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Cold chromic acid oxidation of codeine has been shown previously to  yield an hyciroxycodciiic, ni th  thc i i c ~  l ~ y c l i o ~ y l  
The yield of this compound has been improved and evidence is prcsctitcd which citablishes it5 

This evidence consists primarily of degradation to a ketomethine in which the keto group 
The chromic acid oxidation procedure i\ quite generd 

group a t  position 9 or  10. 
structure as IO-hydroxycodeine. 
(derived from the new hydroxyl) is conjugate with the aromatic ring. 
and gives 10-hydroxydihydrocodeine fron dihydrocodeine and 10-hydroxydihydrocodeinone from dihydrocodeinonc. 

Interest in the metabolic fate of morphine and 
codeine in the addict as compared to the non- 
addict has led us to examine various derivatives of 
the morphine alkaloids which appear to be reason- 
able for consideration as potential metabolites. 
In addition to the glucuronides,’ certain oxidation 
products seem to be rational possibilities, since the 
metabolism of drugs very frequently involves oxida- 
tion, 

Such an oxidation product of considerable inter- 
est is hydroxycodeine, a compound differing from 
codeine (I) only in the presence of an additional 
oxygen atom and obtained from codeine by chromic 
acid oxidation. It was considered surprising that 
codeine, with its many sites vulnerable to oxidation, 
should give a single pure product with a rather indis- 
criminate oxidant such as chromic acid, and eluci- 
dation of the structure of hydroxycodeine might 
focus attention on a position especially susceptible 
to oxidation. Previous work3 has shown that the 
new hydroxyl group must be at position 9 or 10, and 
this report presents evidence that establishes 10- 
hydroxycodeine (11) as the structme of this oxida- 
tion product. 

Preparation of suficient starting material for a 
structural investigation was the first problem. 
.2n early report3a describes the preparation of 
hydroxycodeine in lo?, yield “at  most” with no 
mention of purity, and Holmes and Lee4 improved 
this to a 15% yield of crude from which we were 
able to isolate an S%; yield of pure material by 
Chromatography. A method was finally developed, 
employing a much slower addition of chromic acid 
to the cold sulfuric acid solution of codeine, which 
resulted in a 32% yield. Since an appreciable 
amount of codeine remains unreacted, its separa- 
tion from hydroxycodeine is an integral part 
of the preparation, and purification was most 
efficiently achieved by chromatography on alumina 
or solvent distribution, exploiting hydroxycodeine’s 
large (as compared to codeine) water-benzene 
partition coefficient. 

To remove any possible interference from the 7 , s -  
double bond during subsequent reactions, hydroxy- 
codeine was hydrogenated to hydroxydihydroco- 
deine and this latter compound was used for 

(1) The  preparation of the several glucuronides of morphine and 
codeine is currently being investigated in this Laboratory. 

( 2 )  R. T. Williams, “Detoxication Xlechanisms,” John Wiley and 
Sons, Inc., New York, N.  Y. ,  1949. 

(2) (a) L. Knorr and W. Schneider, B e y ,  39, 1-114 ( l ! )OR):  ( h )  R.  
Pschorr, ibid., 39, 3130 (1906); (c) I,. Knorr and H. IIorlein, %hid., 39, 
32.52 (1906); (d)  R. Pschorr and H. Einbeck, ibiri . ,  40, 1980 ( l W 7 ) ;  
(e) L. Knorr and H. Horlein, ibid., 40, 2042 (1907). 

(4) H .  L. Holmes and C .  C.  Lee, THIS J O U R N A L ,  69, 1990 (l<J47l. 
( 5 )  I t  is interesting that the melting points of hydroxydihydruco- 

the most part in the structural work. Hydroxy- 
dihydrocodeine also could be prepared directly 
from dihydrocodeine under the same conditions 
used for the oxidation of codeine, 

Of the two possible positions (9 and 10) for thc 
new hydroxyl group in hydroxycodeine, the ! I -  
hydroxy cornpound would be a carbinolarniiic 
(pseudobase), and Holmes and Lee4 have already 
indicated that hydroxycodeine does not exhibit 
typical carbinolamine reactions. This negative 
evidence, however, must be interpreted with cau- 
tion, since those carbinolamine properties which 
depend on quaternary ammonium hydroxide form- 
ation might be absent in a carbinolamine such as 9- 
hydroxycodeine (Ira) due to steric inability to forrii 
the doubly-bonded nitrogen structure IIb. For 
this reason we have sought additional data for or 

6 POI1 
HO N-CH? s-CIII 

IIa I Ib  
against the carbinolainine structure by an exaiiiiiia- 
tion of the apparent dissociation constant. 

