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NUCLEOSIDES & NUCLEOTIDES, 8(4), 505-514 (1989) 

SYNTHESIS AND 3IOLOGICAL EFFECTS OF 5'-DEOXY-5'-(CYCLO- 
PROPY LMETHY LTH 1O)ADEHOS INE 

Janice R. Su f r i ? *+ ,  A r thu r  J .  Spiefs*, 

Robert G. Hughes, Jr  , Ralph i. i3ernacki* 
and Car l  W. P o r t e r  

John F. Karny D$bora L. Kramer , 

*Grace Cancer Drug Center 
+Department 3 f  Surg ica l  Oncology 

and 
'Depdrtnent o f  Mol ecul  a r  and C e l l  u l  a r  3 i  01 ogy 

Zoswell Park Memorial I n s t i t u t e  
B u f f a l o ,  NY 14263 

Abst ract :  A novel synthesis o f  the nucleoside analog, 5'-deoxy-5'- 
m o p j l n e t h y l  th io)adenosine (CPMTA, 1) has been developed. CPMTA 
i s  a c l o s e l y  r e l a t e d  s t r u c t u r a l  analog oT Si-deoxy-5 ' - ( isobuty l  t h i o l -  
adenosine (SIBA, z), which has been widely s tud ied  dnd shown t o  e x e r t  
a m u l t i t u d e  o f  b i o l o g i c a l  e f f e c t s .  The i n  v i t r o  and i n  v f v o  ant i tumor 
( ~ 1 2 1 0  leukemia) a c t i v i t y  o f  CPMTA has b e e n i n d  t o - 6 e Z p a r a b l e  t o  
t h a t  o f  S I B A ,  whereas i t s  i n  v i t r o  a n t i v i r a l  (HSV and VSV)  a c t i v i t y  i s  
diminished. These a g e n t r  T b e i n g  developed as i n h i b i t o r s  o f  
methyl a t i o n  and/or polyami ne synthesis.  

The development o f  compounds t h a t  i n t e r f e r e  w i t h  the Siosynthesis 

and/or metdbol i sm o f  S-adenosylinethioni ne ( AdoPkt) a s  p o t e n t i a l  cherno- 

the rapeu t i c  agents i s  an area o f  a c t i v e  S i o l o g i c -  

a1 m e t h y l a t i o n  react ions and yo l yamim b iosynthes is ,  both o f  Mhich 
u t i l i z e  AdoMet, are c r i t i c a l l y  i nvo l ved  i n  c e l l u l a r  growth and func- 

t i o n .  Thus, chemotherapeutic s t r a t e g i e s  t a r g e t i n g  AdoMet have been 

v a r i o u s l y  exg lo red  f o r  t h e i r  ant i tumor,  a n t i v i r a l ,  a n t i b a c t e r i a l  and/ 
o r  a n t i p a r a s i t i c  p o t e n t i a l  .* Among the  most i n t e r e s t i n g  and widely  

s tud ied  compounds t o  emerge i n  t h i s  area o f  pharmacological develop- 

ment i s  5'-deoxy-5'-(isobutylthio)adenosine (SIBA),3 a nucleoside 
analog which i s  s t r u c t u r a l l y  r e l a t e d  t o  two b i o l o g i c a l l y  a c t i v e  AdoMet 
metabol i tes:  S-adenoyl  homocysteine (AdoHcy), a p roduc t  o f  a1 1 AdoMet- 
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506 SUFRIN ET AL. 

mediated methyl  a t i o n  react ions,  and 5'  -deoxy-5' - (methy l  t h i  oladenosi ne 
(MTA), a p r o d u c t  of spermidine (Spd) and spemine (Spm) Siosynthes is  

and o f  e thy lene  Siosynthes is  i n  p lan ts .  SIBA has been found t o  have 

potent  e f f e c t s  on a number o f  AdoMet metabol ic enzymes which i nc lude  

hydrolase.6 It i s  a l so  an i n h i b i t o r  o f  c y c l i c  AMP phosphod is te r -  
ase7 and o f  c e l l u l a r  nuc leos ide and sugar t ranspor t .8  The po- 
t e n t i a l  i n t e r a c t i o n  o f  S IBA w i t h  these d iverse c e l l u l a r  t a r g e t s  un- 
doubtedly c o n t r i b u t e s  t o  t h e  wide spectrum o f  i n  v i v o  b i o l o g i c a l  

