
Studies on the Dependence of Optical Rotatory Power on 
C~emic~l Constitution. Part IX. (a) The Rotatory 
D1spers1on of the Stereoisomeric Oxymetbylene
oamphors, p-Pbenylenebisaminomethylenecamphors, 
and 1: 4-Naphthylenebisaminomethylenecamphora. 
(b) The Structure of Oxymethylenecamphor and 
the Kinetics of its Mutarotation. 

BY BAWA KAl\TAll. SINGH AND BHtl'rNAT'D BBADC'Bl, 

In the present communication we give an account of our experi
ments on the optical rotatory, dispersion of OJCY.methy:leJJece.mphors 
and \!heir condensation products with a.rornatio diam.ines. 

Claiseo and his co-workers (Anna.ren, 1894, 281, 831), who dis
covered d-oxymetbylenecamphor, also found that this substanee 
undergoes aondensa.tion wii;Jl. primarY, and secondary, am.ines (loa- «lit •. ,_ 
p. 357). Several of these condensation products were prepsred by: one 
of us in 1919 at Lahore, but this work was partly, deferred as our 
studies on the effect of conjugation and position isomerism in the 
case of deri"fa.tives of im.inocampbor a.nd bisiminoca.mphor and their 
reduction products had not sulftciently advanced. n is now possible 
to s~udy the et!ecb of conjugation oa rotatory power in another way; 
by comparing the two series of compounds. As in Part VIII, our 
studies have also been extended to the Z- and clZ-isomerides with 
t.heobjent of vetifying the assumption of the physica.l idenbitY. of 
enantiorners. 

'l'hs Effeot of Unsaturated Oon.jugatlon. on Rotatory Power.-On 
comparing the structural formulo.e and rotatory power in chloroform 
of the corresponding derivatives of bisiminocEOmphor, bisaminome· 
thyleneoatnphor and bisa.minocamphor, striking results emerge: 
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IV. 

v. C=CH·NR~-=-=>-NH'CH=b> 
CsHl~/1 )= => I CaRl~ "rl=O "---" 0= 

[M]D = 2746° 

It is thus clear that if the conjugation of the azethenoid groups, 
involving the carbon atoms of the terpene nucleus and the nitrogen 
atoms of the side chain is broken (l~JII), depression in the rota
tory power is phenomenal. The eileot is much less marked if the 
conjugation in the side-chain (i.e., outside the terpene nucleus) is 
broken (I-+-II; IV-+-V). 

The Inftuenos of the Ohsmical Oonstitution of the Oompound acnd 
the Nature of Solvent on the Oha.raoter of Rotatory Dispsraion.-The 
simple dispersion formula of Drude, [a.]=k/(AII-i\3) is valid for a 
large number of secondary alcohols (Lowry and Dickson, J. Ohem. 
Soc., 1913, 103, 1067) and for nicotine (Lowry and Singh, Oompt. 
rend., 1925, 181, 909: Lowry and Lloyd, J. Qhem. Boo., 1929, 
p. 1772) containing only one asymmetric carbon atom. It is also 
valid up to the extreme limits of our present experimental methods 
for the methyloyc!ohexy_lideneacetie acid of Pope, Perkin and 
Walla.eh (Bieha.rds and Lowry, J. Ohsm. Boo., 1925, ta'l, 238) 

• 'J')ulse va,luea are ia.ke~ froll\ Pa.rt vm of this aeriea, 
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which contains no asytnmet~;ic cll.fbon ~~.~-m Th d •h · . '"" . ese an o. er mstan-
oes show that_ the stmple dispersion formula can be applied to com-
~ounds of ~S:1ed st~cture. A.n opportunity is now provided of test
mg the va.hdtty of th1s simple formula in the case of opbic~~olly active 
oxymethyleneclllmphors 11.nd their coodenss.tion products with aro
matic wnino-compo;.mds, in which the elements of simplicity in the 
molecular structure a.re absent. These compounds contain two or 
more asymmetric carbon atoms (cf. formul~ II and IV) as compo
nents of a complex ring system. The striking results of this further 
test form the subject of the present comm~nication, in which it is 
shown that in every case the dispersion data can be expressed by a 
simple equation of the type first put forward by Drude. The remark
able effects which a.re produced by plotting 1/[o.] aga.inst .\!I are seen 
in the very exact; str&ight lines of Figures 1 to S. A. more exact test 
of the dispersion formulD. is given by numerico.l ca.lculation. The 
tables of rotatory dispersion (VI to XVII) show that the specific rota
tions, observed and calcula.ted, of o:z:ymethylenecamphor (d- and l-), 
p-phenylenebisaminomethylenecamphor (d- a.nd l·), and 1 :4-na.phthyle: 
nebisaminomethylenecamphor (d- and Z-) in different solvents, lie well 
within the range of possible experimental error. It may 
be mentioned that oxymethylene-d-ca.mphor was first examined 
in 10 per cent. ben~~:ene solution a.t 20" by Rupe (Annalen, 
1915, '09, 327) for 4 wave-lengths from a continuous 
spectrum (.\=6563, 5898, 5468, and 4861). But he fail
ed to discover any simple linear relation between rotatory power and 
wav~Plength. Lowry (J. Chem. Boc., 1919, 115. 300) first showed 

