
1966 BARROWCLIFF AND TUTIN : CONFIGURhTlON OF TROPINE 

CCXV1.-The Configuration of Tropne and +-Tropil~e, 
and the Resolution of Atropine. 

By MARMADUKE BARROWCLIFF and FRANK TUTIN. 
THE base tropine, obtained by the hydrolysis of the alkaloids 
atropine and hyoscyamine, has been shown by Willstatter (Ber., 
1893, 31, 1534) to possess the following constitutional formula: 

CH,*CH-CH, 1 &Me hH*OH. 
CH,-CH--CH, 

I I 

Liebermann (Ber., 1891,24, 2332) obtained from Java coca leaves 
an alkaloid, designated tropacocaine, which he proved to be the 
benzoyl derivative of a base isomeric with tropine. This base has 
been designated y?-tropine, and Willstatter has shown (Ber., 1896, 
29, 936) that it may readily be obtained from tropine by heating 
the latter with sodium amyloxide. 

Tropine and $-tropine both possess the same structural formula, 
for, on oxidation, they each yield tropinone, whilst the latter, when 
reduced, gives a mixture of the two hydroxy-bases (Willstiitter and 
Iglauer, Ber., 1900, 33, 1170). Willstatter concluded, therefore, 
that  a cis-trans-isomerism, dependent on the relative positions in 
space of the hydroxyl and methyl groups, existed between tropine 
and +-tropine. Objection to this explanation might be made on the 
ground that no quite parallel case of isomerism seems to have been 
observed, and it therefore appeared to the present authors that it 
should not be accepted unreservedly so long as another explanation 
is possible. 

The tropine molecule contains two similar asymmetric carbon 
atoms, and the base should therefore be capable of existing in a 
racemic and an internally compensated form. The possibility of 
these two optically inactive modifications being represented by 
tropine and y?-tropine had been considered by Willstatter, but he 
rejected this explanation, as both bases, on oxidation, yielded the 
same ketone. It seemed t o  the present authors, however, that  the 
possibility of the difference between tropine and y?-tropine being 
dependent on the configuration of the two asymmetric carbon atoms 
was not entirely excluded, for each of these bases might undergo 
racemisation during the process of oxidation, thus yielding identical 
ketonic products. Tropinone would then be a mixture of the 
racemic and meso-ketonic bases, and this would account for its 
yielding both tropine and $-tropine on reduction. On the other 
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AND $e't'ROPlPU'E, AND THE RESOLUTION O F  AL'HOPINE. 1967 

hand, if racemisation does not occur during the oxidation of tropine 
or $-tropine, it was thought possible that two compounds so nearly 
related as racemic and meso-tropinones might be so similar in 
properties that their individuality had been overlooked. 

I n  view of the abovc considerations, therefore, it would appear 
that  the formation of $-tropine by the action of sodium amyloxide 
on tropine might be a process of racemisation, and this seemed to 
be in harmony with the experimental facts, since the change in 
question is never complete. Thus, in our experiments on the pre- 
paration of $-tropine, about 35 per cent. of thc basic product 
resulting from the treatment with sodium amyloxide was found to 
consist of an uncrystallisable mixture of tropine and $-tropine, and 
Willstatter mentions that the yield of pure $-base obtained by 
him did not exceed 50 to 55 per cent. of that theoretically possible. 
It appeared, therefore, that  the action o€ sodium amyloxide on 
tropine resulted in tlie formation of an equilibrium mixture of this 
base and $-tropine, just as the action of alkali on pilocarpine or 
isopilocarpine results in the production of an equilibrium mixture 
of these two stereoisomeric bases (Jowett, Trans., 1903, 87, 794). 
This, however, is not the case, since the change is irreversible, no 
tropine being formed by the action of sodium amyloxide on 
$-tropine. 