Carbinolamines, because of the tautomeric 
quaternary ammonium hydroxide form, are usually 
strong bases with a $Ki  - 11 , 6  However, when 
this tautomerism to the unsaturated quaternary 
ammonium structure cannot take place, the induc- 
tive effect of the hydroxyl on the same carbon as 
the nitrogen results in a base much weaker than the 
parent, non-hydroxylated amine.’ n’ith hydroxy- 
codeine, neither of these typical carbinolamine effects 
is the case. I ts  $Ki  is 7.12 while that of codeine is 
S.04,8 a difference of only 0.92. This decrease i n  
basicity is what would be expected from conversion 
of an amine to a P-hydroxyamine, and is niuch less 
deine and hydroxycodeine are very similar (202--?08n and 20.i-20R3 
respectively), there is nu depression in m p. on mixing (?Oj-20Wo1, 
and the specific rotations in ethanol are very close ( -  129 and - 1 : 3 2 O ,  
respectively). However, the X-ray pirwder patterns, for which w e  are 
indebted to  Dr. D. H .  Templeton, are clearly difierent, as are the hydro- 
chlorides. 

( 6 )  For example, cotarnine has PK; > 11, hydrastinine hiis OK; = 

11.38. and berberine has pK.: = 1 1 . 3  (“The AIerck Index,” 6 t h  
edition, Merck and C o . ,  Inc., Rahmay, N. J., 1952) 

(7)  A good example is strychnine ( P I < :  = 7.37)  and its c o r n -  
spnnding carbinolamine. pseudostrychnine (OK:, = 3 i i0 )  [V.  Relug 
and 0. Hafliger, Hela. Chim. Arl.1, 32, 1851 (1!110) !, 

(8) The pK:’s of codeine and hydroxycmieine wcre de te rmind  hy 
titrating an  a q u e o u i  soluticin of the hvdrochlc~ride with standarc1 alkal i  
usinn a Reckmati Rl<idel <>  PJl mrter. 115ing t h e  eqiia!ir,n PK:, = 
I U K  i n  ~- .;) ’ x  + p H ,  !?-here I is t h e  equivalents of alkali arlrlecl at i i n v  

point and n is the equiv.ilents of alkdi acldeil .it cc,mlilete n e u l r d l i  
t iun,  determinatiuns \$ere mwde for  twenly points between 10 and ! I O  

t itrated and agreed to  f0.03 OK uuit .  
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of an effect than would be expected on carbinol- 
amine formation. Thus the pKL data is evidence 
for hydroxycodeine being the 10- rather than 9- 
hydroxy compound. 

Also, if hydroxycodeine is the 10-hydroxy com- 
pound, i t  is an a-hydroxy-a-phenyl-@-amino com- 
pound. Kindler, et aZ.,9 have studied the hydro- 
genation of such compounds in detail, and the 
conditions he found necessary for hydrogenolysis 

N-CH? HO N-CHs 

OH 
/ 

OH cH,o 
I I1 

J. 
HO 

CHIO 0 CHIO OH 
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I I I 1 4 
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of the hydroxyl group were also needed to convert 
hydroxydihydrocodeine (111) to dihydrocodeine. 
These conditions (palladium-on-carbon catalyst, 
glacial acetic acid solvent, and the presence of 
perchloric acid) are more drastic than ordinarily 
needed to replace the hydroxyl group of carbinol- 
amines with hyd.rogen. lo 

*klthough the dissociation constant and hydro- 
genolysis data suggest the 10-hydroxy formulation, 
they are not in themselves sufficient to eliminate 
the 9-hydroxycarbinolamine structure. Definitive 
evidence was sought in an attempt to oxidize both 
hydroxyl groups of hydroxydihydrocodeine (111) 
to carbonyls. Using the Oppenauer procedure 
previously successful in oxidizing dihydrocodeine 
to dihydrocodeinone," a 39% yield of a hydroxy- 
ketone was obtained. The infrared absorption 
peak at  5.82 p for this compound indicated that the 
(i-hydroxyl group had been the one oxidized since 
there was no absorption corresponding t o  a car- 
bonyl conjugate with an aromatic ring. This was 
confirmed by preparation of the same compound, 
hydroxydihydrocodeinone (IV), by chromic acid 
oxidation of di hydrocodeinone. Failure to oxidize 
the new hydroxyl group under Oppenauer condi- 
tions could be considered support for the carbinol- 
amine structure, but it also might be attributed to 
a trans relationship between hydroxyl and amino 

