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The 2,3,5-trimethoxyplienylacetic acid was prepared from tihe corre-
sponding 2,3,5-trimethoxybenzaldehyde.

The trimethoxyphenylacetic acid obtained from derritol methyl ether
was converted into its ethy! ester, which yielded the diphenylearbinol by
the Grignard reaction.  This carbinol was dehydrated to the corresponding
trimethoxyphenyldiphenylethylene, which was oxidized to a trimethoxy-
benzoic acid. This acid proved to be identical with 2,4,5-trimethoxyben-
zoic acid (asaronic acid).

The same acid was obtained by direct oxidation of derritol methyl ether
and derritol itself yielded a dimethoxyhydroxybenzoic acid.

WasnmeTon, D. C.

[ConTRIBUTION Froux THE DeEpantveNt oF CHEMISTRY, UNiversiTy OF Tex3]

THE NUMBER OF ISOMERIC HYDROCARBONS CF THE
METHANE SERIES

By Henrvy R. Henzre AxD Crarres M. BrLair

REecervep Mavy 11, 1031 Puarisien Avcust 5 1631

At various times altemptls have been made by both mathematicians
and chernists to derive a formula by which the number of isomeric hydro-
carbons of the methane series could be calculated.

Apparently the first attempt to derive such a formula was made by the
English mathematician Cayley! in 1875. He recognized that the number
of isomers for a given carbon content was dependent upon the number of
those of lesser carbon contents, and thus he obtained successively for every
magnitude an expression for the fundamental chiains common to all of
magnitude N. This function led to the building of “centric and bicentric
trees,” and with the help of the same he predicted the number of iscmeric
hydrocarbons inclusive of a carbon content of thirteen. However, his
predictions of the number of isomers for the carbon contents of twelve and
thirteen were in ¢ er}or .

Almost sxmulmnuouslv with this attempt of Caylev was that of Schiff.?
Using a method involving combinations and permutations, he calculated
the number of isomeric hydrocarbons through the dodecanes, obtairing
for the dodecanes, however, the sanic erroneous value as that of Cayley.

This error, along with that of Cayleyv as to the nt amber of tridecanes,
was first corrected by Hermann? about five years later. The latter di-
vided the structural fomm‘as oi the isomers into types, according to the
number of branches atiached to the fundamental chain of each, and at-
tempted to relate the number of isomers of each type to the total number

! Cayley, Ber., 8, 1058 (1875).
2 Schiff, #bid., 8, 1542 (1875).
 Hetsuann, tbd., 13, 792 (1880); 39, 2422
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of hydrocarbons. His results were limited to the series CHy=CraHas and
the utilization of his method of calculation does not allow one to predict
accurately the number of isomers of the liydrocarbons more complex
than the tridecanes.

In 1893, Tiemann*also recognized the existence of various types of isomers
(monomethyl, dimethyl, monoethyl, ete.), and using an abbreviated
numerical system of writing these isomers, counted their number. He
recorded the results inclusive of the decanes, but his totals for the nonanes
and decanes were incorrect. '

This problem of calculating the number of isomeric hydrocarbons was
attacked by Delannoy® at about the same time but {rom an entirely differ-
ent angle. He developed an empirical formula in which an additional term
was brought into use with cach unit increase in the carbon content. This
formula served to calculate the number of isomers through the tridecanes,
but it does not hold for those of higher carbon contents.

Another effort at solution of this problem by use of combinations,
permutations and variations was that of Losanitsch,® who attempted to
apply these in determining the number of isomers of cach of the types into
which he divided the hydrocarbons. He tabulated the number of isomers
of certain types through CayHa but summed these so as to obtain the total
aumber of isomers only inclusive of CpHa. It is to be noted that his
recults for CruHos 2nd C, M3 are in error. _

Geldberg,” in 1898, observing that the previously advanced formulas
were complicated and difficult to apply, attempted to derive a simpler
formula for calculating the number of hydrocarbons. He developed such
a formula but, unfortunately, it did not hold above CoHas, the totals
caleulated bhecoming increasingly below the actual number of 1somers.
Goldberg recognized this drawback, and, desiring to obtain the number of
isomers for higher carbon contents, adopted the Geneva system to number
the branch chains aud wrote, in an abbreviated form, the structural formu-
las of all isomers inclusive of the undecanes, but made no predictions for
any higher homologs.

For the period of {wently-five years following the work of Goldberg no
further reference to this problem is to be found recorded in the literature.
The next work appearing is that of Trautz,® whoin 1924 published a rigor-
ous mathematical treatment of this question. However, this work,
combinatorial in nature, Was centered upon the substituted hydrocarbons
rather than upon the paraflins themselves and cannot be used inaccurately
predicting the number of isomers except for those of low carbon content.

