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HISTORICAL
A. Condensatiens

The eondsnsation of arematis aleohels with aromaties cempounds
to form derivatives of di~ eor triphenylmsthane is cemmenly dreught
absut by the fellewing dehydrating agents: sulfurie acid (leyer
and Wareter, Ber.. 6, 964, 1873; Becker, Ibid., 15, 3091, 18%;
Neslting, Idid., 24, 3127, 3136, 189); Gatterman and Koppert,
Inid., 26, 2811, 1893; Bistrsyeki and Flateau, Jbigd., 28, 889,
1895; Fritsch, Ibid., 29, 2300, 1896; Bistrsycki and Simoais,
Ivid., 31, 2812, 1898; etc.), phospherws pentexide (Hemiliam, Ber.
¥, 1203, 1874; Wichael sad Jeaspretre, Dhid., 35, 1615, 1892; ete.),
sime chleride (Fischer and Reser, Ber., 13, 674, 1879; 4img., 206,
113, 155, 1880; Liebmana, Ber,, 15, 153, 1583; Kippesderg, Idid.,
30, 1140, 1897; ete.), dilute er concentrated hydrechleris acid
(Swais, Bull., S, 17, 517, 1897; D.R.P. 3703%; Neelting, Der.,
24, 3127, 1891; Neeltinmg, Ibid., 34, 553, 1891; ete.), sulfuric
and acetie acids (Paterno and Fileti, Gpg3., 5, 381, 1875; lMehlam
and Klopfer, Ber., 32, 2147, 2149, 1599), abselute aleshol (Nohlaw
and Klspfer, Ber., 32, 2150, 2153, 1899), stasais shleride (Bis-
tesyeki, Ipid., 37, 659, 1904), and acetisc aoid (Khetinski and
Petseviteh, Ibid., 42, 3104, 1909).

Aluminum shloride has been used as a dehydrating agemt ia
organic shemistry by Mers and Weith (Ber., M, 189, 1881), Shell
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and Seer (Apg,, 394, 119, 1912), Wese (Bgr., 15, 1128, 1882),
Grasde (Chem. Z8£.. 35, 368, 3901; Ber., 34, 177, 1901), Jawe
bert (Compt. rend., 132, 841, 1901), Frankforter and Kritchevsky
(1. Am. Chem. see., 36, 1511, 1914; 37, 385, 1915), Frankferter
and Kekatamur, Ibid., 36, 1529, 1914, and ethers (Bsr., 40, 1694,
1907; D.R.P. 436,015; ete.).

Te include all condensations and reastions whieh have been
Wmht&motd“m"uoumtw
yond the scepe of this paper. ilewever, it was felt mecessary te
include & brief resund of these experimentations whieh have dealt
with the reactions of aloshols with arematiec 'm‘ in the
presence of alwminum shleride. These several aleshsls imclude
arematiecs, aliphatics, and mixed arematis aliphatics.

The first work reported in eomnsstion with the dehydrating
setion of alumimum shleride on arematic alcehels and arematis
csompounds was that of Huston and Priedemamn (J. Am. Chgm. See.,
38, 2527, 1916). They feund that the primeipal preduct ef the
reaction botweon bansyl alcohel and benszene in the presenss of
aluminum chleride was diphenylmethans:

CgHsCHyOH + Cgfly _AlCly, CeHsCRCgHg + Hg0

If equimelecular amsunts of the reasting substances are wsed,
the yield of dipheaylmethane is met large (abewt 30L) and the yields
of secendary predusts (p- and e-didenzylbensens, anthracens and
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tar) are quite large. ‘!f, hewever, an excess (5 mels) of bene
sene s used the yleld 4f diphenylmethane is greatly increased,

while the yields of secemdary products ars correspondingly de-

ereased.

Iater werk dons by Husten and Frisdemanmn (J. Am. Chgm, Ses.,
40, 783, 1918) shewed defiamitely that seceadary arematic aleshels
condonse with bensens under the dehydrating influence ¢f anhydreus
alusinum chleride accerding te the folleving gemeral egustion:

Whoa R {9 the phenyl greoup the reaction is smesther and &
largsr yield of the condensation predust is obtained than when
R 4is methyl or ethyl. The othyl grewp has a greater retanding
offest on the reaction than the methyl greup. An excess of alum-
fiaem ehloride tends to elimimate a phenyl or am alkyl radiecal
frem the predust espesially if the temperature is met kept lew,

Huston (J. Am, Chem. See,, 46, 2775, 1924} reports that
bonsyl aloshel }'acts with phenel at low texperatures ia the

presence of aluminmum chleride te form p~beasyl pheael:

clﬂscwﬂ + OGH_.,OH QCI,I C‘Hscﬂf.ﬁ‘OH +Hﬁ

-

The methyl and ethyl esters of p-bensylphenol may be pre=
pared in geed yield by esndensing deusyl aleohol with adisele or

phenetele. The phenslis hydrexyl gresup dees met interfere with
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the substitution of the denzyl greup in the densens ring by means
of the alumimum chloride.

