(.

|
THCS

ik ' :-__GEJ o
3042 HENRY R. HENZE AND CHARLES M. BLAIR V.-

[CONTRIBUTION FROM THE DepARTMENT OF CHEMISTRY, UNIVERSITY OF Tix:

THE NUMBER OF STRUCTURALLY ISOMERIC ALCOHOLS
THE METHANOL SERIES
By Hewnrvy R. Hexze anp CIARLES M. Bram
REecrIvep Apxin 13, 1931 PueLisHED AUcusT 3, 1931

Although several attempts have been made by Cayley and ot
to caleulate the number of isomeric hydrocarbons of the methane s
little attention has been given to the similar problem of calculating
number of isomeric alcobols of the methanol series. This limited 1t:
ment'® undoubtedly depended upon the fact that the methanol home!
were considered as typical mono-substitution products of the paral® -
hence, it was logical to assume that the number of isomeric alcohols sh
be conditioned by the number of hydrocarbons from which, theoretic
the former might be derived. Such formulas as have been advanecid
determining the number of isomeric alcohols of any given carbon cont
actually prove to be inadequate and erroncous. Hence, it seemed «
sirable to derive a formula which would estimate accurately the numbes
isomeric alcohols.

Our initial attempt sought to establish a simple mathematical relat
ship between the total number of isomers and their carbon conte:
It was soon realized that no such simple relationship exists, and the probl-
was solved only by recognition of the fact that the alcobols might !
classified according to simple types, for each of which the number of |
mers could be computed. The types into which the alcohols were divi!
were those commonly recognized in organic chemistry, namely, (1) prim?’
(2) secondary and (3) tertiary. The scheme for calculating the numbe
of isomers of cach type depends upon the method of forming their str
tural formulas.

(1) The structural fornudas of the primary alcohols, RCH,OH, o *
total carbon atom content, may be formed from those of the alcohals
n — 1 carbon atoms, RO, by removing the OH group {rom each &
attaching the resulting atkyl radieal, R—, to the —CIHLOH group. '
viously, the number of primary alcohols that may be forned in this ¥
will equal the total number of alcohols of all types containing 7
carbon atoms. This may be expressed as

pa = Tn-1) (v
where p, is the number of primary alecohols of 2 carbon atoms, and Ta-1
is the total number of alcohols of all types containing 7 — 1 carbon alo™’

! (a) Cayley, Ber., 8, 1056 (1575); (b) Schiff, ibid., 8, 1542 (1875); (e) Herv=
ibid., 13, 792 (1880); 30, 2423 (1897); 31, 9l (1898); (d) Tiemana, ibid., 26 1
(1893); (e) Delannoy, Bull. soc. chim., (3} 11, 239 (1894); &) Losanitsch, 1-7""-_
1017, 2059 (1897); (g) Coldherg, Chenr.-Ztg., 22, 395 (1898); (h) David, Re. &7 -
39, 142 (1028); () Trautz, «Tebrbuch der Chemie,” Berlin, 1024, Vol. IIL p- 2d
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(2) The structural formulas of the secondary alcohols, RR’>CHOH,
of # total carbon atom content, may be formed from those of the alcohols
ROH and R'OH (the carbon content of R— plus R'— always equaling -
4 — 1) by removing the OH group from each and attaching the resulting
alkyl radicals, R— and R’—, to the >CHOH group. The number of
secondary alcohols that may be thus formed will equal the total number of
possibilitics, without exception er repetition, of combining simultaneously
with the > CHOI group every value of R— taken one at a time and every
complementary value of R'— also taken one at a time. These possibilities
are theoretically of two types: (a) in which the two alkyl radicals, R—
and R'—, are of unequal carbon content; and (b) in which these are of
equal carbon content. Type (b) is actually impossible with an alcohol
of an even number of carbon atoms for in that type n — 1 should be di-
visible by two. The number of isomeric secondary alcohols may be
calculated by the following (finite) recursion formulas according to whether
the carbon content is even or odd.

Even sn=TiTn-0+ ToTta-2 + - 4 T -)/2 T/ (ITa)
0Odd
. T(n - 70-(1 Tta-1) o
ta= TvT(n-2) 4+ ToT(n-3) + ...+ ](T_s)/g-T(n,, n/e + __(_J)_-.L_ZJLL__:)_'E
(I1a’)

where T is the total number of alcohoals of all types containing the number
of carbon atoms represented by its subscript. Note that the subscripts
in each term add up ton — 1, and that the number of terms is (7 — 1)/2
for odd carbon atom content and (n — 2)/2 for even.