¢ Tiemann, Ber., 26, 1605 (1893).

s Delannoy, Bull. soc. chint., (3] 11, 239 (1894).

s [ osanitsch, Ber., 30, 1917, 3059 (1897).

1 Goldberg, Chem.-Zlg., 22, 395 (1898). :

s Trautz, ‘‘Lehrbuch der Chemie,” Berlin, 1924, Vol. 111, p. 23.
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The most recent attempt recorded in literature is that of David® in
1928. His formula is only a slight modification of that of Delannoy, in
which an additional term was added for each unit increase in carbon con-
tent, and is of no value in calculating the number of isomers for carbon
contents greater than eleven.

It is seen, therefore, that the mathematical formulas which have been
advanced for calculating the number of isomeric hydrocarbons, when
tested by actual writing and counting of the structural formulas, are found
to be correct only inclusive of that carbon content for which they were
derived and are in error in predicting the number of isomers for higher
carbon contents. The cause for these errors is readily seen, for a formula
based upon a “‘centric”” or a “‘bicentric” center of symmetry will obviously
become in error when the carbon content increases so that additional
centers of symmetry are introduced. Similarly, formulas so derived that
an additional term must be added for each unit increase in the carbon con-
tent will also be in error for all carbon contents greater than that for which
the additional terms can be definitely established.

1t seemed desirable, therefore, to derive a formula which would ac-
curately estimate the number of isomeric hydrocarbons. Attempts to
derive such a formula soon showed that no simple mathematical relation-
ship exists between the total number of isomers and their carbon content.
The problem was solved only by establishing a relationship between the
number of isomeric hydrocarbons of a given carbon content and the pre-
viously calculated number of isomeric alcohols of lesser carbon contents.
This relationship is in direct contrast to the idea held by previous workers
who considered the number of alcohols to be conditioned by the number of
hydrocarbons from which, theoretically, the former might be derived.

Theoretical Discussion

In this treatment we find it desirable to separate the hydrocarbons
into classes according to whether their carbon content is even or odd.
Those hydrocarbons whose carbon content, N, is an even number, are
further divided into two groups: A, consisting of those hydrocarbons
whose graphic formula may be divided into two parts of N/2 carbon atoms
each; and B, the remaining isomeric hydrocarbons whose graphic formula
cannot be so divided. Division of the graphic formula into two parts
signifies breaking the single bond between two adjacent carbon atoms,
thus obtaining two alkyl radicals.

Likewise, the hydrocarbons whose carbon content, N, is an odd number,
are also divided into two groups: A, consisting of those hydrocarbons
whose graphic formula can be divided into two parts, one of (N + 1)/2
carbon atoms and the other of (V¥ — 1),/2 carbon atonis; and B, con-

3 David, Reo. gén. sci., 39, 142 (1928).
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sisting of the remaining hydrocarbons whose graphic formula cannot be so
divided.

For the hydrocarbons of even carbon content, in calculating the number
of isomers in group A, two factors are utilized: (1), the number of possible
alkyl radicals of V/2 carbon atoms, and (II), the number of possibilities,
without exception or repetition, of combining the alkyl radicals of N/2
carbon atomis with those of N/2 carbon atoms.

(I). The number of paraffin alkyl radicals of a given carbon content is
equal to the number of isomeric alcohols of that carbon content. The
method of calculating this number has been previously determined.!?

(11). If two alkyl radicals of /2 carbon atoms each are combined, a
hydrocarbon of N carbon atoms is obtained. Therefore, the number of
hydrocarbons of N carbon atoms that may be obtained will depend upon
the number of alkyl radicals of N/2 carbon atoms; and, since each isomeric
alkyl radical is a distinct substance, the number of combinations of the

T2 alkyl radicals of N/2 carbon atoms, taken one at a time, with the

T 2 alkyl radicals of N/2 carbon atoms, taken one at a time, may be cal-
culated by the mathematical formula for this type of combination, that is
Twrol + Twye)