The astion of di.ph;tc aleochels were maxt cemsidered. Hustea
and Sager (J, Am. Chem. See., 48, 1955, 1926) repert that the sat-
urated aliphatic aleshels de net osndence with bensene. These
aloohols included methyl, ethyl, propyl, ise-propyl, btutyl, ise-
butyl and ico-amyl. Also, phenyl ethyl alcohol and phenyl propyd
aloohol shew ne cendemsation with bensens. It is interessting te
nste that phenylmethyl carbimel amd phenylethyl carbinsl whea
heated under atmospheriec pressure to their doiliag points, lese
water t¢ ferm the correspeniing umsaturated hvdrgurhn, while
phoaylethyl aldohel and phesylpropyl alcehsl may be distilled with-
out desempesitien at atmespheric pressure. This bohavisr was com
sidered significant in that only these cempounds in whish the
alpha sarben is a member ¢f the beazens ring er is deuble bended
(as will be showr with allyl alcohol) shev appreciadle reactivity.

The ussaturated aliphatis alcehel, allyl aleshsl was found te
condense with bensene te give a fair yield (167) ef allyl bensenms:

CH{-‘C}EHZCH -+ 36“6 g__c_l, GHfCHCHzcsﬁs + B0

Similar teo Huston and Friesdemann's werk ea arcaatis alsohels
with bensene, Ruston, lewis and Oretemut (J. Am. Chem. Sec., 49,
1365, 1927) feund that methylpheayl earbinel, ethylpheayl sarbimel
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and deanshyirel vere sondeased with phensl by means of anhyireus
aluminum ehleride ascerding to the equation:
o.n,;cmu + CgNgOR _A101, c‘aszcmgmon (p) + H0
Where R is methyl, ethyl or pheayl. A relatively large yield frem
bonshyirel further confirms the hypothesis that umsaturatien of
sarbon atems adjacent te the aleslwlio greups increases the reast-

ivity of the hydrexyl grewp.

later work has showa that such compounds as dipheaylethyl
carbimel and disthylphenyl carbinmel dehydrate when heated and do
»et themselves shew any €ondeasation with bemsens. In the latier
of thess twe sases, this fimability te condense was explained by
the fast that the phenyl and twe alkyl greups seem to draw the OH
group rather clesely to its Garbea atea, thus imhidbiting the astion
of the OH to split off a melecule of water with an H frem the ben-
sens ring.

Sumarisiag thess several results, we san say:

1., Of the aloedelic derivatives ¢f arematic kypirecarbens,
enly those in whieh the hydrexyl is ea the carben atem adjaceant te
the ring condense vith bonsene ian the presense ¢f alwmimm chleride.

2, The saturated aliphatis alcehsls (mermal and ise- cempounmds,
met tertiary aliphatics) up to and imeluding amyl aloohel do met
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reast with benzene in the presense ¢f alumimum chleride to fora
alkylbensenes.

3. Unsaturatisn en the earben atoms, adjaseat te the alsedelis
group, inereases the reactivity of the hydrexyl toward the dehy-
drating offeet of aluminmm ohhrﬂi.

4. Of the mixed tertiary carbinels werked with, Do sendense-
tiea lms desn reperted, Wt 'nthor in its stead, dehydratisn of
the earbinel teo give the correspemiing hydrescarbea.
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B. Other Netheds of Preparing the Tert-alkyl Beasenss

I. Tert-butyl bSemsens.

Shoesmith and Mackie (J. Chen. 509., 2334, 1928) tells that
Schrams (Mppgtsh., 9, 613, 1888) preved that ise- or fert-datyl
shloride ssndecnsed with beusene ia presenss ¢f alwmimm shleride
to give fgri-and net igg-butyl heasene.