e f fec ts  observed f o r  t h i s  compound. 5'-Deoxy-5'-(cyc1oprop~1!nethy1- 
th io)adenosine (CPMTA), a s t e r i c a l l y  const ra ined analog o f  SIBA, has 

been synthes ized by a novel r o u t e  and has been evaluated, i n  com- 

par ison wi th SIBA, f o r  i t s  a n t i v i r a l  and ant i tumor a c t i v i t y .  It was 

hoped t h a t  i n t r o d u c t i o n  o f  t h i s  s t r u c t u r a l  m o d i f i c a t i o n  would produce 

a SI3A analsg w i t h  enhanced b i o l o g i c a l  a c t i v i t y .  

Spd synthase, 4 Spm ~ y n t h a s e , ~  MTA p h o s p h ~ r y l a s e ~ "  and AdoHcy 

- -  

y 2  y 2  

HO OH HO OH 

CPMTA SIBA 

i - RESULTS 
2 - 

Chemistry. 
The most commonly used s y n t h e t i c  r o u t e  f o r  t h e  p repara t i on  o f  SI3A 

and r e l a t e d  5'-deoxy-5'-(alkythio)adenosine analogs, i nvo l ves  t h e  re-  

a c t i o n  o f  5'-deoxy-5'-chloroadenosine (5'-ClAdo) w i t h  a s p e c i f i c  a l k y l  
inercaptan under a v a r i e t y  o f  b a s i c  cond i t i ons .  A l i m i t a t i o n  o f  t h i s  
o t h e m i  se s t r a i g h t f o r w a r d  s y n t h e t i c  r o u t e  i s  i t s  r e l i a n c e  on t h e  com- 
merc ia l  ava i  1 ab i  1 i ty o f  su i  t ab1  e a1 k y l  mercaptans as s t a r t i n g  ma te r i  - 
d l  s. Labora to ry  precaut ions associated w i t h  the  hand1 i n g  o f  mercap- 

tans may have discouraged t h e  p repara t i on  of unusual a l k y l  mercaptans 
f o r  use i n  t h e  synthes is  o f  5'-deoxy-5'-(alkylthio)adenosine analogs. 
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5'-DEOXY-5'-(CYCLOPROPYLMETHYLTHIO)ADENOSINE 507 

A novel synthesis  of CPMTA i s  reported here which involves the 
f a c i l e ,  in generation of cyclopropylinethyl mercaptan. This 
methodology i s  poten t ia l ly  appl icable  to  the formation o f  a var ie ty  of 
previously unprepared 5-deoxy-5'-(alkyl thioladenosine analogs. The 
synthesis  has been adapted from the methods of Yamada e t  al.' who 
have developed 3-(alky1thio)-1,2-benzisothiazole 1, l -dioxide (BID-SR) 
reagents a s  odorless  t h i a l  equivalents  and have used them i n  the 
preparation of corresponding su l f ides .  As i l l u s t r a t e d  f o r  the 
synthesis  o f  CPMTA i n  Scheme 1, 3ID-SR reagents a r e  e a s i l y  prepared by 
the reac t ion  of a su i t ab le  a lkyl  hal ide ( i .e .  cyclopropylmethyl 
bromids) w i t h  the sodium sa l t  of thiosaccharin.  In si tu generation o f  

- - 

-__. 

d ) 4 - N a t  + D ( \ B r  

0" .to 
- 3 !? 

Scheme 1 

the  corresponding alkanetliiol ( i  .e. cyclopropylmetliyl mercaptan) was 
accompl i shed by treatment w i t h  p i  peri di ne fol  1 owed by treatment with 
DSU t o  provide the  reac t ive  a lky l th io l a t e  anion which, upon fu r the r  
addi t ion of an e l ec t roph i l i c  a lkyl  hal ide ( i . e .  5'-ClAdo) gave the 
corresponding su l f ide  ( i  .e. CPMTA). A1 though the y i e l d  (23%) o f  CPMTA 
was modest, the a t t r a c t i v e  f ea tu re  of the synthesis  i s  f a c i l e  gen- 
e ra t ion  of the required alkanethiol  from a corresponding alkyl halide.  
The y i e l d  was improved s l i g h t l y  by us ing  5'-deoxy-5'-toluenesulfonyl- 
adenosine i n  p lace of 5'-ClAdo, bu t  s imi la r  attempts,  u s i n g  5'-deoxy- 
5'-iodoadenosine, met w i t h  l imi t ed  success. 

