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readily reduced Fehling solution and gave D-xylose phenyl- 
osazone when allowed to react with phenylhydrazine in acetic 
acid a t  room temperature. 

1-Imino-D-xyloascorbic Acid.-The sirupy osone from 12 
g. of D-xplOSe was dissolved iu  water (250 tnl.) and the solu- 
tion neutralized by adding anlrnoniutn hydroxide. A 
solution of potassium cyanide ( 5  g.) in water was added 
whereupon the rotation changed from CYD (2 dm.) -0.23' to 
-21.0' in ten minutes. Titration of a sample (1 ml.) of 
the reaction mixture with 0.01 N iodine after acidification 
with dilute hydrochloric acid showed that a total yield of 6.1 
g. of imino-D-xyloascorbic acid had been produced. The 
solution containing the imino-ascorbic acid was made acid 
to congo red by adding dilute hydrochloric acid and then 
evaporated in Vacuo until inorganic salts commenced to  
crystallize. (Here and elsewhere, unless stated otherwise, 
the concentration of solutions was carried out in vucuo in an 
atmosphere of carbon dioxide a t  30-40" (bath temp.) to 
minimize the oxidation of the enediol system.) The residue 
was extracted with methanol (50 ml.), filtered, the salts be- 
ing well washed with methanol, and the solution concen- 
trated to about 30 ml. This solution of imino-D-xyloascor- 
bic acid was adjusted to 100 ml. by adding water and kept 
in the cold room ( 3 " )  (solution A). 

Conversion of 1-Imino D-Xyloascorbic Acid to D-Xyloas- 
corbic Acid. (A)  Hydrolysis with Formic Acid.-A 10-ml. 
aliquot of solution A containing 0.6 g. of imino D-xyloascor- 
bic acid was treated with 88% formic acid (10 ml.) and the 
mixture heated on the boiling water-bath. The following 
changes in rotation were noted: CYD (2 dm.) -4.05' (initial 
value); - 2 . e '  (after 30 minutes); -2.15 (60 minutes); 
-1.75 (95 minutes); -1.58 (133 minutes); -1.43 (163 
minutes); -1.33 (253 minutes); -1.30 (313 minutes); 
-1.25 (360 minutes) constant value. Titration of an ali- 
quot with 0.01 N iodine showed that 0.17 g. of D-ascorbic 
acid was present in the solution after hydrolysiswas complete. 

(B) Hydrolysis with Hydrochloric Acid at 95'.-A 10-ml. 
aliquot of solution A was treated with water (25.5 ml.) to 
which had been added hydrochloric acid (1 ml., d 1.2) and 
the mixture heated on the boiling water-bath. The prog- 
ress of the hydrolysis was followed polarimetrically, CYD (2 
dm.) -2.88' (initial value), -1.70' (60 minutes), -1.60' 
(120 minutes), -1.54' (180 minutes), constant value. 
At the end of the hydrolysis the solution contained 0.47 g. of 
D-ascorbic acid as shown by iodine titration. 

(C) Hydrolysis with Hydrochloric Acid at 48'.-A 10-ml. 
aliquot of solution A was treated with water (40 ml.) to 
which had been added hydrochloric acid (2 ml. d 1.2). The 
mixture was warmed on a water-bath a t  48" and the progress 
of the hydrolysis followed polarimetrically thus: PD (2 

dm.) -1.06' (initial value); -0.70 (48 hours); -0.56 (55 
hours) constant value. Titration of a portion of the final 
hydrolysis solution with 0.01 N iodine showed the presence 
of 0.43 g. of D-ascorbic acid. 

Isolation of D-Xyloascorbic Acid.-A solution of imino+ 
xyloascorbic acid, corresponding to solution A above and 
containing 3.8 g. of imino compound as shown by iodine ti- 
tration, was adjusted to  a pH of l by adding 6 N hydrochlo- 
ric acid. The solution was heated on the boiling water- 
bath for 3 hours when the rotation was constant. The 
solution which then contained 2.2 g. of D-ascorbic acid 
(tested by iodine titration) was treated with lead acetate 
solution until no more precipitate of lead chloride was 
formed. Filtration, aided by the addition of charcoal, be- 
fore and after treatment with hydrogen sulfide, followed by 
evaporation in vucuo gave a pale yellow sirup which was 
extracted with ethanol a t  room temperature. After again 
removing the solvent the residue was dissolved in ethanol 
(100 ml.) and treated with ether (250 ml.). After adding a 
little charcoal the flocculent inorganic precipitate was re- 
moved and the filtrate evaporated in vacuo to  a sirup. The 
latter was dissolved in ethanol (250 ml.) and treated with a 
warm solution of lead acetate in 95% ethanol until no more 
lead &ascorbate was precipitated (tested by centrifuging a 
portion of the solution and adding more lead acetate). The 
pale yellow precipitate was centrifuged, washed with eth- 
anol, suspended in water (200 ml.) and treated with hydro- 
gen sulfide to  liberate the D-xyloascorbic acid. The solution 
was treated with a little charcoal, filtered to remove lead 
sulfide and concentrated in vacuo to  a sirup. The latter 
was stirred with methanol (1 ml.), nucleated with a crystal 
of D- or L-xyloascorbic acid and when crystallization was 
complete, the crystals were triturated with dry acetone, 
filtered, washed with acetone and dried in vacuo (yield 720 
mg.). A further amount (180 mg.) was obtained from the 
mother liquor (total yield 900 mg.). The crystals were 
colorless and appeared to be quite pure, m.p. and mixed 
m.p. 192' (with decomposition). After crystallization from 
the minimum of water the D-ascorbic acid showed m.p. 192' 
dec., [ c Y ] * ~ D  -22'inwater(c2.0), 100mg.reactedwith11.25 
ml. 0.1 LV iodine, corresponding to  a purity of 99%. 

