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T h e  T o t a l  S y n t h e s i s  of D e l p h i n i n e :  R e s o l u t i o n  of 
p o d e s  by an A s y m m e t r i c  R e a c t i o n  

~vVe have described recently the total  synthesis of the 
racemate l a and its identification with the readily 
available optically active delphinine degradation pro- 
duct 1 b 1. Since we wished to use the natural ly derived 
material  as a relay compound for the synthesis of various 
delphinium alkaloids, it was imperat ive to achieve the 
resolution of the total ly synthetic racemate into optical 

the  R a c e m i c  R e l a y  C o m p o u n d  into  Opt ica l  A n t i -  

liberated from the oxalate and recrystallized to a con- 
stant melting point of 144.5°C from ether. This melting 
point was undepressed by admixture  of the 'natural '  
free base 1 b which had an identical melting point. The 
2 materials showed also identical IR-  (KBr and CHCla), 
mass- and NMR-spectra, identical ORD's  and identical 
behaviour in several TLC systems. The total ly synthetic 
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DL l a  :2 lb  

antipodes. After numerous unsuccessful a t tempts  at 
resolution by conventional methods, we have noticed 
tha t  if the racemate was allowed to react with D-camphor- 
sulphonyl chloride in pyridine, the reaction stopped when 
approximately 50% of the secondaI 3" amine has reacted. 
Isolation of the unreacted free base yielded material, 
which was optically active and showed an optical rotatory 
dispersion curve (ORD) antipodal to the ORD recorded 
for the natural  degradation product. 

Consequently, we have achieved the preparation of the 
total ly  synthetic optically active antipode l b in the 
following manner:  The racemate l a was dissolved in 
dry pyridine and treated with 1 mole of L-camphor- 
sulphonyl chloride at  0 °C. The temperature was allowed 
to rise to 20°C and the mixture  was kept  overnight. 
The unreacted free base was purified by preparative 
TLC and converted to the acid oxalate which was 
recrystallized to a constant mel t ing point  of 195-196°C 
from methanol-ether. This melting point was identical 
with the melting point of the 'natural '  degradation 
product oxalate and the 2 materials did not show melting 
point depression. The ORD's  of both the synthetic and 
'natural '  oxalates  were superimposable. Both materials 
gave superimposable IR-spectra (KBr and CHC13). 
Synthetic oxalate - Found: C, 60.38; H, 6.57; N, 2.82%. 
Calculated for C,,HalOgN: C, 60.36; H, 6.54; N, 2.93%. 
The total ly synthetic optically active free base 1 b was 

I b gave a molecular ion at role = 387,2046 (calculated 
for C2zH~9OsN : 387.2040). 

The resolution was very efficient and ca. 120 mg of 
the total ly synthetic optically active base l b were 
prepared. The application of similar methods to the 
resolution of other racemic secondary amines is being 
studied. 

Zusammen/assung. Das totalsynthetische Razemat  DL 
1 a gab bei Reaktion mit  L-Camphorsulfonylchlorid das 
Sulfonamid 2 und die optisch-aktive Base I b. Die Iden- 
titi~t dieser totalsynthetischen, optisch aktiven Base 1 b 
Init dem entsprechenden Abbauprodukt  von Delfinin 
wurde bcwiesen. 
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O p p o s i t e  Chira l i ty  of  P i l l a r o m y c i n  A to T e t r a c y c l i n e s :  T h e  X - R a y  A n a l y s i s  of  A c h r 0 m y c i n  1 
H y d r o c h l o r i d e  

Crystal structures of tetracyclines have been reported 
previously by some authors. In 1959 HIROKAWA et al. 2 
analyzed the structure of Aureomycin 1 hydrochloride and 
a refinement of the structure was performed by DONOHUE 
et al. ~. The structure of Terramycin~ hydrochloride was 
studied by TAKEUCHI and BUERGER 4, and their  work 
was extended by CID-DRESDNER 5. Though these investi- 
gators have established tile relative configuration of 
natural ly occurring tetracyclines, the configuration in 
an absolute sense has not been reported. Meanwhile a 
determination of the absolute configuration of tetra- 
cyclines has been reported by DOBRYNIN et al. 8. They 
derived (+)  - 7 - methoxy-  methylphthal ide-  3 - carboxylic 

acid (IIa) from Aureomycin, and spectropolarimetricaIly 
compared I I a  with (--)-3S-methylphthalide-3-carboxylic 
acid (IIb), which was derived from L-o-acetylamino- 
atrolactinic acid, and it was revealed tha t  the former 
has 3R-configuration. Since their  work, the formula I 
has generally been accepted also in an absolute sense. 

