,  4.88. 

The N-phenylcarbamate of 3-p-anisyl-l-butanol~O was re- 
crystallized from ligroin, m.p. 56-57'. 

A n a l .  Calcd. for Cl8HziSOa: C, 72.21; H ,  7.07. Found: 
C, 72.15; H ,  7.04. 

3-p-Anisyl-1-butene .-The crude 3-p-anisyl-1-butanol ob- 
tained by reduction of 50 g.  (0.26 mole) of 3-p-anisylbutan- 
oic acid with lithium aluminum hydride was acetylated by 
boiling under reflux with a slight excess of acetic anhydride 
in the presence of pyridine. Distillation under reduced pres- 
sure gave 46 g. (8170 over-all) of 3-p-anisyl-1-butyl acetate, 
b.p. 132-134" (2.5 mm.). The ester was passed over glass 
helices heated at 525" using argon as a carrier gas. The py- 
rolysate was freed of acetic acid and distilled a t  reduced 
pressure to  give 14.5 g.  (40Y0 based on unrecovered ester) of 
3-p-anisyl-l-butene, b.p. 97" (9.5 mm.).  

A sample of the olefin was hydrogenated in the presence 
of palladium-charcoal t o  2-p-anisylbutane, b.p. 100" (10 
mm.). 

Anal. Calcd. for CllH160: C, 80.44; H, 9.83. Found: 
C, 80.54: H, 9.89. 

3-p-Anisyl-2-butanol was prepdred in 86% yield from 2-p- 
anisylpropanal and methylmagnesium iodide. The mixture 
of diastereoisomeric alcohols boiled a t  102-104° (1 mm.) 
(lit.5 b.p. 149' (14 mm.)). 
erythro-3-p-Anisyl-2-butanol was obtained from the di- 

astereoisomeric mixture by recrystallization of the acid 
phthalate from benzene as reported by Winstein and Robin- 
son .5 Saponification of erythro-3-phenyl-2-butyl acid 
phthalate, m.p. 137-138" (1it.j m.p. 137-138'), gave, after 
distillation, erythro-3-phenyl-2-butano1, m.p. 60-61" (lit.5 
1n.p. 60-61'). 

The Reaction of 3-p-Anisyl-1-butylamine with Nitrous 
Acid.-A mixture of 28 g. (0.16 mole) of 3-p-anisyl-1-butyl- 
amine and 23 g. (0.33 g.f. wt.)  of sodium nitrite in 125 ml. of 
glacial acetic acid was stirred a t  2' for ca. 17 hours then a t  
room temperature for ca. 25 hours and poured into a mixture 
of ice and water containing 100 g. of sodium hydroxide. The 
basic mixture was extracted four times with pentane and 
once with ether. The combined extracts were washed with 
dilute hydrochloric acid to remove unreacted amine (370 re- 
covery), with dilute sodium carbonate solution, then with 
water, dried and evaporated. Partial distillation of the 
oily residue gave 1.15 g. of 3-p-anisyl-l-butene, b.p. 82" ( 5  
mm.), which had a single peak in gas Chromatography cor- 

(19) A.  Sosa, A w n  chim.. [ i l l  14, 5 (194U). 
(20)  Sosa, ref. 19, reported obtaining an  oil. 

responding in retention time to that of authentic 3-p-anisyl- 
1-butene. The crude, undistilled acetate mixture was 
treated with excess lithium aluminum hydride and the alco- 
hol mixture distilled to  give 0.98 g. (970 total yield based on 
unrecovered amine) of 3-p-anisyl-l-butene, b .p .  105' (14 
mm.); 6.63 g. (24%) of a mixture of diastereoisonleric 3-p- 
anisyl-2-butanols, infrared spectrum like that of a synthetic 
mixture of authentic threo- and erythro-3-p-anisyl-2-butano11 
acid phthalate, m.p.  137-138'; and 11.5 g. (42%) of 3-p- 
anisyl-1-butanol, b.p. 153-154" (10 mm.),  N-phenylcarba- 
mate, m.p. 56-57', infrared spectrum like that of authentic 
3-p-anisyl-1-butanol except for a weak peak a t  8.70 p and a 
medium peak at  11.0 p which indicate the presence of some 
3-p-anisyl-2-butanol. Column holdup and pot residue 
amounted to  ca. 3 g .  

