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mg. of the spiro-lactone VIII, m.p. 213-217', which was 
recrystallized to give 470 mg. of pure material, m.p. 219- 
220°, undepressed upon admixture with that described above 
and having an identical infrared spectrum. 

Basification of the aqueous filtrate described above and 
treatment with benzoyl chloride afforded benzamide, m.p. 
127.5-1280. 
URBANA, JLL. 
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The reaction of phloretic acid with bromine or N-bromosuccinimide a t  pH 4.6 involves an oxidative participation be- 
tween the phenolic ring and the carboxylate anion and leads to a spirodienone-lactone VII. A similar participation occurs 
with phloretylglycine (a tyrosyl-peptide model) leading to cleavage and release of glycine in 80% yield. The oxidative 
bromination of N-carbobenzyloxy-S-benzyl-L-cysteinyl-L-tyrosyl-L-isoleucine results in the formation of a spirolactone 
and the release of isoleucine in 40% yield. Aqueous hydrobromic or hydrochloric acid effects a reduction of the spirolactone 
to dibromophloretic acid while dilute sulfuric acid causes a rearrangement involving oxygen migration. 

Recent studies in this Laboratory' have demon- 
strated the facile cleavage of tryptophyl-peptide 
bonds by the action of N-bromosuccinimide (NBS) 
in aqueous systems. We now wish to report some 
of our results from a study of the action of bromine 
and of NBS on derivatives of tyrosine and simpler 
analogs. 

Under certain conditions the bromination of 
2,6-disubstituted phenols leads to the formation of 
4-bromo-2,6-disubstituted cyclohexadienones. For 
example, 2,6-dibromophenol forms I,2 2,6-dibromo- 
p-cresol forms 113 and 2,6-di-t-butyl-p-cresol yields 
III.4 Similar bromination of a phenol such as 
IV  might lead to an interaction of the carbonyl 
function (CX) with the bromodienone via an internal 

displacement reaction. The facility of such dis- 
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placements on double bonds has been amply demon- 
strated with carboxylic acids,5 and amides7 
as participating groups (Chart I). 

The bromination of p-hydroxyphenylpropionic 
acid (phloretic acid) (V) in aqueous acetic acid 
led to the formation of the expected 3,5-dibromo- 
phloretic acid (VI) in high yield. However, 
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quite different results were obtained in the re- 
action of V with bromine or NBS in acetate buf- 
fer a t  pH 4.6. The course of the reaction could be 
followed readily by measuring the rapid and ex- 
tensive changes in the ultraviolet spectrum. The 
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addition of three equivalents of brominating agent 
led to the appearance of a very intense peak a t  
260 ml ,  the optical density attaining its maximum 
in less than three minutes. When the reaction 
was conducted on a preparative scale in aceto- 
nitrile-acetate buffer, a crystalline product began 
to separate shortly after the addition of reagent was 
begun. The same substance was obtained by the 
action of one equivalent of NBS on VI. The 
product, m.p. 174-176", was a neutral compound 
whose infrared spectrum no longer indicated a 
phenolic hydroxyl group. The dienone-lactone 
structure VI1 (Chart 11) was assigned on the basis 
of elemental analysis, infrared and ultraviolet 
spectra and subsequent transformations. 

The course of the reaction may be considered to 
follow either path a or b. The occurrence of a con- 
certed displacement reaction (path a) is postu- 
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lated (cf. Chart I), although the formation of com- 
pounds such as 1-111 supports path b. 
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Analogous transformations were effected with N- 

acyl derivatives of tyrosine and 3,5-dibromotyro- 
sine. Thus, N-benzoyl-L-tyrosine (VIIIa) and 
N-acetyl-(IXb) and N-carbobenzyloxy-3,5-di- 
bromo-L-tyrosine (IXc) were converted in high 
yield into their respective N-acyldienone-lactones 
(X) by the action of NBS. 

H O ~ - C H , C H C O O H  B N B S  

VIIIa, R = C6Ha 
NHCOR 

Xa, R=C& IXb, R=CH3 
Xb, R=CH3 
XC, R =  C&CH20 

IXc, R = CsHsCHzO 

When the dienone VI1 was heated a t  reflux with 
2 N hydrobromic acid for 1.5 hours, dibromophlo- 
retic acid (VI) was isolated in 40% yield from the 
reaction mixture. The identity of the reduction 
product was established by analysis and by com- 
parison of melting point, infrared spectrum and 
paper chromatographic behavior with an authentic 
specimen. The reduction process is considered to 
proceed according to the scheme 

VI1 Br CHICHzCOOH Br 

E 9 0- Ho+cH,cH,COOH 
@'CS\-BrBr-+ - + 

H+Br Br VI Brz 
This unusual reduction by halide ion of the 

vinylog of an a-acyloxyketone, presumably via 
an a-haloketone intermediate, finds analogy in the 
reduction of simple a-haloketones by halogen acid.s 