(9) K. Kindler, B. Hedemann and E. Scharfe, Ann.,  860,215 (1948). 
(10) However, in the caseof pseudobrucine (a carbinolamine) similar 

conditions were also required [H. Leuchs and H. L. Louis, Be*., 7'2, 
1483 (1930)l. 

(11) H. Rapoport, R. Naumann, E, R. Bissell and R. M. Ronner, 
J. O r g .  C h c n . ,  16, 1103 (1080). 

groups in the 10-hydroxy compound. Such a 
relationship might be expected to prevent oxida- 
tion. l l s l *  

Definitive proof of structure of hydroxydihydro- 
codeine was finally provided through degradation 
to the methine. It was found necessary to heat the 
methiodide with 30% potassium hydroxide for one 
hour to effect complete degradation13 and the 
hydroxydihydrocodeine methine was isolated in a 
7.5% yield of pure crystalline material. Since the 
corresponding methine from hydroxycodeine had 
been shown p r e v i ~ u s l y ~ ~ ~ ~ ~  to be a ketone, it was 
presumed that this methine was also a ketone,I4 
and there remained only to prove whether this 
newly formed carbonyl group was adjacent or once- 
removed from the aromatic nucleus. 

The structure of this methine was established 
beyond doubt as 10-ketotetrahydro-a-methylmor- 
phimethine (V) in two ways. First, hydrogena- 
tion with a palladium-on-carbon catalyst in ethanol 
containing perchloric acid proceeded with absorp- 
tion of two moles of hydrogen to give the known 
tetrahydro-a-methylmorphimethine. Thus the 
ketomethine must be an aromatic ketone, Second, 
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Fig. 1.-Ultraviolet absorption spectra of 10-ketotetra- 

hydro-a-methylmorphimethine and dihydrocodeinone in 
95% ethanol. 

(12) L. M. Jackman, A. K. Macbeth and J. A. Mills, J .  Chem. SOC., 
2641 (1949); W. von E. Doeriag and R. PI. Young, THIS JOURNAL, 71, 
631 (1950). 

(13) I t  is of interest t o  compare this behavior with tha t  of dihydro- 
codeine methiodide which is degraded quantitatively in five minutes 
under such conditions. Since the Hofmann degradation proceeds by 
a bimolecular elimination mechanism [M. L. Dhar, E. D. Hughes, 
C. K. Ingold, A. M. M. Mandour, G. A. Maw and L. I. Woolf, 
J .  Chcm. SOC., 2093 (1948)) the quaternary ammonium group must 
be f ians  to  the hydrogen attached to  the #-carbon, and the ahsence of 
such a configuration might explain the present difficult degrsdation. 
This would imply tha t  the hydroxyl and amino group are f rans .  an 
inference similar to  tha t  drawn from the behavior on Oppenauer oxida- 
tion. However, these observations are fa r  from sufficient to  prove the 
steric relationship and more definitive evidence is being sought. 

(14) Although an epoxide is a possible intermediate when an a,#- 
aminoalcohol is degraded, isolation of the ketone eliminates thia poasi- 
bility since the  epoxide would either survive or be ccuverte4 to glycol 
under the present degradation conditwns. 
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examination of the infrared absorption spectrum of 
the ketomethine showed a strong peak a t  5.98 p, 
characteristic of a conjugated carbonyl. The ultra- 
violet absorption spectrum had three maxima 
(244 mFl log E 4.27; 284 mp, log E 4.06; 323 mp, 
log E 3.G9), typical in position and intensity of 
methoxy and hydroxy aromatic ketonesI5 and dis- 
tinctly different from non-conjugated types (Fig. 

Since the keto group in the rnethine has been 
proved to be a t  position 10, the hydroxyl group 
from which i t  was derived must also be at  10, and 
thus this chromic acid oxidation product of codeine 
must be 10-hydroxycodeine (11). 