22"843 
that Rupe's results can be expressed as [o.] = .\2 _ 0;0874 · This for-

mula agrees with that obtained by us for the equilibrium value after 

48 hours (Table VIII), namely, [a.]= A~~~:72 . The slight diffe

rences in the two formulae are due to the different concentrations 
and temperatures in the two cases. Our observations are made ~nh 
12 wave-lengths from a discontinuous spectrum and over a wtder 
range (~= 6708 to 4358) in 4 solvents. We have also mended our 
observations to the l-enantiomer. In alcohol and benze~e, t~e mu

1
ta-

h B.B slow and the dLSperBlOO. or-rotation of oxymethyleneco.mp or w • . . .. 
d I t . well as that tn whtch equth-

mulae of the freshly prepare so u 10n as , 
brium had been attained are given (Tables VI, VII, and VIII). In 
chloroform and pyridine solutions, the muta.rotation could not be 
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followed owing to its rapidity (Tables IX and Xl being almost ins
tant~meous in pyridine, which being basic. acted as a. catwlyst. 

The value of Ao• the wo.ve-length of the hypothetical absorption 
band, usually in the ultra-violet region of the spectrum, varies in the 
initially prepared solution of oxymethylenecamphor and one that has 
attained equilibrium. In alcohol solution, the value of A0 decreases 
from 2975 to 2788 A. U. on keeping, whereas in benzene solution it 
increases from 2691 to 2987 A.U. (Tables VI, Vll, VIII). This in
orease and decrease in the wave-lenghh of lihe ultra-violet absorption 
band in benzene and alcohol respectively may be correlated with the 
corresponding increase and decrettse in the enol-content of the tauto
meric mixture of oxymethylenecamphor in the same two solvents 
(see Tables IV and V). 

p-Phenylenebisu.minomethylenecamphor does not show any muta
rotation but; 1 :4-naphthylenebiss.minomethyleneca.mphor shows 
slight in chloroform but not in other solvents (Tables XI to 

XVII). 
It may be observed that the rational way of determining the effect 

of constitution on rotatory power in organic compounds is to study 
the rotatory dispersion and not to be content with making observa
tions for one wa.ve-length only. To tnke only two insta.mces from the 
present data: the specific rotatory power of p-phenylenebisamino· 
methylenecamphor in chloroform solution is lower th~tn that for 1:4-

nu.phthylenebisaminomethyleneca.mphor for Hg5 o~lll line but it becom81! 
almost identical for LiG 708 (Tables XI and XIII). On the_ other 
h1~nd, this value is almost identical in pyridine for thu two compounds 
for Hg,Hill nnd it is higher for p-phenylenebisa.minomotbyleneoam· 
phor for Li610 -t- (Tables XII and XVI). These observations serve to 
show the inudequo.oy of deducing the effect of coru;titution on rotatory 
power from observation& confined to a single wave-length. It ia thus 
clear that only the rotatory dispersion of a. compound can give a. tru~ 
picture ofthe eRect of constitution on its rotatory power. 

Tho StruotuTe of OzymethylmecampkoT and the Kinetics of thB· 
Ohemioal Ohti.ngs involved. in its Muta.Tota.tion.-Ola.iaen (Zoo. cit.) 
suggested the following structural formulae for oxymethylene
camphor. 

C=CH·OH 
OaHu( I 

0=0 
(VI) 

c·CHO 
C8 Hu/l1 

"C·oH 
(VIU) 
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. Br_ubl (Z. physikal. Chem., 1900, 31, 1), from refractometric deter-
minatiOns, and Federlin (Annalen 1907 358 251) ~- 1 · · . . • • . , ....-om co or•metr1c 
data decided m favour of the structure (VI). Pope a.nd Read (J. 
Chem. Soc., 1909, 96, _175) exp~ained the mutarotation of oxymetby
lenecamphor by nssum10g that 1t is a. mixture of the two isodynamic 
forms (VI and VIII). They arrived at this conclusion from the ex· 
perimental results o1 Bruhl and Federlin. 'Ibis view of Pope and 
Read seems to be disproved by the measurements of the percentage 
of keto- and enol-quantities in oxymethylenecamphor by Meyer's 
method {Annalen, 1911, 380, 212; Ber~. 19ll, 11, 2718; 1912, 16, 
2843). In a freshly prepared benzene solution of oxymethylenecam
phor, the percentage of enol at 35° is 32 ; it increases to 81 in five to 
six hours (Table IV). This shows that there is a considerable amoUllt 
of the keto-form in a. freshly prepared solution. This result is in 
agreement with the observations of previous workers who found ben· 
zene to be an enolising and alcohol to be a ketonising solvent 
(Wislicenus, Ber., 1899, 32, 2887; Briihl, Ber., 1899. 32, 
2326 ; Meyer, Zoo. oit.; Ber.,1910, 13, 3044). The value of the 
velocity constant of mutarotation of oxym~thylenecamphor in 
benzene is nearly identical with that obtained from the progressive 
determino.tions of the relative amounts of the enol- and keto
modifications present in the tautomeric mixture by Meyer's 
method re£erred to above (Tables I and IV). The close agreement 
in the value of the velocity constant obtained by these two 
independent methods conclusively shows that the chemical change 
involved in the mutarotation of oxymethylenecamphor is of the 
keto-enol t-ype, and may be represented by the schemes VII-+VI 
or VII~VIII, or by both these changes taking place simultane
ously. It is thus clear that the keto-form (VII) is one of 
the constituents of the tautomeric mixture. The above-mentioned 
changes are of the monomolecular t-ype, as has been found by 
experiment. The prototropic changes involved in the mutarotation 
process are reversible in character. It may therefore be ~s~u~ed 
that in benzene solution of oxymethylenecampbor, equilibrium 
exists between all the three forms. The temperature-coefficient of 
the velocity constant of mutarotation of oxymetbylenecamphor . in 
benzene (Ku0 /Ksl! 0 ) is approximately 29"3 (Table III), b~lDS 
nearly ten times as ]arge as that for IUl ordinary chemical reaction. 
It th~s appears that the keto.modifi.cation of oxymethylenecamphor 