To avoid reductive degradation, VI1 was re- 
fluxed with 4 N sulfuric acid for 3 hours. The crude 
product no longer showed any significant ab- 
sorption a t  260 mp and a substance, isolated in 40% 
yield, was determined by analysis and infrared 
spectrum to be a phenolic acid of composition 
.GHsO4Br2. By fusion the acid was readily con- 
verted to a phenolic lactone. For coinparison the 
isomeric dibromolactones XII ,  resulting from 
oxygen migration, and XIV, resulting froin 
carbon migration, were synthesized as outlined in 
Chart 111. The rearrangement product of VI1 
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XI11 
and its lactone were found to be identical to the 
corresponding resorcinol derivatives X I  and XI1 
by mixed melting points and by infrared and ul- 
traviolet spectra. The acid obtained by rear- 

TABLE I 
EFFECT OF ALKALI ON ULTRAVIOLET SPECTRA OF D I -  

HYDRIC PHENOLS IN  ALcoaoL" 

Br 

Xma. 
Xma. (EtOH + 

Compound (EtOH) NaOH) AA 

Resorcinol 276 290 + 14 
Hydroquinone 295 283 - 12 
XVI 280 295 f15 
XVII 286 26.5 -21 
XI1 (synth.) 293 310 +17 
XI1 (from H2SOd rearr.) 292 310 + 18 
XIV 295 255 - 40 

a Alkaline shifts were measured after the addition of 0.1 
ml. of 4 N sodium hydroxide to  2.5 ml. of 2 X 10-4 M 
ethanolic solutions. 

(8) M. S. Newman, THIS JOURNAL, 73, 4993 (1951); K. H. Meyer, 
Ann.,  880, 212 (1911); J. V. Backes, R. W. West and N. A.  Whiteley, 
J .  Chcm. SOC., 119, 359 (1921). 
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Fig. 1.-Reaction of phloretylglycine (XVIII) with S- 
O, ultraviolet absorption at 200 nip: bromosucciniinide: 

0,  ninhydrin color based on glycine. 

rangement and its lactone depressed the melting 
points of the corresponding hydroquinone deriva- 
tives XI11 and XIV and showed different spectral 
properties. A study of the effect of alkali on the 
ultraviolet spectra of resorcinol and hydroquinone 
derivatives demonstrated the utility of this method 
for obtaining partial structural information. From 
Table I it niay be seen that the addition of alkali 
to resorcinol or resorcinol lactones results in a 
bathochromic shift; on the other hand, the hy- 
droquinone series consistently shows a hypso- 
chromic shift. 

The few analogies available from the literatureg 
might lead one to expect carbon migration to occur. 
An inspection of molecular models suggests that 
the anomalous migration in this case may be due to 
the smaller steric interaction of oxygen-bromine 
than of methylene-bromine. 

In 6 N hydrochloric acid a t  23", VI1 showed only 
a slight loss of 260 mp absorption after 4 hours. 
'IVhen the reaction mixture was heated a t  reflux 
for one hour, the 260 inp maximum had greatly 
decreased and a weak absorption maximum ap- 
peared a t  290 mp. A crude product, isolated in 
5070 yield, was shown to consist primarily of the 
reduction product VI. Examination of the crude 
material by paper chromatography revealed the 

(9) E. Bamberger, Ann. ,  390, 164 (1912); S. Goodwin and B. Wit- 
kop, THIS JOURNAL, 79, 179 (1957); F. Wessely and W. iMetlesics, 
Monatsh., 85, 637 (1951). In the limited cases where oxygen migra- 
tion has been observed. it has migrated as an acetoxy group and a neigh- 
boring-group participation is implicated. NOTR ADDBD IN PROOF.-AII 
alternative mechanism for forming a resorcinol derivative involves 
ring opening to the hydroxyacid, protonation of the ketonic carbonyl 
and &addition of the carboxylate ion followed by elimination of water 
and aromatization. We are indebted to  Prof. R. Huisgen for pointing 
out this alternative explanation. 

presence of a small amount of the rearranged acid 
XI.  

In contrast to the stability of the dienone VI1 to 
acid a t  room temperature, the addition of weak 
alkali caused a rapid decrease in 260 mp absorp- 
tion. In 0.01 N sodium carbonate or sodium hy- 
droxide the reaction appeared to be complete in 
less than 2 hours and in 0.01 N sodium bicarbonate 
the same decrease required 24 hours. The alkaline 
degradation appears to be complex and the nature 
of the products is under investigation. 

The ability of peptide bonds to participate in the 
lactonization reaction was demonstrated with 
phloretylglycine (XVIII) and 3,5-dibromophlor- 
etylglycine (XIX). The addition of NBS to a 
solution of the peptide in acetonitrile-buffer 
results in the formation of the lactone VI1 and the 
liberation of glycine, The correspondence between 
dienone formation and release of glycine was demon- 
strated by measuring ultraviolet absorption a t  2GO 
nip and by quantitative ninhydrin assay following 
the addition of varying amounts of NBS (Fig. 1). 
The cleavage reaction shows a maximal yield, based 
on ninhydrin assay for glycine, of a t  least SOYo# 
It was found in control experiments that glycine 
reacts rapidly with NBS. The drop in ninhydrin 
color yield when NBS is present in excess of 
theory (Fig. 1) may be attributed to this secondary 
reaction. In  preparative experiments, VI1 was 
isolated in 48% yield from XVIII and in 497; 
yield from XIX. The cleavage reaction is pre- 
sumed to follow the course outlined 