Recently, ASAI et a13 determined the structure of 
piltaromycin A (III), a new antibiotic isolated from the 
culture of Streptomyces flavovirens No. 657868, and it  
was found that  its structure is closely related to that  of 
tetracyclines. However, the absolute configuration of this 
antibiotic, established by us from the X-ray analysis of 
pillaronone monobromoacetate  9 (IV), which is a deriva- 
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t i ve  of t h e  ag lycone  o b t a i n e d  f r o m  p i l l a r o m y c i n  A, was  
r evea led  to  be  oppos i t e  to  t h a t  of t e t r a c y c l i n e s  a t  C-4, 
C-4a a n d  C-12a. F r o m  t h e  v i e w p o i n t  of t h e i r  b io syn-  
theses ,  i t  seems  unusua l ,  because  p i l l a r o m y c i n  A a n d  
t e t r acyc l i ne s  a re  b o t h  p r o d u c e d  b y  b a c t e r i a  be long ing  
to  t he  s a m e  genus.  There fo re  t h e  X - r a y  ana lys i s  of 
A c h r o m y c i n  hydroch lo r ide ,  w h i c h  is one of t he  represen-  
t a t i v e  t e t racyc l ines ,  ha s  n o w  b e e n  ca r r ied  ou t  for t h e  
c o n f i r m a t i o n  of t h i s  s t r u c t u r a l  difference.  

Slow e v a p o r a t i o n  f rom a m e t h a n o l - n - b u t a n o l  so lu t ion  
of A c h r o m y c i n  h y d r o c h l o r i d e  gave  p r i s m a t i c  c rys ta l s  
which ,  on  X - r a y  e x a m i n a t i o n ,  p r o v e d  to  be  o r tho -  
rhombic ,  a = 10.95, b = 12.78, c = 15.83 A. T h e  s y s t e m a t i c  

absences  show t h a t  t h e  space  g r o u p  is P2x2x2 z. T h e  
i n t e n s i t y  d a t a  were  m e a s u r e d  on  a H i lgc r  & W a t t s  
l inea r  d i f f r a c t o m e t e r  w i t h  M o K ~  rad ia t ion .  L o r e n t z  a n d  
p o l a r i z a t i o n  co r rec t ions  were  m a d e  a n d  a t o t a l  of 1732 
u n i q u e  re f lex ions  were  col lected.  T h e  ch lor ine  a t o m  
pos i t ion  was d e t e r m i n e d  f r o m  a t h r e e - d i m e n s i o n a l  P a t -  
t e r son  f u n c t i o n  a n d  i t  was  f o u n d  to  be  ana logous  to  
t h a t  of p rev ious ly  p u b l i s h e d  t e t r a c y c l i n e  h y d r o c h l o r i d e  
crysta ls .  A t r i a l  ca l cu la t ion  of s t r u c t u r e  fac to rs  was  m a d e  
based  on  t he  coord ina te s  a n d  t e m p e r a t u r e  fac tors ,  of 
A u r e o m y c i n  h y d r o c h l o r i d e  r e p o r t e d  b y  HIROKAWA et  
al° 2, e x c e p t i n g  C1 (7) w h i c h  is rep laced  b y  h y d r o g e n  
a t o m  in A c h r o m y c i n .  T h e  d i s c r e p a n c y  index  (27%) 
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Fig. ]. The Achromycin cation, projected down the c axis. 
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Fig. 2. Bond distances relating to ring A. 

t Achromycin, Aureomycin and Terramycin are the registered 
trade names of the American Cyanamid Co. and Chas. Pfizer 
and Co. for the compounds having generic names tetracycline, 
7-ehlorotetraeyeline and 5-hydroxytetracycline, respectively. 
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i n d i c a t e d  t h a t  these  c rys ta l s  were  i somorphous .  A th ree -  
d i m e n s i o n a l  e lec t ron  d e n s i t y  m a p  revea led  t he  p resence  
of all  C, N a n d  O a t o m s  in  t he  molecule  as c lear ly  def ined  
peaks  a t  or  close to  t h e  pos i t ions  deduced  f rom those  of 
A u r e o m y c i n s  a n d  no  o t h e r  s ign i f i can t  p e a k s  were  con-  
t a i ned .  The  r e f i n e m e n t  of pos i t iona l  p a r a m e t e r s  a n d  
i so t rop ic  t h e r m a l  p a r a m e t e r s  for  t h e  n o n - h y d r o g e n  a t o m s  
was  ca r r ied  o u t  u s ing  t h e  b lock -d i agona l  l eas t - squares  
ca lcu la t ion .  The  f ina l  v a l u e  of d i s c r e p a n c y  i n d e x  was  
11 .5% for 1732 o b s e r v e d  da t a .  F o r  t h e  d e t e r m i n a t i o n  
of t h e  abso lu t e  conf igura t ion ,  s t r u c t u r e  fac to rs  were  