Apart from tlie question of the relation of tropine to $-tropine, 
the individual configuration of each of these bases requires to be 
established. This point was considered by Gadainer ( A  rclz. Pharnt., 
1901, 239, 294), who drew the conclusion that tropine was internally 
compensated, since hyoscyaniine yielded inactive tropine, even when 
hydrolysed only with water, and he did not consider itn likely that 
a naturally occurring compound would be partially racemic. Much 
value should not, however, be attached to the grounds on which 
Gadamer based his conclusions, for partially raceniic compounds do 
occur in nature, as an example of which prulaurasin may be quoted 
(HQrissey, Gompt. ?.end., 1905, 141, 959). Moreover, as proved in 
the present investigation, hyoscyamine always suffers some racemisa- 
tion when liberated from its salts, and this change might occur in 
the tropine part of the molecule. That is t o  say, that  if  free 
hyoscyamine were partially raceniic, the base, when in the form of 
its naturally occurring salts, might, nevertheless, be a derivative of 
optically active tropine. 

With the object, therefore, of definitely establishing tlhe con- 
figuration of tropine and of $-tropiiie, we have conducted experi- 
ments on the resolution of these bases, and some of their derivatives, 
by fractionally crystallising their salts with certain optically active 
acids. It may a t  once be stated'that the rosalts of these experi- 
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1968 BARROWCLIFF AND TUTIN : CONFIGURATION OF TROPINE 

ments point to the conclusion that both the bases in question are 
internally compensated compounds. The relation between them 
must, therefore, be of the nature of a cis-trans-isomerism, as con- 
cluded by Willstiitter (loc. cit.). Attempts were made to racemise 
tropine by heating the latter a t  high temperatures with hydrochloric 
acid, but these were unsuccessful. 

$-Tropine d-canaphor.sulpkonate (m. p. 224-226O) and d-bromo- 
camphorsulphonate (m. p. 1 8 0 O )  were prepared and fractionally 
crystallised, but  no evidence of resolution could be obtained. The 
noi.>maZ and hydrogen d-tarlrates were also prepared, but  these salts 
could not be crystallised. The d-canzp~orsulyhonate (m. p. 
176-177O) and d-bromocamplborsulphonate (m. p. 190.) of benzoyl- 
$-tropeine were then prepared ; these salt8 crystallised well, and 
were submitted to a prolonged fractionation, but  no separation could 
be effected in either case. 

Tropine d-cumphorsulphonute (m. p. 2 3 6 O )  and benaoyltropeke 
d-campl~orsulphonate (m. p. 240O) were next investigated, and were 
found, like the preceding salts, to be incapable of resolution. 
Finally, tropinone was prepared, both from tropine and from 
$-tropine, and the base obtained from each source was converted into 
its d-camphorsulphonate. The two preparations of tropinone 
d-camphorsulphonate (m. p. 2 1 6 O )  thus obtained were found to be 
incapable of resolution, and were in all respects identical. 

Further and conclusive proof t.hat tropine is an internally com- 
pensated compound was obtained by a study of the resolution of 
atropine. This base is, of course, the tropine ester of dl-tropic 
acid, the latter containing one asymmetric carbon atom. NOW, 
if atropine is a derivative of internally compensated tropine, 
i t  would, on resolution, yield only two bases, but if it is derived 
from racemic tropine, it should be capable of resolution into four 
stereoisomeric bases, or, a t  all events, in the latter case, it would 
be possible t o  obtain proof of the existence of morc than two 
isomerides. Atropine d-campT~o~sz~lp7~0nutc was therefore prepared, 
and submitted t o  fractional crystallisation. I t  was then found that 
resolution was readily effected, but the operation yielded only two 
salts, namely, d- and l-hgoscyunzine d-ca.17aphorsulp~Lonat es. Atropinc 
must therefore contain only one racernic asymmetric carbon atom, 
namely, that  contained in the tropic acid molecule. 