,CSHC€I,COOH -'=+ 
0' 

Br Br' 
X I X  

o a 1 ,  
Br 7 O+NCH~COOH 

iH*o 

VI1 -t glycine 

The unusual cleavage of oxytocin and vaso- 
pressin by bromine water, reported by du Vigneaud 
and his associates,1° is probably a reaction of the 
type described above. In a preliminary experi- 
ment using a tripeptide derivative related to oxy- 
tocin, it was found that bromine or NBS effected 
the expected cleavage. The liberation of a ninhy- 
drin-reactive material in 40% yield from N- 
carbobenzyloxy-S-benzyl-L-cysteinyl -L- tyrosyl - I , -  
isoleucine (XX) l1 was observed. Paper chroma- 
tography proved isoleucine to be the sole ninhy- 
drin-reactive substance present. The ultraviolet 
spectrum of the reaction mixture showed the char- 
acteristic 260 mp absorption for a dienone. 

Bz-SCyS- tyr-ileu Brz O r +  

3 KBS S C b z  
xx H Br Bz-SCVS-N- d 

n Rr + isoleucine 
I_ " 

(10) J. M. Mueller, J. G. Pierce and V. du Vigneaud, 1. Bioi. Chcm., 
204, 857 (1953); C. Ressler, S. Tripett and V. du Vigneaud, ibid., 304, 
861 (1953); E. A. Popenoe and V. du Vigneaud, ibid.. 205, 133 (1953); 
C. Ressler and V. du Vigneaud, ibid., 411, 809 (1954). 

(1 1) C. Ressler and V. du Vigneaud. THIS JOURNAL, 19, 4511 (1957). 
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In view of the oxidative cleavage of tryptophyl 
peptides' which is observed under experimental 
conditions similar to those for tyrosyl peptides, 
efforts are being directed toward a specific cleavage 
of the one bond in the presence of the other. In 
addition, the use of phloretic acid as a protective 
group for amines in peptide synthesis is being ex- 
plored. More extensive studies on the selective 
cleavage of polypeptides and the chemistry of N- 
acylated dienone-lactones derived from tyrosine 
will be described in subsequent communications. 

Experimental12 
Phloretic Acid (V).-To a solution of 4.92 g. (0.03 mole) 

of pcoumaric acid in 70 ml. of 95% di~xane-waterl~ was 
added 600 mg. of palladium chloride dihydrate. Hydro- 
genation was carried out a t  atmospheric pressure, and 
hydrogen uptake was complete in 1.5 hours a t  1 0 0 ~ o  of 
theory. The catalyst was removed by filtration, and the 
solvent evaporated under reduced pressure. The crystal- 
line residue was recrystallized from water, yielding 3.92 g. 
(7970) of phloretic acid, m.p. 126-128" (lit.l* 128-129'). 

3,s-Dibromophloretic Acid (VI).-A solution of 565 mg. 
(0.0034 mole) of V and of 1.39 g. (0.010 mole) of sodium 
acetate trihydrate in 20 ml. of 50% acetic acid-water was 
cooled in ice. A solution of 1.09 g. (0.0068 mole) of bro- 
mine in 20 ml. of glacial acetic acid was added dropwise over 
a period of 30 minutes to the stirred solution. The reaction 
mixture was stirred 10 minutes longer, the solvent was re- 
moved under reduced pressure and a few ml. of water added 
to the residue. The flask was chilled briefly, the product 
collected and recrystallized from boiling water, yielding 850 
mg. (77%) of colorless silky needles, m.p. 111.5-112.5' 
(lit .16 106-108°); VI was also occasionally recrystallized 
from benzene-ligroin (b.p. 90"). 

~,9-Dibromo-l-oxaspiro [4 5]deca-6,9-dien-2 ,S-dione 
(VII).-To a solution of 240 mg. (0.00074 mole) of VI in 30 
ml. of 2070 acetonitrileacetate buffer (0.20 M, pH 4.6) was 
added a solution of 135 mg. (0.00074 mole) of NBS in 20 ml. 
of the same solvent, in one portion. Within a minute, a 
crystalline substance began to separate. After 5 minutes, 
the reaction mixture was chilled briefly, and the product 
filtered, washed with cold water and dried in vacuo over 
PnOs (193 mg., 8lyO, .m.p. 167-177'). Two recrystalliza- 
tions from acetonitrilewater yielded colorless needles, 
melting a t  174-176" with decomposition. 

The reaction filtrate was extracted with ether and the 
ethereal phase washed successively with 5% sodium bicar- 
bonate and water, and then dried over magnesium sulfate. 
Removal of the solvent under reduced pressure yielded an 
additional 30 mg. (97,) of product. For analysis, the com- 
pound was dried over PZOS a t  65' for 16 hours; ultraviolet 
spectrum (20% acetonitrile-water): A,., 260 mu, emax 
10,000; infrared spectrum (CH2Cl.J: 5.55 p (lactone C=O), 
5.88 u (conjugated C=O), 6.22 u (conjugated C=C). 