For the hydrocarbons of odd carbon content, in calculating the number
of isomers in group A, two factors are also utilized: (I), the number of
possible alkyl radicals of (N + 1)/2 carbon atomis and of (N — 1)/2
carbon atoms, and (1I), the number of possibilities, without exception or
repetition, of combining the alkyl radicals of (N + 1)/2 carbon atoms,
taken one at a time, with those of (N — 1)/2 carbon atoms, also taken one
at a time. In order to prevent duplication in determining the number of
these combinations, it is necessary to recognize that part of the alkyl
radicals of (N 4 1)/2 carbon atoms may be derived from the alkyl radicals
of (N — 1)/2 carbon atoms by the addition to the free valence of the
latter, of the —CH,— group. Hence, the hydrocarbons resulting from
combining such portion of the alkyls of (N + 1)/2 carbon atoms, that
may be so derived, with the alkyls of (N — 1)/2 carbou atoms are con-
sidered as being formed by joining the alkyls of (N — 1)/2 carbon atoms
to the alkyls of (N — 1)/2 carbon atoms through an intermediate
carbon atom, and the number of such possible combinations will equal
Tov 12 (1 + T —1/2), where T is the total number of alcohols of all
types containing the number of carbon atoms represented by its subscript.
The combination of the remaining portion of the alkyls of (N + 1)/2
carbon atoms with the alkyls of (N -- 1)/2 carbon atoms will form the
balance of the isomeric hydrocarbons of group A, and the calculation
of their number will be made by the mathematical formula

- Tv-n/olTv s /e — Ty -n72)

10 Henze and Blair, THIs JoUrNaL, 53, 3042 (1931).
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The total number of hydrocarbons in group A will consist, therefore, of the
sum of the number of hydrocarbons obtained in these two ways. Hence,
the number of isomers in group A will equal
Tevono(l+ 2T0rsn e — Tv_n’)
2

If the graphic formula of the hydrocarbons of even carbon content can-
not be divided into two parts of /2 carbon atoms each there must be in
the formula one carbon atom, and only one, to which are attached branches
none of which may contain more than (N/2 — 1) carbon atoms. Ob-
viously, there must be at least three branches, and since carbon has ouly
four valences, there cannot be more than four branches.

Similarly, for those hydrocarbons of odd carbon content whose graphic
formulas cannot be divided into two parts, one of (N +4- 1)/2 carbon atoms
and the other of (¥ — 1)/2 carbon atoms, there must be in each of such
formulas one carbon atom, and only one, to whicli are attached branches
none of which may contain more than (¥ — 3)/2 carbon atoms. By a
treatinent similar to that already utilized in the casc of the hydrocarbons
of even carbon content, it may be shown that this specified carbon atom
must have attached to it either three or four branches.

Hence, the isomeric hydrocarbons of group B, both even and odd, will be
of two types: (a), those in which three branches are attached to the speci-
fied carbon atom, and (b), those in which four branches are attached to
the specified carbon atom. The total number of isomers of group B will
be obtained by a summation of types (a) and (b).

Type (a) would scem to consist of three possible cases: (1), in which all
three branches were of different carbon content; (2), in which two branches
were of the same carbon content and different from the third; (3), in
which all three branches were of the same carbon content. All three of
these cascs are actually possible but all will not necessarily be present
with every value of N. The number of isomers in each case may be cal-
culated by the following mathematical formula for that particular case.

Case (1) ET{'T,"T[; (3.1)

where ¢ + j + &k = N — 1; 4, jand k are integers, distinct, and greater
than zero; ¢ > j > k; 1, for even carbon content, is never greater than
(N/2 — 1); 14, for odd carbon content, is never greater than (N — 3)/2.

Case (2) V2T T{1 + Ty) (22)
where 27 + 7 = N — 1, 7 and j are integers, distinet, and greater than zero;
for even carbon content, neither ¢ nor j may be greater than (N/2 — 1;
for odd carbon content, neither ¢ nor j may be greater than (N — 3)/2.

Case (3) VeTi(1 + T (2 4 Ty) (a3)
where 3¢ = N — 1; 7isan integer greater than zero.

Type (b) would seemn to consist of five possible cases: (1), in which all
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four branches are of different carbon content; (2), 1n which two branches
are of the same carbon content and each of the others of different content;
(3), in which three branches are of the same carbon content and different
from the fourth; (4), in which all four branches are of the same carbon
content; (5), in which the four branches can be divided into two sets of
+wo branches each, the individual members of each set being of the same
carbon content but differing in content from the members of the other set.
1t will be seen that cases (4) and (3), though theoretically possible {for
hydrocarbons of both even and odd carbon content, are actually possible
only for the latter, for in case () (N — 1) chould be divisible by fouf, and
in case (3) (N — 1) should be divisible by two- The nurmber of isomers in
cach case may be caleulated DY the following mathematical formula for
(hat particular case. '

Case (1) ST T TrTe ()
where i + ¢ +i+ k= N-—1h i, j and k are integers, distinct, and
greater {han zero, > > 1> k-, for even carbon content, is never
areater than (N, 2 — ; {or odd carbon content, is never greater than
(N == 3)/2.