I-Hyoscyamine d-camphorsulphonate melts a t  159O,  and the 
specific rotation of the base contained in it, calculated from that 
of the salt, is [aID - 3 2 - 1 O .  This figure is considerably higher than 
any value previously obtained f o r  the rotation of hyoscyamine, the 
pure base being usually stated to have about [ ~ ] ~ - 2 1 ' 0 ~ .  It was, 
however, found impossible directly t o  obtain from the camphor- 
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ASD I/P-TROPINE, AND THE RESOTllTTTON OF ATROPINE. 1969 

sulphonate a base of higher rotatory power than about [a], - 20.0°. 
That this decrease in optical activity was due to the fact that  
racemisation had occurred was proved by reconverting the base 
into the camplrorsulphonate, when a rather impure product was 
obtained, from which, by fractional crystallisation, i t  was possible 
to separate the salt of a dextrorotatory base. A preparation of 
I-hyoscyamine having [a], - 25*B0 was, however, obtained by frac- 
tionally crystallising, from an anhydrous solvent, a quant.ity of the 
base having [a], - 2OmOo. The ease with which hyoscyamine under- 
goes racemisation in presence of water is shown by the fact that 
the rotation diminishes on allowing the base t o  remain dissolved 
in moist chloroform. These observations render i t  evident that  no 
optically pure hyoscyamine has yet been obtained, and that, in all 
probability, the only salts of this base which have been prepared 
in a state of purity are those described in the present corn- 
munica tion. 

d-Hyoscyamine d-camphorsulphonate was obtained pure only with 
considerable difficulty. It nelts a t  1 3 5 O ,  and yields a base possess- 
ing properties similar t o  those of its optical antipode. d-Hyos- 
cyamine has not been observed t o  occur in nature, but it has been 
obtained synthetically, although only in an impure state. Laden- 
burg and Hundt (Ber., 1889, 22, 2590) prepared a base by com- 
bining d-tropic acid with tropine. This product they called 

d-atropine,” but  more recent work has rendered it evident that, 
in reality, it was impure d-hyoscyamine. Amenomiya (A 7 ~ 7 ~ .  
P?harm., 1902, 240, 498), employing a method similar to that  used 
by Ladenburg and Hundt, prepared a d-hyoscyamine of greater 
purity. This preparation had [a],+23m00 when in the form of 
its hydrochloride, the latter having been obtained from the auri- 
chloride without liberation of the base. Amenomiya, however, did 
not determine the rotation of the free base obtained from the salt 
which he had thus prepared. 

Particular interest is attached t o  the resolution of atropine, 
inasmuch as it is known that the two stereoisomeric hyoscyamincs 
differ greatly in their respective physiological activities. Thus, 
Cushny ( J .  Plqsiol., 1904, 30, 176) has shown that I-hyoscyamine 
([a], - 21*0°) has about fourteen times the activity of the d-hyos- 
cyamine prepared by Amenomiya. The material employed by 
Cushny was, however, not only partially racemised, but was also, in 
the case of the d-base, extremely limited in amount. A more 
complete comparison of the physiological actions of the two 
isomerides has therefore been made by Dr. P. P. Laidlaw, 
a t  the Wellcome Physiological Research Laboratories, with the 
employment of the optically pure d-camphorsulphonates obtained 
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1970 nARR0WCLIFF ANT) TIJI'IN : CONFIGTJRATl9S OF TROPINE 

by the resolution of atropine. It has thus been rendered evident 
that  the two optical antipodes have, qualitatively, essentially the 
same physiological actiun, and difFer only in the intensity of their 
effects. The ratio of activity of the I -  t o  the d-isomeride has been 
found, however, when employing the pure salts, to be much greater 
than was indicated by Cushny. Thus, the mydriatic action of 
the former base was found t o  be about one hundred times that of 
the latter, whilst the paralysis of tho vagus induced by them was 
in the rat!io of 25: 1, or possibly rather greater. 

E x P E R I iu E N T A L. 

Tropine . 
T ropin e d-cam p h o  rs d p T i  o nu t c .-T his salt is very readily soluble 

in water or alcohol. It crystallises well, however, from a mixture 
of alcohol and ethyl acetate, or from chloroform, giving largc, 
tabular crystals, melting a t  236O : 

0.1138 gave 0.2408 CO, and 0.0871 H,O. 
C8H,,0N,C,,,H,,0,S requires C = 57.9 ; €1 = S.3 per cent. 

The salt was fractionally crystallised under various conditions, 
but no appreciable difference could be detected bctween any of the 
resulting fractions : 

0.3761, made up t o  25 C.C. with chloroform, gave a,+ Oo 58' in a 
2-dcm. tube, whence [ a ] ,  + 3 2 . 1 O .  