Experimental16 
IO-Hydroxycodeine (11) .-Codeine ( ,H20,  15 g., 0.047 

mole), dissolved in a 2.5  1. of 1 N sulfuric acid, was cooled 
to  5" (and maintained at 5' throughout the addition) and 
a solution of 4.4 g. of chromic anhydride in 225 ml. of 10 ,V 
sulfuric acid was added with gentle stirring over a A-hour 
period from an addition funnel, the capillary tip of which 
extended below the surface. Unreacted oxidant was then 
destroyed by the addition of 20 g. of sodium sulfite, solid 
sodium carbonate was added to about p1-I 1 followed by 
concd. ammonium hydroxide until the PI€ w.as approyi- 
rnately 11, and the solution was extracted with lOO-riil. por- 
tions of chloroform until one nil. of the chloroform extract 
gave only a faint pink coloration to nn added drop of concd. 
sulfuric acid.'' 

The chloroform extract, concentrated to about 200 ml., 
was washed with three 60-ml. portions of 1 aV hydrochloric 
acid, and the combined acid extracts were washed with 
three 10-ml. portions of chloroform and then with t x o  por- 
tions of benzene. The pH was adjusted to 8 with sodium 
hydroxide and the solution was washed with ten 18-1111. 
portions of benzene. All the unreacted codeine waq removed 
in this way from the aqueous layer, accompanied by only a 
small amount of 10-hydroxycodeine, and its separation and 
recovery is described below. The aqueous phase was now 
made 1 N in sodium hydroxide by addition of concd. sodium 
hydroxide and extracted with chloroform until all the 10- 
hydroxycodeine had been removed, as determined by the 
color test. Evaporation of the chloroform extracts and 
crystallization of the residue from acetone, gave the bulk 
of the 10-hydroxycodeine. 

The above benzene solution of codeine w a y  washed with 
ten 18-1111. portions of 1 N ammonium hydroxide to remove 
all t h e  10-hydroxycodeine, and evaporation of the benzene 
gave recovered codeine. The small amount of codeine re- 
moved by the ammonia washes was re-extracted with ben- 
zene, and the 10-hydroxycodeine was removed with chloro- 
form. In this manner a total of 2.3 g. of codeine, m.p. 155- 
156', was recovered, and there was obtained 4.0 g. of 10- 
hydroxycodeine, m.p.  205206" (yield, a i % ,  or X?70 allow- 
ing for recovered codeine). 

Codeine and 10-hydroxycodeine also may be separated 
by chromatography on alumina, using 50% benzene-chloro- 
form to elute the codeine and 85% chloroform-benzene to 
elute the 10-hydroxycodeine. Material obtained either by 
solvent distribution or chromatography, and sublimed (175" 
(0.05 mm.)) melted a t  205-20fi0 and had [ c Y ~ * ~ D  -132' (c 
0.53, ethanol) ,19 

1) * 

About ten portions were required. 

(15) R. F. Patterson and H .  Hihbert, THIS J O U R X A I , ,  66, 1862 
(1913); Y. Naves, H e h .  Chim. A c t a ,  32, 1351 (1919). 

(16) All melting points are corrected and those above 210' were 
taken in evacuated capillaries; microanalyses were performed by  the 
Microchemical Laboratory, University of California. 

(17) This color test, first reported by Ach and Knorr,'8 was very 
useful in following the course of extraction of 10-hydroxycodeiue and in 
detecting its presence, since 1 ml. of a chloroform solution containinx 
0.01 mg. of IO-hydroxycodeine gives a recognizable pink color with a 
drop of concd. sulfuric acid. The  purest solid material (m.p.  205-20GO) 
gives a deep violet color, and less pure samples give various shades of 
red. 

(18) F. Ach and L. Knorr, Ber., 36, 3067 (1903). 
(19) Since codeine is the  chief impurity and i t  has [a]'6o -136- 

(ethanol) and [ a ] " D  -112' (chloroform) [Hesse, A m . ,  176, 189 

Anal. Calcd. for C l d H 2 ~ 0 4 S :  C, 68.8; H, 6.7. Found: 
C,  68.4; H ,  6.5.  