Shessmith and Maokis (les. ¢i%.) ge on 1o state that ise-

' butyl alochel was cemverted te a mixture of ise- and tert-dutyl
shlerides by means of sinc echleride aad phesphereus trichleride

(Dehn and Davis, J, Am Chem. 506., 39, 1332, 1907), bwt ealya
331 yield eeuld be ebtained, the ehisf predust being apparestly s
mixture of polymerised butyleses. The m imed ehlerides were ¢on-
densed with bensene; o¢ontimmeus stirriag amd effisient apparatus
improved the yield, and white alumimm c}nhrido of very geoed

quality vas feund to de advantagesus., The teri-duiyl bemsens had

b p. 165-170° C.

Verley (Bull., 3, 19, 73, 1898) prepared tert-butyl beasens
frem ise-butyl aleohsl and bensens, using 307 fuming sulfuris
acid as the dehydrating agent. His precedure:

*Mix 500 gm. of ise~butyl aleshel and 2 kilograms ef beansens.
Stir eentimually, eeel, amd add 2 kilegrams of 07 fuming sulfuris
asid, At the end of {§ Meur of stirring, wash the eutire mass vith

water, and frastiomte.
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These quantities are edtained:
263 gu. st 75-718° (22 mm.)
nﬁ " * 120-121°(22 mm.)
The first pertisn boils at 165-166°under erdimary presswre;
it is pur tert-dutyl deasenme.
As for the powtien at 130-121° whieh erystallises, it
correspends to the fermula of diise-dutyl benzens”,
(It seems that Verley is referring here te p-di-tert-butyl
bonsens. The awthers have prepared that compeund (see page /4).
It Boils at 114-116° (18 mm.) and is erystalline ia mature)

Besdtker (Dull,, 3, 31, 966, 1904) prepared tert-butyl ben-
sone by treating tert-butyl aleehel with gassous hydreehleris
asid. The ohleride fermed is treated with bonsens and alwmimm
ehleride.

II. Tert-iAnyl Bensens
. Gleditseh (Byll., 3, 33, 1094, 1906) prepared this Nydre-
earben frem ise-amyl chlor‘“ and bensene ¥ith aluminum chloride.
Ise-amyl alcohol was treated with gaseous !Cl andi heated in e
sealed tube. TFrom 100 gm, ¢f ise-axzyl ehleride and 30 gm. alw-
mimm ehleride, 80 gn. of ta&-h%; /hmou. Cgig=C(CHg)g-Cglls.

3.P. 189-190°; demsity, '1;3. = .8087; l:‘.: 1,491,

III. Dimethyl a~Prepylpheayl Nethane
Dimethyl m~prepylphenyl methane is prepared (J. fur
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arakiischa Chame, 2, 83, 293) by heating 3-chloy 2-methyl pentane
with beasene and alumimem ehloride; B. P. 205-206°.

EXPERIVENTAL

Matarialy.~---Tort-butyl aloshel was sbtained cemmereially,
Tert-amyl aleshel was a ladberntery classreem preparation by use
of asetens and othylmagnesiwm dremide. It was dried ever amh)y-
dreus magnesium sulfate and purdfé ed by fractiemation. It boils

at 103° C. at atmospheric pressure,

Dimethyl »-prepyl carbimel was prepared ia a similar manmer
=prepyl bremide and acetens dy Grigmard reastion. It was first
meceseary to prepare the bromide frem the corresponding alssiel
and hydrebremic acid (sedium bromide and sulfuric acid). The
oarbinel boils at 123-134° C. at atmespheris pressure.

Dimethyl &se~prepyl earbimel was prepared frem ise-prepyl
bromide and acetons. Again it was first necessary te prepare the
bremide frem the aloshel. The sarbinel boils at 119-120° C,

Chemieally-purs thigphsne-free benzens was used in all esen~

densations. The mwd&féﬁﬁ”n« was & good grads semmereial

preduct.
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Condensatiens
A.
Tert-butyl Alcohsl, Bomsens ani Alwnimum Chleride, I.--
B gn. - § mele - 1 eq. nleshed
9% " - S/& * - 5 " bensene
17 " - 18 - ¢ " ac1,