0.4123, made up to 25 C.C. with water, gave a,+OO 27' in a 
2-dcm. tube, whence [aln + 1 3 - 6 O  and M, + 50-6O. 

Benzoyztropeine d-cansyho~sulpTionnnte.-Benzoyltropeine was pre- 
pared by Ladenburg (Annulen,, 1883, 217, 82) by the interaction 
of tropine and benzoic acid. An improved method of preparation 
has recently been described by Jowett and Pyman (this vol., p. lo%), 
who heated tropine hydrochloridc with benzoyl chloride, thereby 
obtaining 77 per cent. of the theoretical yield of benzoyltropeine 
hydrochloride. The present authors, however, found that a pmc- 
tically theoretical yield of the latter salt could be obtained in a 
few minutes by employing frcc tropiue instead of its hydrochloride. 
The base was added to an excess of benzoyl chloride, and the 
mixture heated to the boiling point of the latter. An additive 
compound of the base and the acid chloride, analogous t o  the 
corresponding compound obtained from pyridine, appeared first t o  
be formed, but, when the temperature was raised, this soon re- 
dissolved, whereupon the hydrochloride of the benzoplated base 
rapidly separated. The cooled mixture was then diluted with 
ether, and the hydrochloride collected. After being once crystal- 
lised from alcohol, it melted and decomposed a t  267O (uncorr.). 

C=57.7; H=8*5.  
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AND $P-TROPINE! -4ND THE RESOLUTION OF ATROPIPI'E. 197 1 

Benzoyltmpeine d-cnni,yl~orszilp?~oizute crystallises readily from a 
mixture of ethyl acetate and alcohol, forming small, flattened 
needles, which melt a t  340": 

0.1131 gave 0.2600 CO, and 0.0773 II,O. 

0.4012, maclc up to 20 C.C. with water, gave a,,+OO 26' in a 

The salt was submitted t o  a very thorough fractionation, but  no 

C=G2*7; I I=7.6.  
C,,H,,O,N,C,,H,,O,S requires C = 62.9 ; €I = 7.3 per cent. 

2-dcm. tube, whence [a],, + 1 0 - 8 O  and M,, + 51.So. 

resolution could be effected. 

$-Tropine. 

$-Tropine was prepared according to the method described by 
Willstatter (Ber., 1896, 29, 936). The base was purified by dis- 
tillation, followed by crystallisation from c?, mixture of benzene and 
light petroleum. Thc mother liquors from the first crystallisation 
contained a quantity of oily material, amounting to  about 35 per 
cent, of the total product. As this could not be crystallised, it 
was benzoylated by heating with benzoyl chloride, and the resulting 
hydrocliloride of the benzoylated product crystallised from alcohol. 
The material thus obtained formed colourless needles, melting a t  
241°, and appeared to be quite homogeneous; it yielded a picrate 
melting a t  216-217O. The product, however, was found to be a 
mixture of the hydrochlorides of benzoyltropeine and benzoyl- 
$-tropeine, apparently in equal proportions, since, by the addition 
of successive portions of picric acid solution, it first yielded 
benzoyltropeine picrate (m. p. 249-250°), and finally benzoyl- 
$-tropeine picrate (m. p. 238-239O). 

q-Tropine d-~u~.rzphor.~uZphonate.-This salt crystallised readily 
from a mixture of alcohol and ethyl acetate, forming flat prisms, 
which were anhydrous, and melted a t  224-22Go: 

0.1101 gave 0.2337 CO, and 0.0842 H,O. C = 57.8; II = 8.5. 
C8H,;ON,C,,H1604S requires C = 75.9 ; H = 8.3 per cent. 

q-Tropine d-camphorsulphonate is very readily soluble in water, 
ethyl, methyl, and amyl alcohols, and in chloroform, but  only very 
sparingly soluble in ethyl acetate, acetone, benzene, or  toluene. 
It was fractionally crystallised from both cold and boiling scrlvents, 
but  no evidence of resolution could be obtained: 

0.4682, made up t o  25 C.C. with alcohol (98 per cent.), gave 
a,,+ Oo 59' in a 2-dcm. tube, whence [a],+ 26*3O. 