Anal. Calcd. for CeH8Oe: C, 40.9; H, 4.6. Found: 
C, 41.0; H, 4.7.  
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Free Radical Rearrangements. I. The Free P-Methyl-P-a-tolylpropyl 
(p-Methylneophyl) Radical1 

BY W. H. URRY AND N. NICOLAIDES 
RECEIVED APRIL 14, 1952 

The free p-methylneophyl radical is postulated as the reactive intermediate in (1) the cobaltous chloride-catalyzed reaction 
of ethylmagnesium bromide with @-methylneophyl chloride, and (2) the peroxide-induced decarbonylation of @-p-tolyliso- 
valeraldehyde. The rearranged and unrearranged products (p-tolyl derivatives) were obtained in approximately the same 
yields as the corresponding ones (phenyl derivatives) from the reactions of the free neophyl radical generated in the same 
ways (1 and 2). In  these 
free radical rearrangements it isconcluded that: (1) no @-alkyl migration occurs, (2) the @-aryl group undergoes a 1,2-shift, 
and (3)  the migratory aptitudes of the phenyl and p-tolyl groups are approximately equal. 

The free 2.2-dimethylbutyl radical prepared as in (1) gave 2,2-dimethylbutane and a dimer. 

Introduction reaction of phenvlmamesium bromide with neoDhvl 

c a p ,  September, 1950; and at  the Twelfth National Organic Sym- 
posium, Denver, Colorado, June, 1951. 

(2) (a) W. H. Urry and M. S. Kharasch, THIS JOURNAL, 66, I438 
(1944); (b) S. Winstein and F. H. Seubold, ibid. .  69, 2916 (1947). 



phyl; and reaction 2, t-butylbenzene. This inves- 
tigation provides partial answers to interrsting 
questions regarding the scope, the detailed mechan- 
ism and migratory aptitudes of groups in these fret 
radical rearrangements (see Discussion). In the 
present study of the free p-methylneophyl (113- 
rnethyl- p-p-tolylpropyl) radical, both methods of 
generation outlined above were employed. The 
behavior of the free 2,?-dirnethylbutyl radical was 
observed in the cobaltous chloride-catalyed re- 
action of 2J-dimethylbutyl chloride with ethyl- 
magnesium bromide. 

The Reactions of p-Methylneophyl Chloride (p- 
Methyl-0-p-tolylpropyl Chloride) and l-Chloro-2,2- 
dimethylbutane with Ethylmagnesium Bromide in 
the Presence of Cobaltous Chloride.-The experi- 
ment with p-methylneophyl chloride performed 
with conditions identical to those of Urry and 
Kharasch2 gave the following products (see Fig. 1) : 
(1) p-t-butyltoluene (30.6%), ( 2 )  p-isobutyltoluene 
(13%), ( 3 )  2-methyl-3-p-tolylpropene-1 ( 7 c / r ) ,  (4) 
p -  6- 0-trimethylstyrene (4c/c), ( 3 )  hydrocarbon 
CYAH~O probably 2-methyl-2-p-tolylpentane (2.3(,&), 
(6) ether C13H200 probably ethyl p-methylneophyl 
ether (2.7%), (7) a mixture of dimers of molecular 

I , 2 , I ,  4 , 
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weight 294'(Cl;Hx)2 (35.6%~)~ (8) polynlers (6.1%) 
and (I)) a mixture of ethane (54%) and ethylene 
(46'x). The products (I  to 8) account for all the 
p-inethylneophyl chloride consumed (75%1 I and 

Fig. 2 -Absorption spectra in isooctane' 0 ,  p-8-8- 
trimethylstyrene, c j ,  2 methyl-3-p-tolylpropene-1; 0 ,  p 1- 
buty~toluene 

the yidd of- efhane and ethylene (737;) ,  'on the 
basis of the Grignard reagent consuined. is almost 
quantitative (9iry:). 

butyltoluene prepared by the Clemmensen reduc- 
tion of p-methylisobutyrophenone. The two un- 
saturated compounds (3 and 4) were identified by 

their boiling points, indices of refrac- 

The p-t-butyltoluene was identified by com- 
parison of its boiling point, refractive index, ultra- 
violet absorption spectrum (Fig. 2),  and the melting 
point of its known 2,G-dinitro derivative with 
identical observations upon known p-t-butyltoluene 
prepared in two ways-by hydrolysis of p-rnethyl- 
neophylmagnesium chloride, and by the reaction of 
toluene with t-butyl chloride in the presence of 
aluminum chloride. p-Isobutyltoluene was identi- 
fied by comparison of the same physical properties, 
and the melting point of its sulfonamide derivative 
with identical observations upon known p-iso- 

tion and ul&violet absorption spec- 
tra (Fig. % ) .  The results of their 
ozonolyses confirmed the assigned 
structures: the 2-methyl-3-p-tolyl- 
propene-1 gave formaldehyde and 
methyl p-methylbenzyl ketone, and 
the p-p-/3-trimethylstyrene gave ace- 
tone and p-toluic acid. The same 
solid dimer ( m p .  i ( j '  ; molecular 
weight 294; probably %,S-dimethyl- 
?,.j-di-p-tolylhexane) was obtained 
from the dimeric mixture ( 7 )  and as 
a by-product in the reaction oi p- 
niethylncophyl chloride with magne- 
sium. 