The hydrochloride was prepared with a solution of hydro- 
gen chloride in absolute ethanol and recrystallized several 
times from absolute ethanol. After drying overnight at 
100" (0.1 mm.) ,  the anhydrous material melted a t  25.2' dec. 
with preliminary softening from 180"; [aIz5~ -116' (c 0.97, 
water) (previously reported's but no m.p., rotation, o r  
analysis was given). 

Anal. Calcd. for ClsH2?O4XC1: C, 61.1; H, 6.3; C1, 
10.1. Found: C ,  61.3; H, 8.2; C1,9.7. 

The diacetyl derivative was prepared by heating under rc- 
flux with acetic anhydride for 20 hours, decomposing the 
reaction mixture with aq. ammonia, extracting with ben- 
zene, and recrystallizing the residue left on evaporation of 
the benzene from hexane and then from absolute ethanol. 
m.p.  157-15S0, [ C ~ ] * ~ D  -108' (c  0.84, ethanol) (reported" 
m.p. 160-161°). 

10-Hydroxydihydrocodeine (111). A .  By Hydrogenation 
of lO-Hydroxycodeine.--4 solution of 3.14 g. (0.01 mole) of 
10-hydroxycodeine in 50 ml. of methanol was hydrogenated 
a t  room temperature and 25 Ib. pressure using 300 mg. of 
5% Pd on barium sulfate as catalyst. In one hour, 1.15 
moles of hydrogen \vas absorbed after which a1:sorptioii 
ceased. Filtration, evaporation of the methariol, :~nd cry+ 
tnllization from acetone afforded 2.93 g. (93y0 yield) of IO-  
hydroxydihydrocodeine which was siibliined a t  175" ( 0 . 0 . T  
nini . ) ;  m.p. 202--203'; [ a ] ' : ~  -139" (c 0.57, cthariol). 

i lnal.  Cnlcd. for C,,IT~,O,N: C ,  (i8.1; I T ,  7.3.  170un(l: 
C ,  fj7.8: I€, 7.2. 

B. By Oxidation of Dihydroc0deine.--Using the saiiic. 
conditions as in the oxidation of codeine (above), 1.71 g .  
(0.016 mole) of dihydrocodeine was treated with chromic 
anhydride and the reaction product purified by distributioll 
between benzene and water (pH 8). From the benzene es- 
tracts there was recovered 1.96 g. of dihydrocodeine, and 
from the aqueous phase, by extraction with chloroform, 
evaporation of the chloroform, and crystallization of the 
residue from ethyl acetate, there was obtained 0.73 g. of 10- 
hydroxydihydrocodeine, m.p .  202-203' (yield IS%, or 25% 
allowing for recovered dihydrocodeine) . 

The hydrochloride was prepared with absolute ethanolic 
hydrogen chloride and recrystallized from absolute ethanol. 
After drying at 100' (0.1 mm.) overnight, i t  melted with de- 
composition at 265" after darkening from 250"; [ a j Z 5 D  
-84.6' (c 0.87, water). 

Anal. Calcd. for C18H2104NC1: C ,  61.1; H, 6.8; CI, 
10.0. Found: C,A0.7: H,6.9;  C1,g.Q. 

Addition of methyl iodide to  a methanolic solution of 10- 
hydroxydihydrocodeine caused precipitation of the methio- 
dide, which was recrystallized from methanol m.p 242-246" 
dec. after drying a t  100" (0.2 mm.) overnight; [ O ~ ] * ~ D  -79" 
(c 0.82, water). 

Anal. Calcd. for CIgH2sOlNI: C, 49.7; H ,  5.7. Found: 
C, 49.7; H ,  5.8 .  

10-Hydroxydihydrocodeinone (IV) . A .  By Oppenauer 
Oxidation of 10-Hydroxydihydrocodeine.-IO-Hydroxydi- 
hydrocodeine (950 mg., 3 mmoles) was subjected to the same 
Oppenauer oxidation conditions that  had successfully oxi- 
dized dihydrocodeine to  dihydrocodeinone,'l and 1 g. of 
potassium and 11 g. of benzophenone were used. The acid 
extracts (50 ml.) of the reaction mixture were washed with 
chloroform, basified to pH 9, and extracted with benzene. 
The residue from evaporation of the benzene was chromnto- 
graphed on alumina using first 20% chloroform in benzene. 
Eluate was collected in 40-ml. portions and, after the 28th 
portion, the solvent was changed to 40yc chloroform- 
benzene and then to 70% chloroform-benzene. Since a11 
the fractions after the fourteenth appeared to  contain the 
same substance, they were combined and the solid was crys- 
tallized first from isopropyl alcohol and then from benzene. 
The IO-hydrosydihydrocodeinone thus resulting (370 mg. ,  
39% yield) sublimed a t  190' (0.01 mm.) and melted a t  202 - 
203' [mixed m.p. 170-176O with 10-hydroxydihydrocodIcinct 
( m  p.  202-203")j, [a] * 5 ~  - 132' ( c  1.0, ethnnol). 

