
280 THOMAS AND JOXES : EFFECT OF CONSTlTUTION ON ROTBTOKY 

XXXII1.-The E f e c t  o f  Constitution on the Rotatory 
Power of Optically Active Nitrogen Compounds. Part I. 

By MARY BEATRICE THOMAS and HUMPHREY OWEN JONES. 

THE investigation of the effect of the constitution of carbon com- 
pounds on their rotatory power has occupied a large number of 
workers for some years past. The work received a great stimulus in 
1890, when the hypotheses of Crum Brown and Guye were suggested, 
and seemed to offer a possibility of establishing some relation between 
the molecular structure of a compound and its optical rotatory 
power. 

The hypothesis of Guye, which assumes that the masses of the 
groups attached to the carbon atom are the chief factors which 
determine the optical rotatory power of a molecule, is capable of being 
tested by experiment, and during the past fifteen years an  enormous 
mass of data has been accumulated with that object in view. A t  first, 
the results obtained seemed to be in fairly good agreement wit,h the 
predictions of the hypothesis; but latterly this has not been so, and 
it has been found that the optical rotatory power of the compounds 
examined, which are almost invariably liquid or solid non-electrolytes, 
is affected to such a large extent by molecular association, the nature 
of the solvent, and by temperature, that  it is difficult t o  apply a real 
test to tho hypothesis. 

Electrolytes seem to be free from some of these disturbing causes. 
In  dilute aqueous solution, the Oudemans-Landolt law holds within 
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h

very narrow limits for strong electrolytes and especially for salts, so 
that complications due to the effect of solvents and of molecular 
association are avoided, and there remains only the effect of tempera- 
ture, which, in cases where it neither alters the electrolytic dissociation 
to any extent nor causes hydrolytic dissociation, might be expected to 
be fairly regular i f  not small. The rotatory power of an  ion may be 
regarded as a constant independent of external conditions except 
temperature. 

It is therefore probable that any regularities in the rotatory power 
of compounds would be more evident in the case of ions than of 
undissociated molecules. The examination of the rotatory power of a 
series of ions, the constitution of which could be varied, would there- 
fore be of interest as affording a test of the applicability of Guye's 
hypothesis, and might possibly indicate in what direction a further 
connection between constitution and rotatory power is to be sought. 

Suitable carbon compounds into which a number of similar groups 
of different masses can be introduced are difficult to obtain. Patterson 
(Trans., 1904, 85, 1116) examined potassium methyl, ethyl, and 
9%-propyl tartrates, and found that the rotatory power of these com- 
pounds was dependent to a great extent on concentration and tempera- 
ture, and that each of the compounds exhibited a maximum rotatory 
power at a different temperature. These substances, therefore, seem 
to  be affected largely by external conditions, and some part of the 
effect may be due to hydrolysis. 

The simplest compounds available for this purpose are the active 
sulphur and selenium salts, but in these compounds there is little 
scope for substitution; the salts might in  some cases be very difficult 
to resolve into their optical antimers and, judging from the compounds 
hitherto examined, they exert only a feeble rotatory power. 

The substituted ammonium compounds containing an  asymmetric 
nitrogen atom seem to offer a better field for investigation. These 
compounds can be resolved into their optical antimers with moderate 
ease, their salts are extensively ionised in solution and are not hydro- 
lysed, and the groups present, being all alkyl groups, might therefore 
be expected to  produce similar effects on the rotatory power. Further, 
in the salts of the two bases hitherto examined, namely, phenylbenzyl- 
methylallylammonium salts and phenylbenzylmethylethylammonium 
salts, there is such a great difference in their rotatory powers ([MI, = 

166' and [MI, = 19' respectively for the ions) that  the effect of 
constitution is sufficiently well marked to be readily examined. 

The investigation of compounds with similar substituting radicles is 
important, since here the effect of mass would not be so likely to be 
masked by the very considerable effect of constitution noticed in 
many cases, such, for instance, as -CO*C,H, and -CO*CH,*C,H,. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
06

. D
ow

nl
oa

de
d 

by
 T

he
 U

ni
ve

rs
ity

 o
f 

A
uc

kl
an

d 
L

ib
ra

ry
 o

n 
29

/1
0/

20
14

 2
1:

21
:5

2.
 

View Article Online

http://dx.doi.org/10.1039/ct9068900280


282 THOMAS AND JONES : EFFECT OF CONSTITUTION ON ROTATORY 

Here again the choice of compounds is limited to some extent, 
since in practice it is only convenient that  the last group introduced 
shall be either methyl,*allyl, or benzyl : the iodides of these radicles 
are the only ones which, a.s a rule, react extensively with tertiary 
amines when these contain aromatic and other heavy alkyl groups. 
Two series of compounds were chosen and examined ; these all con- 
tain the phenyl and methyl groups, each series consisting of five com- 
pounds, one set containing the benzyl group together with ethyl, n- or 
isopropyl, isobutyl, and isoamyl, the other containing the allyl group 
together with the same five aliphatic groups. 

The methyl compounds of both series have already been shown by 
one of us to be inactive. The ethyl compound of the benzyl series had 
been previously examined and a preliminary examination of the ethyl 
compound of the allyl series had also been made (Trans., 1903, 83, 
1418 ; 1904, 85, 223). The examination of the n-propyl and isobutyl 
compounds of the benzyl series has been undertaken by Wedekind, and 
his results have recently appeared (Wedekind and Frohlich, Bey., 
1905, 38, 3438 and 3933).* Thus, including the phenylbenzylmethyl- 
allylammonium compounds first resolved by Pope and Peachey, there 
are now eleven optically active quinquevalent nitrogen compounds 
known, which fall naturally into two series of six, both including the 
last-named compound. 

During the course of the mork, a number of interesting observations 
have been made on the methods of resolving these compounds and on 
their properties, which will be mentioned in due course. 

f i 1 e t l d  of Resolring the Co~~pouncls. 

The method used for the resolution of the substituted ammonium 
compounds was that of Pope and Peachey, and consisted in fractional 
crystallisation of the d-camphorsulphonate or d-bromocamphorsul- 
phonate of the base from a suitable solvent. I n  the preparation of 
the camphorsulphonate and bromocamphorsulphonate, some trouble 
was frequently occasioned by the formation of a crystalline double 
compound of silver iodide and the substituted ammonium iodide, 
which was partially soluble in organic solvents. This is often avoided 
by the addition of a little methyl alcohol or water, or by the use of 
excess of silver camphorsulphonate or bromocamphorsulphonate, but 
best by adding the ammonium iodide in successive small quantities to 
the mixture of silver salt and solvent. The choice of solvent is in 
some cases of the utmost importance, whilst in others almost every 

* We have delayed the publication of our results until now, in  order tha t  Wede- 
kind and Frohlich might publish their work on these compounds. Their experiments 
will be discussed later. 
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POWER OF OPTICALLY ACTIVE Nl'l'ROGEN COMPOUNDS. 283 

possible solvent effects resolution. To avoid the possibility of race- 
misation, which appears to take place at higher temperatures in some 
cases, it is well, as a rule, t o  use a solvent of low boiling point, and 
acetone is the one which has been found most generally useful. The 
other solvents which have been found useful are ethyl acetate, ethylal, 
methylal, chloroform, and water. Pope and Peachey (Trans., 1899, 
75, 1127) laid some stress on the necessity for using a dry non- 
hydroxylic solvent to avoid hydrolytic dissociation ; this we have not 
found to be necessary; we have frequently used moist acetone and 
ethyl acetate, and have in two cases found that the bromocamphor- 
sulphonate was readily resolved by crystallising from boiling water. 

Some cases were found where resolution of the cainphorsulphonate 
could not be effected, whilst the bromocamphorsulphonate was easily 
resolved, and vice versd; in other cases, it was possible to resolve both, 
though the resolution of one of them was usually difticult. Since 
the object of this investigation was merely to determine the value of 
the molecular rotatory power of the ion, we have been content to 
isolate the salt of one of the d- or Z-isomerides only, the less soluble 
of the salts derived from d-camphorsulphonic or d-bromocamphor- 
sulphonic acid, to determine its rotatory power in aqueous solution, 
and thus to obtain the rotatory power of the substituted ammonium 
ion by difference. 

,Yfect oj* Concentration 017, the Rotutory Power of CamphorsuZphomtes. 
In order to determine the extent to which the rotatory power 

of the salts of these bases in aqueous solution was affected by dilution, 
d-phenylbenzylmethylallylammonium d-camphorsulphonate, already 
described by Pope and Harvey (Trans., 1901, '79, 828),was isolated by 
repeated crystallisation from acetone, and its rotatory power in 
aqueous solutions of different concentration determined. The salt 
melted a t  172-173° ; 1.0044 grams were dissolved in  water and tho 
solution weighed 16.932 grams. This solution was examined in 
a 2-dcm. tube,* its density taken, then it was diluted and the 
operation repeated at a temperature of 16". 

Strciigth of 
solution iu graiiis 
par 100 granis of 

solutioii. a,, in 2-dcni. tube. 
5'93 5-47" 
3-02 2'78 
1'54 1'42 
1 -064 1 -00 
0-783 0'73 
0 5 5 3  0'52 

Specific 

1.016 45'4" 214.0" 
1'004 45.8 216.0 
1 -003 46'0 216.7 
1 '001 46 -9 221 -0 
1 '000 46'6 219'5 
1'000 47.0 '221'0 

gravity. [a],,. lnll,,. 

* Unless otliurwise stated, all the determinations of rotatory power given in this 
paper have been carriod out in 2-decimutre tubcs in a Laiidolt-Lippich trjl'le fieltl 
lwlarimeter siipplied by Scliinidt aiid k1aeusc;li. 

