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aqueous potassium permanganate solution (29%) was added,
in portions, over a period of 45 hours. The precipitated
manganese dioxide was removed and the colorless filtrate
acidified with dilute hydrochloric acid. The product
separated as a gelatinous white precipitate, which was
filtered off, washed and vacuum dried. The resultant white
powder (2.65 g., 77% vyield) was purified by dissolving in
pyridine and reprecipitating witll dilute hvdrochloric acid;
softening point (with somie decomposition) 175-180°.
Anal. Caled. for (C3Hi3NOs)s: C, 66.89; H, 6.58; N,
6.00. Found: C, 66.88; H, 6.93; N, 6.10. The follow-
ing results provided further support for the structure IV:
(a) Infrared absorption bands at 8.7 (medium, broad shoul-
der), 5.81 (medium) and 7.70 p (medium) for the COOH
group, and a broad shoulder at 3.1 x (medium) for the NH
group, both the OH and NH bonds appareutly being hy-
drogen bonded fairly strongly. The absorption bands due to
the benzoyl group between 6.15 and 6.45 wx, quoted pre-
viously, were present also in this speetrum. (b) Poten-
tiometric titration of this product in dimethylformamide
with sodium methoxide in methanol-benzene solution, and
using a glass—calomel electrode system afforded curves typical
of carboxylic acids under these conditions.® (¢) The product
1V was heated in a dry tube at 230° (Woods metal-bath) for
15 1ninutes. A white sublimate of benzoie acid was formed,
n.p. and 1nixed m.p. 117-118°, The residual polvmer was
inso'uble and formed gels on standing with dimethylform-
amide and pyridine.

Degradation of Poly-(diallyldimethylammonium Bromide),
V to VI.—The polymer V3 was first ground, in a dry-box, to
less than 100-mesh particle size and extracted with absolute
ethanol for 48 hours. Quantitative hydrogenation work
showed that the polymer was fully saturated after such
treatment. A solution of V (20 g.) in water (50 ml.) was
passed through a column of Amberlite resin (Rohm and
Haas, Grade IRA 410; about 150 g. of nioist resin) that had
previously been converted to its hydroxide form by repeated
elution with sodium hydroxide solution. Tlie column was
washed with water and the collected, bromide-free effluent
(250 ml., pH greater thau 13.0) evaporated down under re-
duced pressure at room temperature. The resultant semi-
solid mass was vacuum dried and decomposed by heating at
55° in vacuo for 72 hours. The solid product (pH of 0.1%,
solution 11.07) was somewhat hygroscopic, readily soluble
in methanol and slowly soluble in water. The following
experiments were performed on this product: (1) Poten-

(9) For examples see J. S. Fritz and N. M. Lisicki, Anal. Chemn., 28,
589 (1951),
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tiometric titration with 0.1 N hydrochloric acid followed
by back-titration with 0.1 N sodium hydroxide solution
using a glass—calomel electrode system gave the following
values: pKp 8.60, units in the amine form 819, units re-
maining in the hydroxide form 199%. (2) The product
(0.225 g.) was titrated with 0.1 N hydrochloric acid to a
pH of 3.05 aud the solution hydrogenated quantitatively,
using Adams catalvst and at atmospheric pressure in tle
usual way. The observed uptake of hydrogen was 8.2 ml.
S.T.P.).

( VI to VII.—The polyamine VI (1.018 g.), dissolved in qb-
solute nmiethanol (200 ml.), was refluxed gently at 55° with
methy! iodide (15 ml.) for four hours. The precipitated
product was filtered, washed, and vacuum dried to aﬁ’ordl a
pale-yellow, water-soluble solid, m.p. 312° (closed capil-
lary), vield 1.68 g. (78%). Anal. Caled. for (CHiNI)u:
1,47.5. Found: I, 44.7, o