Anal.  Calcd. for CeH&2O3: C, 33.57; H, 1.88; Br, 
49.63. Found: C,33.40; H,2.01; Br,49.80. 

Compound VI1 also was obtained in 86% yield by reac- 
tion of phloretic acid (V) with three moles of NBS under the 
same experimental conditions, and in 6ZYO yield by reaction 
with three moles of bromine. 

3-( N-Benzoylamino)-7,9-dibromo-l-oxaspiro [4,5 Ideca- 
6,9-dien-2,8-dione (Xa).-To a chilled solution of 285 mg. 
(0.001 mole) of N-benzoyl-L-tyrosine16 in 100 ml. of 20% 
acetonitrileacetate buffer was added a solutioa of 534 mg. 
(0.003 mole) of NBS in 50 ml. of the same solvent. The 
reaction mixture was cooled for 2 hours, and the crystalline 
product was filtered and dried over P ~ O S  (420 mg., 95%, m.p. 

Infrared spectra were run on 
a Perkin-Elmer recording spectrophotometer, model 21. Ultraviolet 
spectra were run on a Cary recording spectrophotometer, model 14. 

(13) When the hydrogenation was performed in 959, ethanol- 
water, the product was contaminated with a small amount of phloretic 
acid ethyl ester. 

(12) Melting points are uncorrected. 

(14) T. C. Bruice. J .  Org. Chcm., 19, 333 (1954). 
(15) G. Habild, 2. physbl .  Chon.,  286, 127 (1950). 
(16) S. W. Fox and C. W. Pettinga. Arch. Biochem. 6- Biophys., 26, 

13 (1950); K. F. Itschner. E. R. Drechsler, C. Karner and S. W. Fox, 
ibid.. 63. 294 (1954). 

198-203' with decomposition). Two recrystallizations 
from acetonitrile-water afforded colorless needles melting 
a t  221-222" with decomposition. For analysis, the sub- 
stance was dried over PzOs a t  65" for 17 hours; ultraviolet 
spectrum (ethanol): Am., 228 mu ( e  14,750), 259 m p  ( e  
13,750); infrared spectrum (CHZCli): 2.92 u (-KH-), 
5.55 u (lactone C=O), 5.89 u (conjugated e===), 5.97 u 
(amide C=O), 6.23 p (conjugated C=C). 

Anal.  Calcd. for C16HI1Br2NO,: C. 43.57; H, 2.51; Br, 
36.23. Found: C,43.44; H,2.63; Br,36.24. 

3-( N-Acetylamino)-7,9-dibromo-l-oxaspiro [4,5 ldeca-6,9- 
dien-2,S-dione (Xb).-To a solution of 381 mg. (0.001 mole) 
of N-acetyl-3,5-dibromo-~-tyrosine~7 (IXb) in 100 nil. of 
20% acetonitrile-acetate buffer was added a solution of 178 
mg. (0.001 mole) of NBS in 20 ml. of the same solvent. 
After a few minutes, the reaction mixture was placed in ail 
ice-bath for 2 hours. The crystalline product was filtered, 
washed with cold water and dried over PzO~ (200 mg., ?';70, 
m.p. 213-215" with decomposition). Two recrystallizn- 
tions from acLtonitrile-water yielded colorless needles, m.p. 
219-221" with decomposition. For analysis, the compound 
was dried over P20s at  65" for 16 hours; ultraviolet spec- 
trum (ethanol): A,., 259 mu, emax 10,600; infrared spec- 
trum (CH2C12): 2.92 p (-NH-), 5.55 u (lactone C=O), 
5.90 p (conjugated C=O and amide C=O), 6.22 p (con- 
jugated C=C); @D -40.7" (c 0.6, acetonitrile). 

Anal.  Calcd. for CL1HOBr2NOl: C, 34.84; H, 2.39; Br, 
42.17. 

N-Carbobenzyloxy-3,5-dibromo-~-tyrosine (IXc).-To a 
solution of 1.69 g. (0.005 mole) of 3,5-dibrorno-~-tyrosine 
in 40 ml. of water containing 1.5 ml. of 4 N KaOH was 
added, in alternating portions, 1.33 ml. of carbobenzyloxy 
chloride and 1.5 ml. of 4 N hTaOH. The reactioii mixture 
was kept cold and was shaken vigorously after each addition, 
while care was taken to maintain the pH a t  9-10. The 
solution was extracted twice with ether and the aqueous 
phase was acidified in the cold to p H  1 with 6 N HC1. The 
oily product crystallized on cooling and scratchirig (1.70 g., 
73%. m.p. 144'). Two recrystallizations from methnriol- 
water yielded a product melting at  144-146'. For analysis, 
the substance was dried over P 2 0 5  a t  65' for 6 hours; a% 
+5.3" (c 1, methanol). 

Anal.  Calcd. for C ~ , H I ~ B ~ ~ S O O :  C, 43.15; H ,  3.20; 
Br,33.78. Found: C,43.38; H,3.23; Br, 33.92. 