is very unstable in benzene solution. 



776 B. K. SINGH AND B. BHADURl 

The value of the velocity constant of mutarotation of o:zy. 

methylene-l-campbor for Hggreen and Hg;rello'IF tines is identical 

(Table II). 
The percentage of enol.modification of OXJ'methylenecampbor il1 _ 

alcohol at 35" was found to be 95'5 in a freshly prepared solution, 
which falls to 88 in four hours and then remains constant (Table V). 
Sen and Mondal (J. Indian Oh.em. Boo., 1928, 6, 609) working •t. 
lower temperature (27") found the enol-percentage in a freshly prs. 
pared alcoholic solution of oxymethylenecamphor to be over 98 wltioh 
decreased to 81 on. the fourth day. It thus appears that a freshly. 
prepared alcoholic solution of the substance consists of 100 per oent. 
enol, specially at a lower temperature. The mutarotation of the 
substance in alcohol may be represented by one of the following 
schemes :-VI~ VII; VIII---+ VII; VI---+VII~VIII (or Die• _ 
veraa). 

It has not been pos5ible to calculate the velocity constant of the 
mutarotation of o:xymethylenecamphor in alaoho! owing to the very
slight decrease in the angle of rotation in the course of 28 houra (setj 
Table VB). 

The substance has a definite melting point and crystalline form~

It may therefore be assumed that it is homogeneous in the solid state -
and may be represented by one of the two enolic constitutions (VI- or 
VITI), and in all probability it is constituted as (VI), on account of 
its acidic character. This structure of oxymethyleneoamphor re
sembles that of formic acid : 4 

·C=CH-OH 
I ·co 

Ox;y~~:~etbylene compounds. 

O=CH·OH 

Formic acid. 

Since formic acid i!! much stronger than any other aliphatic acids it 
may be concluded that the keto-enol form (VI), would be more acidio 
than the alternative aldo-enol form, (VIII). 

The Phyaical Identity of En11ntiomers.-The fact that the rota
tory dispersion of the d- and Z-isomerides can be expressed by the 
same equation is a strong proof of the identity of enantiomers. so 

• For .the above-mentioned analogy of formic ~~oeid to ox;rmethyleue colUJ:lOnllll~. 

we a.re indebted to Dr. J. C. Bardhan (pri"Clate communication). 
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far as the magnitude of rotatory power is concemed. The differen
ces in the observed values of rotation for the d- and l-iaomerides ai"e 

well within experimental error (Tables VI, ¥II; XI to XVII). The 
velocity constant of mut&>rOtation of the d. and l-oxymethylenecam· 
pbor in benzene is practico.Uy identical (:fables I and II). This 
showe that the identity of eZI.8ntiomera with respect to their physical 
properties (such as rot&tory power) extends a,lso to the ra,te of chemi
cal change involved in the mutarotation of the enantiomers. 

The racemic forms of p-phenylenebisaminomethylenecamphor and 
1: 4-naphthylenebisaminomethylenecamphor melt at higher temper
ature than their optically active isomerides. It follows therefore 
that the racemic forms are true dl-compounds, at least in the solid 
state. 

We wish. to reserve the further study of the condensation pro
ducts of oxymethyleneeamphors with amines with the object of 
elucidating (a) the e:ffect of unsaturated conjugation and position 
isomerism on optical rotatory power, (b) the character of rotatory 
dispersion and (c) the extent of the physical identity of enantiomers. 
The results of this work will be given in subsequent communications. 

EXl'BRIMBNTAL. 

O:&ymethylsnsca.mphor (d-. 1-, dl-). 

The d-isomsr waa prepared by the method of Bishop, Claisen, 
and Sinclair (Annalen, 1894, 281. 331). 