VII to VIII.—The poly-(quaternary ammonium 1pd1de)
VII (0.91 g.) was converted to its hydroxide by passing at
aqueous solution through a prepared column of Amberlite
410, as previously described. The iodide-free solution of
liydroxide was evaporated under reduced pressure at rooul
temperature to a small volume of pale-brown viscous solu-
tion. This was heated in a micro distillation apparatus
leading into a saturated solution of picric acid in benzeue.
At a bath temperature of 170°, crystals formed momentarily
in the picric acid solution. Water was removed from the
benzene by azeotropic distillation and, on cooling, vellow
erystals separated. Subsequent recrystallization f.rom beii-
zene afforded trimethylamine picrate, m.p. and mixed m.p.
214.5-215.5°, literature m.p. 215°. .

A further portion of the viscous solution of the hydroxxde
was vacuum dried and heated at 50° for 72 hours ¢z vacuo.
The polvineric residue was insoluble in all solvents.

Oxidation of VIII.—A sample of the insoluble polymer
was stirred vigorously at room temperature for 16.honrs with
excess alkaline potassium permanganate solution. In a
test for formate ion,' a portion of the filtered solution readily
reduced mercuric cliloride.

Acknowledgment.—The analyses reported in
this paper were carried out by Galbraith Labora-
tories, Knoxville, Tenn., or by Weiler and Strauss,
Microanalytical Laboratory, Oxford, England.

(10) F. Feigl, “Spot Tests,” Vol. II, Elsevier Publishing Cn., New
York, N. Y., 1954, p. 246,

(GAINESVILLE, FLORIDA

|CONTRIBUTION FROM THE RESEARCH LABORATORIES, TENNESSEE EastMan Co., Division oF EastMan Kopak Co ]

The Acid-catalyzed Dehydration of 2,2,4-Trimethyl-1,3-pentanediol

By M. A. Perry, F. C. CANTER, R. E. DeBusk anNDp A. G. RoBINSON
RECEIVED DECEMBER 13, 1957

The acid-catalyzed, vapor-phase dehvdration of 2,2,4-trimethyl-1,3-peutanediol led to products resultiug froin rearrange-

iment ratlier than simple dehvdration.

The major product was 2,3,4-trimethylvaleraldehyde. which was formed in 459,

conversion and 609, yield. Minor products identified were tetrahydro-2,2,4,4-tetramethylfuran, tetrahydro-2,3,4,4-tetra-

methylfuran and the cyclic acetal of 2,3,4-trimethylvaleraldehyde and 2,2,4-trimethyl-1,3-pentanediol.
was found to be an excellent catalyst for accomplishing this reaction.

products are given.

Qf the three reported*~* dehydrations of 2,2-
dialkyl-1,3-diols, two%? involved rearrangements,
apparently through carbonium ion formation.
Isovaleraldehyde and 3-methyl-2-butanone were
reported to be formed when 2,2-dimethyl-1,3-
propanediol was heated in a sealed tube at 200°
with dilute sulfuric acid.2® When 2,2,4-trimethyl-

(1) Presented at the Southeastern Regional Meeting of the Ameri-
can Chemical Society, Durham, N. C., November 14~16, 1957.

(2) A. Fischer and B. Winter, Monatsh., 31, 301 (1900).

(3) A. Franke, ibid., 17, 80 (1896).

(4) M. Letellier, Compt. rend., 146, 344 (1908).

Triethyl phosphate
Mechanisms rationalizing the formation of these

1,3-pentanediol was refluxed with dilute sulfuric
acid, tetrahydro - 2,2,4,4 - tetramethylfuran was
formed.? No rearrangement was reported in the
dehydration of 3-ethyl-2,2-dimethyl-1,3-pentane-
diol, which gave 3-ethyl-2,2-dimethyl-3-penten-1-
ol as the product.*

(5) Little evidence was presented by Fischer and Winter? to dis-
tinguish the reported product, isovaleraldehyde, from 2-methylbutyral-
dehyde. The latter aldehyde closely resembles isovaleraldehyde in
all properties reported and its formation can be explained more readily
than the formation of isovaleraldehyde.
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We found that in the acid-catalyzed dehydration
of 2,2,4-trimethyl-1,3-pentanediol, rearrangement
with alkyl-group migration occurred, presumably
through formation of a secondary carbonium ion.
When the diol, with triethyl phosphate, was passed
over Pyrex glass beads at 200°, four products were
formed; of these, three were previously unknown.
These products, an eight-carbon saturated alde-
hyde, two five-membered cyclic ethers and a cyclic
acetal, were characterized and identified.