The 3-(N-Carbobenz~loxyamino~-7,9-dibromo-l-oxaspiro- 
[4,5j-deca-6,9-dien-Z,S-dione (Xc).-To a solution of 324 EIg. 
(0.0007 iiiole) of IXc in 140 ml. of 207" acetonitrile-acetate 
buffer was added a solution of 128 mg. (0.007 mole) of S B S  
in 40 ml. of the same solvent. A crystalline substance 
separated within a few minutes. The reactioii mixturc was 
chilled for 30 minutes, and the product was collected and 
dried over PzOj (310 mg., 977,, m.p. 201-214' with dccom- 
position). Two recrystallizations from acetonitrile-water 
yielded colorless needles, m.p. 217-219" with deconipositioii. 
The product was dried over P,06 at  65" prior to analysis; 
ultraviolet spectrum (ethanol): A,,, 250 mu, tmsX 10,9C)U; 
infrared spectrum (CHzC12): 2.92 p (-KEI-), 5.53 u (lac- 
tone C = O ) ,  5.78 u (urethano C = O ) ,  5.88 u (conjugated 
C=O), 6.22 p (conjugated C=C). 

Anal.  Calcd. for C I , H I ~ B ~ Z N O ~ :  C, 43.33; H, 2.78; Br, 
33.92. Found: C,43.32; H,2.77; Br,34.16. 
6,8-Dibromo-7-hydroxychroman-2-one (XII) .-To a solu- 

tion of 1 g. (0.0062 mole) of 7-hydroxychroman-2-onc'S 
(XVI) and of 1.68 g. (0.0123 mole) of sodium acetate tri- 
hydrate in 30 ml. of 507, acetic acid-water was added drop- 
wise a solution of 2 g. (0.0125 mole) of bromine in 30 nil. of 
glacial acetic acid. After stirring for 1 hour, the reaction 
mixture was concentrated to a small volume under reduced 
pressure, and the solid product collected by filtration (1.65 
g., 83%, m.p. 175-182'). Two recrystallizations from 
benzene yielded large colorless prisms, m.p. 182-18-1'. 
Prior to analysis, the compound was dried over P,Os at  80" 
for 12 hours; ultraviolet spectrum (goyo ethanol-10Yc 0.3 
N HCl): Am., 293 mu, emax 2800; infrared spectrum (CHz- 
C12): 2.86 u (phenolic -OH), 5.59 p (lactone C d ) .  

Found: C, 35.12; H, 2.41; Br, 42.11. 

Anal.  Calcd. for CoH&20a: C,  33.57; H, 1.88; Br, 
49.63. Found: C,33.58; H. 1.94; Br.49.2. 

(17) D. G. Doherty and F. Vaslow. THIS JOURNAL. 74, 931 (1952). 
(18) W. D.  Langley aud R. A d a m ,  ibid.. 44, 2320 (1922). 
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3,5-Dibromo-2,4-dihydroxyphenylpropionic Acid (XI)  .-A 
solution of 250 mg. (0.00078 mole) of XI1 in 8 ml. of 1 N 
NaOH was allowed to stand a t  room temperature for 30 
minutes. The reaction mixture was acidified in the cold to 
PH 1 with 6 N HCl, and the oil which appeared crystallized 
after scratching, yielding 260 mg. (98%) of needles, m.p. 
148-150'. After two recrystallizations from water, the 
product melted a t  144-150". Prior to  analysis, the sub- 
stance was dried over PzO6 a t  80" for 16 hours; ultraviolet 
spectrum (ethanol): A,., 292 mu, cmSx 2900; infrared spec- 
trum (CHCl,): 2.85 u (phenolic -OH), 5.82 u (carboxyl 

Anal. Calcd. for CgHaBr20,: C, 31.79; H, 2.37; Br, 
47.0. Found: C,31.77; H,  2.45; Br, 47.5. 

The acid XI was reconverted to  the lactone XI1 by heat- 
ing i t  in an oil-bath a t  150-155' for 1 hour, and then 
crystallizing the solid residue from benzene, m.p. 178-180'. 
5,7-Dibromo-6-hydroxychroman-2-one (XIV) .-To a solu- 

tion of 1.64 g. (0.01 mole) of 6-hydroxy~hroman-2-one~~ 
(XVII) and of 2.72 g. (0.02 mole) of sodium acetate tri- 
hydrate in 30 ml. of 50yo acetic acid-water was added drop- 
wise with stimng a solution of 3.2 g. (0.02 mole) of bromine 
in 30 ml. of glacial acetic acid. The reaction mixture was 
stirred a t  room temperature for 1 hour. The precipitated 
product was filtered and washed with water (500 mg., 15%, 
m.p. 180-182'). Two recrystallizations from benzene- 
ligroin (b.p. 90") yielded faintly yellow needles, m.p. 182- 
184"; ultraviolet spectrum (ethanol): Amax 295 mp, cmax 
3900; infrared spectrum (CH2C12): 2.86 u (phenolic -OH), 
5.63 p (lactone C=O). On admixture with the isomeric lac- 
tone XIL, the melting point fell to 150-160". Concentra- 
tion of the reaction filtrate under reduced pressure yielded 
an impure residue which was not examined further. 

