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S y n t h e s i s  of  ( -~)  D i h y d r o c r y p t o s p o r i o p s i n  

The dichlorocyclopentenone I is a metabolite, possess- 
ing antifungal activity, produced by the coprophilous 
fungus Sporormia a/finis Sacc., Bomm and Rouss 1 and by 
a Cryptosporiopsis sp), an imperfect fungus isolated from 
yellow birch, Betula alleghaniensis Britt. The name crypto- 
sporiopsin has been advanced for I ca. Isolation of the 
related metabolite I I  from Periconia macrospinosa has 
recently been reported s. 

Hydrogenation of cryptosporiopsin in ethyl acetate 
solution with a palladium-charcoal catalyst gives rise to a 
dihydro-product III ,  mp 90-96 ~ in which the trans-allyl 
side chain is reduced to a n-propyl group 2b,% In  a previous 
paper ~, we have described the conversion of m-cresol to 
the dichlorocyclopentenone IV, suggesting that  it should 
be feasible to synthesize cryptosporiopsin derivatives by 
hypochlorite-induced rearrangement of appropriately 
substituted phenolsS-L We now report the successful 
application of the hypochlorite-phenol rearrangement in 
the synthesis of racemic dihydrocryptosporiopsin III .  
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Meta-propyl phenol (prepared by reduction of isosafrole 
with sodium in alcohol s ) was treated with chlorine in 
alkaline solution under conditions based on earlier 
studiesl-% The hydroxy acid V (R=H) could be isolated 
from the mixture of acidic products by partition chroma- 
tography on silica gel t  Alternatively, the methyl ester V 
(R=CHa) could more readily be obtained in a pure state, 
mp 144-145 ~ ~0, on chromatography of the mixture result- 
ing from treatment  of the hypochlorite products with 

diazomethane. For the purposes of the synthesis, it was 
found expedient to effect purification at a later stage. 
Accordingly the crude acidic mixture was treated with 
sodium amalgam to effect reduction of the gem-dichIoro 
grouping in V (R=H)~-7. Following esterification with 
diazomethane, chromatography afforded the desired di- 
chlorodihydroxy ester VI n, mp 178-180 ~ (1.5% overall 
yield from m-propyl phenol). 

,Finally,  conversion of VI to racemic dihydroerypto- 
sporiopsin III ,  mp 101-103 ~ was accomplished quantita- 
tively by oxidation with Jones' reagent in acetone. The 
identity of synthetic and natural ly derived material was 
established by IR-, UV-, nuclear magnetic resonance and 
mass-spectrometry. 

Zusammen/assung. Die Synthese von (:h) Dihydro- 
cryptosporiopsin aus 3-Propylphenol wird beschrieben. 
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Ident i f i ca t ion  of the  D r u g  D a r v o n  and its  M e t a b o l i t e s  in the  U r i n e  of a C o m a t o s e  Pat i en t  U s i n g  
a Gas  C h r o m a t o g r a p h - M a s s .  S p e c t r o m e t e r - C o m p u t e r  S y s t e m  1 

High- and low-resolution mass-spectrometry, in con- drug could be found in the urine, bu t  instead the drug 
junction with data obtained from a gas-chromatograph Darvon (IV) a could be detected, together with several of 
low-resolution mass-spectrometer computer system, were its metabolites. 
used in the analysis of urine from a patient suspected of In  patients suffering from drug overdose, therapy is 
ingestion of an overdose of Librium e. No indication of this best administered with a thorough knowledge of the 



15. 7. 1970 Specialia 715 

causa t ive  agent.  This  in format ion  mus t  be unambiguous  
and avai lable  as rapid ly  as possible. Recogniz ing  this  
need a coopera t ive  p rog ram be tween  this l abora to ry  and 
Prof.  HEDLEY-WHYTE of Be th  Israel  Hosp i ta l  and the  
H a r v a r d  Anesthesia  Center,  Boston (Mass.), was in i t ia ted  
to develop techniques  for the  rapid  ident i f icat ion of drugs 
in body  fluids. 

S t ruc tu ra l  ident i f icat ion of drugs and thei r  metabol i tes ,  
super imposed upon the  inherent  complex i ty  of body  
fluids, m a y  demand  the  u l t ima te  in sens i t iv i ty  of detec- 
tion. Such capabi l i ty  can, in app rox ima te ly  20% of 
pa t ien ts  comatose  af ter  ingest ion of unknown drugs, be 
provided  only by  a mass-spect rometr ic  analysis of gas- 
chromatograph ic  effluents. Comparison of gas-chromato-  
graphic  re ten t ion  t imes  is sa t is factory  in the  o ther  80 % of 
pa t ien ts  comatose  af ter  ingest ion of drugs. 