VOL. L S X S I S .  U 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
06

. D
ow

nl
oa

de
d 

by
 T

he
 U

ni
ve

rs
ity

 o
f 

A
uc

kl
an

d 
L

ib
ra

ry
 o

n 
29

/1
0/

20
14

 2
1:

21
:5

2.
 

View Article Online

http://dx.doi.org/10.1039/ct9068900280


284 THOMAS AND JONES : EFFECT 01 CONSTITUTION ON ROTATORY 

The above numbers show tha t  dilution affects the rotation to 
a slight extent, but that  in this particular case the variation is almost 
within the limits of experimental error when the concentration of 
the solution is not more than 1 per cent. 

The values obtained by Pope and Harvey for a 0.8 per cent. solution 
were about 218.6'. 

A similar experiment was made with Z-phenylbenzylmethyli~oamyl- 
ammonium d-camphorsulphonate ([ M,] 235", see p. 296), and this 
also showed that the effect of dilution was quite small and negligible 
for solutions mora dilute than 1.5 per cent. 

The bromocamphorsulphonates were examined in very dilute 
solution, so that the effect of concentration was in this way eliminated. 

The Rotatory Poww of Ions ut Daferent Ternperatus'es. 

I n  order to determine the effect of change of temperature on the 
rotatory power of the ions under examination, some solutions of the 
active salts were examined at intervals of about 10' between 10" and 
50" : the results are given for each compound. The effect of tempera- 
ture change on the ammonium salts of d-camphorsulphonic acid and 
d-  bromocamphorsulphonic acid, and also on phenylbenzylmethylallyl- 
ammonium 4-camphorsulphonate, was examined with the following 
results. The densities of the solutions used were between 1 *001 and 1 a000 
at 1 5 O ,  and for the other temperatures have been taken equal to those 
of water at the same temperature, since the effect of density is 
in these cases negligible. 

Ammonium d- Calla~hol.szclpl~o.rtnte. 

Three solutions, 1 .6  per cent., 2 per cent., and 1.8 per cent., were 
The values given are obtained from curves plotted with the 

The 
used. 
mems of t h e  three experiments, which were very concordant. 
value of uL, measured was about 0.8". 

t. 
10" 
20 
30 
40 
50 

[aID. 

19'9" 
20-7 
21'8 
22'4 
23'1 

[W,. 
49.5" 
51% 
53.6  
55.6 
57% 

Pope and Peachey (Trans., 1899, 75, 1085) give [a], 20.7" and 
[ M I D  51.7" at 16". 

Anamonizcm d-Bros,aocamn~l~orsu~~J~o~c~€e.  

The value of [AX]lD for the acidic ion of this salt has long been 
taken as 270", but  Kipping (Trans., 1905, 87, 628) has shown that 
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POWER OF OPTICALLY ACTIVE NITROGEN COMPOUNDS. 285 

the true value is more nearly 280'. The specimen exmiiued had been 
recrystallised several t h e 3  from water, and [MIu 275' at 15". The 
determination oE the rotatory power of three solutions at different 
tuinperatures gave as  a mean the following results. 

The concentration of the solutions was about 1 per cent., and the 
observed rotabion was therefore about 1.7". 

t. 
10  
20 
30 
40 
50 

[UlIJ. [MID. 
y3 .j" 273" 
84.7 2 i 7  
86-25 282 
87-46 286 
89'0 291 

d - P f ~ e i z ~ l b e n x ~ l . l 1 e t ~ , ~ z ~ ~ z ~ ~ l i 6 1 n ~ t ~ ~ ~ ~ ~ u ~ n  d-C'~~,~~~'l~orszslphorLccte. 

Two experiments were made with solutions of about 1.4 per ceut., 
and gave as a mean the following results; the observed rotation at 
30' was 1.27". 

t. [alu.  [MID. [Mlu for basic ion. 
10" 46-0" 21 7 -0" 167'5" 
17 46.3 218'1 167.1 
30 46.8 220.5 166-9 
40 47'2 222.0 166'4 
50 47 .3 222'5 164'4 

From the observations recorded above, it was expected that the 
effect of change of temperature on the rotatory power of the series of 
ions under examination would be small. This, however, was not 
found to be the case; the rotatory power of some of the compounds 
was found to be affected to a considerable extent by temperature 
change, whilst that of others altered but little. Wheu the effect of 
the acidic: ioii was taken into account, it was found that the rotatory 
power of the basic ion in all cases diminished with increase of 
t umpera ture. 

I n  many of the measurements recorded later, the value of uU is so 
siiiall that great accuracy caiinot be claimed for the results, which are, 
however, quite accurate enough t o  leave no doubt as to the relative 
magnitudes of the rotatory powers of all the compounds. 

12otutory Power of the  h'ubstituted Anwsoniunt Iodides. 

In all cases where the solubility of the iodide in water was small 
eiiough, it was precipitated from solutions of the camphoraulphonate or 
Iwomocamphorsulphonate by the addition of potassium iodide solution ; 
the rotatory power of the iodide so recovered was examined in solutioii 
iu alcohol and in chloroforiri. The rotatory power in chloroform was 
always grcnter than that of the satne iodide in alcohol. The iodides 

u 2  
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286 THOMAS AND JONES : EFFECT OF CONSTITUTION ON SOTAL'ORY 

retained their rotatory power in alcoholic solution in the cold, but 
racemised in chloroform solution at the ordinary temperature with 
varying velocity ; this is attributed to partial dissociation into benzyl 
or allyl iodide and tertiary amine and subsequent recombination, re- 
sulting eventually in equilibrium with equal quantities of the d- and 
I-isonierides. Observations of the velocity of racemisation at different 
concentrations show that the reactioq is one of the first order which 
was to be expected on the above view of the process. The pheno- 
menon of autoracemisation will probably be found to be exhibited 
only by compounds containing the allyl and benzyl groups, since they 
appear to have other properties in  common; these groups are usually 
those the iodides of which react most readily with tertiary amines ; 
they are replaced by the methyl group by the action of inethyl iodide, 
and quaternary compounds containing them undergo a gradual 
change in molecular weight in chloroform solution. These peculi- 
arities are still under investigation, and other compounds are now 
being resolved, some of which contain neither the benzyl nor the 
allyl group, in  order, if possible, to confirm the above view that the 
allyl and benzyl groups alone cause racemisation, and also to extend 
further the study of the relation between optical rotatory power and 
constitution in these compounds. 

?'he  B e n x y l  S e r i e s . *  

d- l '~~e i zy l6e i zxy ln~e t~~y l~ t?~~~~rnnzon iurn  d-Canz~horsul~l~osLste. 

This compound has already been described by one of us (Trans., 
1904, 85, 224);  the d B ,  &A, and ZB, ZA salts were found to have 
[MI,, +_71.1°. And hence the value of [MIL, for the basic ion was 
given as k 19.4". 

The effect of temperature change on the rotatory power of the 
CZB, d A  salt was now examined with the following results. 

0.448 gram in 13.638 grams of solution (density = 1.004 a t  20"). 

t. au. Calu. [ill],. [MIu for bitsic iun.  
10" 1-00" 15-15" 69'2" 19.7" 
20 1.01 15'3 69 '9 18.3 
30 1 -05 15'9 72% 19'2 
40 1 -06 16'1 73-5 17.9 
50 1-08 16'4 75.1 17 *5 

The values of [MI,  for the ions here obtained are smaller than the 
actual values, since the solution used was comparlttively concentrated 
(3.27 per cent.). The real value is probably about 2" higher in each 
case. 

* A note 011 the isoprol)yl and isoaiuyl compouiids of this scriev has already been 
publislied (Proc. Cmnb. Phil. Soc.,  1904, 13, 8). 
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POWER O F  OPTICAJ,T,Y ACTIVE NITROGEN COMPOUNDS. 287 

Tho ??-prOp~'1 nnrl isobiityl coinpounds havo been prepared and 
rcsolvecl (the I-component tvas isolated) by Wcdokind and Friihlich 
(Zoc. cit .) .  Their experiments on the n-propyl compound hnvo been 
repoated, and the isobntyl compound has been resolved by a diff crcnt 
method. These experiments are here described, as there are some 
discrepancies between the results of these chemists and ours as regards 
the melting point and the hygroscopic nature of some of the salts. 

r~Len~ZbenxyZ.nzet~yZ-n-p?.o~?/Znn2?,zoIziun2 iodide was prepared by mix- 
ing equivalent quantities of methylpropylaniline and henzyl iodide. 
'Phe crystalline salt began to separate out almost immediately, and on 
~-ecrystallisation from alcohol was doposited in colourless prisms 
which melted with decomposition a t  167". Wedekind and Frijhlich 
give 1 4 7 O  as the melting point. 

C,,H,.,NI -- requires C = 55.58 ; H = 5.99 per cent. 
0.1872 gave 0.1020 H,O and 0.3805 CO,. C = 55.43 ; H = 6.06. 

I'l~enyZbeneyZ~~zethyl-n-propyZas~znzonizcm d-cni~zp~orsulplonnte tvns pre- 
pared by mixing the calculated quantities OF the iodide and silver 
tZ-cnmphorsul phonate, boiling with ethyl acetate, and filtering. On con- 
centrating and cooling, the filtrate, the salt was deposited in  prisms, 
which after four recrystnllisations from ethyl acetate, melted a t  188'. 
The crude substance gave 14.59' and [NID 68.72'; this 
high rotalion was probably due to the presence of some silver cam- 
phorsulphonate as impurity, for on further recrystallisation the 
value for [MI, became 5 0 * 8 O ,  and the iodide precipitated from it 
was inactive in alcoholic solution. Acetone was also used as a solvent, 
but did not effect resolution. 