IYhen 1 -chloro-2,2-diniethylbutarie 
was added to a solution of ethylniag- 
nesium bromide and cobaltous chlu- 
ride in n-butyl ether, a \ 71 'g orous reac- 
tion, which consumed 74y0 of the 
chloride, ensued. A auantitative 

yield (based upon the Grignard reagen't used) of n 
mixture of ethane (557,)  and ethylene (45Cjc) was 
obtained. careful distillation of the reaction mix- 
ture gave: (1) 2,2-dimethylbutane (43,&), (?) 1- 
chloro-2,2-dimethylbutane (21 o/o recovery), and (.3) 
dimer ( 19co, probably 3,3,Gl6-tetrarnethyloctane~, 
No products of rearrangement were found. 

The Peroxide-initiated Decarbonylation of p-p- 
Tolylisovalera1dehyde.-A reaction mixture con- 
taining this aldehyde (0.346 mole) and f-butyl 
peroxide (0.039 mole) was held at 130". A gaseous 
product (6 kc; yield of carbon monoxicle) was 
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obtained, and a careful distillation of the reaction and strongly suggests that a 1,2-shift of the aryl 
mixture gave p-t-butyltoluene (31%), p-isobutyl- group occurs (I + 111; I1 + IV). 
toluene (28%) and unchanged aldehyde (23y0) Recent work with ionic rearrangements would 
A similar experiment a t  141’ gave p-t-butyltoluene suggest the intermediate V in the rearrangement of 
(31y0) and 9-isobutyltoluene (30a/0). The two the free p-methylneophyl r a d i ~ a l . ~  If V is formed, 
hydrocarbons were identified in the manner 
previously described. CH, 

CH3\, C-CH? c H s y +  ‘X-CH2 
C d  \ / 

‘C’ “CH Free-radical chain-reaction mechanisms 

catalyzed Grignard reactions’ and alde- HC CH HC CH HC CH 
have been proposed for cobaltous chloride- 

hyde decarbonylation reactions2 of the type 

CH3 CH,’ , /’ 
Discussion C C C 

,/ \ 
HC CH HC / -\ 7” t - f  I1 I !  ++ I1 I1 

\l 
studied here. Three general conclusibns 
regarding the postulated free-radical rear- 
rangements (I + 111; I1 -, IV) seem justi- 
fied by the present work : (1) no migration of alkyl 
groups occurs, (2) rearrangement of the free neophyl 
I or p-methylneophyl I1 radicals proceeds via a 

CHj CH3 
fi-C!-CHz. ()-cH~-C-CH~ I 

--+ RU CH3 

I , R  = H 111, R = H 
11, R = CH, IV, R = CH, 

1,2-shift of the aryl group, and (3)  migratory apti- 
tudes of the phenyl and p-tolyl groups are approxi- 
mately equal. 

The first conclusion is supported by two experi- 
mental results. First, no rearranged products were 
found in the cobaltous chloride-catalyzed reaction 
of l-chloro-2,2-dimethylbutane with ethylmag- 
nesium bromide. The expected products of re- 
arrangement (2-methylpentane, 2-methylpentene-1, 
2-methylpentene-2, 3-methylpentane and 3-methyl- 
pentene-2) would have distilled in the range 
between 2,2-dimethylbutane and the unchanged 
l-chlor0-2,2-dimethylbutane. The small amount 
of distillate in the boiling range (49-112’) gave no 
evidence of the presence of these substances (no 
b.p. plateaus, and all fractions were saturated; 
bromine test). Second, no p-s-butyltoluene was 
obtained in the decarbonylation of P-p-tolyliso- 
valeraldehyde, and blinstein and Seubold? observed 
no s-butylbenzene in the analogous reaction 
with p-phenylisovaleraldehyde. Apparently no p- 
methyl migration occurs in these rearrangements of 
free neophyl and p-methylneophyl radicals. These 
results suggest that i t  is unlikely that P-methyl 
migration occurs in the cobaltous chloride-cat- 
alyzed Grignard reactions of the neophyl and p -  
methylneophyl chlorides. The evidence from these 
two experiments upon this question is incon- 
clusive since the compositions of the dimeric 
mixtures are unknown (free a-methyl-a-ethylbenzyl 
radicals would probably give the dimer, 3,4- 
dimethyl-3,4-diphenylhexane). 

The fact that an aryl group attached to the neo- 
carbon atom is a necessary condition for this 
rearrangement might suggest that it was involved 
in some fundamental way. For example, the 
structural change might proceed through an ortho 
shift on the benzene ring. The observation that 
all the rearranged products obtained in this work 
were p-methyl derivatives excludes this mechanism, 

L. 

CH3 
v 

however, i t  is probably only an intermediate in the 
conversion from I1 to IV. This interpretation is 
supported by the fact that isobutylbenzene is the 
only hydrocarbon product of the t-butyl peroxide- 
initiated decarbonylation of a, a-dimethyl- p-phenyl 
pr~pionaldehyde.~ The intermediate free a,a- 
dimethylphenethyl radical I11 formed in this re- 
action does not rearrange, and hence probably does 
not form V. This evidence excludes the possibility 
of typical neighboring group behavior in these free- 
radical reactions (the exclusive formation of V and 
its subsequent reactions a t  either carbon atom 
V a  or Vp). I t  suggests that the rearrangement is 
unidirectional, and that the reactions observed are 
those of I1 and IV. 