The eight-carbon aldehyde, the major product
of the dehydration, was reduced easily to the cor-
responding alcohol and readily oxidized to the cor-
responding acid. Comparison of the physical
properties of the aldehyde, alcohol, acid and their
derivatives with the properties of known eight-
carbon compounds showed that this aldehyde had
never been described. Of the unreported eight-
carbon aldehydes, 2,3,4-trimethylvaleraldehyde was
a logical possibility. This tentative identification
was shown to be correct by the synthesis of 2,3,4-
trimethylvaleric acid and comparison of its prop-
erties with those of the acid obtained by oxidation
of the unknown aldehyde. The synthesis of 2,3,4-
trimethylvaleric acid was accomplished by dehy-
dration, reduction and saponification of the Re-
formatsky reaction product of isobutyl 2-bromo-
propionate and 3-methyl-2-butanone. The acids
were identical in physical properties and infrared
spectra. The properties of the derivatives also
were identical. Properties of 2,3,4-trimethylvaler-
aldehyde, 2,3,4-trimethyl-1-pentanol and 2,3,4-
trimethylvaleric acid are given in the Experimental
section.

A second product of the dehydration was shown
by infrared and elemental analyses to be an eight-
carbon cyclic ether. When the ether was treated
with acetic anhydride, the acetate of an unsaturated
alcohol was obtained. This acetate was reduced
and saponified, and an unknown alcohol was ob-
tained. Infrared analysis revealed the presence of
gem-dimethyl and primary hydroxyl groups in the
alcohol. A logical possibility for this compound
was 2,2,3-trimethyl-1-pentanol. The Reformatsky
reaction was used to prepare 2,2,3-trimethylvaleric
acid from ethyl 2-bromo-2-methylpropionate and
2-butanone. This acid was identical with the acid
obtained by oxidation of the saturated alcohol
derived from the cyclic ether. Since this alcohol
was shown to be 2,2,3-trimethyl-1-pentanol, the
cyclic ether must have been tetrahydro-2,3,4,4-

tetramethylfuran. This possibility is illustrated
by the equation
[0) H
7N\ (CH;C0):0
o[ Lo
AN,

CH; CH;
H,C CH; O

I 1, reduction
2, saponification

H,
Ha'C CH;
CH;CH,.CH—CCH,;OH
H,
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Another cyclic ether produced was shown by
comparison of physical properties and infrared
spectra to be the known tetrahydro-2,2,4,4-
tetramethylfuran.

Analytical data showed that the fourth product
of the dehydration of 2,2,4-trimethyl-1,3-pen-
tanediol was a sixteen-carbon cyclic acetal. The
product was assumed to be the cyclic acetal of
2,3,4-trimethylvaleraldehyde and 2,2,4-trimethyl-
1,3-pentanediol since these were the only two com-
pounds present in the reaction mixture capable of
forming a cyclic acetal. The correctness of this
assumption was shown by preparing an authentic
sample of the acetal. This sample was found to be
identical in physical properties and infrared spec-
trum with the acetal produced by the dehydration.