Anal. Calcd. for CgH~Br20~: C, 33.57; H,  1.88; Br, 
49.63. 
2,4-Dibromo-3,6-dihydroxyphenylpropionic Acid (XIII) .- 

One hundred mg. (0.00031 mole) of XIV wasdissolved in 100 
ml. of 1 N NaOH and kept at room temperature for 5 
minutes under a stream of hydrogen. After acidification 
with 6 N HCl, the reaction mixture was chilled briefly, and 
the crystalline product filtered and recrystallized from water 
(45 mg., 43yob, m.p. 148-150°). Prior to  analysis, the sub- 
stance was recrystallized from chloroform-petroleum ether, 
and dried overnight with P~06 a t  No, m.p. 144-150"; ultra- 
violet spectrum (ethanol): A,,, 302 mp, emax 4800. On 
admixture with the isomeric acid XI,  the melting point fell 
to 135-137'. 

Anal. Calcd. for C9HaBrz04: C, 31.79; H, 2.37. 
Found: C, 31.81; H, 2.68. 
3,5-Dibromophloretylglycine (XIX).-To a cooled sus- 

pension of 303 mg. (0.0021 mole) of glycine ethyl ester hy- 
drochloride in 15 ml. of methylene chloride was added 0.29 
ml. (0.0021 mole) of triethylamine. The mixture was 
shaken vigorously and then poured into a suspension of 640 
mg. (0.002 mole) of VI in 15 ml. of methylene chloride. 
After brief stirring, a solution of 420 nig. (0.0021 mole) of 
N,N'-dicyclohexylcarbodiimide in a small volume of 
methylene chloride was added. The reaction mixture was 
stirred a t  room temperature for 19 hours and then chilled for 
5 hours. Following the removal of N,N'-dicyclohexylurea 
by filtration (370 mg. 81y0), the filtrate was washed suc- 
cessively with 1 N HCl, 5y0 NaHC03 and water, and the 
solvent was removed under reduced pressure. The residue 
was dissolved in 10 ml. of methanol and 10 ml. of 1.25 N 
NaOH was added. After 3 hours a t  room temperature, the 
methanol was evaporated under reduced pressure and the 
reaction mixture filtered to remove a small amount of the 
urea. The filtrate was acidified to PH 7-8 with 6 N HCI 
and extracted twice with ether. Finally, the aqueous layer 
was acidified to PH 1 in the cold and the oil which separated 
crystallized on scratching. The product was collected by 
filtration, washed with cold water and dried in vucuo over 
KOH and Pz06 (500 mg., 66%, m.p. 152-155'). After 
recrystallization from methanol-water and then from 
ethyl acetate-ligroin (b.p. QO'), the product melted a t  164- 

( 2 4 ) .  

Found: C, 33.67; H, 1.98; Br,49.44. 

(19) 0. Neubauer and L. Flatow, d .  Ohysinl. Chem.,  6 2 ,  376 (1907); 
G. Bargellini and L. Monti, Gam c h i n .  i t d ,  46 I, 90 (1915) [C.  A . ,  9,  
2239 (1915)l; S.  A t .  Sethna, Chem. Reus.,  49, 91 (1951). The lactone 
X V I I  was prepared by persulfate oxidation of dihydrocoumarin. A 
12yo yield was obtained after purification of the crude product by 
chromatography on neutral alumina in ethyl acetate solution. 

166'. Prior to  analysis, the substance was dried for 6 
hours at 65' over P 2 0 6 .  

Anal. Calcd. for C11H11Br2NOI: C, 34.67; H, 2.91; 
Br,41.96. Found: C,34.66; H,  2.85; Br, 41.94. 

Phloretylglycine (XVIII).-Condensation of glycine ethyl 
ester with phloretic acid was effected in a manner identical 
to the preparation of XIX. After acidification to PH 1, 
the clear solution was concentrated to a small volume under 
reduced pressure, and the product separated as colorless 
crystals. The yield, from 830 mg. of V, was 560 mg. (5070), 
m.p. 176-178' (lit.% 179"). 

Reduction of Dienone-lactone VI1 with Hydrobromic 
Acid.-To a solution of 210 mg. (0.00005 mole) of VI1 in 5 
ml. of acetonitrile was added 50 ml. of 2 N hydrobromic acid, 
and the reaction mixture was refluxed for 1.5 hours. The 
clear yellow solution was cooled to room temperature and 
the acetonitrile removed under reduced pressure. After 
addition of 10 g. of sodium chloride, the reaction mixture 
was warmed until a clear solution was obtained. Upon 
cooling overnight, colorless needles deposited (83 mg., 4Oyo0, 
m.p. 107-108'). After recrystallization from benzene 
ligroin (b.p. go"), the product melted a t  108-109°. 

Anal. Calcd. for C9HsBrzOs: C, 33.37; H, 2.49; Br, 
49.34. 