The alcehol, b.p. 839, was dissolved in the hensens and the
solution stirred constantly during the additisn of the alumimmm
ehleride. Twe ann elapséd during this eperation., Ceplsus
amounts of hydregen ehleride were evelved during the reastisa., A
temperature of mt over 30° was maintained easilty; a water dath
being necessary saly sesasiomlly., Ths entire mixture wmas stirred
for an additiemal twe hours., Selution turms a dark red-brewa,
Allewad $e stand over night. I§ was then decompesed with ice amd
dilete hydrechleric asid. The bensens laysr was separated and the
aquesus pertien sxtracted thrice with sther. In the other sxtras-
tien, it 13 neosssary te add IC1l ¢ destrey the ethor-wmter emul-
sion which results. Amhydreus ealcium ehleride was used %0 dry
the selution. The ether was distilled and the residue adided to
the benszens portien., This was fractisommted three timee. These
fraetions were obtained:

110-163¢ 2.5 pgm.
166-170° 8.0 *

abeve 170° 1,7 *
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The fraction beiling at 166-170° &s tert-dutyl bensens.

Equatiea ¢f the reaotien:

u,c-gﬂ-son + Cglg _AXCY3 ﬂsc-‘éﬂfceﬂg + RO
try Hy
Tert=butyl Alechel, Benzens and Aluminum Chleride, IX. ==
Same amsunts as I, above, were ursd. Instead ¢f dissolving the
aloohel 4in the benzane and then preceeding as usual, adding alu-
ninwe ehlerids from tims ¢o time, the alunimm ohleride was added
4n 1ta entirety to the beassne. The aleshel was allewed %0 drep
slewly imte the stirred selutisn., It was astessary te add a smll
amount of petreleum ether te ths aleshel te preveat its precipite~
tien (M.P. 25%). As the alsehel 4s added, the sclutien darkems
rapidly; hydrogen shloride is givea off freely. Temperature met
over 30%°. Allow te stand overnight. Decompese with ice and dilute
AGl. ERxtra#t with ether. Distill and fractismats thres times:
120-166° 4.4 gu.
166-170° 1.2 " sert-butyl bensess
abeve 170* 5.4

Tert=butyl Alsohol, Bensems and Alwmimuz Chleride, III.--
Same ameunts and preceiure as II, abeve. Hewever, the stem of the
drepring funnel wsed was pulled eut imte a capillary, thws simpli-
fying the drepping ef the alechel imte the stirred selwtiea,

After abeut ta~thirds of the alcehel had beea added, it seemed to
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adhere to the side of the jar. Ne mere HC1 gas is givea off.
Twe hours elapsed during the additiea, After refrestiea:
110-166° 3.4 gn.
166-170° 14.7 * tert-butyl beasene
abeve 170° 3.9 *

Tort-butyl Alechsl, Bensone and Alumimum Chleride, IV.--
I8 wvas felt that perhaps, all of the alcehel was mot wsed wp in
the previsus eendemsation, se accerdingly, 146 ga. benzemne and
35F gu. alwminmm chleride (§ mere equivalents of each) were used
with the erigimal ameunt of alechol. Three hours elapsed ia
adding the aleohwl, HCl was given off duriag the eatire additien
of the aleohel. After fractismating:

110-166°

2.4 gn,
166-170° 12.6 = tert-butyl deasene
above 170° s.6 *
The additienal aluminum shleride seems t0 lower the yield of
tert-butyl bensene and cguse a subsequent insrease ia yield of

the higher beilimg fractiea.

Tort-butyl Alcehel, Beusens amd Aluminum Chleride, V.---
Same conditions and precedurs as II and III, abeve. Deuble
quantities of ench compound were used. 48 ga. of tert-butyl bea-
sens were ebtained.
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Tert-butyl Alcelel, Beasens and Aluminum Chleride, VI,-=
Sams as ¥, abeve. 37 gun. of tert-Dutyl benzess sdtainmed.

The higher boiling fractions of these sondensatiosns were
sonbined and re-frastiomated. A fraetisn at 330-335°, atmespheris
pressure, was separated. After standing for sems time (severdl
menths), several erystals were meted oa the meck of the flask,

The liquid was seeded ¢ith one of these crystals and the whele
placed in the refrigerater for several days. 1} grams were eb-
tained, which when crystallized from alcehel, melt at 77°. It is
p=di tert-butyl beazens. The erystals have a quite definite shape,
which is best described as being leng rhembis.