(3) The structural formulas of the tertiary alcohols, RR’>C<OHR",
of 1 total carbon atom content, may be formed from those of the alcohols
ROH, R’OH and R"OH (the carbon content of R— plus R'— plus Rl
always equaling # — 1) by removing the OH group from each and attach-
ing the resulting alkyl radicals, R—, R’— and R’—, to the >C<OH
group. The number of tertiary alcohols that mayv be thus formed will
equal the total number of possibilities, without exception or repetition, of
combining simultaneously with the >C<OH group every value of R—
taken one at a time and all complementary valites? of R’— and R"— also
taken one at a time. These possibilities are theoretically of three types:
{a) in which the three alkyl radicals are of different carbon content; (b)
in which two of the alkyl radicals are of equal carbon content and different
from that of the third; and (¢) in which the three alkyl radicals are of
‘_‘lual carbon content. Type (c) is actually possible only when # — 1
i divisible by three. The aumber of alcohols of each type may be cal-
culated by the following (finite) recursion formulas for that particular type:

1 The values of R'— and R"— complementary to R-— satisfy the relationship that
L.c total carhon content of R— plus R'— plus R™— equaln — L.
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The number of isomeric tertiary alcohols of type (a) equals
=TTy Tk (X1la)
where 1, j and k are integers, distinct, and greater than zcro; i+ji+ k=
o lii>i >k
The number of terms of type (a) depends on whether 7 is even or odd.
Even: if n/6or (n — 2)/6 is an integer, the number of terms of type (a)
is(n—2) (n — 6)/12; and if (7 + 9)/6 is an integer the number of terms
is (n — 4)%/12. '
0dd: if (n + 1)/6 or (n + 3)/6 1s an integer, the number of terms is
(n—3)(n— 5)/12; and if (n — 1)/6 is an integer the number of terms is
(nt — 8n + 19)/12.
The number of isomeric tertiary alcohols of type (b) cquals
12T (1 + T T (I1Ib)
where ¢ and j are integers, distinct, and greatet than zero, and 2% 4+ 7 =
n — 1. }
The number of terms of type (b) also depends ¢ whethier niseven or odd.

Even: if n/6 or (# — 2) 6 is an integer, the number of terms of type
(b) is (m — 2)/2; and if (n + 2) 6isan integer, the aumber of terms is
(n — 4)/2.

0dd: if (n + 1)/6or (n 4+ 3)/6is au integer, the number of terms is
(n —3)/2; andif (# — 1)/6isan integer, the aumber of terms is (n —3)/2.

The number of isomeric tertiary alcohols of type (c) cquals

T+ 1-6)Qi_Tﬁ (111c)
where 4 is an integer, greater than zero, and 31 = i — 1.

Obviously, there will never be more than one term of type (c) for any
given value of n.

Grateful acknowledgment is made to Dr. Leo Zippin® and to Professor
Orrin Fink, Jr., of Pennsylvania State College for their aid in checking the
recursion formulas.

The actual use of these {ormulas may be illustrated in the calculation of
the number of isomeric heptyl alcohols, CiHOH.! Primary alcohols:
n=71

pro= To =17
Secondary alcohols: number of terms equals (n — 1)/2 =3
s = NhTs + T.Ts + Tl + T5)/2
= 18+ 14 + 2:3/2 = 15
Tertiary alcohols: type (a), number of terms (for (7 — 1)/6 = an integer)
equals [(# — 4)? + 31/12 =1
3 National Research Fellow in Mathematics.
4 It is of interest to note that the total number of heptyl alcohols is erroneously
stated as being 38 in Richter's “Organic Chemistry” (Spielma:m), second edition, vol. L,
p. 121.
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T3TeT) = 211 = 2
Type (b), number of terms (for (# — 1)6 = an integer) equals (n — 5)/2 = 1
Tl(1 + T1>T4/2 = 1(1 + 1)4/2 =4
Type (¢), number of terms (for (= — 1)/3 = an integer) equals 1
To(l+ To)(2 + T2)/6 = (L + 12+ 1)/6 =1
b=2+4+1=7
Ti=pi+si+t=17+15+7 =239
The following table indicates the number of isomeric alcohols of the
methanol series as calculated by the use of the recursion formulas.®

TasLE I
NUMBER OF ISOMERIC ALCOHOLS
Carbon
content Primury Secondary Tertiary Total T
1 1 0 0 1 Vi
2 1 0 0 1
3 1 1 0 2
4 2 1 1 4
5 4 3 1 8
6 8 6 3 17
7 17 15 7 39
8 39 33 17 89
9 &9 82 40 : 211
10 211 194 102 507
11 307 482 249 1,238
12 1,238 1,158 631 3,057
13 3,057 2,988 1,594 7,639
14 7,630 7,528 4,074 19,241
15 19,241 19,181 10,443 48,8635
16 48,865 49,060 26,981 124,906
17 124,906 126,360 60,823 321,195
18 321,198 326,863 182,138 830,219
19 830,219 849,650 476,141 2,156,010
20 2,156,010 2,216,862 1,249,237 5,622,109

78  SMsummary ©00 S8 agex

1 No direct or simple relationship appears to exist between the total
number of isomeric alcchols of the methanol series and their carbon content.

2. Formulas of the (finite) recursion type are advanced which permit
the calculation from their carbon content of the number of primary, sec-
ondary and tertiary alcoholic isomers. In using these recursion formulas
to caleulate the total number of such alcohols of any given carbon content,
the total number of isomers of every lesser carbon content must be known.

3. The totals so obtained agree exactly through the dodecyl alcohols
‘ ® The structural forinulas of the homologs of methanol, inclusive of the dodecyl
-_'uhols. were written in connection with the derivation of these recursion formulas.
=_-"-': totals obtained from actual count of these structural formulas agreed exactly with
"0se derived from the nse of the recursion formulas.