Case (2) 1/2:T('Tj'TL(1 + T (b2)
where 20 + J L k=N~ 1; 4, jend I arc integers, distinet, and greater

than zero.

Case (3) USTeT (L + T2+ o) (bs)
where 31 + 7 = N — 11 and j arc integers, distinet, and greater than
7ert0.

Case (&) /T 4+ TH(E2 + THB + T (ba)
where 41 = N — 1, 4isaninteger greater than 7ero.

Case (5) a1+ o1+ T (bs)

where 20 + 2] = N-—1;1 and j are integers distinet, and greater than
sero; 1 > I
The total pumber of hydrocar‘oons of N carbon atoms may be deter-
pied by adding to tiie number of 1s01mers calculated in group A the suin-
mation of the aumber caleulated in cach of the cases of group B.
The actual meaning and use of these recursion Lype formulas’t may be
iljustrated i the calculation of the number of isomeric tctradccanes.”
Sample Calculation
Group A. N = 14; N2 =7
T+ T+)/2 30-(1 + 39)/2 = 730
11 Grateful acknowl’cdgmcnt is made to Dr. Leo Zippit, National Research Fellow
in Mathematics, for his aid in checking the recursion formulas.
12 The number of isomeric tetradecanes crroncously caleulated as being 1835, first
by Losanitsch and later by Trautz, has been accepted W ithout further suh‘%t:!nti&tion

I

and appears in certain recent textbooks of organic chemistry.
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Group B. N—1=13; N/2—-1 =26
Type (a)

Case (1)
TeTsyTe = 17-81 = 136
Ts'Tq'Ta = 1742 = 136

Case (2)
TeTi-(1 + T:)/2 = 17-1-(1 4 17)/2 =
TeTy(l + T5)/2 = 82-(1 + 8)/2 =72
ToTe(l + T9)/2 = 48(1 + 4)/2 = 80

Case (3)
This case is not actually possible for this carbon content

Type (b)
Casc (1)
Ts'T('Tg'T)_ = 174—11 = (_)8
Ts‘TrT:']‘L = 8421 = G-l

Case (2)
TeToTi-(1 + T)/2 = 81-1-(1 + 8)/2 = 35
TA‘Ts‘T;»‘(l Jr T4)/2 = 421(1 + 4}/2 = 20
TeTeTi-(1 - To)/2 = 2-17-1-(1 + 2)/2 = 31
TyTsTe(l + T5)/2 = 2-81-(1 + 2)/2 = 24
TyTeTr (L + T2)/2 = 117-2:(1 + 1)/2 = 34
ToTeTe(l + To)/2 = 1'84(1 4+ 1)/2 = 32
Ty TeTe(l + T0)/2 = 1-17-8(1 + 1)/2 = 1306

Case (3)
TeTr(1 + T2+ TY/6 =411 +HE2 + 4 6 =120
ToTe(l + T2)(@ + Ta)/6 = 241 + 22 + 2)/6 = 16

Thus, the number of isomeric tetradecanes equals 1838,

In Table I is to be found a summary of the number of terms actually
present in all theoretically possible cases of types (a) and (b) through a
carbon content of forty. Since the number of alkyl groups (i. e., the
total number of isomeric alcohols) through C is recorded in a previous
contribution, it is now possible to caleulate the number of isomeric hydro-
carbons of double this carbon content. Hence, to calculate the total num-
ber of isomeric hydrocarbons of the methane series of higher carbon content
it would become necessary to make a preliminary calculation of the total
number of isomertic alcohols of the methanol series of N/2 and lesser carbon
contemnts.

The number of isomeric paraffins, as calculated by the use of these re-
cursion type formulas, for certain selected carbon contents is shown in
Table II. It should be noted that the data utilized in deriving these re-
cursion formulas were the totals of the isomers of the series CyHip to CiHoes
inclusive as obtained by actual writing of their structural formulas. Since
the total number of isomeric tridecanes and tetradecanes, as calculated by
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TaBLE I

Nuaper oF TERMS IN ALL THEORETICALLY POSSIBLE Cases oF (a) aND (B)