(1875)l whereas IO-hydroxycodeine has [aJ*Eu - 132' (ethanul) 
and [a]Zzo - l l B '  (chloroform),' the rotation is iinreliuljlr for c h a r x -  
terization. However, the melting point is useful since it is reprri- 
ducible and the preqenct. o f  10'3, codeine Iowpred it t c i  201 L'O:'O 
(c f .  ref. 4) .  
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Anal. Calcd. for C18H210aN: C, 68.6; H, 6.7. Found: 
C, 68.4; H.  6.8. 
.B. By Oxidation of Dihydrocodeinone .-Dihydrocodein- 

one was oxidized with chromic anhydride under the general 
conditions described above. Purification was effected by 
chromatography on alumina, using benzene to elute the 
large amount of unchanged dihydrocodeinone and 60 t o  80% 
chloroform in benzene to elute the 10-hydroxydihydroco- 
deinone. Recrystallization from benzene gave material 
of m.p.  200-202'. 

The methiodide was prepared in and crystallized from 
methanol; m.p.  210-244' dec., [ o ~ ] - ' ~ D  -78" ( c  0.98, 
water). 

Anal. Calcd. for C19H2r0,SI: C ,  19.9; H ,  5 . 3 .  Found: 
C, 50.1; H ,  5.4. 

10-Hydroxydihydrocodeine Methine ( 10-Ketotetrahydro- 
a-methylmorphimethine) (V) .-To 1.37 g. (3 mmoles) of 10- 
hydroxydihydrocodeine methiodide dissolved in 7 ml. of 
water was added 7 ml. of 60% aqueous potassium hydroxide 
and the mixture was heated under reflux (nitrogen atmos- 
phere) for one hour. The mixture was extracted thor- 
oughly with ether, the ether was evaporated, and the residue 
(0.92 g.) mas crystallized several times from ether to give 
0.7.5 g. (75% yield) of methine, m.p.  114-115', [ C X ] ~ ~ D  
-45' (c 0.81, ethanol). 

Anal. Calcd. for C K I H ~ ~ O ~ N :  C, 68.9; H, 7.6. Found: 
C, 68.8; H, 7.7. 

The methiodide was prepared in methanol and crystal- 
lized from ethanol; m.p. 259-2fi0" after drying a t  100' (1  
mm.); [ C Y ] ~ ~ D  -35.2" (60.93, water). 

Anal.  Calcd. for CZOH2d041\;I: C, 50.7; H,  6.0; I ,  26.8. 
Found: C, 50.4; H, 5.4; I,  27.2. 

The semicarbazone was prepared in the usual fashion in 
aqueous solution. Basification with concd. ammonium 
hydroxide followed by extraction with chloroform and evap- 
oration of the chloroform left a residue which was crystal- 
lized from butanone, m.p. 129-132". 

Anal. Calcd. for C20H2501S4: N,  14.4. Found: N, 
14 .0 . 

Hydrogenolysis Experiments. A.  Dihydrocodeine from 
10-Hydroxydihydrocodeine.-A solution of 317 mg. (1 
mmole) of 10-hydroxydihydrocodeine in 15 ml. of glacial 
acetic acid containing 0.5 ml. of 60% aqueous perchloric 
acid and 200 mg. of 5% palladium on carbon was hydro- 

genated a t  40 to 50' and 30 lb. pressure. After several 
hours, hydrogen absorption ceased, the solution was fil- 
tered, and the filtrate was basified with sodium hydroxide 
and extracted with chloroform. Sublimation of the residue 
left on evaporation of the chloroform gave 230 mg. (76% 
yield) of dihydrocodeine, m.p. 105-107'. There was no 
depression in m.p. on admixture with an authentic sample 
of dihydrocodeine. 