No depression of melting point was observed on admix- 
ture with an authentic sample of 3,5-dibromophloretic acid 
(VI). The ultraviolet spectra (ethanol) and infrared spec- 
tra (chloroform) of the two substances were found to be 
identical. The reduction product was also compared to V I  
by chromatography on Whatman #l paper in l-butanol- 
dioxane2 N NH3 (4:1:5). Both substances gave single 
spots of Rr 0.18 upon spraying the air-dried chromatogram 
first with a 2% aqueous solution of phosphomolybdic acid, 
and then concentrated NH,OH-ethanol(l:2). 

Rearrangement of Dienone-lactone VI1 in 4 N Sulfuric 
Acid.-To a solution of 320 mg. (0.001 mole) of V I 1  in 5 ml. 
of acetonitrile was added 54 ml. of 4 N sulfuric acid, and the 
reaction mixture refluxed for 3 hours. After concentration 
of the clear solution t o  about 20 ml., 4 g. of sodium chloride 
was added and the solution was cooled in ice for 3 hours. 
The solid product was filtered, washed with cold water and 
dried over Pz06 (130 mg., 40%, m.p. 135-140'). Recrystal- 
lization from water yielded 100 mg. of needles, m.p. 148- 
150'. 

The product showed no depression of melting point on 
admixture with an  authentic sample of XI.  The ultra- 
violet (ethanol) and infrared (chloroform) spectra of the 
two substances were identical. The melting point of a mix- 
ture of the product with XI11 was 135-136". 

This product, 65 mg., was heated in an oil-bath at  150- 
155" for 45 minutes. The solid residue was sublimed 
in vacuo a t  140-150" (1 mm.),  yielding 50 mg. of a colorless 
powder, which, after crystallization from benzene, melted 
a t  180-181'. No depression of melting point was noted 
on mixing this substance with an authentic sample of the 
lactone XII ,  and the infrared spectra of the two compounds 
(CHZClI) were identical. The infrared spectra differed sig- 
nificantly in the fingerprint region from that of XIV, and 
mixed melting point of the product with XIV was 155165'. 

Found: C,33.28; H,  2.53; Br, 49.0i. 

Anal. Calcd. for C9HeBr203: C, 33.57; H,  1.88; Br ,  
49.63. Found: C,33.54; H,2.16; Br,49.26. 

Reaction of Dienone-lactone VI1 with 6 N Hydrochloric 
Acid.-To a solution of 400 mg. (0.00125 mole) of VI1 in 5 
ml. of acetonitrile was added 50 ml. of 6 ,li HCI. The mix- 
ture was refluxed for 1 hour, yielding a clear solution which 
was concentrated to a small volume under reduced pressure. 
The voluminous precipitate was filtered, washed several 
times with cold water to dissolve contammating ammonium 
chloride, and dried (140 mg., m.p. 107-114°). The com- 
bined filtrate and washings were extracted with 3 35". 
portions of ether. The ethereal phase was dried, concen- 
trated under reduced pressure, and the residual oil was crys- 
tallized from water; yield 45 mg. of needles contaminated 
with a little oily material. 

The infrared spectrum (chloroform) of the first product 
w a ~ ,  almost identical to that of 3,5-dibromophloretic acid 
(1'1). Paper chromatography of both fractions showed 
them to consist primarily of 3,5-dibromnphloretic acid, tn -  
gether with a small amount of XI  (I-butanol-dioxane-? N 
NH3 [ 4 :  1 :5] ,  upper phase, descending; development with 

(20) A .  Sonn. Ber. ,  46, 4060 (1913). 
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2f% aqueous phosphomolybdic acid spray, followed by 1 : 2 
ammonia-ethanol). 

Reaction of 3,5-Dibromophloretylglycine (XIX) with 
NBS.-To a solution of 200 mg. (0.0053 mole) *if X I X  in 30 
ml. of 20% acetonitrile-acetate buffer (0.16 M ,  pH 4.6) 
was added a solution of 93 mg. (0.00053 mole) of NBS in 10 
ml. of the same solvent. Colorless needles began t o  sep- 
arate within 5 minutes. After 2.5 hours, the reaction mix- 
ture was chilled briefly and the dienone-lactone VI1 was col- 
lected by filtration (84 mg., 49%, m.p. 173-175'). 

No melting point depression was observed on admixture 
with a specimen of VI1 prepared from 3,5-dibromophloretic 
acid ( V I ) .  The ultraviolet spectra of the two substances 
were identical. Paper chromatography of a sample of the 
reaction mixture on Whatman #l paper in 1-butanol-acetic 
acid-water (4: 1 : 5 )  showed the presence of a single ninhy- 
drin-positive spot, Corresponding in RI  to  a glycine standard. 
Quantitative ninhydrin assaya* of an aliquot of the reaction 
mixture gave a value of i670 cleavage, based on the color 
yield of a~glycine standard. 

Reaction of Phloretylglycine (XVIII) with NBS. A. 
Preaarative ExDerhent.-To a solution of 334 mg. (0.0015 
mole) of phlorkylglycine in 25 ml. of 20% ac&onitrile- 
acetate buffer was added, in 5 equal portions at one-minute 
intervals, a solution of 820 mg. (0.0046 mole) of NBS in the 
same solvent. Within 10 minutes, a crystalline solid had 
begun to  separate. After 2 hours, the product was collected 
by filtration (230 mg., 48'70, m.p. 16G173'). Recrystal- 
lization from acetonitrile-water yielded colorless needles 
melting at 172-174'. The product was shown to be iden- 
tical to  the dienone-lactone VI1 by ultraviolet spectrum and 
mixed melting point. 