The 1-isomer was prepared from Z-camphor in the same way and 
exhibited properties corresponding with those of its d-isomeride. 
This substance has also been prepared by the same method by Pope 
and Read (J. Ohem. Soc., 1913, 103, 444), who do not g~ve any 
analytical data. (Found: C, 73"13; H, 8"99. CuH1s02 reqmres C, 

78"34; H, 8"89 per cent.). d 
" Ezternally compsnsa.tsd ozymsthyltJnoca.mphor ".was_ prep~re 

lrom dl-camphor in the same way as its optically act1ve Lsomer1des 
and has the same crystalline form and similar solubility but melts at 
77o.7so. (Found: C,7S"14; H, 8"97. C11H 160 2 requires C. 73"34; H, 

a·ao per cent.). b .. 
P d R d (Zoe cit ) also prepared this substance Y mLXIng ope an ea • . . . 

l . h .. - f the two components (d- and l-) and found Its meltLDg 
equa we.~g ""'o b t fi d 
point soo.el o. We have also prepared it in the same way u n 

its melting point, 78-79°, 
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The Velocity of MuttJrotatlon of Oa:ymethylentJotJm.phor (d~ and 1-) 
and the Order of the Reaction.-Tba velocity constant WBB deter
mined in benzene at 85° and the reaction was found to be mCill.o
moleculBl'; the results obtained are recorded below : 

TABLJ!I I. 

Oa:ymethyltJne-d-ctJmphor. 

Solvent= benzene; temp. =85°; length of tuhe=2 dcm. 

The value of K, the velocity constant, ia calculated from the 

2'303 [ .. ]., [a.]_ . 
monomoleculBl' formula, K= tt-t., log [a], _ [a]oo' the t1me be-

ing expressed in seconds. 

1st 8mmple. 

51nd Bmmpls 

Concentra.tioD : 
g/100 o.c. 

1'(008 

0'997& 

Time 
(minotes). 

Initial 
80 
63'5 
96'6 
128 
159 

"" (after 4.8 hrs,) 
0 

81 
68·5 
99.6 

184·5 
169·5 
218·5 
978·15 .... 

(after 4B bra) 

TABLB II. 

[m]Hg(gr.) 

Not observed 
174'9° 
151'4 
185'9 
15111'9 
119'0 
108'0 

009·0" 
1'1'1·4 
154·9 
18'1·3 
126·3 
1510·3 
113·8 
109·3 
104·7 

Oa:ymethylsne-1-camphor. 

Kx1ot. 

1'969 
1'9'16 
1'889 
1'938 

Meso 1'944 

1·988 
1·919 
1·995 
1·961 
1·946 
1·842 
1·919 

Meaa 1•988 

Solvent=benzene; temp.=35°; length of tube=2 dcm. 

Hglretm 

Ooncentra- Time 
tioa. (miautea). 

g./100 c. c. 

1·0000 Iaitia.l. 
215 
&4 
84·5 

114·5 
142·5 
1751·11 

00 

(after 4B bra.) 

[a]. 

Not observed. 
-183·0" 
-160·5 
-143·11 
-132·0 
-124·& 
-118·5 
-104·0 

K •10". 

1·927 
1·95l 
1·911 
1·849 
1·928 

:W:aaa 1·918 
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TABL'B II-Continued. 

Ooacentre.tion : Time 
g./100 o. e. (minutes). 

l•OCOO Initial. 
25 
55·5 
84·6 
1111·5 
160 
182 .... 

( .. ]. 

Not obaer .. ed. 
-157·0" 
-187·0 
-128·5 
-118·6 
-108·0 
-101·0 
- 90·0 

KxlO'. 

··988 
1-!}46 
1·904 
1-868 
1·919 

(o.fter 48 hra.) Mean 1·913 

Mean value of K 9 5 o (from Tables I a.nd II) = 1'9:l7 x IQ--t-. 

The velocity coustaut for the mu~arotation in benzene wi!.B deter
mined also at 45°. The velocity of the change was so high that 
the equilibrium was attained within 15 minu~es of the preparation of 
the solution,. 

TABLE III. 

O;x;ymethylene-d-camphor. 

Solvent= benzene ; temp.= 45° length of tube=2 dem. 

Ccancentrotion : 
g./100 Co C. 

ld Sample. 1•0252 

:and Sample. 1·0000 

Hggreen 

Time 
(seconds). 

0 
GO 

110 
~00 
1140 
1190 

""' (arter 6 bra.) 
0 

45 
85 

1117 
177 
~ 
1179 
329 
396 

"" (a.fter li hrs). 

[aj, x" to•. 

127•2' 
116·5 6·1165 
110·11 6·1166 
103·3 5·801 
101·4 6·158 
91HII 6·504 
98'1 

Mean ·6,798 
137·0" 93'1 
1118·0 5-666 
122·0 5·S!i9 
117·0 5·297 
1190 li-7117 
108·0 11·602 
105·5 5·597 
103·5 6·867 
101·5 6-527 
117·0 

Mean 5·511! 

Mean value of K 0 ° =5·055 x 10-s a.nd K 15° I K:uo =29"1\. 

Determi1~ation of the Rslative Amounts of Enol· and K4to-modi· 
jienlion-s Preaent in the Tautomal'ic Mi;~;ture of O;x;y11lathylene-d
canlphor in Bennne and Alcohol at 35° .-'fhe experiment was carried 
out by adding rapidly 110 alcoholic solution of bromine (the strength 

2 
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of which was not determined) to the solution of the sub.ita.nce 
(10 c. c.) cooled to -7°, until the colour wa.s no longer discharged. 
The excess of bromine was removed by the addition of on alcoholic 
solution of ,8-naphthol, excess of potassium iodide was then added, 
and after warming gently at 50-55°, the free iodine was determino,d 
by standard thiosulphat.e solution. 