B. Tetrahydro-a-methylmorphimethine from 10-Keto- 
tetrahydro-a-methy1morphimethine.-The keto methine 
(331 mg., 1 mmole), dissolved in 15 ml. of absolute ethanol 
to which 1 ml. of 60% aqueous perchloric acid had been 
added, was hydrogenated a t  room temperature and atmos- 
pheric pressure using 100 mg. of 5% palladium-on-carbon 
as catalyst. Hydrogen absorption ceased after exactly 2 
moles of hydrogen had been consumed in two hours. Water 
(25 ml.) was added to dissolve the crystalline precipitate 
that  had appeared in the hydrogenation mixture, the solu- 
tion was filtered, and the filtrate was extracted with five 
equal volume portions of chloroform. Evaporation of the 
chloroform extracts left 340 mg. (8lyO) of crude tetrahydro- 
a-methylmorphimethine perchlorate. The aqueous alcohol 
was then basified and again extracted with chloroform from 
which 40 mg. (12%) of thc oily free base was obtained. 

Crystallization of the crude perchlorate above from abso- 
lute ethanol and drying a t  100' (1 mm.) gave materi:il of 
m.p. 224-225" (reported20 m.p. 218-219') . 

Anal. Calcd. for CIUH2807NCl: C, 54.6; H, 6.8. 
Found: C, 54.3; H, 0.7. 

The methiodide was prepared from the free base in meth- 
anol and recrystallized from absolute ethanol; m.p. 225- 
227O, mixed m.p. with an authentic sample of tetrahydro- 
a-methylmorphimethine methiodide (m .p. 220-227"), 225- 
227'. 

The hydrochloride was prepared by adding absolute eth- 
anolic hydrogen chloride to an isopropyl alcohol solution of 
the free base. After crystallization from isopropyl alcohol 
and drying a t  100" (1 mm.), the hydrochloride had m.p. 
226-227', [aIp5~ -31.2' (c 0.90, water) [reportedz1 for 
tetrahydro-or-methylmorphimethine hydrochloride, m.p. 
228", [ c Y ] ~ ~ D  -31.9 (c 0.97, water)]. 

(20) H. Wieland and M. Kotake, Ann.,  444, 69 (1925). 
(21) E. Speyer and K. Koulen, ibid., 438, 34 (1924). 
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A method is presented for the isolation of dihydrosterculic acid from the kernel oil of Sterculia foetide, and synthetic pro- 
cedures are described for the preparation of methyleneoctadecanoic acids possessing a trans configuration. A comparison of 
the infrared absorption spectra of lactobacillic and dihydrosterculic acid with those of synthetic trans-9,lO- and 11,12- 
methyleneoctadecanoic acids offer strong support to the previously assigned cyclopropane structure for the naturally occur- 
ring acids. 

The lipides of Lacfobacillus a r a b i n o ~ u s ~ ~ ~  and 
Lactobacillus casei5 contain significant amounts of a 
novel fatty acid of the composition C19H3602 for 
which we have chosen the name lactobacillic acid. 
The chemical behavior of lactobacillic acid (stabil- 
ity toward oxidation and lability on hydrogenation) 

(1) Supported by  grants from the American Cancer Society, upon 
recommendation of the Committee on Growth of the National Re- 
search Council, the Rockefeller Foundation in New York, and Ciba 
Pharmaceutical Products, Inc., Summit, N.  J. 

(2) A preliminary report of some of this work has appeared in the 
Record of Chemical Progyess, 14, 7 (1953). 

and the presence in its infrared absorption spectrum 
of a maximum a t  9.8 p pointed to the presence of a 
cyclopropane ring. Based on these findings we 
have postulated the structure of a methyleneocta- 
decanoic acid (I) for lactobacillic a ~ i d . ~ , ~  

")C(" Hac-( CHp),-C-C-( / \  CHa ),-COOH 

I /  
H H  

1,x + y = 14 
(3) K. Hofmann and R.  A. Lucas, THIS JOURNAL, 7% 4328 (1950). 
(4) K. Hofmann, R. A. Lucas and S. M. Sax, J .  B i d .  Chem.,  196, 

The Occurrence of fatty acids of the general 
structure I is not limited to the above mentioned 
lactobacilli. The kernel oil of the tropical tree 

473 (1952). 
(5) K. Hofmann and S. M. Sax, ibid. ,  206, 55 (1953). 