3i 01 ogic a1 S tudies  

A n t i  v i ra l  Ac t iv i ty  
The comparative a b i l i t i e s  of CPMTA and SIBA t o  i n h i b i t  the rep l i -  

ca t ion  of herpes simplex v i rus  type 1 (HSV-1) and type 2 (HSV-2) i n  
infected C V - 1  monkey kidney c e l l s  and of ves icu lar  s toma t i t i s  virus 
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SUFRIN ET AL. 508 

Table 1. C y t o t o x i c  and A n t i v i r a l  A c t i v i t y  o f  CPMTA versus S I B A  i n  C V - 1  
and BHK Ce l l  Cul tures.  

C y t o t o x i c i  ty A n t i v i r a l  A c t i v i t y  

CPMTA 0.1 - - - - - 
HSV-1 HSV-2 VSV - - -  Compound - mM C V - 1  c e l l s  BHK c e l l s  

0 . 3  PT(7)3 - + + - 5 

- + 1.0 T4 nd' nd 

SIBA 0.1 PT(8) - + + - 
0 . 3  PT( 12) - ++ ++ + 6 

1 .o PT( 10) PT( 5) ++ ++ ++ 

1 C V - 1  c e l l s  a re  i n f e c t e d  w i t h  HSV-1, s t r a i n  KOS and HSV-2, s t r a i n  
- 333. 

BHK c e l l s  a re  i n f e c t e d  w i th  VSV, v e s i c u l a r  s t o m a t i t i s  v i rus .  
PT, p a r t i a l l y  t o x i c ,  7 rim diameter zone o f  dead c e l l s .  
T, t o x i c  t o  a l l  c e l l s  i n  w e l l .  
+, p laque diameter reduced r e l a t i v e  t o  c o n t r o l s .  

nd, n o t  determined 

3 
4 
5 
6 ++, no plaques de tec tab le  

(VSV) i n  BHK c e l l s ,  were eva lua ted  by use of a d i s k  assay. As summa- 

r i z e d  i n  Table 1, SIBA, whose a n t i v i r a l  e f f e c t s  a r e  well-document- 

ed,3 was h i g h l y  a c t i v e  i n  ou r  assays a t  a 1 mi4 concentrat ion.  I n  
contrast ,  CPMTA was found n o t  o n l y  t o  be l e s s  e f f e c t i v e  than SIBA as 

an a n t i v i r a l  agent, b u t  a l s o  more c y t o t o x i c .  Since a c lose  c o r r e l a -  
t i o n  between a n t i v i r a l  a c t i v i t y  and potency as S-adenosylhomocysteine 
hydrolase i n h i b i t o r s  has been observed f o r  a se r ies  o f  adenosine ana- 
logs," t h e  d imin ished a n t i v i r a l  e f fec ts  o f  CPMTA may be a r e f l e c -  
ti on o f  t h i  s p henornenon. 

An t i  tumor A c t  i v i  t y  
The growth i n h i b i t o r y  a c t i v i t y  o f  SIBA,  a subs t ra te  o f  MTA phos- 

phorylase, hds been found t o  be s i g n i f i c a n t l y  a f f e c t e d  by the  presence 
o r  absence o f  t h i s  enzyme i n  tumor c e l l  l i n e s . l l  Accordingly,  t he  
ant i tumor e f f e c t s  o f  CPMTA and SIBA were s tud ied  i n  two murine l eu -  
kemia c e l l  1 ines,  L1210 (MTA phosphorylase-containing) and L5178Y (MTA 
phosphoryl a s e - d e f i c i e n t )  . 
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5'-DEOXY-5'-(CYCLOPROPYLMETHYLTHIO)ADENOSINE 509 

Table 2. E f f e c t s  o f  CPMTA and SIBA on Growth and Polyamine Pools o f  
Cu l tu red  L1210 and L5178Y Cel ls .  