Within experimental error the relative yields of 
rearranged and unrearranged products obtained in 
the present work (approximately 50% rearrange- 
ment in the aldehyde decarbonylations, and also 
in the CI1 products of the Grignard reaction of p- 
methylneophyl chloride) are the same as those 
observed in previous studies of the free neophyl 
radical.lr2 These results suggest that in these free- 
radical rearrangements the phenyl and p-tolyl 
groups are of approximately equal migratory apti- 
tude.j In supposed ionic rearrangements, the 
stereospecificity observed by Curtin and Pollak6s7 
in the rearrangements of l-aryl-1,2-diphenyl-2- 
aminoethanols and other aminoalcohols casts 
doubt upon previous determinations of intrinsic 
migratory aptitudes with substances having two 
asymmetric centers (symmetrical diary1 diphenyl 

(3) The relative migratory apti tudes of aryl groups and the  reac- 
tion rates observed in a recent study of the  rearrangements of aryl di- 
phenylmethyl peroxides are best interpreted by the postulation of such 
a n  intermediate (W.  H. Urry and R.  M. McNeer,  unpublished work). 
T h e  following type of rearrangement is involved in the latter reaction 

or 

(4) W. H. Urry and N. Nicolaides, unpublished work. 
( 5 )  Admittedly this assignment of migratory aptitudes is not as  

rigorous as  would be obtained if  a choice of phenyl wrsus 9-tolyl migra- 
tion in the  same free radical were studied. T h e  above interpretation 
is supported in such a case, however, by the  observation tha t  these 
two groups are of equal migratory apti tude in the  rearrangement of p -  
tolyl diphenylmethyl peroxide (W. H. Urry and R. hf .  McXeer, un- 
published work). 

(6) P. I. Pollak and  D. Y. Curtin,  THIS J O U R N A L ,  72, 901 (1950). 
(7)  D. Y. Curtin and P. I .  Pollak, ibid., 73, ’392 (1951). 
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pinacols). Other work, however, in which the 
rearrangement is not so influenced by the geometry 
of the molecules indicates that in ionic rearrange- 
ments the $-tolyl group has a greater migratory 
aptitude than the phenyl g r o ~ p . ~ * ~  

Experimental Work 
Reagents.-Ethylmagnesium bromide solution was pre- 

pared in the usual manner, and suspended matter was re- 
moved on a sintered glass filtcr. Aliquot portions were ti- 
trated acidimetrically for Grignard reagent concentration, 
and by the Volhard method for halide concentration. An- 
hydrous cobaltous chloride \+ as prepared by heating it: 
hexahydrate (Merck and Co., Iiic., Reagent Grade) a t  120 
under high vacuum. 

~-Methyl-P-p-tolylpropyl (p-methylneophyl) chloride 
(950 g., b.p. 87-88' a t  4 mm., 12% 1.5226, 78% yield) pre- 
pared by the reaction of methallyl chloride (607 g., b.p. 7C- 
71", n% 1.4265) with toluene (1862 9.) and concentrated 
sulfuric acid (106 g.) was distilled through a 12-plate Fenske 
column. lo,ll 

Anal. Calcd. for C11H&1: C, 72.31; H, 8.28; C1, 
19.11. Fouud: C, 72.40; H, 8.30; C1, 19.45. 

I ts  purity was confirmed by two experiments. A reaction 
mixture containing the chloride (0.1105 molar) and potas- 
sium hydroxide (1.84 molar) in aqueous ethanol gave less 
than 1% hydrolysis (Volhard titration) after 2.5 days a t  29" 
followed by 2.5 days a t  60". The p-methylneophyl chlo- 
ride (90 g., 0.493 mole) was converted to its Grignard re- 
agent which was hydrolyzed with aqueous acetic acid (209/,). 
p-t-Butyltoluene12 (68.9 g., b.p. 90-91' a t  27-29 mm.; 
na$ 1.4917, 94% yield) of constant refractive index in dis- 
tillation through a 100-plate Podbielniak Heligrid column 
was obtained. Nitration of this hydrocarbon gave a nearly 
quantitative yield of 2,6-dinitr0-4-t-butyltoluene~~ (111.p. 
96'). The distillation residue (3.5 g.) solidified, and gave 
white platelets after recrystallization from methanol (m.p. 
77"). This substance is presumed to be 2,5-ditnethyl-2,5- 
di-p-tolylhexane. 

Anal. Calcd. for Cr2Hlo: C, 89.73; R, 10.27. Found: 
C, 89.51; H, 10.50. 

Reaction of p-Methylneophyl Chloride with Ethylmagne- 
sium Bromide in the Presence of Cobaltous Chloride.- 
Ethylmagnesium bromide (1930 ml. of 1.42 N solution in 
ether, 2.74 moles) was placed in a 3-liter, 3-necked flask 
equipped through ground glass joints with a dropping funnel, 
a Tru-Bore stirrer and a Friedrich condenser. Cobaltous 
chloride (5 g.) was added, and then p-methylneophyl chlo- 
ride (421 g., 2.30 moles) was dropped in over a period of five 
hours. Additional cobaltous chloride (about 2 g.) was added 
every hour (total used, 18.75 g.), and the reaction mixture 
was held under reflux for three hours after the addition was 
complete. 

Gaseous products passed through the condenser into a gas 
train consisting of three traps cooled to -80" and a pneu- 
matic trough. Gas (37.7 liters S.T.P., mol. wt. 29.1) col- 
lected in the latter was shown to  be a mixture of ethane 
(54%) and ethylene (46%) by analysis according to Khar- 
asch, Lewis and Reyn01ds.l~ 

The reaction mixture was treated with dilute acetic acid 
solution (20%). The ether solution was washed with so- 
dium carbonate solution (10%) and with water, and was 
dried over anhydrous calcium chloride. Aqueous washings 
were diluted to a known volume, and a Volhard halide de- 
termination of this solution showed that the reaction had 
been 75% complete. 