PhenyZ 6enxyZrnethgl-n propylccinmonium d-bromocamp~~o~.suZ~~~on~te was 
prepared as described by Wedekind and Frohlich (Zoc. c i t . ) .  It TVSS 

purified by repeated crystallisation from ethyl acetate and separated 
in  colourless needles wbich were stable in air and melted with decom- 
position at 148'. These authors state tha t  the compound is too 
hygroscopic to permit of a melting point determination. W e  found, 
however, that  the p u d e d  salt was not visibly affected when left on 
the laboratory bench overnight, and tha t  it gave quite a sharp melting 
point. After crystallising six times from ethyl acetate, the rotatory 
power was found to  be practically constant, the following result being 
obtained : 

0.295 gram in 15.118 grams of solution gave a,-0*17', whence 
.ID - 4~36'and [MI,, - 23-96'. Hence [MI, for the basic ion is - 299', 
a value slightly higher than, but agreeing fairly well with, that given 
by Wedekind and Frohlich. 

:1.1ethylisoprop~lcLniZine was prepared by heating together methyl- 
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288 THOMAS AND JONES : EFFECT OF CONSTITUTION ON 1IOTATORY 

aniline and isopropyl bromide in molecular proportions for eight, 
hours on a water-bath in R reflux apparatus When left overnight, 
the contents of the flask solidified to  R mass of the crystalline 
hydrobromide ; this was decomposed with aqueous caustic potash, t81m 
oil dried over solid canstic potash, and distilled. The fraction boiling 
at 211-214O was colourless and almost pnre. It gave a crystalline 
platinichloride which separated from hot alcohol in small, yellow 
needles melting a t  193-1 94' with decomposition, 

P l ~ ~ ~ y Z 6 e ~ z x ~ Z . n z e t ~ ~ ~ l i s o p ~ o ~ ~ ~ Z a n z n z o n i u m  iodide was deposited in the 
crystalline form on mixing equivalent quantities of methylisopropyl - 
aniline and benzyl iodide. The crystals began to  separate within 
half an  hour after mixing, and in twenty-four honrs a solid cakc 
was obtained. The substance was recrystallised from methylnted spirit, 
and was deposited in long, colourless prisms belonging to the obliqiic 
system and melting at 133'. 