Polyami ne Pools* 

(48 h r )  ( X  Control  1 (nrnol/lO c e l l s )  
- 
Put Y = C e l l  L i n e  Treatment Growth 

L1210 None 
~ ~~ ~~ 

100 0.46 2.92 0.84 

CPMTA (300 pbl) 54 0.67 2.34 0.68 

S I B A  (300 pM) 47 0.80 2.52 0.69 

CPMTA (100 pM) 59 0.36 2.12 1.13 
(300 pt4) 31 0.39 1.87 1.03 

S ISA (100 p H )  47 0.30 1.98 0.97 
(300 uM) 26 0.22 1.30 0.87 

MTA (40 I I M )  55 0.32 2.40 0.62 

*Average of a t  l e a s t  2 separate experiments 

I n  L1210 c e l l s  t he  I C 5 0  va lues f o r  both S I B A  and CPMTA were ap- 

prox imate ly  300 vM, whereas f o r  L5178Y c e l l s  t h e i r  I C 5 0  values were 
approximately 100 pi4 (Table 2). Tn is  d i f f e r e n c e  i n  s e n s i t i v i t y  be- 

tween t h e  tvJo c e l l  l i n e s  was seen t o  d greater  e x t e n t  i n  t h e  I C 5 0  
values ob ta ined  f o r  MTA: 600 pl4 (L1210) versus 40 p M  (L5178Y). To 
d e t e m i n e  t h e  poss ib le  e f f e c t s  o f  CPMTA and S IBA on Spd and Spm syn- 
thases, polyamine pools  were analyzed a t  t he  IC50 values and com- 
pared t o  t h e  l e v e l s  i n  c e l l s  s i m i l a r l y  t r e a t e d  w i t h  MTA, known t o  i n -  

h i b i t  bo th  o f  these polyamine b i o s y n t h e t i c  enzymes. I n  L1210 c e l l s ,  
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510 SUFRIN ET AL. 

CPYTA increased putrescine ( P u t )  t o  145X, decreased Spd t o  83% and 
decreased Sprn t o  81% of control. SHA-treated L1210 c e l l s  responded 
similarly. For comparison, a f t e r  MTA treatment, P u t  increased t o  
654%, Spd decreased t o  45%, and Spm decreased t o  18% o f  control val- 
ues. I n  1-1213 c s l l s ,  i t  appeared that  CPMTA and SIBA had l i t t l e  ef- 
fect  on the polyamine 9001 9rof i les  as compared t o  WTA. The L5178Y 
c e l l s  shoded no significdnt changes in P u t  and Spd pools when treated 
r i th  ei ther  CPMTA o r  SIBA a t  100 pbl, whereas a t  t h i s  concentration, 
31dA decredsed Spm pools t o  67;6 o f  control suggesting some inhibition 
of Spa synthase in this  ce l l  l ine .  However, WTA a t  similar growth 
inhibitory doses, de?leted Spin t o  d greater extent t h a n  e i ther  ana- 
log .  These resu l t s  again suggest that  the effects  of SIBA and CPMTA 
on pollatnine pools were n o t  as dramatic as those seen w i t h  YTA. Over- 
a l l  , the i n  v i  t r o  responses t o  treatment by CPMTA or SIaA were compar- 
able, whether exainined i n  L1210 or L5178Y tumor ce l l s .  

-- 

Evaluation of the i n  v i v o  antitumor activity of these nucleoside 
analogs i n  mice bearing L1210 leukemia produced minimal effects,  g i v -  
ing a t  best ,  an increase i n  l i f e  span of 14% a t  dosages of 25 mg/kg, 
daily x 5 ( i . p . 1  for  bo th  CPMTA and SIBA. SIBA, i t s e l f ,  was found t o  
b? nontoxic in nontumor bearing inice given 500 mg/icg, daily x 5. This 
l a t t e r  observation i s  o f  i n t e r e s t  i n  l i g h t  of recent studies exploring 
i t s  -- in v i v o  antimetastatic properties. 1 2  

EXPE2IMENTAL SECTION 

Cherni s t ry  

Melting points were determined on a ;{el-Temp apparatus and are 
uncorrected. 12 spectra were detmnined on a Perkin-Elmer 7103 spec- 
trometer. 'H ;JMR spectra were tdken on a 90 MHz Varian EN-390 spec- 
trometer using tetramethyl s i l  ane as  an internal standard. lvlass spec- 
tra were recorded on a Finnegan 4000 mass spectrometer. Elemental 
analyses were perfonned by Robertson Laboratory, Madison, IJJ. 