0.4119, made up to 25 C.C. with water, gave a,,+OO 271 in a 
2-dcm. tube, whence [a],+ 13.7O and M, + 5 1 . 2 O .  

q-Tropine d-b ~omocamphors~rlphonat  e.-Yl'he solubilities of this 
salt are similar t o  those of the corresponding d-camphorsulphonate. 
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1972 BARROWCLIFF AND TUTIN : CL"IGUKATION OF TROPINE 

It is deposited from cool, saturated solutions in large prisms, but  
separates from a boiling mixture of othyl acetate and alcohol in 
fine needles. When anhydrous it melts a t  lSOo, but it separates 
from moist solvents in needles, which contain one molecule of water 
of crystallisation, and melt a t  1 1 2 O :  

0.9388 of hydrated salt, on heating a t  looo, lost 0.0344 H,O. 

0.1269 of anhydrous salt gave OT2229 CO, and 0*0788 H20. 
H20 = 3.7. 

C=47*9 ;  H=6*9. 
C,H,,ON,C,,H,,O,BrS,H,O requires H,O = 3.8 per cent. 

C,H,,ON,C,,H,,O,BrX requires C = 47.8 ; H = 6.6 per cent. 
0,4457 of anhydrous salt, made up to 25 C.C. with chloroform, 

gave uD+ 2O 28' in a 2-dcm. tube, whence [a], + 69.1'. 
0.5030 of anhydrous salt, made up to  25 C.C. with water, gave 

a, + 2O 26' in a 2-dcm. tube, whence [a], + 60.5O and M, + 273'3O. 

Prolonged fractional crystallisation of this salt gave no evidence 
of resolution . 

Benzoyl-$-tropehe d - c ~ ~ 1 - ~ p h o ~ s z c l p l o n a t e .  - Benzoyl-q-tropeine 
(tropacocaine) was prepared in a manner similar to that  employed 
for the preparation of benzoyltropeine ; the yield was practically 
quantitative. The hydrochloride of the base was found t o  melt a t  
283O (uncorr.), a temperature 12O higher than that  recorded by 
Liebermsnn (Zoc. c;t.)  and by Willstatter (Zoc. c i t . )  for the melting 
point of benzoyl-q-tropeine (tropacocaine) hydrochloride. The 
aurichloride melted a t  208O, and was analysed: 

0.1391 gave 0.0468 Au. 
C,,H,g02N,HAuCl, requires Au = 33.7 per cent. 

Benzoyl-+-tropeine d-camyhorsuZplLoizute crystallises very readily 
from a mixture of ethyl acetate arid alcohol, forming large prisms, 
melting a t  176-177O : 

Au = 33.6. 

0.1236 gave 0.2846 CO, and 0.0823 H,O. 

0.5412, made up to 20 C.C. with water, gave u,+OO 36' in a 
2-dcm. tube, whence [a], + 11*l0 and M, + 51'8O. 

The salt was separated into a large number of fractions, but  no 
evidence of resolution could be obtained. 

Benaoyl-q-tropeine d-bromocamphorsulphonate.-This salt differs 
from the sulphonates above described, inasmuch as it forms a 
hydrate which is only sparingly soluble in cold water. This 
compound forms slender needles, which melt a t  73O : 

C = 62.8 ; H = '7.4. 
C,,H,SO,N,C,,H,,O,S requires C = 62.9 ; H = 7.3 per cent. 

0.5420, on drying at  123O, lost 0.0464 HiO. H,O-8*6. 
C1,H,902N,C,oH1,04BrX,3H,0 requires H,O = 8.8 per cent, 
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ANJ) I,~-TRC)PINE, AND THE RESOLUTlON OF A'I'ROPINE. 1973 

The anhydrous salt crystallises readily from a mixture of ethyl 

0.1401 gave 0.2779 CO, and 0.0'191 II,O. 

0.4827, made up to 20 C.C. with water, gave a D + 2 O  17' in a 
2-dcm. tube, whence [a], + 47.3O and M, + 262.9O. 