TABLE IV .. 

Ozymethylene-d-cdmphor. 

Solvent= benzene ; sodium thiosulphate = 1·015N /10. 

The value of K is calculated from the monomolecular formull\ 
given in Table I and substituting v for B. 

Conc:eotta- Time 'l'hioaulphate. 
tioo : (miuotea). 

Eool. 

1·/100 c. c. 

loft 8mnplt~. 0..9999 0 3·45 C:, o. 3H9% 
as 5·80 48·42 ~H18 
68 6·56 69·82 2·066 

123 7-"1 70·34 lHOO 
177 8·26 75·37 2·007 

"" 8·86 80·88 
(after 6 bra.) Mean 2·0751 

!aad 8ompl11, 0·9976 0 3·65 39·51 
S6 6•61i 50"83 !1-168 
96 7-4,0 67·76 2·280 

166 8·61 74·64 J.£85 

"" 8·90 81-151 
(arter 6 bra.) Meau !1-123 

TABLE v. 
Ozymethylene -d-camphor. 

Solveat=ethylalcobol; sodium thiosulphate=l·OJ5N/10. 

A. Con.oen&ra.tion : Time. Tbiosulpbate, Enol. 
g./100 e. c. 

lo(l004 0 mig. 10·46 0. c. 95-45% 
88 .. 9·811 89·97 

180 .. 9·70 8"·61 265 .. 9·66 88·14 
24 bra. 9·61i 88·14 
48 i.9·6tl 88·H 
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'l'ABLB V-C'ontin.ucd. 

La a gtb of Coacaatr•&ioa ' 
tbe tube. g./100 c. c. 

Time. r&ll"/ (r&]U• 
Hlf 11!1".) H1 (gr.) 

2dcm. 1-()(lO!I Omiao. 4.•71" 235·4" 
u .. 4·68 238·9 

124 .. 4·66 232·;1, 
221. 4·61 1!30·0 
98h;:.. 4·U 9911·4 

~~-
" 10 .... 
g 
0 

·Q 

"l6 JO 3+ 

Fig. 1. 

RotGfortl DUp~Jr~ioa of OSJIMthJiene~mmphor ( d tmd I) 
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p-Phenylonebisaminon~othyloll6·d-oa.?nphvr (II).-Oxymethylene. 
d-eo.mphor (0"9 g.) dissolved in alcohol (4-5 c. c.) and p-phenyl
enediemiDe (0"3 g.) dissolved in BO% acetic acid (4-5 c. c.) were 
mixed together when a pale yellow precipitate came down imme
diately. 'fbe precipitate was crystallised out of absolute alcohol 
{after boiling with a litble charcoal) as light yellow needles, m. p. 
260o-71 o (yield, 0"65 g.). It is fairly easily soluble in pyridine ; 
less so in chloroform ; difficultly soluble in benzene, acetone ; still 
less soluble in ethyl alcohol and methyl alcohol. (Found: C, 77·77 ; 
H, 8"84. C

118
H 860 11N2 requires C, 77"78 ; H, 8"33 per cent.). 

The chloroform solution (initially of pale yellow colour) turns to 
deep scarlet red in 30 minutes. 

Rotatory power could be determined in two solvents only, namely, 
pyridine and chloroform, as it was too insoluble in others to observe 
the rotation accurately ; rotation in pyridine being greater than t.hat 
in oblor~form (Tables XI and XII). p-Phonylenebisamimonothylene-l
camphor was prepared in the same wa.y a11 the corresponding 
d-isomer and bas the same melting point, solubility, etc; and also the 
same rotation within experimental error (Tables XI and XII). 
(Found: N, 6"65. C118H 380 2 N2 requires N, 6"48 per cent.). 

p-Phenylenebisaminomethy1ene-dl-camphor was prepared in the 
~me way as its optic:aJly active isomers and has the same crystalline 
form and similar solubility but melts at 273"-75". (Found: N, 6"65. 
C18H 380 2N2 requires N, 6"48 per cent.). 

1 : 4-Naphthylenebisaminomethylene-d-oamphoT (V) .-Oxymethy
lene-d-camphor (0"9 g.) dissolved in alcohol (4-5 c. c.) and 1 :4-
naphthylenediamine hydrochloride dissolved in SO% acetic acid 
(4-5 c. c.) in presence of a. little fused sodium acetate, were 
mixed together when a yellowish-green precipitate came down at 
once. The precipitate was crystallised out of absolute alcohol 
(charcoal) a.s yellowish-green prisms, m.p. 203"-4". It is easily 
soluble in chloroform, pyridine and benzene ; less so in acetone ; 
difficultly soluble (in the cold) in ethyl alcohol and methyl 
alcohol. 

The solution of the substance in ordinary organic media is strong
ly fluorescent (green in the reflected light ; yellow in the transmitted 
light), the fluorescence is however not so marked in ethyl alcohol 
and methyl alcohol. (Found :N, 6'12. C39H 380 9 N9 requires N, 
5"81 per cent.}. 
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The order of rotatory power in different aohenLs (Tables XIII t.o 
XVII) is as chloroform>a.cetone, ethyl alcohol>pyridine>bunzene. 