All of the products of the dehydration of 2,2,4-
trimethyl-1,3-pentanediol may be explained by
consideration of the possible migrations which may
occur in the carbonium ion which would be formed
by removal of the secondary hydroxyl group in the

diol. The various possibilities are illustrated

CH; @CHa

N

OIS

CH;C—CH—CCH,0OH

57 |

©)

H CH,;

N
CH;CH—CH—CCH,0 —>
® CH; CHs; CH;

N A
CH;CH—CH-—CHCHO + H® (1)

CH; CH,
l I O ,cH
CHag—CHZCCHzOH — / \< #
cH, +H® (2
CHs CH; 'i i
CH,
CH, CH;
0
CH;CHCH—CCH,0H —~—> \<H
® & i cH, + HE (3)
s CHa'——'H
CH; CH,

The products—2,3,4-trimethylvaleraldehyde, tet-
rahydro-2,2,4,4-tetramethylfuran and tetrahydro-
2,3,4,4-tetramethylfuran—were formed in relative
amounts of 7, 4 and 1, respectively. The forma-
tion of relatively small amounts of tetrahydro-2,3,-
4,4-tetramethylfuran might be expected since the
formation of a secondary carbonium ion is required,
according to the mechanism presented.

Experimental

Dehydration of 2,2,4-Trimethyl-1,3-pentanediol.—A solu-
tion of 600 g. (4.1 moles) of the diol in 1200 g. of benzene
was passed through a bed (30 X 600 mm.) of 4-mm. Pyrex
glass beads which had been previously coated with triethyl
phosphate. The temperature of the bed was maintained
at 250°, and the feed rate was maintained at 5 ml. of solu-
tion per minute. Effluent gases were condensed by water
condensers and Dry Ice-acetone traps. Distillation of the
condensate at 730 mm. gave, in addition to benzene
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Product z. 2020010 "0 cC.
Tetraliydro-2,2,4,4-tetra-

methylfuran 138 1.4123 0.8161 121
Tetraliydro-2,3,4,4-tetra-

methylfuran 33 1.4250  .8766 132
2,5,4-Trimethylvaleralde-

hyde 234 1.4242 8373 159

Residue 85

Distillation of the residue at reduced pressure gave 81 g. of
thie cyclic acetal of 2,3,4-trimethylvaleraldehvde and 2,2,4-
trimnethyl-1,3-pentanediol, b.p. 85-90° (2 wm.).

The conversion of the dinl to 2,3,4-trimethylvaleraldehyde
was 4497; to tetrahydro-2,2,4,4-tetrawmethylfuran, 269;;
to tetraliydro-2,3,4,4-tetramethiylfwran, 6%; and to the
cvelic acetal, 8%,

Anal. Caled. for CsHysO (tetrahydro-2,3,4,4-tetrammethyl-
furan): C, 74.94; H, 12.58. Fouud: C, 74.97; H, 12.50.
Caled. for CgH160 (2,3,4-tritnethylvaleraldelivde): C, 74.94;
H, 12.58. TFound: C, 74.88; H, 12.52. Caled. for CeHy,s-
N3O (sewmicarbazone, n.p. 120-121°, of 2,3,4-trimethiyl-
valeraldehyde): N, 22.69. Tound: N, 22.51. Caled.
for CigHa0: (cyclic acetal of 2,3,4-trimethylvaleraldehyde
and 2,2,4-trimethyl-1,3-pentanediol): C, 74.94; H, 12,38,
Found: C, 74.83; I, 12.55.

2,3,4-Trimethyl-1-pentanol.-—-2,3 ,4-Trinethiylvaleralde-
hyde (207 g., 1.62 moles) was reduced for 3 lir, at 125° with
hydrogent at 2000 p.s.d. using 10%¢ Raney nickel catalyst.
The mixture was filtered and distilled to obtain 167 g. (804}
of 2,3 4-trimethyl-1-pentanol, b.p. 182° (730 min. i, »#¥np
1.4302, d2; 0.8498.

Anal.  Caled. fir CeHisO: C, 73.78; H, 13.90.
C, 73.64; I, 13.77.

2,3 ,4-Trimethylvaleric Acid by Oxidation of 2,3,4-Tri-
methylvaleraldehyde.—Acidic pertuanganate oxidation® of
896 g. (7.0 moles) of 2,3.4-trimethiylvaleraldehvde gave
71l g. (719%) of 2,3, 4-trimethvlvaleric acid, h.p. 223-225°
(730 mu.), #%p 1.4345, d¥; 0.9290. Tlie amide nielted at
162-163.5°.

