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DECARBOXYLATION AND RECONSTITUTION OF 
. LINOLEIC ACID1 

Sir: 
In search of an approach to the preparation of 

isotope-labelled linoleic acid more promising than 
those suggested by recently reported total syntheses 
of this physiologically and commercially important 
unsaturated fatty a~ id ,~p3 '~  we have succeeded in 
showing that the carboxyl group of linoleic acid 
isolated from natural sources can be removed and 
replaced, the sensitive and synthetically-imposing 
unsaturated hydrocarbon moiety being protected 
during this process by bromination. Starting with 
the readily purified 115°-9,10,12,13-tetrabromo- 
stearic acid (I) (in which form linoleic acid is most 
commonly isolated from certain saponified seed 
oils), the process involves the following steps 

CbHll( CHBr)2CH2( CHBr)2( CH2)rCOOH I 
4 

CaH11( CHBr)ZCH2( CHBr)2( CH2)TCOOAg 11 

.1 
CsH11( CHBr)2CH2( CHBr)2( CH&Br I11 

I V  
4 

CaH1lCH=CHCHZCH=CH( CH2),Br 

J 
linoleic acid 

Treatment of an absolute methanol solution of the 
ammonium salt of I with another of silver nitrate 
in the same solvent gives the corresponding silver 
salt (11). Addition of dry I1 to a solution of bro- 
mine in carbon tetrachloride results in the loss of 
carbon dioxide and the formation of the 1,8,9,11,12- 
pentabromoheptadecane 111, m.p. 62-64' (Anal. 
Calcd. for C17H31Br6: C, 32.15; H, 4.92; Br, 62.93. 
Found: C, 32.22; H, 4.89; Br, 62.90). The ac- 
tion of zinc on I11 results in the regeneration of the 
cis,cis-1,4-diene grouping originally present in the 
linoleic acid, while the isolated terminal bromine 
atom is unaffected; the product, 8,ll-heptadeca- 
dienyl bromide (IV), is a colorless oil, b.p. 131' a t  
0.15 mm., Bz5D 1.4810, dZ6 1.02145, iV!D 87.86 
(theory 87.56) (Anal. Calcd. for C17H31Br: C, 
64.75; H, 9.91; Br, 25.34. Found: C, 64.87; H, 
9.91; Br, 25.17). The Grignard reagent prepared 
from IV, on treatment with carbon dioxide, regen- 
erates linoleic acid, identified by virtue of the fact 
that its infrared absorption spectrum was essen- 
tially identical with that of an authentic sample and 
by the melting point and mixed melting point of 
the tetrabromostearic acid (I) prepared from it. 

Since linoleic acid is reconstituted (by replace- 
ment of the carboxyl group as carbon dioxide) in 
the high-yield last step of the series, this procedure 
seems ideally suited to  the preparation of the 
carboxyl-labelled substance. Moreover, there 

(1) This paper is based on work performed under Contract AT-04-1- 
GEN-12 between the Atomic Energy Commission and the University 
of California at Los Angeles. 
(2) R. A. Raphael and F. Soadheimer. J .  Chcm. Soc., 2100 (1950). 
(3) H. M. Walborsky, R. H. Davis and D. R. Howtoa, Tars JOUR- 

(4) W. J .  Gender and G. R. Thomas, i b i d . .  73. 4001 (1951). 
NAL, 78, 2590 (1951). 

seems to  be no reason why the method should not be 
applicable with equal success to other unsaturated 
fatty acids whose carboxyl labelling would be de- 
sirable. 
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THE SYNTHESIS OF MORPHINE 
Sir : 

Racemic @-A6-dihydrodesoxycodeine methyl 
ether' yields with L( +)-dibenzoyltartaric acid only 
the salt of the d base (monohydrate), m.p. 162.5- 
163O, found C, 65.60; H, 6.07; [ a l Z 7 ~  4-44.5' 
(c 1.53, chf.) whose mixed m.p. with natural d-0- 
A6-dihydrodesoxycodeine methyl ether L( +)-di- 
benzoyltartrate monohydrate of m.p. 163-163.5", 
[aI2 '~ $48O (c 1.80 chf.) was not depressed. The 
infrared spectra of these salts are indistinguishable. 
Similarly with D( - )-dibenzoyltartaric acid, only 
the salt of the 1 base, m.p. 161.5-162', found C, 
66.09; H, 6.45, [ a I z7~  -44" (c 1.94 chf.), is ob- 
tained. Equal amounts of synthetic 1 salt and 
natural d salt yield inactive 8-Aa-dihydrodesoxy- 
codeine methyl ether dibenzoylracemate (anhy- 
drous), m.p. 182", foundC, 67.37; H, 6.05, identical 
in m.p. and mixed m.p. with the product of the syn- 
thetic racemic base and dibenzoylracemic acid. 