Thiosaccharin, Sodium S a l t  ( 3 ) .  Thiosaccharin was prepared as  
described by ScheiSye - -  e t  a1.13 Saccharin (165 9, 0.9 moll and 
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5'-DEOXY-5'-(CYCLOPROPYLMETHYLTHIO)ADENOSINE 511 

Lawesson's Reagent (182.2 g ,  0.45 moll were refluxed i n  dry toluene 
(800 m l )  f o r  11 h. After cooling t o  room temperature, the toluene was 
removed -- i n  vacuo t o  give a deep yellow residue w h i c h  was extracted 
exlidustively w i t h  ether-petrolsum ether (1:3) .  Concentration of the 
ether so lu t ion  gave thiosaccharin (156.6 g, 0.79 inol, 87%) as  a yellow 
orange sol i d .  T h i s  material was dissolved i n  MeOH (800 m l  1 , t o  which 
was added a suspension of i4aHCO3 (66 g, 0.79 mol) i n  IvleOH (290 ml). 
After  stirring overnight a t  room temperature, the solut ion was f i l -  
tered t o  remove t r aces  of undissolved mater ia l ,  and then evaporated - i n  
vacua t o  g ive  a l i g h t  yellow so l id .  The so l id  was washed extensively 
with Cti2C12, f i l t e r e d  and d r i ed  t o  give 150.5 g (86.5%) - 3, whose 
inf ra red  spectrum was ident ica l  t o  t h a t  of an au thent ic  sample of 2 
kindly provided by Dr. H. Kotake, Department of Chemistry, Kanazawa 
University,  Kanazawa, Japan. IK (KBr) 3550, 3240-3150, 1610, 1460, 
1345, 1250, 1240, 1160, 1120, 1310, 840, 750 cm-l. 

3-( Cycl opropylmethyl th io)  -1,2-benzi sothiazol e 1,l-Dioxi de (4). 
Compound 4 was prepared according t o  a general procedure of Yarnada g 
- al.' Cyclopropylmethyl bromide (1.18 g ,  8.8 mnol) was injected in to  
a so lu t ion  of - 3 (1.73 g ,  7.8 tnmol) i n  DMF (13  m l ) ,  under nitrogen a t  
rooin temperature. The mixture was s t i r r e d  4 h a t  48°C then cooled t o  
room temperature and d i lu ted  w i  t h  water. The resul t i  ng prec ip i ta te  
was f i l t e r e d  and r ec rys t a l l i zed  from CH2C12-petroleurn e ther  t o  
give 1.24 y (63%) - 4; mp 95-96".. 'H "7 (CDC13) 67.72 (n, 2H),  3.30 
( d ,  2H, J = 7.5 Hz), 1.22 ( m ,  l H ) ,  0.68 (m, 2H), 0.40 ( m ,  2H); mass 
spectrum (EI-d i rec t  probe), d e  254 (MH'). Anal. Calcd. f o r  
Cl lHl  1N02S2 : C ,  52.15; H ,  4.38; N, 5.53; S ,  25.31. Found: C ,  
52.20; H, 4.46; N, 5.60; S, 25.22. 

5' -Deoxy-5' -(cyclopropylmethyl t1iio)adenosine (CPMTA) - (1). 
Compound - 1 was prepaGed w i t h  modifications to  the general procedure of 
Yarnada e t  a1.9 A solut ion of p iper id ine  (0.339 n i l ,  3.4 mmol) i n  dry 
acetone ( 6  m l )  was added t o  4 (775 mg, 3.1 mmol) i n  dry acetone ( 9  i n l )  
and t h e n  s t i r r e d  a t  room temperature f o r  3 h under nitrogen. To this 
was added a so lu t ion  of 5'-deo~y-5'-chloroadenosine~~ (790 mg, 2.76 
nbl) and 1,8-diazabicyclo[5.4.O~undec-7-ene ( O B U )  (0.504 m l ,  3.4 mmol) 
i n  dry acetone ( 5  m l ) ,  followed by s t i r r i n g  a t  room temperature f o r  2 
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SUFRIN ET AL. 5 12 

wks. The r e a c t i o n  m ix tu re  was evaporated t o  dryness i n  vacuo. The 

crude product ,  con ta in ing  d m i x t u r e  o f  - 1, unreacted 5'-ClAdo, 3 - ( p i -  
p e r i d i n y l  ) - 1 , 2 - b e n z i s o t h i ~ t o l e  1, l -d iDxide - 5 and DOU, was p u r i f i e d  

e i t h e r  by p r e p a r a t i v e  TLC [Anal tech 1000 micron s i l i c a  gel  GF 2 l a t e s  