This result for the molecular rotatory power is rather lower than 
would have been expected for the broinocamphorsulphonate of an 
inactive base. Nevertheless, the base was devoid of optical activity, 
and the discrepancy can only be ascribed to  the fact that  the 
solutions examined were highly supersaturated. The salt was 
separated by crystallisatioii into a number of fractions, but all of 
these had the same rotatory power and melting point.. 

acetate and alcohol, and forms thin prisms, which melt a t  190°: 

C,,II,,O,N,C,,,H,,O,BrS rcquires C = 54.0 ; H = 6-1  per cent. 
C = 54.1 ; H = 6.3. 

T 9.0 p inon  e . 
Tropine and $-tropine were each separately oxidised t o  tropinone, 

according to the method described by Willstatter (Ber., 1896, 29, 
393), and the resulting base purified by means of the picrate. 
WilIstatter states that  this salt melts a t  220°, but the present 
authors find that the temperature of fusion is dependent on the rate 
of heating, and ni-ay lie a t  any point from 210-250°. Each pre- 
paration of the base was converted into the d-ccimp7~orsziZplo~ate, 
when the resulting salts were found to  be in all respects identical. 

Tropinone d-camphorsulphonate is fairly readily soluble in dry 
ethyl acetate, from which it crystallises in moss-like growths, 
apparently composed of needles ; it melts and decomposes a t  216O : 

0.1130 gave 0.2421 CO, and 0.0830 H,O. 
C,H,,ON,C,,FI,,O,S requires C = 58.2 ; I3 = 7.9 per cent. 

The salt is much less soluble in ethyl acetate which has not been 
specially dried, and crystallises from this solvent in tufts of leaflets, 
which, when rapidly heated, suddenly lose water of crystallisation a t  
140°, but without completely melting : 

C=58.4; H=8.1. 

2.0429, on heating a t  1 2 3 O ,  lost 0.0939 H20. 
C,I-I,,ON,C,,,H,,O,S,H,O requires H,O = 4.6 per cent. 

The hydrated salt appears t o  be dimorphous, since, a t  low tem- 
peratures, it crystallises from a mixture of ethyl acetate and dilute 
alcohol in long, slender prisms. 

No resolution of tropinone d-caniphorsulphonate could be effected 
by fractional crystallisation, 

H,O=4.6. 
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1974 RARROWCLTFF AND TUTIN : CONFIGURATION OF TROPTSE 

The Resolution of Atropine. 

For ly grams o€ atropiric wcrc ncutrdisecl with d-camphor- 
snlphonic acid, arid the resulting salt was fractionally crystallised 
from ethyl acetatc containing sonic alcohol. The first crop of 
crystals consisted of prismatic iiccdles, and melted a t  136-140°. 
This was recrystalliseti several times until no further change 
occurred; it then melted a t  159O. 

0.5072, made up t o  25 C.C. with water, gave a,-OO 19.5' in a 
2-dcm. tube, whence [aID - S*Oo and M, - 41.7O. 

Since the molecular rotation of d-camphorsulphonic acid is + 51°, 
it is evident t ha t  the basic ion of the above salt has K,-92m70, 
which corresponds with a specific rotatory pomer of -32.1O. It is 
seen, therefore, that  resolution had been effected, and that the salt 
melting a t  159O was 1-iqoscyct i t 1  i n e  d-mmph orsulpit o m t  e : 

0.1302 gave 0.2974 CO, and 0.0902 II,O. 