Ether was removed by distillation through a 12-plate 
Fenske column, ailti the  rcz.ii.tion product \vas distilled 

(8) A. McKenzie, A K. Mills and J. I< Myles, Bcr. ,  63, 004 (1930). 
(9) M. S. Kharasch, A. I'oiio. \Y. Nudmlierg aud .I. C PoshLus, 

J .  Org. Chcm., 15, 775 (1950). 
(10) F. C. Whitmore, C. A. Wrisyrrber a n d  A. C. Sliabica, THIS 

JOURNAL, 66, 1469 (1943). 
(11) S. Archer, J. D. Malkerniis and C. M. Suter, ibid., 67, 43 

(1945). 
(12) K, T. Serijan, IT. I?. Hipsher and L. C. Gibbons, ibid. ,  71, 873 

(1949). 
(13) 0. L. Brady and J. K. Lahiri, J .  Chenr. S u c . ,  1955 (1934). 
(14) M. S. Kharasch, D.  W. I rwis arid n'. I3 Reynolds. Tais 

.___-.__._ 

JOURNAL, 65. 493 (1943) 

rapidly (b.p. 70-100" a t  2 mm.) to give two distillate frac- 
tions and a residue. The first fraction was carefully dis- 
tilled through the 100-plate column. The results are given 
in Fig. 1 (distillation A; a graph of refractive index versus 
distillate weight is used because the pressure was reduced 
as the distillation progressed). The second fraction was 
carefully redistilled through the Fenske column (Fig. 1, dis- 
tillation B). This distillation procedure was used because 
p-methylneophyl chloride decomposes slowly upon distilla- 
tion through the Heligrid column. 

Analysis of the distillation curve (Fig. 1) indicates the 
following products: fractions A2 to A21, p-t-butyltoluene 
(76.6 g., b.p. 84-85'at 22 mm., n z o D  1.4919); fractions A10 
to A22, p-isobutyltoluene (31.9 g., b.p. 85.5-87" a t  22 mm., 
12% 1 .4871); fractions A22 to A26, 2-methyl-3-p-tolylpro- 
pene-1 (17.4 g., b.p. 90.1-90.4" a t  22 mm., n z o ~  1.5069); 
fractions A27 and A28, p-methyl-P,p-dimethylstyrene (9.7 
g., b.p. 100-101" a t  22 mm., n m D  1.5359); fractions A29 to 
A31, hydrocarbon C13HZo (6.1 g., b.p. 90' a t  7 mm., n% 
1.4980); fraction B1 to B2, recovered p-methylneophyl 
chloride (98.6 g., b.p. 87-88' at 4 mm., n% 1.5220); frac- 
tion B4 and B5, substance C13H200 (8.8 g., b.p. 61-62' a t  1 
mm., nmD 1.4880). p-t-Butyltoluene and p-isobutyltoluene 
were not completely separated in the fractional distillation. 
The quantity of each was calculated from the refractive in- 
dex of each fraction. The refractive indices of the pure hy- 
drocarbons were determined from samples obtained by in- 
dependent synthesis (see Preparation of Reference Sub- 
stances). 

The high-boiling residues from the preliminary distillation 
and B were distilled a t  high vacuum, and a mixture of dimers 
(90.2g., b.p.126-160°atlmm.,mol.~vt.calcd.forC~zHs~,294, 
found 294) was obtained. When this mixture was cooled to 
10" i t  partially solidified. Crystalline material (m.p. 76.5- 
77.5" after recrystallization from 95% ethanol) isolated on 
a clay plate mas shown to be identical with the supposed 
2,5-dimethyl-2,5-di-p-tolylhexane obtained as a product of 
the reaction of p-methylneophyl chloride with magnesium 
(m.p. of mixture 76.5-77.5'). A residue (20 g. )  remained. 

Identification of Reaction Products.-Fraction A7 (Fig. 
1) was shown to be p-t-butyltoluene by its conversion to 
2,6-dinitro-4-t-butyltoluene, m.p. 96O, 90% yield, m.p. of 
its mixture with an authentic sample 96-97'.'3 The same 
derivative was formed in low yield from fraction A18. This 
substance was also converted to the diacetamide (m.p. 
300') by the method of Ipatieff and Schmerling.16 

Anal. Calcd. for C I ~ H ~ ~ O Z N ~ :  C, 68.66; H, 8.45; N, 
10.68. Found: C, 68.53; H ,  8.33; N, 10.71. 

Some of a hi'gh p-isobutyltoluene fraction (A21) was con- 
verted to the sulfonamide derivative (m.p. 91-92', "mixed 
m.p." with authentic sample 91-92') according to Procedure 
I of Huntress and A~tenrieth.~6J7 To be certain that this 
derivative was satisfactory for the identification, the sulfon- 
amide of p-t-butyltoluene (m.p. 140') was prepared. 

Anal. Calcd. for C1lH1,O&S: N, 6.16. Found: S,  
6.17. 

The structures of 2-methyl-3-p-tolylpropene-1 and 1-p- 
tolyl-2-methylpropene were proved by ozonolysis. A por- 
tion of fraction A25 in ethyl acetate solution a t  -80" was 
treated with ozone in an apparatus similar to that described 
by Church, Whitmore and McGrew.18 The ozone consump- 
tion indicated 94% unsaturation. The effluent oxygen was 
bubbled through a trap containing aqueous alcohol. Th,e methone derivative of formaldehyde (m.p. 191-192 , 
"mixed m.p." with authentic sample 191-192°)19 was pre- 
pared from this solution. The ethyl acetate was removed 
from the reaction mixture under vacuum, and the residue 
mas warmed with water. The 2,44initrophenylhydrazone 
of p-tolylacetone (m.p. 134-135" after recrystallization from 
95yo ethanol; m.p. of mixture with an authentic sample, 
134-133") was prepared from the oil. 

A n d .  Calcd. for ClsHl&J40r: N, 17.0G. Found: N,  
17 3 3 .  