I n  this  l abora to ry  a gas -chromatograph  low-resolut ion 
mass-spec t rometer  compute r  sys tem 4, in conj unct ion wi th  
convent iona l  high- and low-resolut ion data,  has been 
employed  for the  analysis of body  fluid extracts .  This 
approach  has p roven  v e r y  successful in a number  of in- 
stances and has of ten provided  in format ion  on the  meta-  
bolites of the  drug 5. 

The  compute r  da t a  acquisi t ion sys tem present ly  em- 
p loyed generates  spectra  f rom the  mass-spectrometer ,  
assists in spectra  in terpre ta t ion ,  and allows a com- 
pu te r ized  search of mass-spectra  conta ined in a l ibrary  
which cur ren t ly  consists of app rox ima te ly  8000 mass- 
spectra  s tored on magne t ic  disk 4-6. 

I n  this par t icu lar  instance, a 24-year-old w o m a n  was 
admi t t ed  to Be th  Israel  Hospi ta l ,  Boston,  in cri t ical  con- 
dit ion, suspected of ingest ing an overdose of the  drug 
Libr ium.  A urine sample (200 ml) was ex t rac ted  wi th  di- 
ch lo romethane  to yield separate ly  the  acidic, neu t ra l  and 
basic fractions.  Another  por t ion  (100 ml) was evapora ted  
to dryness. 

High-  and low-resolut ion mass-spectra  were obta ined  
on each of the  4 fract ions ( 'neutrals ' ,  'acids ' ,  'bases' ,  
' evapora ted ' )  by  in t roduc t ion  of a sample  direct ly  into the  
ion source of the  mass-spectrometer .  Because L ib r ium 
was suspected to be the  drug taken,  and because its meta -  
bolic p r o d u c t s  are known to re ta in  the  chlorine a t t ached  
to the  phenyl  group 7, the  high-resolut ion mass-spectra  
were analyzed for the  presence of chlorine using previous ly  
described compute r  techniques  s. None  of the  ions were 
found to conta in  chlorine, thus  e l iminat ing L ibr ium as a 
suspect  drug. The  possibi l i ty  of the  presence of drugs 
conta in ing sulfur, bromine,  or silicon was also e l iminated 
using the  same approach.  

Fu r the r  examina t ion  of the  spectra indicated t h a t  
m a n y  a b u n d a n t  ions were der ived f rom normal  consti-  
tuen ts  of urine% such as urea, creat in ine  and hippur ic  
acid. The  presence of a b u n d a n t  ions in the  mass-spectra  
which could not  be der ived f rom normal  const i tuents  of 
ur ine suggested t h a t  an addi t ional  drug or drugs migh t  be 
present.  

Consequent ly ,  a gas -chromatograph  low-resolut ion 
mass-spec t rometer  compute r  sys tem 4 was employed  to 
obta in  mass-spectra  of the  separated components .  Mass- 
spectra  of the  eff luent  gas s t ream were de te rmined  every  
3 sec dur ing the  entire chromatogram,  and hence several  
spectra  were general ly  obta ined for each gas-chromato-  
graphic  peak. The  summed  intensi t ies  of each consecut ive  
spec t rum are p lo t ted  in Figure  1 which thus  represents  
the  gas -chrgmatogram as genera ted  by  the  computer .  

A compar ison of the  mass-spectra  obta ined  for the  
major  peaks wi th  the  above-ment ioned  collection of mass- 
spectra by  the  computer ,  immed ia t e ly  ident i f ied peaks A 
and B as benzyl  alcohol and cresol, respect ively,  and indi- 
ca ted  t h a t  C and D were isomers of d iphenylbutene .  The  2 
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Fig. 1. Total ionization plot. 
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Fig. 2. Mass chromatogram ~n/e 91. 
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1 This publication describes the identification of a drug causing 
coma in a patient. The drug was identified by analysis of the 
patient's urine performed at the NIH sponsored Special Research 
Resource Facility for Mass Spectrometry at M.I.T., under emer- 
gency conditions. Most of the experiments, measurements and 
interpretation reported had to be made within 1 day, thus requiring 
the simultaneous efforts of many members of M.I.T.'s mass- 
spectrometry group. 
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apolis, Ind.). 
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last compounds  are hard ly  normal  const i tuents  of urine 
bu t  could possibly be metabol i tes  of the  drug one was 
searching for. If  this is correct,  the  drug itself should be a 
der iva t ive  of d iphenylbutene.  To detec t  all such com- 
pounds  a plot  of role 91 ( indicat ive of all compounds  
hav ing  a C,HsCH ~ moiety)  in the  consecut ive  mass- 
spectra were genera ted  (Figure 2). I t  is clearly indicated 
t h a t  only peaks A - G  represent  mass-spectra  wi th  abun-  
dant  peaks a t  role 91 and the  a t t en t ion  was then  focused 
on the  spectra  of fractions E, F, and G (see Figure  3). I t  

was found t h a t  peaks C, D, and F were related by  common  
ions at  m/e 208, 193, 117, and 115; components  • and F 
by  common strong peaks at  m/e 58 (C~HsN) and m/e 265; 
and peaks E and G by role 205 and 115, wi th  componens G 
lacking m/e 58. 