Rotation in methyl alcohol could not be determined as the sub
stance was very difficultly soluble in the solvent at 35°. 

14 

:5. f!1Jrirltne. 
1·.(/)/onform. 

'l;~ ~ •.J.• /. rtfl1116. 
?v. (' uoroform. 

Fig 2 . 

-14o 

-16 

l 

6 

.f 

.Rotatc"ll duplrlirm o/ p-pllln!IZ.IIII"i•~:~minometl•yl.,.•·d·Cdtllphor, 
d, 1, 2. 

), 3, '· 

I :4- Naphthylenebieaminomctkylene-1-campkor was prepared in the 

same way B8 the corresponding d-compound o.nd h~ the aa:e ~-~· 
oryatallina form and aolubility. (Found : N • 6 05. Cat sa 1 t 
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requires N, 5'81 per cent). The rotatory power is 1denhical with 
that of the d-isomeride Within experimental error (Tables xrn 
to XVII). 

•'IJ -a 

1+ 

28 

~ -18 

2+ '!1 .... -20 .. , .... 
Cl i 0 

~~ -22 
"" ~~ 

illl 24o 

-l6 

-28 

FIG. B. 

Bo/.4tory D11pers1Crn. of 1 :t.Nophthvlenebuarn111Dmlthylen.elltlmphor (d- and 1-). 
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1 . 4-NaphthylentJblsllminomethylen6-dl-ca11~phor was prepared in 
the same way as its opt1alllly aclilve ISomers and has the same crystal
hoe form and s1m1lar solub1hty but melts at 220°-222°. (l:!'ound N, 
6'07. C,t 2H~ 8N202 reqmres N, 5 81 per cent). 

The rotatory power det.ermmat1onB were made 10 a 2 dcm 
Jacketed tube at 35°. The value of .\0 , calculated (rom the dJsper
SJon formula IB gtven 10 the table,, and IS expressed 11.11 p, or 10-4. 

em 

TABLE VI. 

O:cymethylenecamphor. 

8olvent=eth:yl alcohol (mzhaUy). 

51'18 
(a]=± .\ 51 ..:00885; ,\ 0 =0 2975. 

Dc:r:t~o Llle1JO 

r Laue [ .. ]calc 
,-

CoDCQ. [<&Jobs. (A lD [11]obe CoDeD, 

g /100 0-C -o. A.U). -cJ =0'. 0'-C. g./100 

c. c. e.a 

0 4.!i80 -10" + 504·0" Bg4.3111 ±505•0° -606 a• +O a• G-5008 

0•4992 -0·4 900 5 Cdli886 300·9 -301-0 +0·1 0 5000 

+0·4 280·4 Ag&209 280 0 -279·0 -1·0 

G-!1!80 -1·0 2431 HgHII 9U•l -2436 -0·5 0 5008 

+04 208·8 Hgli'/10 21J8 .a -2077 -07 

0 5000 +0 8 198 5 Na158!13 197·7 -198·2 +06 0 0020 

0·5004 -0·2 1'19 9 L1uot 180·1 -1794 -07 0 4!ll!4 

0·49112 -+0·2 15'111 CdY211 157 0 -lli7·0 ±0 0·5000 

0 500-1 -0·7 140·9 L19101 1U6 -142' +08 0 4984 

As tbe substs.nce undergoes mu~arotatton, a fresh solut10n was pre· 

pared for each wave-length and rotatory power measurements were 

made wtth1u ten m1nutes of mak1Dg up the solut10D 
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Cooc 
g./100 
cc 

04980 
0 5004 
04980 
06000 
0 5004 

B. K. SINGH AND B. BHADURI 

TABLB VII. 

Oxymethylonecamphor 

Sohent=etbyl alcohol (after 24 hours) 

50 67 
[o] = ± A2 -0 0777 ' A0 =0 2788 

D•ztro La••o 
LJne [r&j calc -, 

[11]oba (~ID [a] oba, Concn 
o-o -o AU) -c -o· 0'-0 g/100 

cc 

+ 1 2" + 452 a· Hgoas ±4516" -4&1 8" -o s• 049118 
-11 867 8 Cdc&Ts 368 q 358 8 -06 
-11 350 8 Cdcsoe ~31 q 332 3 +04 
-01 279 9 Ods088 2800 280 2 +0 2 .. 
+12 262 9 Ag52011 .!61 7 262.! +05 
+0 1 229 9 Hg5tll 229 8 21!112 -06 

-11 221 9 A~u 229 0 

+06 1117 8 Hg5780 197 2 197 2 ±0 
+0 1 188 0 Na5893 187 q 187 2 -07 

+0 1 1719 L'&l114 1718 1'12 1 +03 
-06 lt!l9 Cdsus J50 5 151 1 +06 
+08 196 9 L•11ua 18( 1 1361 ±U 

TABLF Vlll 

O:~:ymethylene d camphor an Benaene 

lnzhally. After 48 hours. 