For  the purpose of comparison a qiiantity of natural I-hyos- 
cyamine was converted into the d-camp1ior.sulphonate. The salt so 
obtained ineltcd a t  149-15(io, and was somewhat impure ; after 
recrystallisation, however, it melted a t  159O, and was identical with 
the salt obtained from atropine. I-Hyoseyaniine d-camphor- 
sulphonate is extremely readily soluble in water, alcohol, o r  chloro- 
form, and very sparingly soluble in ethyl acetate, benzene, or 
xylene. The material contained in the motlicr liquors obtained 
during the scparation of the I-hyoscyamine cl-caniphorstilphonate 
froni the original atropine salt, which would contain the salt of 
d-hyoscyamine, was submitted t o  a very elaborate process of frac- 
tional crystallisation, whereby it was shown conclmively that  the 
salts of only two  bases were prcscnt. The product did not crystal- 
lise readily, and exhibitcd a considerable tendency t o  separate as 
an oil. After a large number of crystnllisations, however, the salt 
of the d-base was obtained in a state of purity. 

d-fiy 0 s cyn 171 in e d-cc6?nph o 7's 1 ~ 7 ~ 7 1 0  120 t e forms siii all n e cd 1 es , which 
melt a t  1 3 5 O .  I t s  solubilities are similar to, but  ratlicr greater 
than, those of the corresponding lzvo-salt : 

0.1212 gave 0.2793 CO, and 0.0840 H,O. 

0.5229, made up to 20 C.C. with water, gave a,+ lo 25.5' in a 
2-dcm. tube, whence [aJD + 27.251~ and M, + 143.7O. 

From this result i t  is calculated tha t  the basic ion has M,, + 9 2 ' 7 O  
and [a],+32.1°, figures which are in exact agreement with the 
corresponding values obtainzd for  the 7-base. 

C = G 2 . 3 ;  II=7.7. 
C,,II,,,O,N,C,,,I~~~jO~S requires C = G2-4 ; H = 7.5 per cent. 

C= 62.1 ; H=7.7. 
C,7H2303N,C,,~I,,0,S requires C = 62.4 ; I1 = 7.5 per cent. 
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AND +-TROPINE, AND nm RESOLITTIOX OF ATROPTNE. 19i.5 

It would appear, therefore, that  the respective bases contained 
in the above-described piire d-camphorsulphonates have a specific 
rotation of [aIn 5 32.l0, a value corisiderably higher than that 
usually given for  hyoscyamine (about - Zl.Oo).. It was, however, 
found impossible to obtain directly from either of the camphor- 
sulphonates in qucstion a base of higher specific rotatory power 
than about La],,~20.O0, even when the greatest care was taken to 
avoid racemisation. That this change, nevertheless, had occurred 
t o  some extent was shown by reconverting a quantity of the base 
having [a],,  - 20.0° into the d-camphorsulphonate, when a somewhat 
impure salt was obtained, from which the derivative of a dextro- 
base was separated. A considerable quantity of the lzevo-base, 
having [a],, - 20m20, was fractionally crystallised from petroleum 
(I). p. 90-120°), when a fraction was eventually obtained which 
melted a t  107-108°, and had the following rotatory power: 

0.4331, made LIP t o  20 C.C. with SO per cent. alcohol, gavc 
aI) - lo 7' in a 2-dcm. tube, whence [a]* - 25'S0. 

This is a higher value than has heretofore been observcd for 
the rotation of hyoscyamine. 

d-Hyoscyaminc, obtained from its d-camphorsnlphonate, was in 
a11 respects analogous to  its optical antipode. 

As it appears probable from the above results that  optically pure 
hyoscyaniines have never been obtained in a frce state, several salts 
of these bases were prcpared by double decomposition from the 
pure d-camphorsulphonates. Corresponding salts of atropine have 
also been made fo r  the purpose of comparison. 
TI[ e A ?cl.icl~Zol.ides.--Z-Hyoscyamine aurichloride has previously 

been described as forming leaflets, melting a t  1 6 2 O  (Will, Ber., 
1888, 21, 1717). The pure salt forms golden-yellow, hexagonal 
plates, which melt a t  165O, and are anhydrous: 

0.1244 gave 0.0391 ALI. 

I-IIyoscyamine aurichloride is much more soluble in alcohol than 

Somewhat impure tl-hyoscyaniinc aurichloride was prepared by 
The pure salt crystalliscs similarly to its 

Au  = 31-35. 
CliH,,O,N,HAuC1, requires Ail = 31.35 per cent. 

in water, but  can readily be crystallised from the former solvent. 

Ameaomiya ( loc .  c i t . ) .  
optical antipode, melts a t  1G50J and is anhydrous: 

0.1198 gave 0.0374 Au. 

