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was then  acidified to p H  2.5 and ext rac ted  wi th  ether.  
Remova l  of the  solvent  gave 76 mg (94% yield) of an 
amorphous  powder  (VI) Ct0HnNOsS (by high resolution 
mass spectrometry) ,  [~]D 33.6 ~ (0.54% in C2H~OH; 

E t O H  ~tma x 306, 230 nm (log e, 3.35, 4.31); Z NHcl 291, 283, 
m a x  

252, 217 nm (log e, 3.57, 3.61, 3.94, 4.36). 
Similar  yields (96%) of compound  VI  were also obtained 

when a solution of V (0.87 g) in phosphate  buffer  at  
p H  8.2 (80 ml) was oxidized wi th  O~ for 20 rain a t  room 
tempera ture .  

Characterization o/ V I .  Crystal l ine stable der ivat ives  
of VI  were obta ined as follows: a solution of VI  (500 mg) 
in anhydrous  e thanol  was sa tura ted  wi th  HC1 and the  
mix tu re  left  at  room tempera tu re  for 48 h. The crude 
e thyl  ester (450 rag) was then t rea ted  (70 h, room tem-  
perature) wi th  acetic anhydr ide  (30 ml) and pyridine 
(20 ml). R e m o v a l  of the solvents left  an oil which was 
separated by  PLC over  silica (F254, Merck) wi th  50% 
ether-chloroform to give three products  (Rf 0.64, 0.54 
and 0.30; located by  UV-light)  which were character ized 
as VI I ,  V I I I  and IX,  respect ively,  on the basis of the  
fol lowing evidence. 

[~R' R 

~J~ -N\ .... COOGzHs 1111; R=H R'-GOBH3 
. ~ " T  I ~H W; R=R'=COCH~ 

l l ~ C ~ S / c t i t  N ;  R:COCH~, R'=~i 

Compound V I I  (216 mg), analyzed for C14H17NO4Sll 
(M +. 295), formed prisms f rom ethanol,  mp 76-77~ 

~tOH (log e, [~I) -- 49.2 ~ (0.51% in CHela);  Zmax 311, 231 n m  
3.58, 4.36); vma x (CC14) 3370 (NH), 1775 (OCOCHa) , 1745 
(COOCeHs) cm-~; N M R  (CCI4): d 1.23 (3H, t, J _~7, 
OCH~-CHa), 2.18 (6H, s, ArCH 3 and OCOCIla), 3.0 (2H, 
unresolved 8-lines m, S-CH2-CH,  AB par t  of an A B X  
system), 4.10 (1H, dd, S-CII2-CH,  X par t  of the  A B X  
system), 4.15 (2H, q, J ~ 7, OCH2-CIla), 4.55 (1H, br s, 
Ni t ) ,  6.55 (1H, a romat ic  proton), 6.58 (1H, a romat ic  
p r o t o n ) .  

Compound V I I I  (222 rag), C16H1,NO~S (M + 337), mp  
155-157 ~ (from ethanol),  [~n -- 86.1 ~ (0.50% in CHela);  
2 Et~ 261, 232 nm (log e, 4.04, 4.38) ; vmax (CHela) 1770 

m a x  

(OCOCila), 1745 (COOC~Hs) , 1665 (NCOCHa) c m - t ;  
N M R  (CDCla): d 1.17 (3H, l, J - -7 ,  OCHI2-CHa), 2.02 
(3H, s, N-COCHa) , 2.29 (6H, s,-ARCH a and OCOCHa), 
2.97 and 3.46 (2H, two q, JAB ~ 1 3 ,  JAX --~9, JBx -~8, 
S - C H  2 CH), 4.10 (2I-I, q, J ~ 7, OCH~-CHa) , 5.64 (1H, 
dd, S-CI.I2-CH), 6.93 (1H, a romat ic  proton), 7.09 (1H, 
a romat ic  proton).  

Compound I X  (31 rag), C~H~NO~S (3{. + 295), mp 120 
~EtOH to 122~ (from ethanol); max 287 (sh), 262, 228 nm 

(log e, 3.73, 3.99, 4.38); vm~ (CHela) 3330 (OH), 1720 
(COOC~H~), 1665 (N-COCH~) cm -~. 