0.2545 gave 0.5141 CO, and 0.1291 H,O. 
C,7H,,NI requires C = 55.58 ; H = 5.99 per cent. 

~~~enylbenxy2meth~lisopro~~ylnmnzoizium d-cccna~iLorsul~~~o.lzate was pre- 
pared by boiling equivalent quantities of the silver salt of the 
acid and the substituted ammonium iodide with moist ethyl acetate. 
After filtering from silver iodide, the salt was deposited on cooling in 
large tables melting at 174-175O. Attempts were made to resolve it 
into its d- and 2-components by fractional crystallisation from ethyl 
acetate, acetone, or ethylal. After repeated crystallisations from 
ethyl acetate, however, [MI, 49*7", from ethylal [MI, 50*S0, and 
from acetone /MI, 50*0°, showing that no resolution had heen 
effected. The iodide recovered by atltlition of potassium iodide was 
quite inactive in alcohol solution. 

cl- homocamplLorsu Zphonn t e 
was prepared in a similar manner, the solvent used being ethyl acetate. 
The salt was deposited on cooling the filtrate from the silver iotli(1e in 
colourless, lustrous prisms, which, on recrystallising, meltetl with decom- 
position at lS4". 

C = 55-09 ; H = 6.07. 

Pheny I? benx ylmeth 32i sopopy Zarnnzoniunz 

0.2255 gave 0.4840 CO, and 0.1291 H,O. C = 58.54 ; H = 6.36. 
C,:H3,0,NBrS requires C = 5S.9 ; H = 6.54 per cent. 

The mother liquors deposited more crystals, and afterwards on 
evaporation left a gummy residue. 

The salt was resolved into its d- and 1-constituents by fractional 
crystdlisation from chloroform, acetone, ethyl acetate, or water, the 
salt of the Itworotntory base being in ench case the less soluble. 

After three recryatallisations from ethyl acetate the rotatory power 
was examined at 15O: 0.116 gmm in 16.798 grams of aqueous solution 
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I'OWEH OF OPl'ICXLLY ACTIVE NLTROGEN COMPOUNDS. 289 

(density= 1,002) gave a D  - 0*31', whence [.ID - 32.4" a1.d [al], 

After two additional crystallisations, 0.227 gram in 15.401 grams 
- 123'. 

solution gave uD - 0.65', whence [alD - 22.0' and [MID - 1219 

0.183 gram in 12.49 grams of solution gave a, - 0*66", whence [a;" 
- 23.5' and [MID - 154'. 

The value of [ M ID may therefore be taken as - 123' a t  15', and 
the value of [MI, for the basic ion as 398'. 

A nearly saturated solution of concentration 1.431 per cent. 
(density= 1.002 a t  1'7") gave t,he following results at temperatures 
between 7' and 50' : , 

t. a,. [alD. [Ril]D. [MI, for basic ion. 
7" - 0.65" - 22.6" - 124 *O" 396" 

17 0.62 21.6 119.0 395 

50 0'44 15.5 85'2 376 
40 0 *R3 18.5 102.0 384 

1- P~~enylbenxyl ine t~y l i sop~opylun~rnolz i~  iodide was precipitated from 
the solution of the d-bromocarnphorsulphonate by the addition of 
potassium iodide solution and purified by recrystallisation from 
alcohol. 

The crystals were prisms belonging to the tetragonal system, and 
differ therefore from those of the inactive iodide, which belong to the 
oblique system (see below). The inactive salt is therefore a racemic 
compound. The melting point, 1 3 2 O ,  was slightly lower than that of 
the inactive compound, 133'. Both compounds, however, decompose 
a t  the melting point, and the melting point of mixtures of active and 
inactive iodide is only slightly (0-5-1') lower than that of the 
former. 

The following determinations of rotatory power were made : 

0.102 gram in 10.464 grams of ethyl alcohol solution gave aD 
- 1 * 8 3 O  (density = 0.81 l), hence [ a ] D  - 116' and [MID - 425'. 

0.103 gram in 12.933 grams of solution (density=0.794) gave aD 
- 1-47', whence [.ID - 116.2' a n d  [ M I D  - 427'. 

The rotatory power of the solutions of the iodide in alcohol did not 

The rotatory power of the substance in chloroform was also deter- 
0.109 gram in 25.069 grams of solution (density= 1.50) gave 

0.110 gram in 21.192 grams of solution (density=1*496) gave 

This solution slowly racemi eJ on standing. 

change when left for three days in the tube. 

mined. 
aD - 1.80', whence [a], - 138.0' and [MID - 506". 

U D  - 52-15', whence [ a ] ,  - 138.2O and [MI, - 507'. 
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290 ’l’FlO3f.M AND .TONES : EFFEC‘I‘ OF CONS’I”TUTI0N ON HOTATOR,Y 

A ftcr two days, thc soliltion was practically inactive. 

C‘wp t (( I l i 7 7  e Po Y m, of d - a 37 d i - Pi, eny Zhenc y lnae t i, I i s o p ~ o p y h u  712 09t iznn 
Iodides. 

The examination of the crystals of the active antl inactive iodides 
was consicleretl important, since the crystals seemed to tliffer, antl the 
iniictive iotlide was probably a rncemic compountl. Mr. G. N. Dain, 
of Clare College, kindly undertook their examination, and we are 
intlebtecl to him for the following account of thein. 

i- Pheny I be rnx ylnzeth yli sopropyln mnzonium Iodide. 

The crystals were invariably long prisms which ware found to 
The pinacoids c c { l O O ~  and ct002)- were belong to the obliqne system. 

FIG.  1. 

€ 

dominant. The prisms nzi110)- were well developed antl gave good 
reflections. The other forms which were nearly always present ,a,zvs 
bad images on the goniometer, and the domes e{TOl )- andf{!OI 5 were 
mere lines. No general forms were obsorvecl, and there was no 
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POWER OF OP'l'ICALJ,Y AC'l'lVE NITROGEN COMPOUNDS. 29 I 

evidence O C  liemihedrism ; in fnct, cortnin vicind faces indiratcd tho 
oxistence of a plane of symmetry. 

Crystalline system, 

Forms observed : n{100), c{OOI>, mf l lO) ,  e t l O l ) ,  f ["Ol) ,  and pI3ll). 

The angles ac = (100) : (001) 76O4', mml = (110) : (710) 65'8', and 
jn,p'= (21i )  : (211) 103'54' mere taken as pnrnmetrnl angles, mntl froin 
fifty to seventy measurements of each mere taken. 

Chlcnlntion and measurement gave the following table of angles : 

Obliqne : a : b : c =  1.613 : 1 : 1.476, p = 76'4'. 

I'P - 201 : i _ O l  4 5 3  3' nm = L O O :  110 57O2B' 

I d  == 201 : i o o  
cqi ,  = 100 : 2_11 
u p  = 100 : 211 132 1:: p,r1 = 217 : 201 35 3 

ff = 101 : "1 27 1s 1 P7n. = 101 : 110 106 11 
?rzpl  = llo_ : 2 l L  28 14 :; ;; j p,e, = 211 : 101 45 35 

t l -  PJ~en~lbenxyl~~~etJ~yl isop~o~~~7a~cmmo~zium Iodide. 

The crystals (Fig. 2), which belong to the tetragonnl system, were found 
to have two distinct habits ; the commoner iverc short, squat crystals 

F I G .  2. 

with the pyramid faces of the form p [  1 11 1. well (developed ; the other 
type were long, distorted prisms closely resembling the crystals of t0ic 
inactive iodide ; the prisiiintic form was clue to the development of 
the faces ( l l l ) ,  (loo), (ill), and (100). The similarity in appearance 
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292 THOMAS AND JONES : EFFECT OF CONSTl'FUTION ON ROTATORY 

between these crystals of the inactive and active iodides is extended 
to the magnitudes of some of the principal angles. 

There is little doubt that the only element of symmetry is a single 
tetrad axis, and that the crystals belong to  the acleistous tetragonal 
class (Class 111, Lewis), members of which are very rare. Proof of 
this could not be obtninecl by demonstrating that the axis was pyro- 
electric, nor could definite evidence be obtained from etched figures ; 
but the two ends of the crystals mere invariably cleveloped 
tlifferently, at one end {ill! is tlominant, while at the other { l l g )  
is the dominant form. Again, although no definite faces of any general 
form {W) were observed, indications of the existence of vicinal faces 
were obtained which were so disposed as to  exclude the existence of 
diacl axes perpendicular to the tetrad axis. 

Crystalline system. Tetragonal. Acleistous tetragons1 class. 
c = 1.0676. 

Forms .- observed: cc{lOO), nz{llOf, p=~i111), p ' = ~ { l l l ) ,  r=T(112), 
r = ~ { 1 1 2 ) ,  e=T(101),  and z = ~ { 3 2 2 ) .  

The angles (111) : (111) an(l (111) : (ITT) were taken as pnm- 
metral. Measiwernent and calculation gave the following table of 
angles : 

nap = 110 : 111 33'31' 
p r  = 1.11 : 112 19 26 
rr2 = 112 : 1x2 i 4  6 
pp2 = 111 : 111 112 5s 

an: = 100 : 322 ll"28' 
xp, = 322 : 111 42 25 
cp = 101 : > 1 1  36 7 i ppl = 111 : 112 72 14 

All the other angles are readily obtained from the above table. 
The angles in the zone am are naturally all 45'. 

c l -P~~enylbenxylnaet~~yI iso~op~Ia~~aoniu?n iodide was precipitated by 
addition of potassium iodide solution to  a solution of the gummy 
residue containing the bromoca8mphorsulplionate of the d-base, which 
was left by evaporation of the mother liquors when no further 
separation of crjstals took place. The rotatory power of this was 
examined in alcoholic solution and gave [MIn 314'. The d-iodide 
is therefore still contaminated with some of the I-iodide. 

MethylisobutyIa!niZine was prepared in the manner previously 
described by one of us (Trans., 1903, 83, 1408). The fraction collected 
boiled at 225- 2 2 8 O .  The base gave a crystalline platinichloride 
which melted a t  180-184O. 

P~~e?a?/Z6e~acyZnaet~~Iiso~ut~Zamnaon~um iodide was prepared by mixing 
equivalent quantities of the base and ben zyl iodide. The deposition 
of crystals began almost immediately, and after twenty-four hours 
R solid mass was obtained. The salt was recrystallised from alcohol, 
from which solvcnt, i t  was tleposited in stellate aggregates of prisms 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
06

. D
ow

nl
oa

de
d 

by
 T

he
 U

ni
ve

rs
ity

 o
f 

A
uc

kl
an

d 
L

ib
ra

ry
 o

n 
29

/1
0/

20
14

 2
1:

21
:5

2.
 

View Article Online

http://dx.doi.org/10.1039/ct9068900280


POWER OF OP'I'IC..ALTAY ACTIVE NITltOGEN COMPOUNDS. 29.3 

which melted at 148". 
melting point RS 130-1 31". 

Wedekincl and Frshlich (Zoc. c i t . )  give the 

0.3095 g%ve 0.4345 CO, and 0.1 22 H,O. 
C18H,,NI requires G' = 56.69 ; H f- 6.30 per cent. 

P ? ~ e i z ~ ~ b e i - ~ x ~ E m e t h ? / l i s o b z c t y ~ c ~ ~ ~ ~ o n i u ~ a  d-canap?~orszclp~oiaccte was pre- 
pared in the usual manner, and, after recrystallising from acetone, 
was obtained in colourless crystals which melted a t  181'. No resolu- 
tion was effected by crystallising from acetone, ethyl acetate, or 
n mixture of methylal or chloroform and light petrolenm. After 
three recrystallisations from ethyl acetate, [ M,] 50*3", and the 