Fraction A28 was ozonized in the same way. The ozone 

(15) V. N. Ipatieff and I,. Schmerling, ibid., 59, 1056 (1937). 
(16) E, H. Huntress and J. S. Autenrieth, {bid., 63, 3446 (1941). 
(17) IC. Pines. I>. R. Strehlau and V. N. Ipatieff, ib id . ,  74, 1566 

(1950). 
(18) J M. Chiirch, 1'. C. Whitmore and R. V. McGrew, ibid. ,  66, 176 

(1934) 
(lil! \\'. Wrintiergrr, Ind .  Eng.  C k m i . ,  .4d. Ed.,  3, 305 (1931). 
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used indicated 88% unsaturation. Water used in the hy- 
drolysis of the ozonide was separated, and the oil was ex- 
trxtctl  with sodium c:irhonate solution. Aqueous extracts 
ivere combined and distilled. The 2,kiinitrophenyl hy- 
drazone of acetone (m.p .  126-127", m . p .  of mixture with 
authentic sample 127") was obtaincd in good yield from the 
distillate. p-Toluic acid ( I I I . ~ .  179" after recrystallization 
from 95% ethanol; m.p. of mixture with authentic sample, 
179" j precipitated when the distillation residue was acidified. 

Ultraviolet absorption spectra (Fig. 2 )  of the two olefins 
obtained with a Beckman photoelectric quartz spectropho- 
tometer gave corroborative structural evidence. The 
spectrum of p-8, 8-trimethylstyrene resembles that of p,p- 
dimethylstyrene with an absorption maximum a t  2475 A.2 
Fraction A24 gives an absorption spectrum resembling that 
of p-t-butyltoluene, as would be expected if it were 2-methyl- 
3-p-tolylpropene-l . 

Fractions A30 and A31 were washed with concentrated 
sulfuric acid. Distillation of the recovered oil at reduced 
pressure gave an unidentified hydrocarbon CI3HzO (6.1 g., 
h.p. 76-7" a t  ;3 mm., Z ~ O D  1.4980). 

..Inn/. Calcd. for C13H20: C, 88.56; H ,  11.44; mol. wt., 
176.3. Found: C ,  88.92; H, 11.30; mol. wt., 177 (freez- 
iiig point depression in benzene). 

Another substance of unidentified structure was obtained 
(fractions B4 and B5). It gave a negative test for halogen 
and was soluble in concentrated sulfuric acid. I t  is pos- 
sibly an ether C13H200 (8.8 g., b.p. 61-62" at 1 mm., nZoo 
1.4880, molecular weight by the ebullioscopic method in car- 
bon tetrachloride 192). 

Anal.  Calcd. for C I ~ H ~ O O :  C, 81.20; H, 10.48. Found: 
C, 81.84; H ,  10.55. 

Preparation of l-Chloro-2,2-dimethylbutane.-A reac- 
tion mixture containing 2,2-dimethylbutane (1890.5 g., 
Phillips Petroleum Company, b.p.  49O), sulfuryl chloride 
(307.2 g., redistilled, b.p. 69") and benzoyl peroxide ( 3  g.) 
was held under reflux for 4 hours. The reaction mixture 
was rapidly distilled to separate unreacted 2,2-dimethyl- 
butane, monochloro derivatives and higher boiling products. 
The chlorohexane fraction was then carefully distilled 
through the 100-plate column. The products 2-chloro-3,3- 
dimethylbutane (109 g., b.p. 51" a t  110 mm., 1.4185), 
l-chloro-2,2-dimethylbutane (155.3 g., b.p. 56.5' at 110 
mm., n Z o ~  1.4207) and l-chloro-3,3-dimethylbutane (42 g., 
b.p. 57" a t  110 mm., T Z ~ O D  1.4171) were obtained. 

The combined fractions containing l-chloro-2,2-dimethy1- 
butane were heated under reflux with ethanolic potassium 
hydroxide solutiori (300 ml., 20 g. of potassium hydroxide) 
for two days. The recovered halide was distilled through 
the 100-plate column to give pure l-chlor0-2,2-dimethyl- 
hutane (144.5 g., h.p. 59" a t  115 nim., Z ~ O D  1.4207, d25 
0.8782). 

Reaction of 1-Chloro-2,Z-dimethylbutane with Ethyl- 
magnesium Bromide in the Presence of Cobaltous Chloride. 
-l-Chloro-2,2-dimethylbutane (144.5 g., 1.19 moles) was 
dropped over a period of four hours into a n-butyl ether 
solution of ethylmagnesium bromide (1.41 moles, 820 ml. 
of 1.72 N solution) with multiple addition of cobaltous chlo- 
ride (11 g.) as before. The gaseous reaction product (24.6 
liters at S.T.P., mol. wt. 29.1) was ethane (55qb) and ethyl- 
ene (45%). 

The reaction mixture was treated with aqueous acetic 
acid. The butyl ether solution was separated and extracted 
with sodium carbonate solution and with water, and was 
dried over anhydrous calcium chloride. Volhard analyses 
indicated that 74y0 of the organic halide had been brought 
into reaction. The butyl ether solution was distilled rapidly 
through a 12-plate Fenske column until the distillation tem- 
perature reached 140'. Redistillation ( 100-plate column) 
of distillate gave 2,2-dimethylbutane (45.2 g., b.p. 49.3', 
n Z o ~  1.3690, 45yo yield) and recovered l-chloro-2,2-dimeth- 
ylbutarie (29.8 g., b.p. 112-113', n 2 0 ~  1.4203). Intermedi- 
ate fractions (total wt. 6.7 g., b.p. 49-112') were probably 
mixtures of these two substances. Boiling points and the 
refractive indices of successive fractions showed a steady 
increase. These fractions did not decolorize bromine in 
carbon tetrachloride solution. 