The  presence of an ion a t  m/e 208 in F seemed to indi- 
cate  t h a t  F contains  the same carbon skeleton as C and D. 
High-resolut ion da ta  suggested the  composi t ion C,gH~aN 
for the  ion at  role 265. This e lementa l  composit ion,  com- 
bined wi th  the  ve ry  intense peak  at  m/e 58 (CaHsN), 
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w h i c h  is sugges t ive  of a N, N - d i m e t h y l a m i n o  moie ty ,  led 
to  t he  p o s t u l a t i o n  of ske le ton  I as a w or k i ng  hypothes i s .  
Th i s  s t r u c t u r e  combines  t h e  obse rved  d a t a  w i t h  t h e  
a t t r a c t i v e n e s s  of a s t r u c t u r e  closely r e l a t ed  to t h e  c o m m o n  
analgesic,  p r o p o x p h e n e  h y d r o c h l o r i d e  (Darvon ,  II) .  A 
sample  of p r o p o x p h e n e  was t h e n  o b t a i n e d  a n d  i ts  mass -  
s p e c t r u m  a n d  r e t e n t i o n  t i m e  (coinject ion)  p r o v e d  indeed  
to  be  iden t ica l  to  those  of c o m p o n e n t  F. 

The  sugges ted  molecu la r  compos i t i on  of C19H23 N as well 
as the  m a s s - s p e c t r u m  of c o m p o n e n t  E sugges t  s t r u c t u r e  
I I I ,  t h e  p r o d u c t  of e i t he r  t he rma l ,  e lec t ron  i m p a c t  or 
me tabo l i c  d e h y d r a t i o n  of t h e  ca rb ino l  r e su l t ing  f rom 
hydro lys i s  of t h e  es te r  func t ion  in p r o p o x y p h e n e .  The  b y  
fa r  m o s t  a b u n d a n t  c o m p o n e n t  of t he  e x t r a c t  is f r ac t ion  G. 
I t s  m a s s - s p e c t r u m  e x h i b i t e d  a n  ion a t  role 307 (C21H~sNO) 
wh ich  a p p a r e n t l y  loses C4HgNO to  fo rm a n  ion a t  m/e 220. 
This  ind ica tes  loss of b o t h  h e t e r o a t o m s  (N a n d  O) a long  
w i t h  4 c a r b o n  a t o m s  a n d  impl ies  s t r u c t u r a l  p r o x i m i t y  of 
t he  n i t r o g e n  a n d  oxygen  a t o m s  in  G c o m p a r e d  to  I I .  
F u r t h e r m o r e ,  t h e  m o s t  i n t ense  p e a k  appea r s  in  t h i s  
s p e c t r u m  a t  m/e 44 r a t h e r  t h a n  m/e 58 wh ich  requi res  t h e  
absence  of one of t h e  N - m e t h y l  groups.  T he  m o s t  l ike ly  
s t r u c t u r e  would  be  IV, t h e  resu l t  of a n  i n t r a m o l e c u l a r  
acyl  m i g r a t i o n  in N - d e s m e t h y l  p r o p o x y p h e n e  (VI) fol- 
lowed b y  d e h y d r a t i o n  of t he  i n t e r m e d i a t e  amide  (V). 
C o m p o u n d  V I  ha s  indeed  been  found  to be  t he  m a j o r  
m e t a b o l i t e  of p r o p o x y p h e n e  h y d r o c h l o r i d e  in h u m a n s  1~ 
a n d  i ts  facile convers ion  to  (V) is also k n o w n  11,12. 

The  a m o u n t  of t i m e  requ i red  for t h e  i den t i f i ca t ion  of 
t he  d rug  caus ing  t h e  p a t i e n t s  cond i t i on  would  h a v e  been  
cons ide rab ly  r educed  if a more  ex tens ive  l i b r a r y  of mass-  
spec t r a  of c o m m o n l y  e n c o u n t e r e d  drugs  a n d  t h e i r  m e t a -  
bol i tes  h a d  b e e n  avai lable .  The  com pi l a t i on  of such  a 
l i b r a ry  is c u r r e n t l y  in p r e p a r a t i o n  ~3,~*. 