(Cat 40. 22313); CH2C12-MeOH (85:15)1 o r  s i l i c a  ge l  column chroma- 

tography, e l u t i n g  f i r s t  w i  th  CH2C12 t o  remove 2, and then vrith 

Ci12C1 2-!4eOH (85: 15) t o  separate CPMTA frohi t h e  sl i g h t l y  more 

polar ,  unreacted s t a r t i n g  m a t e r i a l  . 5'-ClAdo. I n  t h i s  manner, 210 mg 

(23%) CPi4TA and 563 mg (71% recovery)  5'-deoxy-5-chloroadenosine were 

obtained. Rec rys td l  1 i z a t i o n  o f  - 1 from MeOH/Et20/?etrol ?urn e the r  gave 

an a n a l y t i c a l l y  pure sample wi th mp 185-185.5°. 'H NMR (DMSO-d6) 6 

8.30 (5 ,  l H ) ,  8.13 ( s ,  lH) ,  7.20 ( s ,  2H); 5.83 (d,  1H, J = 6 Hz), 5.43 
(d, lH ,  J = 6 Hz), 5.20 (d, l H ,  J = 5 Hz), 4.70 (m, l H ) ,  4.03 ( m y  2H), 

2.86 (m, Z H ) ,  2.45 (d,  211, J = 7 i iz ) ,  0.97 (m, I N ) ,  0.42 (m, 2H), 0.12 

(a, 2H); mass spectrum ( E I - d i r e c t  probe), 337 ( M I .  Anal. Calcd. f o r  

C H ti  0 S.1/21i20: C, 48.54; H, 5.82; N, 20.22; S, 9.26. 

Found: C, 48.63; H, 5.86; N ,  20.01; S,  9.53. 

-- 
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3 i a l o g i c a l  Methods 

Anti v i  r a l  Assays. The d e t a i  1 ed procedures f o r  eval  u a t i  ny a n t i  - 
15 

v i r a l  a c t i v i t y  have been descr ibed by us p rev ious l y .  

A n t i  tumor A c t i v i t y .  Murine lymphocyt ic leukemia L1210 and L5178Y 

c e l l  l i n e s  were grown i n  RPMI  1640 media supplemented w i t h  10% Nu 
Serum ( C o l l a b o r a t i v e  2esearch, Inc., Lexington, MA) and HEPES/MOPS 

buf fer  as p r e v i o u s l y  descr ibed. . C e l l  c u l t u r e s  (0.3 x 10 c e l l s  

per  m l )  were t r e a t e d  a t  0 h r  wi th  S I U A  (Sigma Chemical Co.), CPMTA o r  

blTA (Sigma Chemical Co.) a t  concen t ra t i ons  up t o  600 vM. A l l  com- 
pounds were d i sso l ved  i n  0.1 N HC1. A f t e r  48 h, c e l l s  were removed 

and c e l l  number was determined by e l e c t r o n i c  p a r t i c l e  count ing ( C e l l  
Dyne 300, Sequoia-Turner Corp., Mountain View, C A I .  The dose which 

r e s u l t e d  i n  50% growth i n h i b i t i o n  (ICsO a t  48 h)  was determined. 

For  t h e r a p e u t i c  s tud ies,  groups o f  e i g h t  DBA/EJ female mice (18-20 g. 

Jackson Laboratory ,  Bdr Harbor, ME) were i n o c u l a t e d  i . p .  w i t h  l o 6  
L121i) leukemia c e l l s  on day 0. i l rugs (15-200 mg/kg) were administered 

d a i l y  (day 1 through 5) i .p. i n  0.2 m l  Tween 89. L i fespan  was checked 

d a i l y .  S t a t i s t i c a l  ana lys i s  was performed as descr ibed. 
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Polyamine Pools. Cells were t rea ted  fo r  48 h w i t h  CPMTA, SIBA or 
MTA a t  t h e i r  approximate IC50 doses, and were then extracted w i t h  
0.6 M perchloric acid (10 c e l l s  per 0.5 m l  ac id) .  The ex t r ac t s  (50 
1111 were analyzed by HPLC by u s i n g  a system based on ca t ion  exchange 
and post  column der iva t iza t ion  w i t h  o-phthalaldehyde as described . 

7 
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