Anal. Caled. for CGgH;NO: C,67.11; 11, 11.90.
C, 66.99; H, 11.89.

2,3,4-Trimethylvaleric acid by the Reformatsky Reaction.
—TIsobutyl 2-bromopropionate was condensed with 3-methyi-
2-butanone using thie procedure described by Newinan and
Evans.” When the reaction was carried out on a 3-mole
scale, a 369 vield of isobutyl 3-hydroxy-2,3,4-trintethyl-
valerate was obtaiuned, b.p. 146-148° (38 mm1.). The hy-
droxy ester (185 g., 0.85 miole) was dropped slowly into 153
g. of refluxing acetic anhydride, and the mixture was re-
fluxed for 30 miin.® Distillation of the reaction wixture
gave, i1 addition to acetic acid and acetic auliydride, 132 g.
(83%) of isobutyl 2,3,4-trimethyl-2(or 3)-penteuoate, b.p.
126° (36 mm.). The unsaturated ester (118 g.) iu 100 g.
of ethyl alcoliol with 30 g. of Rauey nickel was reduced for
2 hir. at 125° with hydrogen at 1500 p.s.i. After remnoval of
the catalyst by filtration, the filtrate was added to a solution
of 1 mole of sodium methoxide i1 500 ml. of wethanol.
This mixture was refluxed for 90 min., and then water was
added. The aleohol was removed by distillativu, and the
agueous residue was acidified witlh sulfuric acid. The or-
gauic layer was separated aund the aqueous layver was c¢x-
tracted with etlier. The crnnbined organic solution was
dried aver magnesitun sulfate, filtered, and distilled to give
85 g. (85¢%) of 2,3,4-trimethylvaleric acid, b.p. 223-226°
(730 mun1.). The amide of this acid uielted at 159-161.5°.
A mixture of this amide with the amide of the acid obtained

IFonneed

Found:

(1) The procedure describerd by J. R. Rulieff, "*Organic Syntheses,"*
Coll. Vol IT, A, 1. Blatt, Bditur, John Wiley and Sons, Inc., New York,
N. Y., 1943, p. 315, was followed with the mndification that the amoeunt
uf water used was reduced by one-third.

(7) M. S. Newman and F. J. Evans, Jr., THls Journ~ar, 77, 046
(1955).

(8) Oxalic acid, iodine in benzene and thamyl chiloride failed to of-
fecl this dehydration.
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from 2,3 d-trimetliylvaleraldehyde shiinved 1 depressinm
i nielting point.

Anal. Caled, for ColgO:: nent. cquiv., 14t
neut. equiv.,, 1406,

Ring Opening of Tetrahydro-2,3,4,4-tetramethylfuran.—
To a stirred mixture of 204 g. (2.0 1noles) of acetic anhydride
containing oue drop of concentrated sulfuric acid was
added dropwise 128 g. (1.0 mole) of fraction boiling at 132°
from the deliydration of 2,2,4-trimethyl-1,3-pentanediol.
The wmixture was refluxed for 4 lir., then poured into twice
its volume of water and ueutralized with solid sodium car-
bonate.  The arganic fayer was separated, dried over mag-
nesium sulfate, aud theu distilled ta give 126 g. (72%5) of
an unsaturated acetate, b.p. 185-198° (730 nun.), sapoi,
equiv., 174, The acetate was heated at 150° with hydrm-
gen at 2000 p.s.d. for 2 hr. with 106 Rancy nickel.  After
the catalyst was removed by filtration, (1°g. (V3% of a
saturated acetate, b.p. 191-193° (730 nui.), was obtained.
This product was refluxed for 4 hr. iu a solution of 80 g. of
sodinm hivdroxide in 640 g. of 504, aqueous etliyl alcolal.
After the alcuhol was removed by distillation, the aqueons
residute was acidified with livdrochlorie acid. The organic
layer was separated, and the aqueous layer was extracted
with ether.  After being dried over wagnesiun sulfate, the
combined organic soluticn was distilled to give 63 g. (944, )
of 2,2, 3-triwiethyl-1-pentanol, b.p. 172-178° (750 nun.).
n®p 1.4388. Both the 4.5-dinitrobenzoate and the S-nitro-
plithalate were oils.