After n-butyl ether (b.p. 48' at 30 mm.) was distilled 
from the higher boiling reaction product, a constant boiling 
fraction (19.1 g. ,  b.p. 54-55' a t  2 mm., n 2 0 ~  1.4219) was 
obtained. This substance is presumed to be 3,3,6,6-tetra- 
methyloctane. 

Preparation of 8-p-Tolylisovalera1dehyde.-This alde- 
hyde was prepared by the hydrolysis (with sulfuric acid, 
20%, 2.100 g.; reflux, 23 hr.)  of the acetal forinetl iri the rc- 
xtioii  of ethyl orthoformate (844 g.,  h.p.  87" a1 112 miii., 
n% 1.3905) with p-niethyliieophylmag~iesiuiii chloride 
(prepared by the reaction of p-methylneophyl chloride, 530 
g. ,  with magnesium, 71.5 g., in ether, 2.5 1.). Purification 
in the usual manner through its bisulfite addition product 
and distillation through a 50-plate column gave 8-p-tolyl- 
isovaleraldehyde (165 g., b.p. 71-73' a t  1 mm.;  ""D 
1.5116, 11% yield). 

Anal.  Calcd. for C1lHlbO: C, 81.79; H ,  9.15. Found: 
C, 81.75; H, 9.18. 

This aldehyde oxidized in air to give P-p-tolylisovaleric 
acid (m.p. 77-78'). This acid was also.prepared hy the 
reaction of p-methylneophylmagnesium chloride with car- 
hon dioxide. 

Anal. Calcd. for ClzH1602: C, 74.97; H,  8.38. Found: 
C, 75.00; H ,  8.45. 

The 2,4-dinitrophenylhydrazone of this aldehyde (m.p. 
131-132.5') was prepared. 

Anal. Calcd. for ClsH2oOa?;r: C, 60.55; H, 5.66; S, 
15.73.. Found: C ,  60.62; H, 5.60; S, 15.64. 

The Reaction of 8-p-Tolylisovaleraldehyde with &Butyl 
Peroxide.-A mixture of 8-p-tolylisovaleraldehyde (60.8 g., 
0.346 mole) and t-butyl peroxide (5.71 g., 0.039 mole, b.p; 
37.5" a t  46 mm., nzoD 1.3886) was held under reflux a t  130 
for 7 hours. Gaseous product (5.31 1. at S.T.P.) passed 
through the reflux condenser, a trap held a t  -80°, and a 
calcium chloride tube into a pneumatic trough. Its com- 
position was determined in a Buhell gas analysis apparatus: 
92.7% CO, 1.8% 0 2 ,  32y0 CHq and 2.270 SI. 

The reaction product was distilled through the 100-plate 
Podbielniak column. Fractions 1 to 3 were p-t-butyltoluene 
(6.83 g., b.p. 85.5 a t  22 mm., n 2 0 ~  1.4916) and fractions 9 to  
12 were p-isobutyltoluene (8.11 g., b.p. 76" at 13 mm., n Z o ~  
1,4871). The compositions of the intermediate fractions 4 
(3.19 g., n Z o ~  1.4909), 5 (3.31 g., n Z o ~  1.4908), 6 (2.60 g. ,  
W*OD 1.49041, 7 (2.40 g., nZ0D 1.49001, and 8 (3.65 g., n Z o ~  
1.4887) were calculated from their refractive indices with 
the assumption that they contain orily the above hydro- 
carbons. This assumption mas supported by the yields of 
2,6-dinitro-4-t-butyltoluene obtained by nitration of por- 
tions of these fractions. After two other intermediate frac- 
tions 13 (0.33 g., n Z o ~  1.4886,0b.p. 69" a t  7.5 mm.), and 14 
(2.52 g., nZoo 1.5103, b.p. 62 a t  1.5 mm.) unreacted p-p- 
tolylisovaleraldehyde was obtained (12.35 g. ,  n200 1.5122, 
h.p. 63" a t  1.5 mm.) .  A residue (8.3 9.)  remained in the 
distilling flask. 

Fraction 3 was identified as p-t-butyltoluene by its con- 
version to the dinitro derivative (m.p. 95") and the sulfon- 
amide (m.p. 140-141°) as previouslydescribed. Fraction 11 
was identified as p-isobutyltoluene by preparation of its 
sulfonamide (m.p. 91-92'), The residue had an average 
mol. wt. of 344 determined in carbon tetrachloride in the 
ebullioscope. 

Preparation of Reference Substances.-A reaction mix- 
ture containing toluene (211.6 g., 2.30 moles, n Z o ~  1.49611, 
t-butyl chloride (44 g., 0.476 mole, nZoo 1.3850) and ferric 
chloride (20.4 g.) was held a t  room temperature for 18 
hours. Dilute hydrochloric acid was then added, and the 
organic layer was separated. I t  was washed with water, 
and was dried over anhydrous calcium chloride. 

The reaction product was distilled a t  reduced pressure 
through the 100-plate column. m-t-Butyltoluene (38.5 g., 
b.p. 91-92' at 32 mm., i t Z o ~  1.4940, 54% yield) and p-t-  
butyltoluene (7.5 g., b.p. 93.5' a t  32 mm. ,  1.491(j, 
10% yield) were obtained. m-t-Butylbenzoic acid (11i.p. 
12T", 80% yield) was obtained by the reaction of alkaline 
permanganate with m-t-butylbenzene, and nitration of the 
p-t-butyltoluene gave 2,6-dinitr0-4-t-butyltoluene (1n.p. 
96"). 

p-Isobutyltoluene (b.p.  88" a t  23 mm., n2% 1.4873, 78% 
yield) was prepared the Clemmensen reduction of p- 
inethylisobutyrophenone according to  the method of Mar- 
tin.2n The required p-methyl isobutyrophenone (b.p. 114- 
115' a t  13 mm., ~ * O D  1.5188, 68% yield) was obtained from 