B. Analytical Experiment .-A series of reaction mix- 
tures containing phloretylglycine M )  and NBS (0- 
3.6 X M )  in the same solvent as above were allowed 
to stand at room temperature for 30 minutes. At the end 

(21) S. Moore and W. H. Stein, J .  B i d .  C h e v . ,  176, 367 (1048). 

of this time, no NBS remained, as determined by iodometric 
titration. From each solution, aliquots were removed for 
spectrophotometric determination of the dienone-lactone 
VI1 (optical density a t  260 mu), and ninhydrin assay for 
glycine.21 The results of this experiment are shown in Fig. 
1. 

In  a control run, i t  was noted that glycine reacted rapidly 
with NBS under the conditions of the cleavage reaction. 
Using a solution containing glycine and NBS each at A[, 
i t  was found that less than half of the NBS remained after 
two minutes (iodometric titration). The decrease in nin- 
hydrin color occurred more slowly. 

Reaction of N-Carbobenzyloxy-S-benzyl-L-cysteiny1-L- 
tyrosyl- isoleucine (XX) with NBS.-A solution of N- 
carbobenzyloxy-Sbenzyl-L-cysteinyl-L-tyrosyl-L-isoleucine'l 
at 4 X M was allowed to  react with 3 equivalents of 
NBS or of bromine under the conditions described above for 
phloretylglycine (XVIII). After 30 minutes, aliquots were 
removed for ninhydrin assay, which indicated a cleavage 
yield of 40%. Paper chromatography on Whatman #I 
paper in 1-butanol-acetic acid-water (4: 1: 5) gave a single 
ninhydrin-positive spot of Rf corresponding to that of a 
standard sample of isoleucine. Spectral examination of a 
sample of the reaction mixture showed the presence of an 
intense maximum a t  260 mp. 
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Study of Inhibition of Azaserine and Diazo-oxo-norleucine (DON) on the Algae 
Scenedesmus and Chlorella' 

B Y  PETRONELLA Y. F. VAN DER. MEULEN? AND JAMES A. BASSHAM 
RECEIVED SEPTEMBER 2, 1958 

The effects of azaserine and DON (diazo-oxo-norleucine) on the metabolism of the algae Scenedesmus and Chlorella during 
photosynthesis with C1402 are presented and found to  be largely the same for both inhibitors. DON appears to  inhibit 
the formation of a-N-formylglycinamidine ribotide from a-N-formylglycinamide ribotide, as is known for azaserine. a-N- 
Formylglycinamide ribotide and glutamine accumulate with both inhibitors, being absent from the control experiment. A 
proposal is presented that a possible site of inhibition is the synthesis of glutamic acid from a-ketoglutaric acid. The re- 
lationship between glutamine and glutamic acid is discussed and the suggestion made that there may be a biosynthetic route 
to glutamine not involving glutamic acid as an intermediate. Indications for a still wider interference of the inhibitors are 
seen. 

Introduction 
In studies of the effect of azaserine on Scenedes- 

mus during photosynthesis with C1402 the inhibi- 
tor was found to cause many changes in the label- 
ing of metabolic intermediates with C14.3 The 
transamination reactions were given as possible 
sites of inhibition. This work has been extended, 
and in this report a study on the inhibition effects 
of both azaserine and diazo-oxo-norleucine (DON) 
on the metabolism of the algae Scenedesmus and 
Chlorella is reported. 

(1) The  work described in this paper was sponsored, in part, by the 
U. S. Atomic Energy Commission and, in part, by a grant from the 
Rockefeller Foundation to Professor Melvin Calvin. 

(2) Centraal Laboratorium, Toegepast Naturrwetenschappelijk 
Onderzoek (T.N.O.)  Delft, the Netherlands. Netherlands-America 
Foundation Fellow, 1956-1957. 

(3) S. A. Barker, J. A. Bassham, hl.  Calvin and U. C. Quarck, THIS 
JOURNAL, 78, 4362 (1956). 

Experimental Procedures 
The experiments were of two types: type A ,  in which first 

inhibitor and then, after 5 minutes, C140? is added to  thr 
algae suspension; and type B in which the algae are contin- 
uously in contact with C'*O*, before, during and after the ad- 
dition of inhibitor. 

Experiments of type A show the effect of the prescnce of 
inhibitor for a fixed time on the distribution of radioactivity 
among the metabolic intermediates after 5 minutes photo- 
synthesis. In experiments of type B the distribution of 
radioactivity among metabolites following introduction of 
the inhibitor can be followed over a longer period of time. 

A brief description of experiments of type A and B with 
experimental details is given below, followed by tables and 
charts of the results of those experiments. Any deviation 
from the standard procedure is noted under the experiment 
concerned. Further experimental details have been pub- 
lished elsewhere.4 

(4) P.  Y.  F. van der Meulen, Rijks Universiteit, Leiden, The 
Netherlands, Thesis, 1958. 