Zusammen/assung. Mit  Hilfe  v o n  hoch-  u n d  n ieder-  
auf l6sender  Massenspek t ro skop ie  sowie D a t e n  eines Gas- 
c h r o m a t o g r a p h  - M a s s e n s p e k t r o m e t e r  - C o m p u t e r -  Sys t ems  
w u r d e n  die Droge D a r v o n  3 sowie eine Re ihe  ih re r  Meta-  
bo l i t en  im H a r n  eines ( J b e r d o s i s p a t i e n t e n  nachgewiesen .  
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Distribution of Integumental Tyrosinase Activity 

The  i n t e g u m e n t a l  t y ros inase  a c t i v i t y  in 4 species of 
repti les,  Trionyx/erox (Flor ida  sof tshel l  tur t le ) ,  Caiman 
sclerops (spectacled ca iman) ,  Opheodrys aestivus (vine 
snake)  and  Anolis carolinensis (Amer ican  chameleon) ,  ha s  
been  descr ibed  i, 2. I n  these  species t he  ty ros inase  a c t i v i t y  
of t he  dorsa l  sk in  is h ighe r  t h a n  t h a t  of t he  v e n t r a l  skin.  
I n  3 species 3 t h e  subce l lu la r  d i s t r i b u t i o n  of t y ros inase  
a c t i v i t y  follows t h e  a m n i o t e  p a t t e r n ,  i.e., t y ros inase  act i -  
v i t y  is conf ined  to t he  p a r t i c u l a t e  f rac t ion .  However ,  in 
Opheodrys aestivus t h e  t y ros inase  a c t i v i t y  occurs  in  b o t h  
p a r t i c u l a t e  a n d  soluble  f rac t ions  as in  m o s t  anamnio te s* .  
As p rev ious  s tud ies  h a v e  dea l t  w i t h  genera l  i n t e g u m e n t a l  
areas,  a de ta i l ed  i n v e s t i g a t i o n  of t h e  d i s t r i b u t i o n  of ty ro-  
s inase  a c t i v i t y  in  a n u m b e r  of skin  areas  f rom a n o t h e r  
repti le ,  Pseudemys scripta elegans ( red-eared tur t le ) ,  was  
u n d e r t a k e n  in o rder  to  more  precise ly  eva lua t e  t he  en- 
zymic  a c t i v i t y  in  a n a t o m i c a l l y  d iverse  regions.  

Materials and methods. 5 non -me lan i s t i c  a d u l t  red-eared  
tu r t les ,  3 males  weigh ing  720, 851 a n d  964 g a n d  2 females  
weighing  785 a n d  907 g, were ut i l ized.  T he  an i m a l s  were 
sexua l ly  quiescent .  T he  an i m a l s  were d e c a p i t a t e d  and  t he  
d i f fe ren t  sk in  areas  (Table) were r e m o v e d  a n d  frozen 
( - -27~ The  e n z y m e  p r epa r a t i on ,  r ad i om e t r i c  a s say  
p rocedures  a n d  s u b s t r a t e s  ut i l ized h a v e  been  r epo r t ed  

in Red-Eared Turtle, Pseudemys scripta elegans 
prev ious ly  *,5. The  ac t iv i t i e s  of t he  e n z y m e  p r e p a r a t i o n s  
were D O P A  d e p e n d e n t ,  comple t e ly  i n h i b i t e d  b y  sod ium 
d i e t h y l d i t h i o c a r b a m a t e  (6 r aM)  a n d  s t ab le  for a t  l eas t  
2 weeks a t  0 -4  ~ The  m e t h o d s  of p ro t e in  ana lys i s  a n d  
s ta t i s t i ca l  e v a l u a t i o n  also h a v e  been  p r e s e n t e d  p rev ious ly  4. 
D a t a  are expressed  in t h e  fo rm X -t- a ;  excep t  those  of t h e  
red  pa t ches  (head) as t he  pa t ches  of all  an ima l s  were com- 
b i n e d  p r io r  to  assay.  A p p r o x i m a t e l y  2000 assays  were per-  
formed.  

Results and discussion. As sex di f ferences  in  ty ros inase  
a c t i v i t y  were  n o t  discernible,  t he  d a t a  for each  skin  a rea  
were consol ida ted .  The  ty ros inase  a c t i v i t y  va r i ed  con-  
s ide rab ly  in t h e  d i f fe ren t  i n t e g u n l e n t a l  a reas  s tud ied  
(Table).  H i g h  enzymic  ac t iv i t i es  occur red  in  t h e  head ,  tail ,  
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