Atropine aurichloride showed some tendency to separate as an 
It formed tufts of very small, 

Au = 31.22. 
C,,H,;O,N,HAuCl, requires Au  = 31.35 per ccnt. 

oil, but  crystallised fairly readily. 
anhydrous leaflets, which melted a t  134-139O : 

0.0926 gave 0.0292 Au. Au = 31.5. 
C,7H,,0,N,€IAuC14 requires An = 31-35 per cent. 
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I 9 7 f j  COSFIGURATION OF TROPTNE AND $-TROPIXE. 

The Auribrosnide.r.-Z-Hyoscyamine auribromide was first pre- 
pared by Jowett (Trans., 1897, 71, 679), who stated that it melta 
a t  115-120°, and regarded it as being anhydrous. The present 
authors find that the pure salt separates from water with one 
molecule of water of crystallisation, and, when dried in the air, 
melts a t  about 123-130°. The anhydrous salt, on heating, sinters 
slightly a t  1 5 5 O ,  after which it fuses sharply a t  160°, without 
decomposition. The salt is even more sparingly soluble in water 
than the corresponding aurichloride, and crystallises in very long, 
highly lustrous, flattened needles, possessing a deep red colour. It 
dissolves much more readily in absolute alcohol than in water, and 
crystallises from the former solvent with one molecule of alcohol : 

2.0350, crystallised from water, on heating a t  l l O o ,  lost 0.0418 

0-3029, crystallised from alcohol, on heating a t  l l O o ,  lost OaO158 

0.1210 of anhydrous salt gave 0.0294 Au. 

H20. H,O = 2.1. 

EtOH. EtOH =5'2. 
Au = 24.3. 

C,7H2;0,N,HAuBr4,H,0 requires H,O = 2.2 per cent;. 
CI7H2~O,N,HAuBr4,EtOH ,, EtOH = 5.4 ,, 

C,,H,;03N,HAuBr, ,, A u =  24.3 ,, 
d-Hyoscyamine uuribTomide has not previously been obtained. 

It agrees in all respects with the description of the Corresponding 
hvo-salt given above : 

0.2197 of hydrated salt, on heating a t  l l O o ,  lost 0.0044 H,O. 

0.0966 of anhvdrous salt gave 0.0235 Au. 
H20 = 2.0. 

C,7H,,03N,€IAuBr,,H,0 requires II,O = 2.2 per cent. 
Au = 24.3. 

Cl7H,;O3N,HhnBr, ,, Au=24.3 ,, 
Atropine auribromide was described by Jowett (Zoc. cit.), who 

considered it t o  be anhydrous, and stated that i t  crystallised in 
chocolate-coloured prisms melting a t  120O. The salt, as prepared 
by the present authors, does not crystallise nearly so readily as 
the corresponding derivatives of the hyoscyamines. It forms very 
small tufts of dark red needles, which contain one molecule of 
water of crystallisation, and, when air dried, forms a crystalline 
powder, melting a t  l l O o .  The anhydrous salt fuses a t  120O: 

0.1225, on heating a t  looo, lost 0.0027 H20. 
0.1082 of anhydrous salt gave 0.0263 Au. 

H,O=2.2. 
Au=24*3. 

Cl7H2~O3N,RAuBr, ,, A ~ = 2 4 ' 3  ,, 
C,7H2;03N,HAuBr4,€I-I,0 requires IT20 = 2.2 per cent. 

The Picrates.-Thc picrates of I-hyoscyarnine and atropine are 
mentioned in the literature, but their melting points have not been 
recorded. d-Hyoscpnmine picrat e has not previously been prepared. 
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SYNTHESIS OF COTARNIC ACID. 1977 

Both d- and I-hyoscyamine picrates crystallise fairly readily, 
forming needles, which melt a t  163O, without decomposition. 
Atropine picrate crystallises much more readily than the correspond- 
ing salts of either of the active bases, and forms rectangular plates, 
which melt a t  173-174O. 

THE WJLLLWME CIIEMICAL RESEA~WH LAEUILATUI~IKS, 
LOXDON, E.C. 
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