The d salt with ammonia yields the d base, found 
c, 76.40; H, 8.51; [a Iz7D $80" (c 1.24, alc.) 
m.ps. 43.5-44' and 57.5-58", dimorphous, whose 
mixed m.ps. with natural P- As-dihydrodesoxyco- 
deine methyl ether, found C, 76.49; H, 8.61; 
[aIz7D +80 (c 1.55, alc.) which also exhibits these 
m.ps., were undepressed. The infrared spectra of 
these bases are indistinguishable. Confirmation of 
this identity was obtained through the methiodide, 
synthetic d,  m.p. 186.5-188", natural, 188-189", 
mixture undepressed, found C, 54.33; H, 6.51; 
and the picrate, m.p. synthetic d, 227.5-228.5', 
natural 230-231 O ,  mixture undepressed, found C, 
56.88; H, 5.67. 

d-,9-A6-Dihydrodesoxycodeine methyl ether on 
hydration with dilute sulfuric acid yields p-di- 
hydrothebainol methyl ether, m.p. 152-153", 
methiodide, m.p. 243-244", mixed mps.  with au- 
thentic samples' not depressed. The infrared 
spectrum of the base is indistinguishable from that 
of an authentic sample. On vigorous treatment of 
this substance with potassium hydroxide in diethy- 
lene glycol, demethylation takes place, and from 
the resulting mixture P-dihydrothebainol, m.p. 
163.5-166.5', methiodide m.p. 266-268", mixed 
m.p.s with authentic samples' undepressed, can be 
isolated. Oxidation of this substance by the potas- 
sium t-butoxide-benzophenone system2 gives p- 
dihydr~thebainone,~ perchlorate, m.p. 265-268", 
oxime, m.p. 223-226', mixed m.ps. undepressed. 

P-Dihydrothebainone on bromination with two 
moles of bromine followed by treatment with 2,4- 

(1) M .  Gates and G. Tschudi, THIS JOURNAL, 7'2, 4839 (1950). 
(2) R. B. Woodward, K. L. Weadler and F. V. Brutschy. i b i d  , 67, 

1425 (194.5); H. Rapport,  et al.. J .  Org. Chem., 18, 1103 (1950). 
(3) L. F. Small and G. L. Browaing, J. Orp. Chcm., 8 ,  618 (1939). 
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dinitrophenylhydrazine yields a dinitrophenyl- 
hydrazone, m.p. 207-208", found C, 51.69; H, 
4.43; [CY]~'D -1307" ( c  1.63, chf.), Xz; 379 nip, 
log E 4.49, which also results froni P-thebainone or 
f i o m  thebairzone by the action of dinitrophenyl- 
hydrazine in acetic acid followed by bromination. 
That this remarkable reaction) has produced 
epimerization a t  C14 (tutirzs -+ cis ring fusion of 
rings I1 and 111) is clearly shown by cleavage of 
the dinitrophenylhydrazone with acetone and acid 
to produce 1-bromothebaiiione, m.p. 198.5-199.3", 
found, C, 57.45; H, 3.31; [ a ] " ~  -74" (c 0.S9, 
chi.) identical in mp. ,  mixed m.p. and infrared spec- 
trum with the nionobroinination product of the- 
bainone. This substance is converted by catalytic 
hydrogenation over palladium on barium carbon- 
ate to dihydrothebainone hydrateJ5 1n.p. 123-152", 
purified through its hydriodide,5 n1.p. 277-2785' 
and characterized through its m.p. 252- 
%.i3..5" and oxime hydrochloride,j m.p. >300°. 
The hydriodide and oxime showed no m.p. depres- 
sions with authentic samples, and the infrared 
spectrum of the base was indistinguishable from 
that of an authentic sample, m.p. 1 L'C-152'. 

Bromination of dihydrothebainone in acetic acid 
with three iiioles of bromine followed by treatment 
with 2,4dinitrophenylhydrazine produces l-bromo- 
codeinone diiiitrophenylhydrazone in low yield, 
ii1.p. 224~-32.5", found C, 52.07; H, 4.23; [ a ] 2 7 ~  
-- 1MO0 (c 1.S1, chf.), 377 inp, log E 4.51., iden- 
tical in ni.p., niixed ii1.p. and infrared spectrum 
with the dinitrophenylhydrazone prepared directly 
froni l-broinocodeinone. I t  can be cleaved, al- 
though with difficulty and in poor yield, to 1- 
bromocodeinone, m.p. 202.5.-303.3 O, mixed m .p. 
aiid infrared spectrum identical with those of 1- 
bromocodeiiione, found C, 57.55; H, 5 . 2 2 ;  X i & ,  
288 mp, log E 3.33; [ C Y ] ~ ~ D  -164' (c 1.23, chf.) 
prepared by Oppenauer oxidationR of' 1 -bromo- 
codeine.' 

1-Broniocodeinone is converted by lithium alumi- 
num hydride in refluxing tetrahydrofuran directly 
into codeine, m.p. 136.5-15S0, undepressed by ad- 
mixture with an authentic sample. The infrared 
spectra of the two were indistinguishable. .A 
strong depression in m p .  occurred on admixture of 
1 -bromocodeine, 1n.p. 161-lii3". 