Discussion. The results repor ted  in this s tudy  show 
evidence that ,  under  the  condi t ions  of the in v i t ro  pha- 

eomelanogenesis,  5-S-cysteinyldopa (I) as well as 2-S- 
cys te iny ldopa  (II) are rapid ly  conver ted  into the  cor- 
responding dihydrobenzothiazines  I I I  and IV, which are 
the  first  UV-de tec tab le  in te rmedia tes  preceding the  
appearance  of pigments .  The ass ignment  of the  s t ructures  
I I I  and IV for these new in termedia tes  is main ly  based 
on thei r  absorpt ion spectra and on the  mass spectra of 
the  corresponding d ie thyl  esters, because the ins tabi l i ty  
of the  products  has precluded chemical  character izat ion.  
However ,  indirect  evidence for the  proposed s t ructures  is 
provided  by  the  s tudy  of the  model  compound  (V), the  
cycl izat ion product  (VI) of whi.ch has been unequivoca l ly  
character ized by spectral  and chemical  data.  

Considering tha t  the  cycl izat ion of the  cysteinic residue 
of the model  compound (V), as well as of the  phaeome-  
lanin precursors (I and II),  takes  place a lmost  quant i -  
t a t ive ly  12 wi th in  a few min, a self-catalyzed react ion 
involv ing  oxida t ion  and reduct ion  steps is l ikely for the  
format ion  of d ihydrobenzothiaz ines  (scheme 1). Presum- 
ably, the  cycl izat ion react ion is ini t ia ted by the  format ion  
of a ca ta ly t ic  amoun t  la of o-quinone (B) which undergoes 
an in t ramolecular  e l iminat ion of wa te r  producing as 
in te rmedia te  an o-quinonimine der iva t ive  (C); th is  m a y  
be reduced to d ihydrobenzothiaz ine  by the s tar t ing pro- 
duct  which in tu rn  is oxidized to the  corresponding 
o-quinone and the  react ion continues spontaneously.  

Fu r the r  exper iments  are now required to clar ify the  
pathway by which the dihydrobenzothiazines III and IV, 
the existence of which has not been described previously, 
are oxidized in the subsequent steps of the in vitro 
phaeomelanogenesis .  

Riassunlo. Mediante  esper iment i  in vi tro,  6 s ta to  accer- 
taro che i p r imi  s tadi  della biosintesi  delle feomelanine 
conducono alla formazione di der iva t i  di idrobenzotiazi-  
nici, ai qual i  sono s ta te  assegnate le s t rn t tu re  I I I  e IV. 
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11 Satisfactory C, H, N and S analyses of VII, VIII and IX were 
obtained. IR-spectra were recorded on a Perkin-Elmer Infracord 
(mod. 137 E) and NMR-spectra on a Varian A-60 apparatus 
(internal reference TMS); s denotes a singlet, d a doublet, t a 
triplet, q a quartet, m a multiplet, dd a doublet of doublets, 
br broad, 

12 The quantitative conversion of I (or II) into III (or IV) can be 
observed spectrophotometrically, but the unfavourable properties 
of the product precludes its isolation in very high yields. 

1~ As expected, manometric experiments showed that only a catalytic 
amount of oxygen is required during the cyclization reaction. 

The  S y n t h e s i s  of  M o n o f l u o r o a c e t i c  Acid  by a T i s s u e  Cul ture  of Acacia georginae 

Monofluoroacet ic  acid is a h ighly  toxic  compound  to the observat ions  of CHENG et al. 2 and LOVELACE et al. 2 
mammal s  and has been detected in several p lan t  species who have  repor ted  the  presence of f luoroaceta te  in the  
f rom Austral ia ,  South  Africa, and Brazil  1. The  assump- foliage of soybeans and common  forage plants  exposed 
l ion tha t  the  synthesis  of this compound  m a y  be a to gaseous inorganic fluoride. 
response to high concentra t ions  of avai lable  inorganic PETERS et al. a and PREIJSS z have  described the in v ivo  
fluoride ill the  soil or water  appears  to be suppor ted  by  synthesis  of f luoroaceta te  by  Acacia georginae grown 
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under  control led condit ions.  PETERS et  al. 4 have  also 
repor ted  the  in vi t ro  synthes is  of f luoroaceta te  by  ex t rac t s  
of Acacia georginae in the  presence of sodium pyruva te ,  
po tass ium fluoride, manganese  chloride, po tass ium phos-  
phate ,  and adenosine  t r iphospha te .  However ,  these  
sys tems  have  not  faci l i ta ted the  s t u d y  of the  b iosynthes is  
of f luoroacetate,  since individual  p lan ts  of Acacia are 
ex t remely  var iable  in the i r  capac i ty  to synthes ize  fluoro- 
ace ta te  in the  presence of inorganic fluoride. 