Anal.  Caled, fnr CyHiO: C.
C,.73.84; H, 15.86.

2,2,3-Trimethyl-1-pentanol by the Reformatsky Reaction.
-—Three 1oles of ethyl 2-bromo-3-methylpropiouate was
cottdensed with 3 moles of 2-butancue.  The product was
defiydrated as described iu thie preparatiom of 2,3 4-trinietli-
vlvaleric acid. Tlie vield of unsaturated ester boiling at
82-85° (21 mm.: was 195 g, (3893, #¥p 1.4383. Reduc-
tion of this ester at 125% with hydrogen at 1500 p.s.i. for 7
br. witl 109, Raney nickel gave, after the catalyst hiad been
removed by filtration, 196 g. (quautitative yield) of ethyl
2,2,3-trintethiylvalerate, b.p. 82° (28 mut.). One mole of
the saturated ester was added dropwise to a stirred, refluxing
wixture of 600 ml. of etlier and 20.9 g. of lithium aluminun
livdride. Excess livdride was hydrolyzed by addition of a
water—tetrahyvdrofuran solutian, and then a 109 solution of
livdrochiloric acid was added until the inorganic salts clumped
togetlier i1 the bottomn of the flask. The ether solution
was filtered, dried over magnesium sulfate, aud distillpd
to give 908 g. (T65%) of 2,2, 3-triniethyl-1-pentanol, b.p. 172
175° (730 mun.), #%p 1.4387. The infrared spectrim of tlis
product was identical with the spectrtin of the alcalid rde-
rived from tetraliydro-2,3,4,4-tetrantethylfuran.

2,2,3-Trimethylvaleric Acid from 2,2,3-Trimethyl-1-pen-
tanol.—The 2,2 ,3-trimethivl-1-pentaucls  frour the  two
sources were oxidized iu the sane menier as 2,3 ,4-trintethyl-
valeraldehyde.  The two wcids obtaiued were nsed, witli-
ont distillation, to prepare the j-plenyiphenacyl esters.
The ester of antlientie 2,2,3-triwtethylvaleric acid melted
at 55-56°.  Tlic ester of 2,2.3-trimethylvaleric acid derived
frran tetralivdro-2,3,4,d4-tetramethylfuran melted at 53
540570 A mixture of the two esters uieited at H3-53.07.
The cster of authentic 2,2 3-trimethylvalerie neldd was aua-
Ivzed,

Awnal. Caled. for CadleOy: C, 7807, T, 7.0
C, 77.88; M, 7.V,

Cyclic Acetal of 2,3,4-Trimnethylvaleraldehyde and 2,2,4-
Trimethyl-1,3-pentanediol.— \ wixture «f 128 g. (1 woled
of 2,3 4trimetlivlvaleraldehyile, 146 g. (1 uale) of 2,2.4-
trimetliyl-1,3-pentanediol and 1708 mnl. of beuzedae was re-
fluxed under a water separatir.  Five grais of p-toluente-
sulfonic acid was used as a catalyst: 16 ml. of water formed
by the reaction was rewrrved.  The mixture was neutralized
witlt sodium acetate, aud thicu was distilled to give, after
remaval of beuzene, 231 g. (207 ) of tlie cyelic acetal, bL.p.
8T-02° (2 nuut.).  The infrared spectrmm of this pradicet
was identical withh that of the eycle aceial obtaiued it the
dehydratiou of 2,2 d-trivier vl 1 .3-pentanedin
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