iodide recovered by the addition of potassium iodide t o  the aqueoiw 
solution was found to be inactive in alcoholic solution. 

The d-bromocn.miu?Lorsul~?~onate was therefore prepared by extracting 
the calculated quantities of silver salt and substituted ammonium 
iodide with boiling acetone, evaporating off the excess of solvent, and 
allowing to stand. The salt is very soluble in acetone and does not 
crystnllise easily from this solvent. It mas found that better crjstals 
were obtained when the salt was dissolved in hot water and the 
solution allowed t o  cool slowly. The mixture of the two isonierides is 
first converted into an  oil on treatment with hot water and snb- 
sequently dissolves ; the crystals of the salt of the lsvorotatory base, 
which is only slightly soluble in water, separate first, and on con- 
centrating the mother liquor the salt of the dextrorotatory base 
is precipitated as a gummy residue. The salt of the lsvorotatory base 
was deposited in gronps of lustrous prisms, which were unchanged 
on standing in air and melted at 180'. Wedekind and Frohlich (Zoc. 
c i t . )  state that the salt is strongly hygroscopic and melts a t  165". We 
found that when pmified it could be left exposed on the laboratory 
bench for weeks withont change. 

C = 56-56 ; H = 6.47, 

0.2015 gave 0.4390 CO, and 0.1171 H,O. C =59.42 ; H =  6.46. 
C28H,,0,NBrS requires C = 59.56 ; H = 6-74 per cent. 

The rotatory power became constant after crystallieing seven times 
from water or acetone. 

0.134 gram in 18526 grams of aqueous solution gave a, - 0 * 1 3 O ,  

0.1125 gram in 15.354 grams of solution gave aD - , 0 * 1 2 O ,  whence 

0.082 gram in 15.128 grams of solution gave aD - 0*09O, whence 
The density of these solutions is 

whence [a], - 8.99O and [ M ID - 50*68O. 

a], - 8.19' and [MI, - 46.18'. 

[ a ] ,  - 8.3' and [MI, - 46.82O. 
practically that of water. 

Hence the menn valnc for [MI,, for the basic ion at 15' is - 383". 
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294 THOMAS AND JONES : EFFECT OF CONSTITUTION ON RO'I'ATORY 

1- ~'l~~szylbenc~l?,ietl,?/lisobzci?/b~l.n1,171osziut,2 iodide was preci pitatetl from 
the solution of the broinocamphorsulphonnte by addition of potassinm 
iorliclc solution. Determinntion of its rotatory powcr in alcohol gnvo 
tjhc following results : 

0.063 gram in 11.404 grams of solution (density=0*80) gave 

0.062 gram in 12.00 grams of solution (density = 0.80) gave 
al, - 0*82O, whence [ a ] , ,  - 97.3O and [MI,, - 370.7". 

a,, - O.S2", whence [ a ] , ,  - 99*8O and [MI,, - 3 7 7 . 9 O .  

The active iodide dissolved easily in chloroform, and a determination 
of its rotatory power showed that i t  racomisecl rapidly in chloroform 
solution in the dark. 

Thus, 0.1165 gram in 22.078 grams of solution (density=1-5) gave 
aI) - 1-52', whence [aJ1, - 96.0' and [MIL, - 366" ; after one and a 
half hours, an - 1.09"; after three and a half hours, al, - 0.71'; after 
six hours, aI, - O*20°, and after seven hours the solution mas inactive. 

Another determination taken within ten minutes of making up the 
solution gave an - 1.09" for 0.033 gram in 22.5 grams of solution, 
whence [aIn  - 9S.5" and [M],, - 375'. This solution also became 
inactive after seven hours. It is therefore probahle that [MI,, in 

Me thy li soanzy Zani line was ob tainecl by mix in g equivalent qnan ti ties 
of methylaniline and isoamyl bromide ancl heating on a water-bath for 
sixteen hours or until the mixture had solidified to a crystalline mass. 
The hydrobromide was treated with aqueous caustic potash, the oil 
separated, dried over solitl caustic potash, and fractionated. The oil 
distilling from 246' to 24S0, which was almost colourless, tvas collected 
and used for the experiments. The platinichloride tvas precipitated 
as a pale yellow powder from solutions of the hydrochloride, but on 
dissolving it in alcohol it underwent some decomposition and coul(l 
not be purified. 

Pl~enyZbelzxyZnzetl~yZisoccmyZanznzonizcn~ iodide was prepared by mixing 
methylisoamylaniline and benzyl iodide in molecular proportions. 
Crystals began to be formed almost immediately, and after an 
hour a solid cake was obtained. The solid was crystallised several 
times from alcohol ; colourless, fine needles were deposited, which 
melted sharply a t  156' when heated rapidly. 

0.2043 gave 0.4325 CO, and 0.1266 H,O. 

hloroform is really'about 390' and greater than in alcohol. 

C = 57.7 ; H = 6.S. 
CI9H,,NI requires C-57.72  ; H =  6.58 per cent. 

P~eszylbenxyZmethyZisoGLmyEccmmoniu~ d-camphorsu~l~oszate was pre- 
pared by boiling equivalent quantities of phenyl benzylmethylisoarnyl- 
ammonium iodide and silver d-camphorsulphonate with acetone. Tn 
order to avoid the formation of the double compound of the ammonium 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
06

. D
ow

nl
oa

de
d 

by
 T

he
 U

ni
ve

rs
ity

 o
f 

A
uc

kl
an

d 
L

ib
ra

ry
 o

n 
29

/1
0/

20
14

 2
1:

21
:5

2.
 

View Article Online

http://dx.doi.org/10.1039/ct9068900280


POWER OF OPI'ICALLY ACTIVE NITROGEN COMPOUNDS. 295 

iodide and silver iodide, it was found advisable to get the silver salt 
finely powdered, to cover it with acetone, and to add the iodide 
in successive small quantities, shaking and boiling after esch addition. 
The silver iodide was filtered off and the filtrate heated on the water- 
bath until all the acetone was driven off; on allowing the residue to 
cool in a desiccator, it crystallised readily. The salt is fairly soluble 
in ethyl acetate and in acetone. It was found that after repeated 
crystallisation from acetone the melting point of the salt rose 
gradually and the rotatory power fell, became zero, and then the 
Ievorotation increased. 

It is clear that the salt of the I-base is being separated. I n  several 
experiments with quantities varying from 30 to 100 grams of the 
camphorsulphonate, the material was exhausted after some twenty or 
twenty-five crystallisations, when the value of [ MI1, was about - 220" * 
and not constant. Finally,about 370 grams of the salt mere prepared 
and repeatedly crystallised from hot acetone ; after sixteen crystal- 
lisations, 10 grams of the salt were left, melting at 170-171' and 
having [MI, - 2 1 9 O .  

This was crystallised twice, when tlie melting point rose to  
176--177"and [MI, to - 230". The salt was again crystallised twice ; 
the melting point became 179-180" and [Bl],) -235". Further re- 
crystallisation did not change either the melting point or  the rotatory 
power, so that the pure salt of the I-base has been isolated. 

0.1 163 gave 0.2975 CO, and 0.0875 H,O. C = 69.76 ; H = 8.36. 
C,,H,,O,NS requires C = 69.74 ; H = 8.22 per cent. 

The following determinations of rotatory power were made iu 
aqueous solution at 15". 

0.120 gram in 12.585 grams of solution gave a, - 0.9' (density = 

0.131 gram in 12.387 grams gave aD - l . O O o  (density= lsOoo), 

0.131 gram in 12-330 grams gave aU - 1.01" (density = 1*001), 

0.133 gram in 12.588 grams gave a,, - 0.99' (density = l .OOO),  

1.000), hence [ a ] ,  - 47.2' and [ 311, - 235.4". 

lience [a] -47.5" and [MI ,  -235.8". 

liewe [a], - 47.5" and [M], - 237.0". 

hence [a], - 46.90' and [MI,- 233.8". 

The effect of concentration on tlie rotatory power of the salt 
at 18" was examined as the salt is particularly suitable for the 
purpose on account of its large rotatory power and its solubility in 
water. 

* The values of [Ill, fur the caml'holsulltlioriate and tlie active iodide previously 
yiveu ( loc.  cit. ) were erroiicous. 
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296 THOMAS AND JONES : EFFECT OF CONSTITUTION ON ROTATORY 

Weight of salt 
in 100 grams of Specific 

solution. a1>. gravity. [.ID. [MID. 
2-75 - 3'54" 1 '004 - 46.0" - 229 *iu 
1-50 1 '40 1.002 46 '6 232.4 
1-02 0.96 1.001 47'1 '2'' d 3  2 
0.633 0.59 1 '000 46'6 252.6 

It is evident frviri the above numbers that, as iii the case of the 
plienylbenzylrnethylallylammonium salt, tlie value of the rotatory 
power is constant within the limits of experimental error when the 
concentration is about 1.5 per cent. OF lower. 

The mean value of [MID for Z-phenylbenzylmethylisoamyl cl-cam- 
phorsulphonate at 15" is therefore - 235*5O, and the value of [MI, for 
the basic ion is -28'7.2' 

The effect 
1.5 per cent. 
a t  ISU). 

1. 
7" 

13 
18 
50 
40 
50 

of temperature cliange oii the rotatory power of the 
solution aLovu was also investigated (density = 1.002 

[All,. LM], for basic ion. 
- 233.50 - "82  -4' 

al,. [UID. 
- 1-41" - 46.8" 

1-40 46.6 232'5 28X.7 
1-40 46'6 232 4 283% 
1.36 45 -3 226 '0 279'6 
1.31  43 -8 218'6 2 7 4 2  
1.29 43'1 215.0 272.4 

Y?~eizylbei.Lzykneth?/lisocL?,zyllai,L?noniu7~L d-b?.omocccmp?~orsztl?~onccte 
crystallises readily, is very soluble in acetone, and was therefore crys- 
tallised from a mixture of acetone and ethylal. After recrystallising 
several times, the colourless plates melted at 179-180O and gave 
[MIL, 195"; the value of [MI1, fell slowly on furthor crystallisation, 
but, as it was clear that resolution was not being effected rapidly, the 
further examination was abandoned. 

l - P ? ~ e n ~ l b e ~ z ~ y Z ~ ~ ~ e t ? ~ ~ l i s o a ~ n ~ l l a m ~ n o n i u t ~ ~  iodide was imriiediately 
precipitated as fiue needle-shaped crystals when aqueous solutions of 
the camphorsulphonate and potassium iodide were mixed. The 
precipitated iodide melts at 151 -153' and after recrystallisation 
i'roru cold alcohol melts at 155-156" when heated rapidly ; a mixturo 
of this with the inactive iodide melts practically at the same 
temperature. 

Determinations of the rotatory power of the iodide were made in 
solution in alcohol and in chloroform. 

I n  alcohol, 0.1440 gram in 10.394 grams gave uL, - 1.90' (density= 
0*8 l l ) ,  hence [a'Ju - S4.5' and [MI1, - 333.8". 

After recrystallising from cold alcohol, 0.1470 gram in i 1.067 
grams gave al, - 1-87'' (density = 0.811), hence [a],, - 87.0" and 

0*1140 gram in 10,358 grii,ms gave uL, -1.55" (density=0.810), 

[ I q D  - 344". 

lieuce Lu],, - 86.9" and [MI, - 343'. 
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POWER OF OPTICALLY ACTIVE NITROGEN COMPOUNDS. 297 