48 39 
[o]= A•-oo724' Ao=O 2691 22 78 

[a.]= A11 -o 0892; A0 =2987 

Cone 0-C [a] calc. [a] obq Lme (a] obs ["]calc o -c· Cone 
glOO =C -o =0 =C' g/100 
cc. (.0 

04992 +1 o· +4118" +41~ 7" Hgc311 + 22'1 4." + 2211 g• + 1 ;a• 04999 

0 41196 -0·5 9597 25!11! Cd&OII8 184 2 134 4 -Oil 
-01 W3 243 2 Ag52011 126 J 11!51 +01 

0 4992 ±0 214 s 214 3 Hgc;m 109 1 1C9 0 +01 .. 
+04 186·9 1115 J HI!61BO '13 l 030 +009 

0 !i(lOO ±0 11eo 1760 Nali693 881 882 -0·14 

0&004 -13 1612 1699 LJ6106 801 !103 -024 .. +04 1U5 141 9 c~ 71 1 70 0 +009 

.. -02 1281 1.!7 9 L 87118 bS 1 131 -OOJ 
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TA11LB IX. 

OzymethyZene-d-ca.mphvr in Chloroform (a/tllr 24 houra). 

18·80 
[o] = A•-0·0947; A.,=0'8078. 

Concentration. 
g./100 c.o. 

0·4980 

.. 
" .. 

Liae. 

H1wa 
Cdma 
Ci141100 

ca-
AgPGt 

Hlfmt 
B:t!&TBO 
Na51183 
Li&lDI 
Cd11131 
Lima 

[•] cba.-0. 

+196·8" 
161·8 
189·5 
114·5 
107·4 
951•37 
78·80 
7&•519 

67·!!6 
69·28 
58·91 

{ 11] calc, - C. o-c. 

+197-li' -D-1' 
161•6 ±0 
188·8 +G-Il 
114-7 -0·11 
108·4 +1·00 
951·34 +0·03 
8·64 -0·91 
74·49 -o·oo 
67·86 -0'!10 
8'79 +0"!1!1 
511"\ll +0'80 

The mutarotation in chloroform is too rapid to observe readings a.ccu· 
rately in the initial stages; so much so that the initial rotation 
[ .. ] ( ) =172'7" falls to 108'4" in course of 20 minutes, thsequili. 

Hg gr 

brium value 92'37" being attained in next half an hour or so. 

CoacenLra.tion : 
g.{lOO c.c. 

0"6008 

TABLE X. 

Ozymethylene-d-camphor in Pyridine. 

52"85 . 
[ .. ] = A2-o·oan' A.,=0·2848. 

Line. [•]oba.~O. [•]ca.Jo.-c. 

Hg4358 +484"9" +4Bil"9" 

Cduoo 853'4 1168"9 

Cd1011 29'1"& 297"8 

Ag51011 278'0 277"8 

HgSdt 249"6 943"4 

Bg&'IIIG 208"8 208"8 

Nasw 198"7 1118"8 

Lia1ot 181"7 181"3 

CJ&JaB 11i8'7 158"3 

LialDB U2"7 U3"3 

Tnitial and :final ro11.dings were the same . 
.., 
o.) 

o-o. 

-J·o· 
-O"Il 
-o·s 
+0"8 
-o·s 
-0~ 

+0"1 
t-0"4 
+0"4 
-o·8 
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TABLE XI. 

p-P,LtmylBnebisaminomethylenecamphoT in OhloTojoTm. 

[ ] ll\: ·a .\.
0 
= 0"8542. 

a = ± A2 -0"1254; 

Demtro LllHO ,....._ .... _____ 
[a]calc. [m]obs. 

.... 
Conca. [a]oba. Lioe. =0. CoDeD. 
g./100 0-C. -o. -0'. o•-c. g./100 

o.c. C-11. 

0·0820 -1·5" +699-2" HgHsl ±690-7" -690·2" -0-5" 0.0804 
+ 1·4 673·9 Hg57ao 571·8 572·2 +0·4. 
-1·2 636·7 Nsun 587-9 637-5 -0-4 0·0800 

0-0800 -1·4 481·3 Li&lOt 4851-7 480·8 -2·4 0•08151 
-0'8 412-5 Cdlit38 412-8 418·5 +0·7 
+1-0 368·7 Li6108 867-7 869·6 +1·8 

" 
The solution initially of pale yellow colour changes to scarlet red 

with time. Readings were taken with fresh solutions almost with 
every line. 

TABLE XII. 

p-Phenylenebisarninomethylenecampho1' in PyTidine. 

Deztro Laevo 
,------'-·---..... 

[m]calc. 
=C. 

,..... ___ ..., ___ ..., 
Conca. 
g./100 0-C. 

D.C. 

0·0800 -8·1" 
-0·6 
+2'6 
-1·8 
+1·4 
+1·4 
-1-1; 

[rz]obs. 
=0. 

.. 912·5" 

887·5 
712·5 
587·5 
556•8 
500·0 
425·0 

Line. 

Cd61186 

AgUIII 

B'llil61 

Bl&7so 
Nawa 
Li118A 
Cd1431 

[rz]obs. 0'-c. 
:;;;~Q'. 

±915·6" -917·5" +1-9" 
838·1 837·3 -0·8 
709·9 710-9 +1'0 
589·8 588·8 -1·0 
554·9 654.·2 -0·7 
498·6 498·7 +0·1 
426·8 494.·8 -11-0 

Cooco. 
g./100 
c.a • 

0·08111 

0·0818 .. 
0-0812 

There was no mutarotation or change in colour with lapse of time 
(compare the same in chloroform). 



b.El'HNDENCE OF Ol'TICAL ROTATORY POWER 789 

TABLB XIII. 