E x p e r i m e n t s  were designed to de te rmine  the  capac i ty  
of a t issue culture der ived f rom Acacia georginae to  
synthes ize  f luoroacetate .  The t issue culture,  der ived f rom 
a single p r ima ry  explant ,  and  growing under  carefully 
control led condi t ions  of nu t r i en t  supply,  light, and t em-  
perature ,  p rov ided  a uni form and reliable source of 
mater ia l .  The callus cul ture was der ived f rom a s t em 
section of a seedling of Acacia georginae and was grown 
on a med ium similar to t h a t  descr ibed by  MI:RASHmE 
and SKOOG 5, 6 

The cultures were grown for 10 weeks on th is  med ium 
alone or af ter  the  add i t ion  of 10 3M sodium fluoride. 
For  purposes  of comparison,  a t issue culture of t oma t o  
s tem was grown under  similar  condi t ionsL The cul tures 
were grown in an incuba tor  wi th  a twelve-hour  l ight  
per iod and ' day '  and  'n ight '  t empera tu re s  of 2 5 . 5 ~  
0.5~ and 21.5-4-0.5~ respect ively.  Af ter  the  10-week 
growth  period,  the  cultures and  the  media  on which 
t h e y  were growing were ex t rac ted  and analyzed to 
de te rmine  the  presence of f luoroacetate .  The procedures  
will be descr ibed elsewhere s. 

F luoroace ta te  was ident i f ied by  the  re ten t ion  t ime  of 
the  m e thy l  ester  by  gas c h r o m a t o g r a p h y  on 3 di f ferent  
columns (Table). The column of Tween 80-phosphoric 
acid gave the  bes t  separat ion.  In  add i t ion  to f luoroacetic 
acid, the  following acids were also ident i f ied (in order  
of the i r  r e ten t ion  t ime  on the  Tween 80 column) : glycolic, 
oxalic, propionic,  malic, and succinic. A peak  as ye t  
unident i f ied  is Muted be tween  malic and succinic acids. 

The peak  corresponding  to  me thy l  f luoroaceta te  was 
ob ta ined  only f rom ex t rac t s  ot Acacia t issue cul ture grown 

on the  med i u m conta in ing  sodium fluoride and f rom an 
ex t rac t  of the  m e d i u m  itself. All o ther  ex t rac t s  of Acacia 
and t o m a t o  t issue cultures,  and the  media  on which  t h e y  
were grown, gave no de tec tab le  f luoroacetate .  

These resul ts  d e m o n s t r a t e  t h a t  a s t em tissue cul ture 
of Acacia georginae grown on a med i u m wi th  added  
inorganic fluoride can synthes ize  the  carbon-f luor ine 
bond  in the  form of f luoroacetate .  Previous  work has 
suggested t h a t  t he  root  is the  probable  si te of synthes is  
of f luoroaceta te  in in tac t  p l an t s  of Acacia a. The presen t  
results  suggest  t h a t  synthes is  of f iuoroace ta te  is no t  
res t r ic ted  only to the  root  of tt ie i n t ac t  p l an t  or t h a t  the  
capac i ty  to synthes ize  f luoroace ta te  is l a ten t  in the  s t em 
t issue of the  plant .  

I t  has  not  ye t  been de te rmined  if the  synthes is  of 
f luoroaceta te  in p lan ts  is ca ta lyzed  by  enzyme sys tems,  
a l though p re l iminary  exper imen t s  on i n ' v i t r o  synthes is  
indicate  t h a t  th is  is the  case. No th ing  is known at  p resen t  
abou t  the  na tu re  of the  precursor  of the  two-ca rbon  
f r agmen t  of f luoroacetate ,  even though  several  suggest ions 
have  been  made  4. The p l an t  t issue cul ture descr ibed is 
a un i form and reproducible  biological sys t em t h a t  grows 
and mult ipl ies  under  def ined condit ions,  is capable  of 
synthes iz ing  f iuoroacetate ,  and m a y  provide  a useful tool  
for the  s tudy  of this  problemg.  

Zusammen/assung. Gewebekul tu ren  yon  Acacia geor- 
ginae verm6gen  F luor id - Ionen  aus dem K u l t u r m e d i u m  
in Fluoressigsiiure umzuwande ln .  
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Operating conditions for gas chromatographic analysis of methyl 
fluoroacetate 

Gas chromatograph Packard Model 7620 
Detector Flame ionization 
Column Glass 

Dinonyl Tween 80 
phthalate 

Poropak Q 

Column dimensions 1/4" x 6' 1/4" • 6' 1/s" • 6' 
Column temperature 50 ~ 88 ~ 150 ~ 
Detector temperature ll0~ 115 ~ 175~ 
Injector temperature llO~ llO~ 175~ 

Solid support Acid washed, Acid washed Poropak Q 
DMSS firebrick 
treated 
chromosorb 

Liquid phase 20% dinonyI 10% tween None 
phthalate 80-HaPO 4 (9:1) 

Carrier gas flow rate 50 cm3/min 50 cmS/min 17 cmS/min 
Carrier gas Argon Argon Argon 
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