I n  chloroform, 0.1349 grain in 18.519 grams gave aU -2.16' 
(density = 1*492), hence [.IL, - 100" and [:MIL, - 395". 

The solution racemisecl slowly in the dark a t  the ordinary tempera- 
ture ; after twenty-eight! hours, a,, - 1.02" ; after forty-eight hours, 
a,, - 0.50"; after seventy-two hours, aL, - 0.2' ; and after ninety-six 
hours the solution was completely inactive. 

0.1030 gram in 17.259 grams gave a, - 1.75" (density= 1*49), 
hence [ a ] ,  - 98.6" and [MIL, - 390". 

After one hour, uL, - 1.67" ; after eighteen hours, a,, - 0.87'; after 
twenty-four hours, a, - 0.56" ; after forty-eight hours, aL, - 0.16O ; 
and after seventy-two hours the solution was inactive. 

Yhe. AZlyZ S e r i e s . *  

d-1 ' ILe ic? / l i , z e t?~~I / l e t~L~~~Z~~Z~~mi , io ,L i .u , ,~  d-bl.omocntrrplLoi.sul~?~o?~ctte wab 
prepared in the usual way from silver cl-bromocampliorsulphonate 
and the iodide, N(C,H,)( CH3)(C2H,)(C3H5)I + CHCl,, prepared 
by Wedekind, in acetone solution. After filtering off the silver 
iodide and evaporating most of the acetone on the water-bath, 
the residue crystallised easily. The salt could be crystallised 
horn acetone, ethyl acetate, or ethylal; it was crystallised several 
times from a mixture of acetone and light petroleum and then 
from acetone alone, when it was obtained in short, colourless prisms 
melting at 138-1 39". 

0.1582 gave 0.3090 CO, and 0.0895 H,O. C =  53.2 ; H = 6.28. 
C22H,,0,NBrS requires G' = 53.1 ; H = 6.59 per cent. 

The salt was recrystallised from acetone until the rotatory power 
became constant when examined during three successive crystallisa- 
Lions. 

0.4576 gram in 25 C.C. solution gave a, 2-20", [ .IU 60*1", and [MI,, 
292'. 

0.168 gram in 12.457 grams solution gave a,, 1*8;0", [a]U 59.9", and 
[MI, 291.2". 

0.157 gram in 12.317 grams solution gave uu 1*5Z3, [a]L ,  59*6O, and 
[ MIp 289.6'. 

The value of [MI, for the salt is therefore 291', which agrees 
closely with the number given in a preliminary notice (Trans., 1903, 
83, 1420) ; the value of [MID for the basic ion is therefore about 16" 
at the ordinary temperature (1 5.). 

A note'on the results obtained j t i th  this serioc has alieacly beuii pnlilished 
(Proc. Cmtb.  Phil. Soc., 190.5, 13, 1902. 
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298 THOMAS AND JONES : EFFECT OF CONSTITUTIOX ON RO'FATORY 

Two determinations of the effect of temperature change were made 
with another sample of salt resolved separately. The following 
result served to sliow that the change in rotatory power is extremely 
small. 

0,171 gram in 13.25 grams of solution (density= 1.001) at 20". 

1. QD. [o.Iu. [II],. [All,, for Imic iun .  
10" 1'54" 5 9 ' 6 O  290.0" 17.0" 
19 1 *55 60'0 291% 14 -6 
31 1 -55 60'0 291 '6 9'6 
44 1-55 60'0 291% 3% 
50 1 -56 60'3 293'4 2.4 

It is curious that the rotatory power of the basic ion should vanish 
a t  some temperature above 50" and then become kevorotatbry, as it 
probably would. 

I'heny 1 nwtlq I - n -p~op&ll?J Zi6nav1zoiz iunz Iodide, 

A mixture of methyl-m-propylaniline and ally1 iodide in inolecular 
proportions rapidly sets to a solid, crystalline mass of the quaternary 
salt ; this is very soluble in alcohol, acetone, and ethyl acetate, and 
was purified by dissolving in alcohol, adding ether until a turbidity 
was produced, and allowing to stand, when colourless, rectangular 
tables were deposited. After repeating the process several times, the 
crystals melted sharply at 109-110' and gave the following results 
on analysis : 

0.21 16 gave 0.3815 GO, and 0,1217 H,O. C = 49.1 ; H = 6.4. 
C,,H,,NI requires C = 49.2 ; H = 6.3 per cent, 

I'l~e?iylrnetl~yl-n-prop?/kalzyEnz?~zonizcliL d-c~cn~pl~ol .suz~3l~o~~ate,  prepared 
in the usual way, crystallised readily from a mixture of acetone and 
benzene in rhombic plates which melted at 167-16s'. 

After three crystallisations from acetone, 0.354 gram of the salt 
dissolved in 12.663 grams of solution gave aD 0%6O (density = 1*0Ol), 
hence [aID 11 *go and [MI,, 49.8". 

The d-camphorsulphonate is therefore not easily resolved. 
Pl~r~~Zmet l~~ l l -n -prop? /Z~Zl? lZamn~o~~~z l~~  d-bromocanLp?LorszlZ~yho,Lute 

crystallised easily from a mixture of acetone and benzene and was then 
crystallised repeatedly from acetone, in which it becoiiies less soluble 
as this process goes on. The salt is thus obtained in lustrous prisms 
melting at 169-1 70". 

0.2298 gave 0.466 CO, arid 0.1475 H,O. C: = 55.3 ; H = 7-15?. 
C,,H,,O,NBrS requires C = 55.3 ; H = 698 per cent. 

'J'ht: rotatory power of tlio salt iu a'lueous solufion was found l o  
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POWER OF OPTICALLY ACTlVE NI'I'HOGEN COBIPOUNDS. 299 

increase rapidly a t  first and then more slowly after recrystallising 
several times. 

0.150 gram in 12-37 grams of solution gave aD 1.S5'in a 2-dcm. tube, 
hence [a], 76*3", and [MI, 381.5'. 

The salt was then recrystallised twice more from acetone and the 
first and second crops examined at 15". 

0.106 gram in 12.39 grams of solution gave aD 1-30', [.Iu 76.1' ; 
[MI, 380.5'. 

0.106 gram in 12.45 grams of solution gave aD 1*30°, [a]L, 76.5'; 
[MIL, 382.5" (density = 1 001 in all cases). 

Hence [ MI,,  for d-phenylmethyl-n-propylallylammoniu~n d-bromo- 
camphorsulphonate is 351.5" and the value of [MI,, for the basic ion is 
106.5O at 15O. 

The effect of temperature change on a solution of this salt war 
examined and found to be negligible. 

A 1-08 per cent solution at 15" gave aI) 1.65' between 4" and 48', 
so that the value of [aID remains practically constant a t  76.4" through- 
out this range of temperature. 

The values of [MI,, for the basic ion may therefore be taken as 
108.5' a t  lo', 104.5' a t  SO", 99.5' at 30°, 95.5O at 40°, and 90.5' 
at 50°. 

The active iodide is not precipitated from a strong solution of the 
bromocamphorsulphonate by the addition of excess of potassium 
iodide. 

The platinichloride is precipitated on the addition of platinic chloride 
as a pale yellow, crystalline powder extremely sparingly soluble in all 
solvents, so that its rotatory power could not be determined. 

Phen y lmetlb y I isopop ylal Zy lunzmoniwna Iodide. 

A mixture of methylisopropylaniline and ally1 iodide in molecular 
proportions rapidly becomes turbid, and in the course of twenty-four 
hours sets almost completely to a crystalline mass. 

This was crystallised several times from hot alcohol and formed 
colourless prisms melting at 171-172" which were analysed with the 
following result : 

0.1620 gave 0.2905 CO, and 0.0955 H,O. C = 48.9 ; H = 6.5. 
C,,H,,NI requires C = 49.2 ; H = 6.3 per cent. 

The nl~ovt! iodide was converted into the d-camphorsulphonate in tho 
The salt is very 

VOL. LXXXIX. Y 
usual WAY, and this crystallised partially on standing. 
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300 THOMAS AND JONES : EFFECT OF CONSTITUTION ON ROTATORY 

soluble in acetone, and separates from its solutions sometimes in short, 
thick prisms and tables rather resembling cane sugar crystals in appear- 
ance, sometimes as long, needle-shaped crystals, and often as a mixture 
of the two; as the crystallisation proceeded, the acicular form became 
the more common. It was found most convenient to dissolve the salt 
in hot acetone, to add to this solution about one-tenth its own volume 
of toluene, and then to set this solution in a desiccator over sulphuric 
acid, when well-formed crystals separated, from which the mother 
liquor could be much more easily removed than when acetone mas used 
alone. 

After several crystallisations, the crystals melted a t  167-168" and 
gave the following result on analysis : 

0*2000 gave 0,4802 CO, and 0.1477 H,O. 

Determinations of the rotatory power showed that this fell slowly on 

Thus, after five crystallisations, [MI,, - 11*3", and after eight 

The salt after recrystallising five or six times always crystallisecl 
entirely in needles and long prisms. After the thirteenth crystallisa- 
tion, it was found that the rotatory power of the salt had become 
constant, and further repetition of the process three times did not alter 
the value of [MI,, but it was found that the rotatory power of this 
salt was affected to a greater extent by temperature than that of any 
of the other salts examined. 

C = 65.4 ; H = S.2. 
C,,H,,O,NS requires C = 65.5 ; H = 8.3 per cent. 

recrystallisation, became zero, and then the lavorotation increased. 

[MID - 2 3 * 2 O .  

The melting point of the salt was now 168-169". 
The following determinations of the rotatory power were made. 

0.258 gram in 12.609 gram solution gave aU - 0.48' a t  20" (density = 

0,260 gram in 12.637 grams of solution (density= 1.002 at 20'). 
1*002), hence [u],, - 11.7' and [MIL, - 49.3O. 

t .  a,. la]=. 1mP 
13" - 0'52" - 12'62" - 53.1" 
20 0.49 11.9 50.0 
26 0'48 11.65 49'1 
40 0'36 S ' i 4  36's 
45 0.33 8-02 33.8 

0.286 gram in 13.367 grams of solution (density = 1.002 at 20'). 

t .  all. [.ID. [Jll,. 

13 0-53 12'4 52.05 
25 0'46 10.84 45'27 
32 0'40 9 -35 39-38 
50 3 *28 6-40 27.58 

It is extremely difficult to get really concodan1 results with a salt 

9" - 0.55" - 12.83' - 54.0" 
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of this kind with its small rotatory power and large temperature 
effect, but by taking a mean of the above results we get the following 
values of [MI, for the basic ion, which are probably not far from the 
truth. 

103.5' a t  lo', 100*6' at 20°, 96*6' at 30°, 91*6' at 40°, and 86.6' at 
50". 

The value of for the salt a t  15" is taken to be 52', and for the 
basic ion 102.6"; this value may be slightly smaller than the true one, 
and on account of the great experimental error it is impossible to 
decide from these data whether the n- or the iso-propyl compound has 
the greater rotatory power; it may be assumed that they are very 
nearly identical. 

P?~e.lz~ylnlet~yZisoprop~ZaZl~Za~~~mon~u~n d-bro?-lzocccmphorsuZp~~on~te was 
prepared and found to crystallise readily ; it was very soluble in water, 
sparingly soluble in methylal, but more so in acetone and ethyl 
acetate. Specimens were recrystallised several times from acetone ancl 
others from ethyl acetate and the rotatory powers of the different 