Tadle of Results
t-butyl aluminem t=-butyl
Beasene aloehel shleride beasens
Ne. gm. eq. mol., gm. eq. mel. gn. eq. mel. gm, £ yield
I % S s/4 183 1 t 1 ¢ IN 8.0 241
T - = - "~ = - L 17.2 s1t
I * =~ = "~ % = " ® ow 14.2 441
v 46 % 178 25F 3 3/16 12,6 a7t
v 15 s o 31 * 4 » ¢ ¢ 48.0 [y
) G » = " » - » 8 n 37.0 554

- It will be meted that in V and VI when larger quantities are
wsed, the yleld is mere than accordingly imcreased., With the
oxception of I, the alumimm chleride was added te the bensens ami
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ihs aleohel dropped inte the stiirred selutien, All these
esndsusations were run at er delew 30°.

B.

Tort-dutyl Aloehel, tert-butyl Beasens, Aluminum Chleride, I--
Seven ahd sne~-lalf grams of alumimm chleride mixed with 45 gn. of
tert-butyl bensene. LEight grams tert=butyl aleshel drepped inte
stirred selutisn., Temperature rese teo 40°% eooled dewm %o 20°.
HC1 given off., Solutien darkens. Stand evernight. Deeompose with
ise and HC1l, Upen frastiemstien:

38.1 ga. tert-butyl benseas ressversd

3.5 " pedi-tertebutyl bemseme, B.P. 235° (736 mm)
114-116°(18 mm)

The pedi~ert-butyl bensens selidifiss. Crystallize frem ethyl
alechel twice. White plates. M.P, TT-T8°.

The reaction:

c
n,c-;é:foa + C‘ngz,!(ﬂl: _%’ (cﬂ,)a&o‘ﬂ‘-c(cﬂa)’ (”'*nzo

Tert-butyl Alcelwl, tert-butyl Beusens, Aluminum Chleride, Il--
Identical teo above. Upen fractiomation:

27.5 gn. tert=butyl benzens recevered
4,5 * pedi~tert-butyl bensene
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Table of Resulds
t=-butyl t=dutyl aluninem prdi=t-butyl
beonzens aleshel shleride bonsens

No. gn, oq. ml. gu. oq. W1, gu. eq. mel. ga. £ yield
I. 4 3 1/3 8 11 W 4 )18 38 Tt

1I. ] ] L] - [ ] - ] L » 4.5 82%

S.
Tart-anyl Aleshel, Bensens, ami Alumimem Chleride, I,=--
33 graxe aleekel; 974 gu. bensens; 17 gau. alumimwm shleride.
AlCly An bemseme. Alsehel added threugh espillary. Stir. 1f
hours. HCl given off. Darkening of selutien. Aftsr abeut
3/3 of aloshel had been added, seagulation en side of jar with
1ittle or ne appreciadle amount of gas givea off. 50 ss. of
benserls added. Stand evernight. Decempesed. Lxtracted. Dis-
$41led. After three frastiomations:
100-189° 4.5 gm.
189-191° 13.5 " tert-amyl beazems
abeve 191° 10,0 *
The reastien:
n:c-:c-g”?on oy Sl g <b dogsy B
Hq tny

Tert-amyl Aleohel, Bensens, and Alwmimum Chleride, Il.---
Identical sonditions and materials as abeve. Temp. 25-20°. 1o

rising of temperature uf,vfuolu; with wvater nesesssary. These
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frastions:

8s-189° 5.3 gm.

19-102° 15.0 " tert-amyl beazems

abeve 191 a.s *
Nete that there is less amsunt of the higher fractien with a
corresponding inercased in yield of the alkyl benzene as oem-
pared with the first condeasatien,

Tort-amyl Aleehel, Beanssns, and Alusimmm Chleride, IIl ewe
Deubles the quantitiss of I abeve. Vater bath wsed o el cen-
densing material. After + of aloekel had been added, AlC1y
formed a dark mass making stirring diffisult. Vater dath remeved
allowing temp. to rise (33°); ANCl; mass breke wp, stirring een-
timmed. 01 givem off during rest of additisn ef aleshsl. After
frastionating:

o5-109° 2.3 gn
189-191¢ 4.2 * MI bonzene
abeve 191° 0,0 *

Table of Results

t~anyl aluminum teanyl

Bensens aloshel ehleride benzens
Ho. gm. 0q. 1, gun, oq. ml. gn. eq. mel. ga, L yield
¢ % 5 /4 23 1 ¢ 1T ¢ 1/ 13.85 36.57%
1z ™ ™ » " ™ - " - ™ 18.0 ‘11 v

III 15 * 2¢ « * 4 3 " 3 45.2 61y .
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Nete lors, as with the tert-butyl ceapeund, there is a cemsider-
abls incresse in the peresantage of yield whea a larger guantity
is weed in the starting matefials.