Carhon
27 29 31 33 35 37 39

content Y 3 5 7 9 11 13 15 17 19 21 23 23
a.... . . . . . . 112 3 4 5 7 g 10 12 14 16 19 21 .
4.... - . . . 12133 3 4 5 14 6 6 6 7 8 7 9 |
ag.... - . . 1 . .1 R T | ) T
" byow . . . . . 1135 8 1218 24 23 43 55 60 &6 104 126 !
- beoo. . . . . 1 . 4 47 10 14 16 23 o6 32 38 45 50 60 66 |
b . . . . .02 .22 2 2 4 2° 4 4 4 4 6 4 6 |
be... . . 1 .1 1 1 1 1 1 1 1 i
bg.. . . . 112233 4 4 5 5 6 6 7 7 8 8 9
Total. 1 2 4 7111623 3L 41 53 67 83 102 123 147 174 204 237 !'
Carhon i
content 2 4 6 8 10 12 14 18 18 20 22 24 o6 28 30 32 34 335 38 40
Ao 1123 4 5 7 8§ 10 12 14 16 19 20 24 20
ag...‘..121333454606787999
ag.. .. . 1 ' CTED U 1 . . 1 . .o
Bye.. . . . . . 1 247 11 16 23 31 4l 53 67 83 102 123 147
‘ be.... . . . 1 3 4 71013 17 22 26 32 33 44 51 59 66 75 84 /~
i be.... . . 1 1 12223 3 3 4 4 4 5 5 5 6 6 B o
7 11 16 23 31 41 53 67 83 102 123 147 174 204 237 274

/Toml. .1 2 4 ! b |

QO\ the recursion formulas, differed from the totals previously accepted in the
literature, it scemed desirable also to write and count all the structural
formulas, as required by theory, of the undecanes, dodecanes, tridecanes
and tetradecanes. The numbers so obtained agree exactly with the totals
as calculated by the use of the mathematical formulas.

TasLe 11 |
NumBeR OF IsoMerIC HYDROCARBONS OF THE METHANE SERIES
Number Number
Carbon o oof Carbon . of
content 1SOTETS contlent 1SOmers
1 1 11 159
' L 2 1 12 355
3 1 13 K02
4 2 14 1853
5 3 15 4347
6 5 18 10,339
(()Orz' 7 9 17 24,804
8 18 18 (0,523
9 35 19 P £ov=
10 75 20 366,319
t ‘__——-(;:l-a;n content Number of isomers -
- 25 36,797,588 4
30 4,111,846,763
40 62,491,178,805,831 } LP g 2 b‘&

(% )
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Summary

1. No direct or simple relationship appears to exist between the total
qumber of isomeric hydrocarbons of the methane series and their carbon
content.

9. By means of a separation of the isomeric hydrocarbons of each
specified carbon content into types, arbitrarily chosen upon the basis of
{heir structural formulas, a relationship may be established between the
qumber of hydrocarbons and the alkyl groups of which the former may be
considered to be composed. Mathematical formulas of the (fnite)
recursion type are advanced which permit of the calculation, from their
carbon content, of the number of isomeric hydrocarbons in each of these
structural types. In using these recursion formulas to calculate the total
qumber of such hydrocarbons of any given carbon content, the total
sumber of alkyl groups (4. e., the total number of isomeric alcohols) of
/2 and all lesser carbon contents must be known.

3. The totals obtained by use of these mathematical formulas agree
exactly through the tetradecanes with the numbers required by theory as
tested by actually writing all the possible structural formulas.

AvusTIN, TEXAS

[ConTrIBUTION FROM CHEMICAL LABORATORIES OF THE UNIVERSITY OF NEBRASKA AND
NORTHWESTERN UNIVERSITY ]

THE INFLUENCE OF THE ARSONO GROUP ON THE ACTIVITY OF
NUCLEAR CHLORINE -

By R. E. ErzorarLor! axp CLirr S, HAMILTON
RecelveED May 14, 1931 Punrisnen Avcust 5, 1931
It has long been known that halogens in the benzene nucleus cau neither
be removed nor replaced by the ordinary reagents which act upon them
in the aliphatic series. Nevertheless, the presence of certain groups
such as nitro, cyano, carboxyl, etc., loosens the attachment and promnotes
substitution. Most of the experimental work in the study of replacement
reactions has been dome with halogeno-nitro compounds. However, as
carly as 1892, Heidenreich and Victor Meyer? showed that o-bromobenzoic
acid and ammonia reacted at 200° to give diphenylamine. Later, ull-
mann? made a study of the condensation of o-chlorobenzoic acid with
aniline and found that a catalyst was necessary, the salts of copper being
most effective. The addition of potassium carbonate and the use of nitro-
hetizene as a solvent were also found to increase the yields.
Since the arsono group is similar in structure to the nitro, carboxyl,
and sulfonic acid groups, and is mecta directing, halogen in the ortho
! Parke, Davis and Cowmpany Fellow.
* Heidenreich and Meyer, Ber., 25, 2183 (1892).
* Ullmann, A#nn., 355, 312 (1907).