fractions examined, and were found to vary between 274' and 277" 
and not to be altered by further crystallisation. This salt is there- 
fore not resolved by recrystallisation from these solvents. The salt 
melted a t  169-171' and gave the following result on analysis : 

0.1599 gave 0.3222 CO, and 0.0987 H20. C =54*9 ; H =  6.86. 
C2,H,,0,NBrS requires C = 55.2 ; H = 6.S per cent. 

1 - Phe ng Zmeth&oprop y Zcb Z Zy Zctnoirz onium ioclide was slowly precipitated 
in beautiful, lustrous prisms when solutions of the camphorsulphoriate 
aiid potassium iodide were mixed. The iodide is so soluble that small 
quantities only could be recovered, The crystals melted at the same 
temperature, 171-1 72", as the inactive iodide, and were rather 
sparinglysoluble in cold alcohol and less soluble in chloroform, so that 
accurate determinations of the rotatory power were difficult, as they 
were necessarily affected lai-gely by experimental error. 

The following results were obtained : 

In  alcohol : 
0.158 gram in 10.604 grams of solution gave a,, - 0.50" (density = 

0.165 gram in 9.101 grams of solution gave uLt - 0.59" (density = 
O*SlO), hence [ a I D  - 20.7' and [MI,, - 65.7". 

WSll), herice [ a ] ,  - 20.0" ancl [B1-jb - 63.4". 

In chloroform : 
0,125 gram in 31-SO5 g r a m  of solution practically saturated gave 

uLt - 0.52O (density = 1 *499), hence aD - 3 0 ~ 3 ~  and L M] - 96". 
x 2  
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302 THOMAS AND JONES : EFFECT OF CONSTITUTION ON ROTATORY 

The solution racemised at a very slow rate. 
After two, nine, and fourteen days, a,, was - 0*47O, - 0*26", and 

- O*15°,respectively, and after standing about a month the solution was 
inactive. 

Ph.eny~msthylalZyZisobut~Za~z~~ao~~iunz iodide was prepared by mixing 
the calculated quantities of methylisobutylaniline and ally1 iodide. 
A n  oil was deposited at first, which on standing for twenty-four 
hours was converted into a solid, crystalline mass. The crystals were 
very soluble in alcohol, chloroform, or acetone, from any of which 
solvents they are deposited as an oil which slowly crystallises. They 
were recrystallised from hot ethyl acetate, in which they are easily 
soluble, and were deposited on cooling in long prisms which rnelt 
at 143". 

0.1986 gave 0,3707 CO, and 0,1195 H,O. 
C,,H,,NI requires C = 50.75 ; H = 6.65 per cent. 

I ' l ~ e n y l t ~ ~ e t l ~ y l n l l y l i a o b u t ~ l a n ~ n z o n i ~ ~ ~  d-cccn~~l~orszc l1 , l~on~~t~  was pre- 
pared by extracting a mixture of the substituted ammonium iodide 
and silver cl-camphoraulphonate with boiling acetone to which ~ 1 ,  few 
drops of methyl alcohol had been added, and filtering from the 
precipitated iodide. On allowing the filtrate to  stand over sulphuric 
acid in a desiccator, the salt was deposited in rhombic prisms. These 
were purified by recrystallisation from benzene or acetone and 
melted at 173O with decomposition. 

C=50-9  ; H = 6 * 7 0 .  

0.1604 gave 0.3895 CO, and 0.1190 H,O. 

The salt was resolved into its d- and I-constituents by fractious1 
crystallisation from acetone. After four recrystallisations from this 
solvent, 0.579 gram in 14.56 grams of aqueous solution gave a,, 0*07", 
whence [a],, 0-SS" and [MI,,  3-83'. After two more recrystallisa- 
tioris, 0.302 gram i n  14.494 grams of solution gave a,, - 0.06", whencc: 
[a IT, - 1 ~ 4 4 ~  and [MI, - 6.26". 

On 1 further recrystallisation, a solution containing 0.2625 gram 
of the salt in 15.122 grams of solution (1.785 per cent.) gave the 
following results (density = 1.002 a t  15') : 

C = 66.5 ; H = S.24. 
C,,H,7NS0, requires C = 66.21 ; H = 8.50 per cent. 

t. all. [alw [AI],. [MI, for basic ioii. 
7" - 0'04" - 1'13" - 4-03" - 64-46" 

13 - 0'01 - 0'28 - 1-24 - 51 '8 
30 + 0'06 1- 1 - 7 1  + 7 - 4 4  - 46-16 
c5 0 -I- 0'1 3 2.s7 4 12.5 - 45.1 

Eepetitiou of the esperiiiieuts gave similar results. 
In the doterininatioii of the rotatory power of this wuipound, a 

brge experimental error is necessarily involved, seeiug that the 
olsorved rotatioil is very sinall ; the values obLaiued for the iuolecular 
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POWER OF OPTICALLY ACTIVE NITROGEN COMPOUNDS. 3013 

rotation of the basic ion at 15' vary between - 52' and - 57", so that 
the value for [ N],, may be taken as - 55". Although great accuracy 
cannot therefore be claimed for the niimbers given, the experimental 
error is not great enough to affect tho place of the ion in the series, 
which lies between those of the ions contnining the isoamyl and 
isopropyl groups respectively. 

l-Phe?z?llmetllylalZyl~sobu~?lZan~~?~onia~~~ iodide was precipitated in small, 
colourless prisms, which melted a t  143O, by addition of potassium 
iodide to aqueous solutions of the camphorsulphonate. Their rotatory 
power in alcohol and chloroform mas determined and gave the following 
results : 

0.114 gram in 15 C.C. of alcohol gave a,, - 0.29" (density = O*SOO), 
whence [a],, - 19.08" and [ MI1) - 63.15". 

The iodide was easily soluble in chloroform, and the solution slowly 
racemised. 0.086 gram in 15 C.C. of chloroform gave al, - 0.27", 
whence - 23.56O and [MfD - 77-95'; after four hours, an - 0*21°, 
after twenty-fonr hours, an - 0.17', after forty-eight hours, uI) - 0*08O, 
and after three days the solution was inactive. 

I'i~en~Zmet~~EaZlyZisonmylarnmon.iu.na iodide was prepared by mixing 
the calculated quantities of methylisoamylaniline and ally1 iodide and 
allowing to stand. a f t e r  twenty-four hours, the mixture, which at 
first deposited an  oil, had solidified to  a crystalline mass. This was 
recrystallised from a mixture of alcohol and ether or from ethyl 
acetate and separated as small, colourless prisms which melt at 135". 

0.2052 gave 0,3920 CO, and 0.1255 H20. c'=52-10; H=6.80. 
C,,H,,NI requires C = 52.17 ; H = 6.96 per cent. 

1- Pll~e9zylnLeth?lZall~li sonmy~cci~an2o.rti2~m d-ccc:nl3horsul~l~onate was pre- 
pared by mixing together the calculated quantities of the substituted 
ammonium iodide and silver (1-camphorsulphonate and boiling with 
ethyl acetate, or  acetone (in which the salt is very soluble), or benzene, 
iri which it is moderately soluble, and crystallises out on cooling the 
satnrated solution. After twice recrystallising from methylal, the 
melting point was 155". 

0.2000 gave 0.4385 CO, and 0.1567 H,O. C = 66.61 ; H = S.71. 
C2,H,,0,NS requires C = 66.81 ; H = S.68 per cent. 

The salt was too soluble in acetone, ethyl acetate, and methyl 
formate to allow of the use of these solvents for the purpose of 
recrystallising, and when a mixture of any of them with light 
petroleum was used the salt separated as an  oil; it crystallised easily 
from benzene in needles, but the aqueous solution of the crystals smelt 
strongly of benzene even after they had been dried and kept in a 
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304 THOMAS AND JONES : EFFECT OF CONSTITUTION ON ROTATORY 

vacuum desiccator over sulphuric acid for some days ; probably, there- 
fore, they contain benzene of crystallisation. Methylal which had 
been freed from all traces of methyl alcohol by distillation over caustic 
potash mas found to be the most convenient solvent; the Z-salt is 
sparingly sohtbie in the cold, and is deposited in long needles on 
cooling the hot saturated solution. After recrystallising five times 
from this solvent, the salt appeared to  be completely resolved. 1 

0.6225 gram in 15.753 grams of solution gave a,, + 0.58" (density = 
1*004), whence [a],, 7-31" and [ 311, 32.8'. 

0.4655 gram in 17.157 grams of solution (density = 1.003 at 15') 
gave the following results : 

t' aD- [.ID. [MI,. [MI, for basic ion, 
+ 0.37" + 6-80" + 30.5" - 18.5" 

7.16 32'2 15.4 
34.7 18.9 

15 0.39 
30 0.42 I ' I 2  
50 0.48 8.84 39 *i 18.9 

C O  

C -  

The mean of these experiments gives [ M 1,) - 18' for the basic ion 
at 15'. 

The following tables, which contain the melting points and the 
values of the molecular rotatory powers of t>he compounds described 
in this paper and of those previously described, have been prepared 
for convenience of reference. 

Phewy Z-methyZ- b e m y  I Series. 
M. 13. of 

M. p. of cl-bromo- [&TI, o i  
M. p. of cl-camphor- camphor- ion 
iodide. sulphonate. sulphonate. a t  15". 

Ethvl ...... 147.8" 181" - + 19.4" 
n-Propyl ... 167.0 188 148" - 
isoPropyl ... 133.0 175 154 - 
isoButyl ... 148'0 181 180 - 
isoAmyl ... 156.0 178 180 - 
Ally1 ......... 140-142 171 I -t 

M. p. of 
M. p. of cl-bromo- 

M. p. of d-camphor- camphor- 
iodide. sulphonate. sulphonate. 

Ethyl  .. ,.. - 149-150" 138--139" 
n-Propyl ... 109--110" 167-168 169-170 
isoPropyl ... 171-172 168-169 169-171 
isoButyl ... 143 173 - 
isoAmyl ... 135 155 - 

299-0 
398.0 
323.0 
287.0 
167.0 

Series. 

[ h f I D O . f  
iodide in 
alcohol. 

- 354 
- 438 
- 374 
- 343 

30" 

- 

[ M I D  If 
iodide 111 

chloroform. 
33-8" 

- 374.0 
- 507 '0 
- 390.0 1 
- 395.0 
I 

[ M I D  Of ER1]D Of ?f 
ion iodide i n  iodide in  

a t  15". alcohol. chloroform. 
16 '0" - - 

106.5 - - 
-102'6 -64'5" -96" 
-55.0 -63.0 -78  
- 18'0 - - 

No regularities in the melting points are to be observed. It must 
be remembered, however, that  fusion is almost invariably accompanied 
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by decomposition, and that the melting point depends somewhat on 
the rate of heating in the case of the iodides, The melting point 
of the d-camphorsulphonate is usually between that of the iodide and 
the d-bromocamphorsulphonate, but there are some exceptions. The 
melting points of the phenylmethylisopropylallylammonium salts are 
surprisingly alike. 

The following curves show the effect of temperature is of the game 

_ _ _ _  

,, 

40" : 

J 

0 
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Wedekind has expressed his intention OF examining the effect of 
temperature change on the iia-propyl and isobutyl compounds of the 
benzyl series. There is no doubt that  they will behave in a very 
similar manner to  the other salts which we have examined. 

The curves show very clearly that the temperature effect is very 
regular for all the compounds, and is small compared with tha t  for 