ca l cu la t ed  for  all  o b s e r v e d  hkt a n d  hkl ref lexions,  w i t h  
t h e  a n o m a l o u s  d i spers ion  co r rec t ions  inc luded .  The  dif- 

ferences  b e t w e e n  Io (hkl) a n d  Io (hkl) were m e a s u r e d  
v i sua l ly  f rom W e i s s e n b e r g  p h o t o g r a p h s  t a k e n  w i t h  CrKm 
rad i a t i on .  Of those  84 B i j v o e t  pairs ,  82 showed  differ-  
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ences in the  same direct ion,  and the  paramete rs  were 
found to represent  the  lef t -hand coord ina te  system. The 
absolute  conf igura t ion  of Achromyc in  thus  ob ta ined  (Ib) 
was consis tent  wi th  tha t  de te rmined  by  DOBRYNIN et  
al. 6. A pro jec t ion  of t he  s t ruc ture  down the  c axis is 
g iven in F igure  1. 

At  this  s tage we re -examined  the  absolute  configura-  
t ion  of p i l la ronone  monobromoace t a t e  by  using the  same  
ins t rumen t  and the  same compu te r  program.  39 Bi jvoe t  
pairs  out  of 40 suppor ted  the  previous  result .  The  oppo- 
site conf igura t ion  a t  4, 4a  and 12a of p i l laronone to 
te t raeycl ines  was thus  confirmed.  Though  i t  m igh t  
require  fur ther  inves t iga t ions  to apply  the  absolute  con- 
f igurat ion ob ta ined  wi th  pi l laronone d i rec t ly  to pil laro- 
myc in  A, i t  seems to be improbab le  t h a t  the  configura-  
t ions of the  3 a symmet r i c  carbon a toms  were s imul-  
taneously  reversed in the  chemica l  processes f rom the  
l a t t e r  to  t he  former.  I n  th is  w a y  the  p roduc t ion  b y  
bac te r ia  of the  same genus of s t ruc tu ra l ly  re la ted ant i -  
biotics wi th  opposi te  ch i ra l i ty  a t  A ring was demon-  
s t rated.  

The  close s imi la r i ty  among  hydrochlor ides  of Achro-  
mycin,  Aureomyc in  and Te r r amyc in  was recognized in 
the i r  conformat ions .  The  4 s t a t emen t s  m a d e  by  DONOHUE 
et  al. s for Aureomyc in  hydrochlor ide ,  ver if ied by  CID- 
DRESI)NER 5 for Te r r amyc in  hydrochlor ide ,  have  p roved  
to be t rue  also for Achromyc in  hydrochlor ide .  For  
instance, an  abno rma l  amide  group, w i th  the  C-N bond 

length  shorter  t han  the  C-O bond was also found in the  
present  analysis  (Figure 2). Bond distances in Figure  2 
suggest  t h a t  double  con juga t ion  is main ta ined  wi th  2 
carbonyl  groups and the  amide  group.  

Similar i t ies  were also found in thei r  hydrogen  bonding.  
The  molecule  is held toge the r  th rough  a three-dimen-  
sional ne t  of hydrogen  bonds to  t he  chlorine ions, each 
chlorine being a t t a ched  to 4 d i f terent  molecules.  I t  was 
clarified tha t  the  hyd roxy l  group (proton donor) in 
Te r ramyc in  and the  chlorine a t o m  (proton acceptor)  in 
Aureomycin  have  no s ignif icant  influence on inter-  
molecular  in te rac t ions  and, therefore,  on crys ta l  s truc- 
tures of thei r  hydrochlor ides .  

Zusammen/assung. Durch  R 6 n t g e n - S t r u k t u r a n a l y s e  
wurde  die absolu te  Konf igura t ion  des A n t i b i o t i k u ~ s  
Aehromycin  e rmi t t e l t .  Sie ist  zu der jenigen des ver-  
wandten,  aus  Ku l tu r en  von Streptomyces [lavov{rens 
s t a m m e n d e n  P i l l a romycins  A entgegengesetz t .  
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Incorporation of c~a-Leucine in vivo by the Meal 