D.
Dimethyl weprepyl Carbinel, Bensene and Alwnisum Chleride, I ==
25} ga. earbinol; 97} gu. benseme; 17 gn. alwmimm shleride. Al013
added to bensene. Carbinel added drep by drep. KCl given off.
The wsual mechanism,
115-87{1S mm.) 2.3 gn.
87-87.5°(15 mm.) 23,3 " dimethyl s-prepyl
phenyl methane
Above 87.3°(15 mm.) 4.5 *
Under atmospheric pressure, the alkyl deasene doils at 205-6° (745 mm)

The reastien:

Ciy c
80,0 0-C ";ou + Ogllg _AMlg 53‘“1°“:°‘g2°¢'s + Hed

Dimethyl meprepyl Carbimel, Bengens and Almisum Chleride, Il --
384 gu. carbimel; 147 gm. benzens; 25 gun. alumimm ehleride, After
frastiomting:

11587015 wm, ) 3.3 gn.

87-87.5%1s -, ) gi;g . ‘Myl s=prepyl
. phonyl methane

abeve 87.5(15 m.) 5.2 *
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Tabls of Results
dinethyl aluninem dimethyl »=prepyl
Beasews npropyl earb. ehleride phonyl methans
No. gm. oq. ml. gn. o3. W1, gm eq. mel. gm X yisld
I 9% S S/ 2% 1 ¢ 17 § 1/8 18,0 @4l

IT M7 "17/ 38 * 3/8 25 * 316 23.0 3%

B

Dimethyl ise-prepyl Carbinmel, Beasens and Aluminum Chler-
ide, I and Il «==imounts and preocedure as is II, immediately
abeve. 21.5 gu. and 20 gn. of dimethyl iso-propylphenyl methans
(B.P. 86=87° at 15 ma.; 309° at 745 mn.) were ebtained {n the twe
respestive sendensations.

The reastion: -
H
s - i . onf2EH,

It had boon tiwught that dwe to the slese preximity of the
mothyl groups on the twe adjacent C atens of the carbinel, that
the AlCl3 would dehydrate the sardinel, predusing tetramethyl
othylems, (B.P. 73°). This was mst found te happen te any
appresiable degres.

Table of Results

dimeth ise alumimmm dimeth fee-propyl
Bensens prep. sard. shleride phonyl methane
No. gm. eq. mel. gm., eq. mel. gm., eq. mel. gm. X yleld

I MY sIv/8 3841 38 25 ¢§ 3/16 21.3 361
I - - [ ] ” = L] L) L] " 20.0 “%
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Nething oeuld be found in the literature en dimethyl ise-
prepylphenyl methane. Cowbustisa of it gave the follsvwing amaly-
sis for earben and hydregen:

¥t sample wt COp, L C wt. B0 iR
0.2150 6068  88.35 .3134 11.13
0,2019 6566 88.09 1986 1n.01
Calemlated for G, H,, 88.81 11.19

Molesular weight determination fer dimethyl iso-prepyl phemyl
methane gave the follswing resuls:
V4. sample Tewp., diff, W4. Benzens Wl. 9wt
0.5972 0.430 22.4098 168
Caleulated for CyaM;q 162

The kigher bolling frastieons of eash greovp of condensations
ave net,as yot, been separated. Nems of them give definitely
bolling frastions,

Detarmimatisn af Phyejocal Coneganis

The density of eash alkyl benssne was deternined dy msans of
a plensmeter. Valuss given are for the csmpound at 20°, ia rels-
tien to water at 4°,

The imdex of refrastien was determined by use of the Abbe’
e
refrastometer.
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The Narkim (1. An- Chem fee., 41, 499, 1919; 138, 328, 246,
1914) drep weight methed wan used o detornine the surface temsien
of cush compound. The radius of the drepping tip was .27122 ea,
Tenporature, 20°. The surfass tensiea was calsulated by this
formula:

Y: S tls )

Y - surfase temsiea in dynes per centimeter

B - mass of drep in grams

g - pull of gravity (961 dymes)

r: redive of tip in em,

¥V - velums of drep (is equal te n/density)
r(d"‘/’) : frastion of ideal drep whieh falls

The mslesular velums is ealeulated by dividing the melesular
wolight of the sompound by its demsity. The melecular velume is
the velums ocoupied by the melesular weight of the substalf).