Preparation and Diazotization of 3-p-Anisyl-1-butyla- 
mine-3-l4C .-P-Methoxya~etophenone-7-1~C was obtained by 
the acylationz1 of anisole with a~e ty l - l - ' ~C  chloride in carbon 
disulfide a t  0" using anhydrous aluminum chloride as cata- 
lyst. Distillation a t  reduced pressure gave a 71% ~ i e l d  of 
p-methoxyacetophenone-7-14C, b.p. 123-124' (7  mm.)  (lit.21 
b .p .  139' (15mm.)).  

3-p-hnisyl-2-butenoic-3-'4C acid was obtained from 90 g. 
(0.60 mole, containing ca. 2 mcuries of 14C-activity) of p-  
methoxyacetophenone-7-14C by the procedure used for the 
inactive acid. Catalytic hydrogenation was carried out as 
reported for the inactive acid to  give 82 g.  (TOYO over-all) of 
3-p-anisylbutanoic-3-14C acid, b.p. 176-178" ( 5  mm.). 

3-p-Anisylbutanoic-3-14C acid (50 g., 0.26 mole) was con- 
verted into the corresponding amide by the procedure used 
for the inactive acid. 3-p-Ani~ylbutanamide-3-'~C was re- 
duced with lithium aluminum hydride by the extraction pro- 
cedure reported above. Inactive 3-p-anisyl-1-butylamine 
(19 9.) was added to act  as a carrier and the product was dis- 
tilled to give 42 g. (4970 over-all) of 3-p-anisyl-1-butyl- 
amine-3-I4C, b.p. 99" (1.2 mm.). 

3-p-Anisyl-l-butylamine-3-'4C was diazotized as reported 
for the inactive amine. Inactive 3-p-anisyl-1-butene (0.734 
g.) ,  erythro-3-p-anisyl-2-butanol (3.39 9 . )  and 3-p-anisyl-l- 
butanol (5.06 9.) were added to  act  as carriers, the mixture 
was treated with excess lithium aluminum hydride to con- 
vert acetates into the corresponding carbinols and the prod- 
ucts were isolated by distillation. The 3-p-anisyl-1-butene- 
XJ4C product showed a single peak in gas chromatography 
and had an infrared spectrum identical with that  of authen- 
tic 3-p-anisyl-1-butene after one redistillation. erythvo-3-p- 
..lnisyl-2-butanol-X-14C, m.p. 60-61 ', was obtained by re- 
crystallization of the acid phthalate and saponification. 3- 
p-Anisyl-l-b~tanol-X'~-C was purified by recrystallization of 
the brosylate, m.p. 72-73', followed by formolysis an$ 
saponification of the formate. Anisic-7-lC acid, m.p. 184 , 
was obtained from a portion of each of the purified products 
by oxidation with excess potassium permanganate in reflux- 
ing 5% sodium hydroxide solution. 

(21)  C. R. Noller and R. Adanis, 'lais JUL'NSAI, ,  46, 18S!) (1924) .  
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Di-t-butylacetic acid is prepared in good over-all yield from hexamethylacetone as shown in the  chart, I - VI. 011 treat- 
ment of the acid chloride with sodium amide in liquid ammonia di-t-butylketene is formed. This ketene is stable and rela- 
tively unreactive compared to other known aliphatic ketenes. The possible intervention of di-t-butylketene in reactions of 
di-t-butylacetyl chloride raises the general question as to the importance of ketenes in reactions of acid chlorides having a 
hydrogen on the a-carbon. 

In  continuation of a program designed to de- 
velop methods for the synthesis of highly branched 
aliphatic compounds and to study the reactions 

thereof, we wished to prepare di-t-butylacetic acid. 
This compound was especially desired because it 
could be the parent of a series of highly hindered 
trisubstituted acetic acids. In  this paper we re- 
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