The cleavage of codeine to inorphine has re- 
cently been described by Kapoport and his co- 
workers,* and we have confirmed their report. 

(1 I 'The 2,1-dinitrophenylhydrszone of &thebainone, m.p. 224- 
225" dec., found C ,  60.08; H, 5.14; [a1270 +13.S0 ( c  1.82, chf.) 
is so easily epimerized a t  Cia t h a t  it can be obtained only under special 
conditions which minimize contact with acids. The abnormally high 
rotation of 1-bromothebainone dinitrophenylhydrazone appears t o  be a 
property of A;-G-ketone dinitrophenylhydrazones of the  cis series 
(thebainoue dinitrophenylhydrazone - I 3 i 0 ° ,  codeinone dinitrophenyl- 
hydrazone -1910', :-hromocodeinone dinitrophenylhydrazone 
-1940"j hu t  not  of t h e  lv,iiis series ~ l - l , ron io-~- theha i r rone  riinitro- 
phenylhydrazone -. 7 6 .  * ' I ) ,  

(5) (a) M.  Freuiid, IS. Speyer and E.. Outtmaun,  Ber., 63, 2230 
(1920); (b) A. Skita. F. F. Sord ,  J ,  Reichert and P. Stukart ,  ibid., 64, 
1560 (1931): (c) C. Ychdpf and I,. Winterhalder, Atzn . ,  461, 232 
(1937). 

(6) W e  are indebted t o  Drs. A. H .  Horneyer and George DeLaMater  
of the Mallinckrodt Chemical Works for details of this oxidation as ap-  
plied t o  codeine and  for a generous sample of methoxycyclohexanonr. 

: 7 ' )  I,:  Speyer and 11 KosenfPld. R w . ,  68, I l l 0  (192 
( 5 1  T I  Rdp Iv i t i  I I  i It ~ m l  I!r%-t nr. 
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With this, the first synthesis of morphine is com- 
plete. 

Lye wish to acknowledge the generous financial 
help of Merck and Co., Inc., and the Research 
Corporation, as well as gifts of material through 
the courtesy of Drs. Karl Pfister and Max Tishler 
of Merck and Co., Inc., Dr. V. H. Wallingford 
of the Mallinckrodt Chemical Works, and Dr. Lyn- 
don F. Small, The National Institutes of Health. 
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LACTAM FORMATION FROM AMINO ACID AMIDES : 
APPLICATIONS IN PEPTIDE CHEMISTRY 

Sir: 
Though most 7- and 6-amino acids must be sub- 

jected to dehydration conditions to obtain the lac- 
tams, a few, for example o-aminophenylglycine' 
and o-aminophenoxyaeetic acid,2 lactamize so 
readily that the free amino acids have never 
been obtained. Lye have found that lactam forma- 
tion also takes place readily in the case of the amino 
acid amides (equations (1) and ( 2 ) ) .  Since other 
amide linkages are not affected, this reaction has 
applications in peptide chemistry. 

(1) 0-XHCH~COSHR .- -+ 
\ 
\ 

SH, 

~ - O C H C O N H K  --f 

"2 

Using the type of reaction shown in equation 
(11, a stepwise degradation of peptides has been 
developed according to the following equations. 
The final reaction, lactam formation from the amino 
acid amide, is complete in 5 hours a t  2.5' or in 15 
minutes a t  70" in aqueous solution. Glycylglycyl- 
glycine, glycyl-L-alanyl-L-leucine, and L-phenyl- 
alanyl-L-leucine have been degraded. The ac- 
cumulation of salts and by-products was prevented 
by isolation of the 4-carbomethoxy 2-nitrophenyl- 
peptides (I). The lactams (11) crystallized, leav- 
ing the peptide or amino acid (111) in solution. 
'The average yield per amino acid residue was 840/,. 
The lactams, I1 (7-carbomethoxy-3,4-dihydro-2- 
(1H)-quinoxalones), were identical with samples 
prepared from the amino acids: from glycine, R = 
H, m.p. 292-294O.' (Anal. Calcd. for CloHloN~- 

(1) J. Pliichl, Ber.,  19, 6 (1686). 
(2) A. Tha te ,  J .  prakl .  Chcm., (21 29, 178 (1884). 
(3) W. A. Jacobs and  M. Heidelberger, THIS JOURNAL, 39, 2416 

(1917). obtained the  lactarn of o-aminophenoxyacetic acid from a n  a t -  
I cmpted prepuratioo of o-atninophenoxyacetamide. 

i .1  I -411 mcltirrr pcniot; T C T V  i l r l r r i i l i i i r c l  1 1 1 1  .i ~ i ~ i r r n ~ i r p e  I l o t  >1a1g~ 

s t i r 1  w i r w t t c l .  