The edserved parasher is equal 1o the melesular weight divided
by the demsity times the § povwer of the surface temsisa. OrF mere
simply, the mslecular velume times the § pever of the surface
tensisn,

*\—

P _
-+r

|



«2le

0°63%

L AR ¢34

6°gse

958

(°®q0)
ZogosIwg

G6°S8T

L6°S81

88°69T

L8°73T

"

63°62

g8°82

16°82

goufp
y0°823

woTsuLy
esoulIng

280¢0*

ST0g0*

Tr020°*

03630°

doap
Jo °*an

8686%° T

4 1A

2691

$269°1

a
R
0%

v188°

sue’

03.8°

6998°

L

MTsweq

2]

(w= 971)
o898
(== g3L)
0603

(== gT)
oS°L6-49
(== gp.)
0902-803

(= o¥L)
o T6T-881

(w= ovs)
SOLT-89T

‘3'q

$3UNsuo) TeOysANd Jo eqey

PT°29T  eueylem TAmeyd
Tddoxd-oet 1Aq3ewyp

PT°29T  oweyjom TLueyd
tddoxd~u [ATyewtp

ST*SYT suesueq TAwe-—q
TI*vST  owesweq TAnq—

.P‘
L] -Ha



13-
TREORETICAL

The condsusation of the tertiary aliphatis ecarbimels with
bensene is in iteslf siguificant. It dsfiaitely preves thatl of
the simpler tertiary aliphmiiss, the OHf is readily replased dy
an avematie greup under the inflususe of llh’d”— aluninun
shlsride. As with arematis carbismsls, sne melesular equivalent
of carbiml with five melesular equivalents of benseas ia the
presonse of 0.5 melesular equivalexnt of alminum chleride un-
doubtly gives the highest yisld of the alkyl benseme. The higher
beil ing frections whish resulted frem the sondensatisne were aet
identified.

The reactisn of tert-dutyl benzene with tert-butyl aleshel
teo give in geed yislds (17 - 227) p-di-tert-butyl beasens again
substantiates the fact tiat vhen & swbetitisnt enters the melow
of tert-butyl bonzens it dses 90 almest exclusively in the para-
pesitien, i.0., as far as possidle frem the tert-butyl m.
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The Inhun? Yolume Preblem

( ‘““,) differense
Wﬁ cag 154.87 oce.
1.0
ca,{i ongon, 160.88 ec.
_ 15.00
c;ls-g" CHLCR4ORy 185,97 cs.
14.07

TR

The asrmal cbssrved differemse in V, for eash CHy s 16.27.
Sswever, vo mote lers that the differense Detwasn tefi-butyl ben-
Sens ani tert-amyl bdemsene is 15.01. nu,uu.p-u-m
that the third methyl grewp has a greater euregszis offest tham
does the othyl grewp in the tert-amyl bemzens; thus, the demsity
of tart-Dutyl denseus is deereased ani the ¥V, is greater thma it
aormally sheuld de.

¥ith tert-amyl deassas and dimethyl »~prepylphenyl methane,
the offestef the othyl and n=-propyl greuwps are sbout the same,
The two methyl grewps of cash csmpound szsert the sams euregeanis
offost and wo find the differenss ia V, of the we compounds is
vory asar ¢ that of the mermally expettied differemse.

The mest striking fast is the decrease of V  of the dimetiyl



==~
4se-prepylphenyl nsthans 4n comparisea ts the Vy of dimethyl
»-propylphenyl methans. This lewsring is dus to "heaping” ef
eurezenie growps o adiacest sarbon stome, This seems paradexi-
eal sines euregens are these greups (CHy, O1, Br, G20, ON, ete.)
which inerense Yy vhes “heaged”. Hewever, as has alvealy beea
-u.-mw-mm”u,mmummm-m-
thmu-lnlhrnlmu‘,uvﬂlhmhm.
a subsequent lewering of the parmsher.

The lowering of the ¥, in dimethyl ide-prepylphenyl methane
(the compeund im vhich "heaping” is the greetest) is explained by
the greater strain ia the molecule. ¥elssulay volums and paracher
are direstly related. And simss the parscher is virtually a
messure of melesular velums uader somparabls conditiens as regards
tnteraal pressurs, and is, therefere, move or less independent of
4the cohesisa bdeiwesn melesules, the contrastion referred ts a0
strain sonstants weuld appear ts csametica real dinimution of mel-
nuhrnl..iﬂnghto«lbytholmmu“ul
growpe withia the molscule, This 1s found to Do the cuss.