non-electrolytes or for the componnds examined by Patterson (Zoc. eit .) .  

The Product of Asynanaetry for t?te ,Vitrogen Atom. 

In  tho 'uwo series of optically active nitrogen compounds described 
above, the large effect of constitution on the molecular rotation is very 
striking. The existence of n maximum in each case at the second 
member and the decline of rotatory power in the higher members is 
clearly indicated. It was explained in the early part of the paper that  
any connection which might exist between the rotatory power and the 
constitution of compoiinds ought to become evident in this simple case 
of an  ion in which the substituting groups were of similar character. 
Now, although mass cannot be the only factor which affects the 
rotatory power, i t  must be one factor and probably also an  important 
one, and in the present state of our knowledge, while we await a 
development of the connection between light as an  electromagnetic 
phenomenon and chemical atoms and molecules as electric structures, 
it is the only one which we can take into account. 

Assuming, therefore, that  optical rotatory power is determined by 
the mass of the groups attached to the nitrogen atom, and, further, 
that  these masses are concentrated at the angular points of a regular 
pyramid on a square base, we can develop an expression for the product 
of asymmetry which will represent the same facts for nitrogen as the 
function deduced by Guye (Conzpt.  end., 1893, 116, 1378) does 
for carbon. The pyramidal configuration has been shown to be the 
most probable one for substituted ammonium compounds (Trans., 
1905, 8'7, 1729). 

The pyramid has four planes of symmetry, numbered 1 to 4 in 
the plane projection of the pyramid on its base in the figure. 

I d 
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Let ti,, d,, d,, d, be the clistnnces of the centre of gravity of the 

These are given by the expressions : 
molecule from each of these planes. 

( (a  + d) - (6 + c))Zsina d, = .____ 

( a + b + c + d + x )  -’ 
(a  - C)Z d,= ___I___ 

(a + b + c + d + x)’ 
{(a + 6 )  - (c + d)]lsina d, = ___. 

(at + b + c + d + x) ’ 

( b  - d)Z d, = _____. I_-~ 

(a + b + c +d + x)’ 
where a, b, c, and d represent the masses of the four alkyl gronps 
st the base of the pyramid, x the mass of the acidic radicle at its apex, 
I half the length of the diagonal of the base, and a the angle between 
two of tho planes, 4 5 O .  

There is also d,, the distance of the centre of gravity from the basal 
plane, which may be expressed as 

d -! . ‘ ( a t + b + c + d ) - x ) h  
5 -  (a t+b+c+d+z)  ’ 

where ?L is the height of the pyramid. 
We have therefore the product of asymmetry : 

P = d ,  x c l , x d 3 x d p x d 5  or P= 
{(a + d)  - ( b  + c)){(cc + b)  - (c + d))(at - c) (b  - cZ){(a + b + c + d )  - x)Z4sinU 

(a  + b + c + d + x); 
or, since I ,  h, and must be assumed to be constant, otherwise the 
problem becomes too complicated, we get 

- - ~ ~ - - _ _ _  - _- 
9 

{ (a  + d)  - ( b  + c)]((c~ + b)  - ( C  + d))(at - c)(b - d){(cb + b + c + d )  - X‘ p’=------- - - - ____I-? 

an expression which should measure (to a very rough approximation 
only) the magnitude of the rotatory power of an optically active 
nitrogen compound. It satisfies the necessary conditions, namely, that 
when a=c the compound is inactive, that is, for a compound with the 
configuration : 

(a + b + c + d + x)5 

a c 

b a 
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308 THOMAS AND JONES : EFFECT OF CONSTITUTION ON ROTATORY 

but that  if a=6 or d the compound is not inactive, that  is, a com- 
pound with the configuration : 

z C 

is active, a theoretically possible case which has not been realised ex- 
perimentally. The above function predicts some curious results, for 
instance, if a + b = c + d  or a + d - b + c ,  the compound should be 
inactive ; this contingency, which would probably not occur, is analo- 
gous to the inactivity predicted by Guye's expression for carbon 
where any two groups are of equal mass, and shows clearly that 
mass is not the only factor to be considered, a fact which is already 
sufficiently well recognised. 

The above expression, however, refers to the complete molecule, 
whereas in this paper attention has been confined chiefly to the ions, 
where the rotatory power is so little affected by external conditions, 
the solvent is always the same, and the temperature effect is small. 
In this case, the acidic group x is removed, and its nature does not 
affect the rotatory power of the basic ion, so that we may put x = O ,  
and we have 

p" = ((a + d )  - ( b  + c)>{(a + 6) - (c + d)) (a  - c) (b  - d). 
(a  + b + c + 4 4  

This function exhibits the same properties as the foregoing more 
complicated expression for the product of asymmetry of the whole 
molecule ; three maxima and three minima are possible, and P = 0, as 
before, when a = c, and also when a + b = c + d or a + d = b + c. 

There is a practical difficulty in the application of this fornhula, 
namely, that  there are always three possible configurations for a 
compound of the type N CG 6 c d x which may be represented for one 
case thus: 

7 a C R b d 
. - . . . ___- 

the value of the product of asymmetry is in general different for 
each of the three arrangements. One of these arrangements is more 
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stable than the others, and that one is produced during the changes 
which take place in the formation of the compound from a tertiary 
amine and alkyl halogen compound. 

Until me have some means of determining the configuration of 
these compounds, it seems legitimate, when possible, to choose those 
configurations for the coinpounds in a series, which give values for the 
products of asymmetry in the same numerical order as the rotatory 
powers actually found for these compounds. 

The values of P" for the three possible arrangements are given in 
the table below, together with [MI, for the basic ion a t  15". 

r~enyZ-met?L?/Z-ben~?/l Series. a = C,H,(77), b = CH,(15), c = C,H,(91), 
tl variable. 

[MI,, for I. I I. 111. 

Mrtliyl ............ 0.0" 0.0 + 5-98 + 5.98 
Ethyl  ............... 19.4 0'0 + 6-27 0-0 

,isoButyl,. .......... 323 '0 -0 .26 +2'46 - 1.71 
iso Amy1 ............ 287 -0 -0 '54 +0*61 - 0-99 

d. l m i c  ion. P" x 103. P" x lo3. P" x lo3.  

........ - 1-76 n-Propyl 299.0 
isoPropyl ......... 398.0) - 0*08 + 4% 

Ally1 ............... lS7*0  -0.07 +4'8T - 1-66 

Pl~en~l-met?~?/Z-alT?/I Series. a = C,H,, b = OH3, c = C,H,(41), 
d variable. 

[MI, for I .  11. 111. 

Methyl ............ 0.0" 0.0 -10.6 - 10'6 
Ethyl  ............... 16.0 - 0.8 - 2'95 - 4'0 

isoButy1.. .......... 55'0 f 0 ' 54  +0'11 +3'73 
isoAm yl  ............ 18 . 0 +2'14 +0*057 +3'16 

C2. basic ioii . P" i( 10::. I"' x 103. I"' x 103. 

......... - 0'5 n-Propyl 106.5 
isoPropyl ......... 102.6) - 0'588 - 0'44 

The sign of P" has no significance here as it has in the case of 
carbon compounds, where changes of constitution are produced in a 
molecule the confignration of which is always the same, but the sign 
of its rotation may nevertheless be altered by the change of 
constitution. 

It is at once clear on comparing the above values of the product of 
asymmetry with the experimental values of [MI, that  there is no 
simple connection between them. The application of Guye's 
hypothesis to the nitrogen atom does not therefore give a satisfactory 
expression connecting the masses oE the alkyl groups with the 
rotatory power of the molecule. 

The configuration of the methyl compounds of both series is almost 
certainly I, since they are inactive. Considering first the benxyl 
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310 ROTATORY POWER OF OPTICALLY ACTIVE NITROGEN COMPOUNDS. 

series, there is no reason to suspect tha t  the change from a methyl 
to an  ethyl group would necessitate a change of configuration, 
so that the ethyl compound might be expected to have a very 
small rotatory power since P= 0. Now if we assume that the iso- 
propyl, isobutyl, and isoamyl compounds have configuration I? m e  
get a maximum value for P" at the isoamyl compound, but if we 
assume that they have configuration I1 and that the n-propyl and ally1 
compounds have configuration 111, we get a fair approximation to a 
relation between I"' and [MI, for the benzyl series. There is as yet 
no experimental evidence for these changes of configuration, but that  
there is a difference of configuration between the 92-propyl and 
isopropyl compounds of the benzyl series seems extremely probable, as 
we know of no other case where the change from the normal to the 
is0 grouping produces any great change in rotatory power, and in the 
allyl series the n- and iso-compounds have practically identical rotatory 
powers. The allyl group in  this case might be expected t o  behave 
as a group of smaller weight, since, owing to the double linkage, the 
centre of gravity of the group is nearer its point of attachment to 
the nitrogen atom than $hat of a normal grouping. 

I n  the allyl series, it is still more difficult to see a connection 
between the values of P" and [MID, even with the aid of such arbitrary 
assumptions about configuration as the above, since the ethyl 
compound is so clearly out of its place. Now the fact that  the rota- 
tory power of the ion in  this case vanishes above 50° might lead to some 
doubt as to its having been resolved at all, but this doubt is removed 
by the facts that  the observed rotation a t  the ordinary temperature is 
outside the limits of experimental error, and, that  the platinichloride 
gives an  active solution on treatment with sulphuretted hydrogen in  
water. Wi th  the exception of the ethyl compound, the values of P" 
given by configuration I1 are in the same order as the values of 

Before arriving at any definite conclusion as to the applicability of 
Guye's hypothesis to the case of nitrogen, it will be necessary to await 
the results of our further experiments on the four series of compounds 
corresponding to the above in which the methyl group is replaced by 
ethyl and then by isopropyl. 
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