1 :4-Naphthylcn.ebisaminornethylenecamphor in. Chloroform. 

[ ] - 109'0 " - ± A_2_ 0 .1558; Aa=0'8947. 

Dearn Laeoo 
~--.a--"-\ 

[e~]calc. r 
CoiiCII. [ca]oba. Line. [11] oba. 0'-c. ConCD, 
•• ,100 o-c . ~o. -c. -0'. g./100 

a.c:. c.c. 

D-0808 +2·2" + 767·4" Bglilll ±765•11" -764·9" -0·3" 0.()804 

+1·5 611!•6 Bgaao 611-1 609•4 -1'7 

0·0800 -0·8 569·4 Nali883 669•7 569•9 +0'2 Oo0816 

0·0808 -1·11 601·8 Lie liN 502·5 500·0 -11'5 0·0800 

" 
+1·0 371·4 Liem 870·4 368'8 -1'6 

" 
The chloroform solution undergoes slight mutarotation, the ini

tial value [ .. ]Bg(5461) =767'4° changing to 780'4° .in course of two 

and a. half hours. After 24 hours the colour waa too dark to be read. 

TABLE XIV. 

1 :4-Naphthylenebiaaminomethylenecamphor in A.cetonB. 

108'9 
[ca] = ± i\.1 -0"1506; i\0 =0'3881. 

Dedro L&ff)O 

Collen. [ca]cba. Line. [•]cala. [11] cbs. ConeD. 
g./100 o-c. -o. ~c. ~0'. 0'-C. 11-/100 

o.a. o.a. 

0·0800 -0.4" +787'5" Hg&t&l ±787•9" -737-5" -0·4" D-0800 

+0.15 598·8 H11mo 593·8 598•8 +0•5 

O.f181M -0·7 658·15 N11.&1911 664·11 654·2 ±0 0·08111 

0·0808 -1·6 488'9 Li81DI 490-6 491·5 +1'0 0·~· 

+1·7 366'4 Lier1111 369'7 36H +II-& .. 
•rhere was no mutarotation observed on keeping the solution for 

24 hours, though the solution had acquired red colour. 
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TABLB XV. 

1 :4-NaphthylenebisaminomethylenllGamphor in Ethyl Aloohol. 

[ca]= ± 108"5 
,\ll-0•1571 ; 

A0 =0"3964. 

Deztro Lae11o 
..... [ .. ]ca.lo. [a]oba. Coaoa. [•]oba. Liae. =C. CoD CD, 

ff./100 0-C. ~o. =C'. o·-c. g./100 
c. c. c. c. 

0·0804 +0·9" +788·8" Hg1!1&1 ±783"5" -78&·4" +0·9" 0·0800 

-0·1 684·5 Hgli'1llll 584·6 58&-4, -().9 

0'0800 -0·8 5&8·8 Na5883 544·6 543·8 -0·8 

O•OBM -1·5 478·8 Lia1ot 480·3 481•6 +1·8 ()oll&J4. 

+1•1 854•5 L~roa 868·!1 858·7 +0·8 

There was no change in rotation even after 3 hours. 

TABLE XVI. 

1 : 4-Naphthylenebisaminomethylenecampho'l' it~ Pyridine. 

97"40 
[a]=± A_11-Q•16Q6; .\0 =0"4008. 

Dezt.ro LIJ81JD 

[a]eale. 
,. 

CoaCil. [a]oba. Lias. [a]oba. Coac:a. 
g./100 o-c. =0. =C. -0'. 0'-C. g./100 
o.c. o.c. 

0"0804 +1'0" +708'9" BgiKtl ±707"9" -708"1" +0"11" 0'0812 

•• -1'7 M9"7 HglriG 681"4 66011 -l'!il 

•• ±0 629'4 Nllfn3 522"4 693'4 +1"0 

+0"7 4-80"!il Lialo. 459"5 457'4 -!il'l 0"01120 

•• +0"8 385"8 Liar• 888"6 835'6 -1'1 

The solution did not undergo any mutarotation. 
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TABLB XVII. 

1 :4-Naphth.ylenebieaminomethylsneoam.phoT in Benun
11

• 

[a]_± 92"47 
- A11 -0"1584 ; A.0 =0·S980. 

Dezt.ro 
L<woo ---,. 

[•]calc. .-CoDon. [•]oba. Lias. [e;]oba. 
;g./100 o-c. -o. -c. •0'. 0'-C. 

C.Oo 

0"0816 +0"8" +681"8° HgliW. j-661"6" -66Sl"6" +1"0" 

+0"8 m·o Hg1780 626"4 626"0 -1"4 

+0"3 490"3 N"&813 4!JO·o 491"!!1 +log 

-1"8 4.211"9 LimN 431"7 '8l."8 -o·, 
+1"4 818"6 Lieroa 917"11 318"8 +1"6 

There was no change in rotation even after 24 itJurs. 

Conom. 
g./100 

c.c. 

o·usoo 

0"080& 

0"0800 
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