Hote the doiling points ef the last tws cempeunds prepared:
Pimethyl m-prepylphenyl methans, 205-206° (745 mm.) Demsity, .8718
Dimethyl iss-propylphesylmsthane,  200° %45 m.) © A8M4
The mere-brunched ehain would be sxpected te have the lewer
beiling peint. The eppesite of this whish eccurs ia this instanse

hmmhunnfmummwmnm
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differente in V. By simple reaseaing, simse V, = pel, wi,, Af
density

V. is lese for the jgg vempound, thea it follews that the demsity
must bo greater (which it is). Of the twe isemsris cempsunids, the
one vith the greater density, will have the Migher beiling peimt.

™he Parasher Preblem
Ohosaved Caloulated

Sugden £ Mamferd & £
pife. mul.p DAfS,

c‘n,.gf an, 336.4 31 +L8 W4 .8
3
]
Chy
iy
Cglis=C - CRyClizCHy 43L4 MLl 2.2 494 -L8
Cug
c.n,.gn; cf-m&i, 420.0  4L1 2.7 44 L7
i

Sugden's (J. Cham, See., 125, 1177, 193¢) constants for the
caloulatisn of the parachor were meinly evalpated from the earlisr
membors of $he varisus seriss of ergnnis sompounds irrespective of
whether they Bad straight or dranched chains. The atenis censtanmts
for sarben and hydregen were dedwesd from melesular parachers fa a
ratienmal manner. Seys Sugden: "The values fer a partisular ates
appear to bo indspendent ¢f the manner ia which it is sitmated ia
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the compound and with o fov emosptisas, papilien josmeriss seems
42 $2%se 2p thange in the paracher”. Hewsver ke did predict that
this stuple sdditien of atenic and senstitutioml fasters will

require seme medifications when mere precise values for the pars-
shors are availadle.

Sugden®s atomic and strusturel parachure:

C = 4.8 Deuble dend = 23,2
g2 - 111l S-meubered ring - 6.1
CRy = 39.0

Iater werk by amford and Phillips (J. Cham. See., 33, 2113,
1929) comsidered the branshed chain and its lessening effest on
4he paracher. Thier values:

c = 9.2 Doubde boadi = 19,0
H = 15.4 S-umezbered ring - 0.8
cnz = ‘0.0

The decrement dus 40 chain branching Lia aliphatios has beea
fixed at «3.0 for all branched greups of the {ype CHR;, amd
double this value fer CR,; rudicals and doubly-brunched esmpsunds

CHRg==-CHR4.
With tae tert-alkyl beasenss, the values of Munford and

Phillips give valmes fer the pu-ubr wirieh ehosk more olesely
with the ebserved thanm do these of Sugdea,



3%
If & =3.0 bo adided ¢ ensh of thene mow values (as asserding
40 K & P) for the effest of the Ph growp, a still slseer shesk is
sbiaimed. The folleving values are ohiained:

Observed Calsulated £ Differemse

tert§Butyl beasens 356.4 356.4 + 0.0
tert~-inyl benzems 393.4 39¢.4 + 0,7
Di~nethyl mx

phenyl msthane 431.4 436. 4 L1

Di~methyl ise-prepyl
phonyl methane 439.0 433.4 + 1.0



==
SUMNARY

1. The teriiary aliphatic carbinels condense rendily at or
mt ever 30° with densene in the presence of ankydrews alunimmm
m,mmutbmlmtun |
viom L om _mml,, whom - wp

R
ohere R is & methyl grewp, and X' is & methyl, silyl, »-prepyl,
er ise~propyl grewp. Nere spesifislly, |

Tort-butyl aleshel, tert-amyl aleshel, dimsthyl a-propyl
carbimsl, dimethyl ise-prepyl sasbimel cendense with benzens ia
the prossnse of almmimm ehleride to give the serrespending
alkyl benssue aseending t¢ the sguatiea ubeve.

3. There is a definite lessening of the parasher of hydre-
carbons dus to the offest of chain bramshijg.

3. The "heaping” sffect of curegens on adjaseat carden atems
with the subsequent fuerease ia deiling peint, demsity, and surfase
tensisn, and the desreass of melesular velwme and parasher ia relast v
%o strwstural isemers, is definitely shewn,
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