(20) R. Adams, "Organic Reactions," Vol. I ,  John Wiley and Son%. 
Inc., N e w  York, N. Y., 1934, p. 1. 



the aluminum chloride-catalyzed reaction of isohutyryl prepared by the reaction of di-p-xylylcadmium with acetyl 
chlvridc with tolucne.?l chloride according to the method of Gilman and Selson.'2 
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p-Tolylacetone jb.p.  10%- 112" a t  12 mm., 45% yield1 was 
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The Synthesis of D L - ~ ~ Y C O -  and ~~-evythvo-l-(5-Nitro-2-thienyl)-2-dichloroacetamido- 
1,3-propanediols and Related Compounds 

BY EDWARD c. HERM.ZNN AND ALCIRD KREUCHUNAS 
RECEIVED MARCH 31, 1952 

Two syntheses of both diastereoisomeric racemates of l-(5-nitro-2-thienyl)-2-dichloroacetamido-l,3-propanediol have 
Both syntheses, which start with 2-acetylthiophene, include reductions of intermediate DL-N- [a-hydroxy- 

The mixtures of isomeric racemates formed in this reduction 
been described. 
1-( 2-thenoyl)-ethyl]-acylamides with sodium borohydride 
have been separated and have led to a series of pure I ~ Y P O -  ,Ind pure erylhro-racemates 

This paper describes two syntheses of both di- In the present work ~~-N-[2-hydroxy-l-(2- 
astereoisomeric racemates of 1-(5-nitr0-2-thienyl)- thenoy1)-ethyl]-acetamide (IIIa) was reduced with 
2-dichloroacetamido-1,3-propanediol (VIIIb) start- sodium borohydride, rather than with aluminum 
irig from 2-acetylthiophene. isopropoxide as reported by the previous workers. 

Carrara and Weitnauer' have reported the prep- This reduction has led to both the threo- and ery- 
aration of ~ ~ - t h r e o -  1-(5-nitro-2-thienyl) -2-dichloro- tho-racemates and the previously unreported 
acetamido-1,3-propanediol by a route similar to erythro series is described here. In addition, a 
those described in this paper. Keskin, Xason and second synthesis involving dichloroacetylation 
Kord2 have recorded a partial synthesis of this same rather than acetylation of the intermediate N-2- 
compound which terminated with the preparation thenoylmethylamine hydrochloride (I) has led to 
of ~ ~ - t h r e o - 1  -(S-thienyl)-2-acetamido-l ,X-propane- an entirely new series of compounds. 
diol (IVa). The first synthesis of the two diastereoisomeric 

- _ _  racemates of (VIIIb) in- 
I 0 valved initially the bromi- 

s/ C-CHLSHCOR and conversion of the re- \ S / \ \ & C H 2 Y H ~  FTCl 
IIa ,  R CH1- sulting 2-bromoacetylthio- 
IIb,  R = Cl CTI- phene to N-2-thenoylmeth- 

ylamine hydrochloride (I)  
by means of a Delepine reac- 
tion through the intermed- 

3' \CFI-&H--CH-OIT 6- '.!FI-CH~OH iate N - 2 - thenoylmethyl- 

8 1  I nation of 2-acetylthiophene --+ i / I 0  

0 XHCOR 

.1 I 

__ - _ _  
+ I  ~i O H  SHCOR 

IVa, R = CH1- 
II'b, R = CIiCH- 

IIIa, R = CH2- 
IIII), R = C1:CF-T 

hexamethylenetetraminium 
bromide. The aminoketone 
hydrochloride (11 was next 

l l  acetylated and the result- 
1 I ococEr SHCOR ing N-2-thenoylmethylacet- 

JII--CH~C)COCH~ amide (IIa) was hydroxy- 
methylated with aqueous 
formaldehyde in the pres- 
ence of sodium bicarbonate 

" OCOCFIl SHCOR 
I I '  

S ' "&-- - CH-CH~OCOCH + ols /  's/ ' AH- 
1 \'Ia, R = CH,- 

J 
\ 111, R = C1 Cli  

\-a, R = C H -  
1-11, R = Cl?CFf- 

to give IIIa.  This synthe- 
sis to this point has been [---I OH SHCOR / I  1 1  OH SH" described bv the nrevious 

;A, 1 I workers' and cons&pently 
has not been described in 
detail i n  the experimental Yl I 

1 1  / I  I 1 
o,s" \S'\&H-CH--CH~OH f- O?Y ' s  TH-CH -CH?OH 

S'IIIa, R = CH3 
\71111>. R = CI~CFI - 

Some of these steps have been described for the 
benzene series in connection with the synthesis of 

( 1 )  G. Carrara and G. Weitnauer, Caez. th im.  itol., 81, 142 (1951). 
(2) H. Keskin. C .  D. Mason and F. F. Nord. J .  Oyg. Chevi . ,  16, 1333 

(3) J. Controulis, M. C. Kebstock atid I€. M. Crooks. J r  , 7'ms 

(4) L. hI. 1.ong xnrl 17. 1) ' i 'roiitmnn, : b i d . ,  71, 24G9 (1049), 71, 

(1951). 

JOUXNAI. ,  71, 2403 (1949j. 

2473 (1649). 

part of this paper. 
Next, IIIa was reduced in 94yo yield with sodium 

borohydride in methanol solution. This reduction 
was rapid and very convenient to carry out and 
appears to be the first case in which sodium boro- 
hydride has been used to reduce compounds of this 
type. The reduction product was a mixture of the 
threo- and erythro-racemates of IVa. T h e  exact 
ratio of fhreo to eryfhro forms produced in this 
reaction was n o t  determined, but it nppearetl to lw 


