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i 498 ALCOHOLS I. PREPARATION AND PHYSICAL PROPERTIES CHAP. 15

CH, CH, CH;

] -
CHJ—(J:=CH2+ H.or s CH,MCFCH3 2. CHerC-Cia

+*OH, H
teri-Butyl alcohol
39

be obtained only those alcohols whose formation is consistent with the application
of Markovnikov's rule: for example, isopropyl but not n-propyl, sec-butyl but
not n-butyl, rerr-butyl but not isobutyl. Thus the only primary alcohol obtainable

in this way is ethyl alcohol. :
cracking hydration
S S REHACHy; —————+ RCHCH;
Sec. 3.31 { o Sec. 6.9 ]
SAG
OH
cracking R Wty oW Markovnikov
addition
Ziegler-Natta
polymerization, air reduction
CH+=CH- » CH3(CH;CH3), CH;OH «—~—————| Fats
Sec. 32.6 e : s _2 Sec. 33.4 -
Long straight-chain
hydration even numbered alcohols
Sugar
CH3;CH20H €— Molasses <— ca%c
Ethyl alcohol yeast fermentation g
Sec. 15.5 HEATS
Fusel oil <— * Starch «——

Mixture of 1° alcohols

Figure 15.1. Industrial sources of alcohols.

(b) Fermentation of carbohydrates. Fermentation of sugars by yeast, the
oldest synthetic chemical process used by man, is still of encrmous importance for
the preparation of ethyl alcohol and certain other alcchols. The sugars come
from a variety of sources, mostly molasses from sugar cang, or starch obtained from
various grains; the name “grain alcohol” has been given to ethyl alcohol for this
reason.

When starch is the starting material, there is obtained, in addition to ethyl
alcohol, a smaller amount of fusel oil (German: Fusel, inferior liquor), a. mixture
of primary alcohols: mostly isopentyl alcohol with smaller amounts of #-propyl
alcohol, isobutyl alcohol, and 2-methyl-1-butanol, known as active amy! alcohol

(amyl = pentyl).
Problem 155 The isopentyl and active amyl alcohols are formed by enzy/matic

transformation of the amino acids leucine and isoleucine, which come from hydrolysis
of protein material in the starch.

(CH;),CHCH,CH(NH,;*)C0O0~ CH,CH,CH(CH}Cid{NH;*}C0Q0~
Leucine Isoleucine
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SEC 154 PHYSICAL PROPERTIES 495

Alcohols, in contrast, contain the very polar —OH group. In particular, this
group contains hydrogen attached to the very electronegative element, oxygen,
and therefore permits hydrogen bonding (Sec. 1.19). The physical properties (Table
15.1) show the effects of this hydrogen bonding.

R
Re—O—H—0
i

Table 15.1 AvrconoLs
M.p., B.s., Density Solub.,

Name Formula °C °C at 20°C  g/100 g H,O
Methyl CH;0H - 97 64.5 0.793 ©
Ethyl CH;CH,0H —115 78.3 789 o)
n-Propyl CH3CH,CH,0H —126 g7 804 5e]
n-Butyl CH;3(CH;3),CH,OH — 90 118 810 7.9
n-Pentyl CH3(CH3);CH,0H — 785 13t 817 2.3
n-Hexyl CH3(CH32),CH;0H — 52 156.5 .819 0.6
n-Heptyl CHj3(CH3)sCH,0H - 34 176 822 0.2
n-Octyl CH3(CH3z)sCH,0H — 15 193 828 0.05
n-Decyl CH;(CHz)sCH,0H 6 228 .829
ﬂ-DOdGC)'[ CHJ(CHz)u}CHzOH 24
n-Tetradecyl CH;(CH3);CH,0H 38
n-Hexadecyl CH3(CH2)14CHOH 49
n-Octadecyl CH3(CH2)16CH,0H 58.5
Isopropyl CH;CHOHCH; — 86 525 789 P

Isobutyl (CH;3),CHCH,0OH —108 1062 -. 802 10.0
sec-Butyl CH3;CH,CHOHCH; ~114 994 .806 12.5
tert-Butyl (CH3);COH 25.5 i) 183 w©
Isopentyl (CH3),CHCH,CH,0H —117 132 813 2
avtive-Amyl (=)CH3CHCH(CH3)CH,0H 123 .BI6 36
Tert-Pentyl CH;CHC(OH)XCH3)z - 12 10 B80S 12.5
Cyclopentanol cyclo-CsHgOH 14 949
Cyclohexanol cyelo-CgHy OH 24 1615 962
Ally} CH=CHCH,0H -129 gt 855 @
Crotyl CH;CH=CHCH,0OH 116 853 16.6
Methylvinyl- CH;=CHCHOHCH; o7

carbincl
BCHZ)’I CﬁHsCi lgOH — 15 1048 4
a-Phenylethyl CsHsCHOHCH 3 1.013
B-Phenylethyl CsHsCH,CHL,OH - 27 1.02 1.6
Diphenylcarbinol  (CgHs)CHOH 69 o, 0.05

(&;‘aﬂ:ydrol) ¥
Triphenylcarbinol  (CgHs)COH 162.5 3
Cinnumyl CsHsCH=CHCH,CH 33 b
Ethylene glycol CH;CHCH,OH . =16 [ 1.113
Propylene glycol CH3CHOHCH,0H b 1.040
1,3-Propanediol HOCH,CH,CH,0L: e 1.060
‘Glyeerol HOCH,CHOHCH0H 15 s 11
Pentazrythritol C{CH0H)4 D @