Amino  acid incorpora t ion  is used as a cri terion of 
pro te in  synthesis.  No one would disagree wi th  the  s tate-  
m e n t  t ha t  pro te in  synthesis  is a measure  of nucleic acid 
metabol i sm.  Thus,  dur ing the  metamorphos i s  of several  
insect  species, the  ra t io  of R N A / D N A  increases ju s t  pr ior  
to  adu l t  emergence  or  dur ing  the  ear ly  phases of adul t  
d e v e l o p m e n t  I,~. This  even t  is corre la ted wi th  s imi lar  
increases in amino  acid ac t iva t ion  a and t r ansamina t ion  4 
b o t h  of which  are re la ted  to  prote in  synthesis.  Severa l  
workers  have  used labelled amino  acids in studies of 
pro te in  synthesis  in var ious  insects. Most  s tudied the  
b iosynthet ic  capac i ty  of different  tissues a t  d i f ferent  
deve lopmenta l  stages. SI~mEMATSU s, work ing  wi th  the  
fa t  body  of t he  last  l a rva l  ins tar  of Bombyx mori, showed 
t h a t  marked  b iosynthe t ic  a c t i v i t y  coincided wi th  an 
increased h a e m o l y m p h  pro te in  content .  PRICE 6'7 showed 
t h a t  fa t  body  f rom 4-day-old  Catliphora erythrocephala 
l a rvae  had t h e  h ighes t  ra te  of incorporat ion,  while a 
marked  decline followed a t  l a te r  s tages and by  the  s ix th  
day  v e r y  l i t t le  incorpora t ion  was found.  CHIPPENDALE 
and KILSY s examined  the  re la t ionship  be tween  the  
prote ins  of the  h a e m o l y m p h  and the  fa t  body  dur ing  
metamorphos i s  of the  large whi te  but ter f ly ,  Pieris bras- 
sicae. T h e y  also no ted"  t h a t  the  fat  body  and midgut ,  
b u t  no t  the  haemolymph ,  in mid-f i f th  ins tar  l a rvae  of 
Pieris are  ac t ive  sites of p ro te in  synthesis .  The  purpose  
of th is  s tudy  is to inves t iga te  the  ra te  of pro te in  synthesis  
a t  d i f ferent  deve lopmen ta l  s tages of the  insect  Plodia 
interpunctella. 

Material and methods. The insects were  cu l tured  in our  
l abora to ry  in cyl indr ica l  glass tubes  1 0 × 2 0 c m .  As 
rear ing  medium,  a m ix tu r e  of chicken mash, glycerine 
and honey  in a 6 : 1 : 1  p ropor t ion  was used. The  room 
t empera tu re  was be tween  28-30°C and the  re la t ive  
h u m i d i f y  40-50%.  Unde r  the  above  condi t ions  the  to t a l  

Moth Plodia interpunctella During Development  

life cycle of the  insect,  f rom the  day of ha tch ing  unt i l l  
the  day  of adul t  emergence  was a t  least  28 days. The  
ages used here were:  L a r v a e  15-day-old (L,5); 18-day-old 
(L1B) ; Spinning L a r v a e  [(SL) last  instar,  which developed 
a green hue] ; Pre  pupae  [(PP) immobi le  spinning larvaeJ ; 
Pupae  4-day-old (P4) ; 6-day-old (P6) ; and 8-day-old (Ps) ; 
and newly  emerged  adul ts  males  and females.  8 × 10 -~ ~Ci 
of rad ioac t ive  solut ion were injected in to  each individual  
w i th  an  'Agla '  m ic rome te r  syringe. The  animals  were 
homogenized  wi th  a Tris buffer  solut ion of p H  7.5 a t  
2 and 4 h af ter  inject ion.  The  homogena te  was boiled 
for 10 rain and placed in a wa te r -ba th  wi th  mechanica l  
shaking a t  37°C for 2 h, af ter  adding an equal  v o l u m e  
of 1 N  NaOH.  The mix tu r e  was then  centr i fuged in a 
'So rva l l  RC 2B' centr i fuge for 20 rain at  1510g. The  
prec ip i ta te  was discarded and the  superna tan t  was used 
for fu r the r  s tudy.  The  prote ins  were p rec ip i t a ted  by  
adding  3 M  tr ichloroacet ic  acid. Each  e therdr ied  sample  
of p rec ip i ta ted  prote ins  was taken in ace tone  and dr ied  
on the  ta red  p lanche t  before being in t roduced  in the 

10.  S. P. PATTERSON, Biochem. J. 65, 729 (1957). 
2 G. R. WYATT, Proc. Intern. Congr. Biochem. 4th Vienna. XlI  

(1959), p. 161. 
3 L. R. FINC~ and L. M. BraT, Comp. Bioehem. Physiol. 5, 59 (1962). 

J. W. IVlcALLAN and W. CHEPURKA, Comp. Biochem. Physiol. 
3, 1 <I961). 

5 H. SHIGEMATSU, Nature, Lond. 182, 880 (1958). 
G. M. PRICE, J. Insect Physiol. 12, 731 (1966). 
G. M. PRICE and T. BOS~tAS, J. Insect Physiol. 12, 741 (1966). 

8 G. M. CHIPPENDALE and 13. A. KILB¥, J. Insect Physiol. 75, 905 
(1969). 

s G. M. CIIIPPENDALE and B. A. I{.ILBY, Comp. Biochem. Physiol. 
S4, 241 (1970). 


