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The antibiotic ab ikovi romycin  was f i r s t  found in the cul ture  liquid f r o m  St rep tomyces  abikoensis  by 
H. Umezawae t  al.  [1], and l a t e r ,  under  the name of latumcidin,  it was i so la ted  and desc r ibed  by another  
group of w o r k e r s  [2, 3]. It  p o s s e s s e s  a pronounced activity against  a number  of supercaps id ic  v i ru se s  
such as the causa t ive  agents of the encephal i t is  group and others  [4] and, because  of this,  is of in te res t  as 
one of the few na tura l  ant iv i ra l  subs tances .  As a resu l t  of the invest igat ions desc r ibed  below, we have 
es tab l i shed  that  ab ikovi romycin  has  the s t r u c t u r e  (I).* 

Abikovi romycin  is a monoacid  base  with the composi t ion C10HI1NO. It is e x t r e m e l y  unstable and 
rapidly  p o l y m e r i z e s  on isolat ion even at -50°C, but is only slowly inact ivated in dilute solutions and is  c o m -  
pa ra t ive ly  s table  in the fo rm of sa l t s ,  among which the m o s t  convenient for  working with have proved to be 
the p ic ra te  and the hydrogen sulfate .  

Both the sa l t s  of ab ikovi romycin  and the f ree  base  are  readi ly  reduced by complex meta l  hydrides  or  
hydrogen in the p r e s ence  of ca ta lys t s .  The reduct ion products  formed,  being cons iderably  m o r e  s table  
compounds,  have s e rved  as key subs tances  in the de te rmina t ion  of the s t ruc tu re  of the antibiotic.  Thus,  
under  the action of NaBH4, abikovi romycin  gives a high yield of a dihydro der iva t ive  which is  a secondary  
amine read i ly  acetyla ted  by acet ic  anhydride.  This  dihydro der iva t ive  does not contain carbonyl  groups and 
has only one hydrogen a tom read i ly  rep laceab le  by deuter ium,  while the antibiotic i t se l f  does not deutera te  
when i ts  sulfate is d issolved in D 2 0 .  Consequently,  in ab ikovi romycin  the only oxygen atom is an e the rea l  
atom, and the n i t rogen a tom is  p re sen t  in an imino group > C = N - - .  

In the NMR s pec t rum  of ab ikovi romycin  the re  a re  s ignals  of an ethylidene group ( three-proton  doub- 
let  at 2.10 and one-pro ton  quartet  at 6.18 ppm, J = 7 Hz) and a c i s -d i subs t i tu ted  ethylene group (two one-  
proton doublets at 6.95 and 8.42 ppm, J = 6 Hz). According to the chemica l  shift  of the olefinic protons and 
the UV spec t r a  of the antibiotic in acidic and bas ic  solutions,  these  groups are  connected with one another  
and with t h e >  C = N -  grouping to f o r m  a conjugated azomethine ch romophore  (A). The value of Xmax c a l -  
culated fo r  this ch romophore  of 291 nm and the expected  value of the ba thochromic  shift  of the long-wave ab- 
sorpt ion  m a x i m u m  in acid solution AXN --. N~ ~ 60 nm [7] agree  well  with the obse rved  values  (XKOax H 289  
urn, X HC1 341 ran). 
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* F o r  p r e l i m i n a r y  communica t ions ,  see [5, 6]. 
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The e m p i r i c a l  fo rmula  of ab ikovi romycin  shows the p re sence  in it of six double bonds and r ings .  On 
hydrogenat ion with PtO2, ab ikovi romycin  absorbs  about 5 moles  of Ha, fo rming  a mix tu re  of s t e r e o i s o m e r i c  
pe rhydroab ikov i romyc ins :  sa tu ra ted  secondary  amines ,  C10H19N. Since these  amines  contain no mul t ip le  
bonds, the i r  composi t ion  shows that  they are  bicycl ic  compounds.  It follows f rom this that the antibiotic 
contains th ree  double bonds (localized inthe  chromophoreA)  and th ree  r ings ,  of which one is an oxygen- 
containing he te rocyc le  which undergoes  hydrogenolys is  in the p r e sence  of plat inum. 

Impor tan t  informat ion  on the s t ruc tu re  of the other two r ings  was obtained by exhaust ive methylat ion 
and Hofmann degradat ion  of the ma in  s t e r e o i s o m e r  of pe rhydroab ikov i romyc in .  The NMR spec t rum of the 
product  of this reac t ion  shows that  in it the n i t rogen atom is at tached to a methine  group connected with 
another  methine group and a methylene group (sextet at 4.49 ppm with J l  = 5, J2 = 10, and J3 = 10 Hz), and 
that  the molecule  contains a t e rm i na l  double bond (signals of th ree  olefinic protons at 5.0-5.4 and 6.07 
ppm); at the same  t ime  the nature  of the mul t ip le t  of the olefinic methine,  having m o r e  than 12 l ines,  shows 
the p re sence  of four  vicinal  protons ,  i .e . ,  the p r e sence  of an unsubst i tuted allyl group.  The only poss ib le  
si te of addition of this group is  the second of the methine groups ment ioned above, which leads  to par t i a l  
f o rmula  B.  In combinat ion with the s t ruc tu re  of the ch romophore  of ab ikovi romyein  A, this  enables the 
product  of the Hofmaun degradat ion  to be asc r ibed  fo rmula  (IV), and the pe rhydroab ikov i romycins  t h e m -  
se lves  the s t ruc tu re  of the e thyloctahydropyr indines  ffl). 
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On catalyt ic  reduct ion in the p re sence  of Pd  black,  ab ikovi romycin  f o r m s  a t e r t i a r y  base  C10H13N. Its 
NMR s p e c t r u m  shows the p r e s ence  of an ethyl group and of a 2 ,3-disubst i tu ted pyridine r ing,  and the UV 
s p e c t r u m  prac t i ca l ly  coincides with that  of the model  substance  2 ,3 - t r imethy lenepyr id ine  [8, 9]; consequent -  
ly the subs tance  is the 5-ethylhydropyrindine (V). The s t ruc tu re  of this compound was conf i rmed  by inde-  
pendent synthes is  f rom 4 -e thy lcyc lopen tane - l , 2 -d io l  (VII) [10] by condensing i t  with acry lon i t r i l e  and 
hydrogenat ion of the cyanoethyl  der iva t ive  (VI) with subsequent  dehydrogenat ion of the mix tu re  of reduction 
produc ts .  In this  way, the s t ruc tu re  of the ca rbon  skeleton of the antibiotic was definit ively es tabl ished.  

The e the rea l  oxygen atom p re sen t  in ab ikovi romycin  mus t  be at tached on one side to an angular  C 
atom, since the antibiotic contains only one proton on a carbon at tached to oxygen. The signal  of this p r o -  
ton in the NMR s pec t r a  of ab ikovi romycin  and i ts  dihydro der iva t ive  fo rmed  in the reduct ion of the anti-  
biotic with NaBH 4 is poor ly  r e so lved  (broadened singlet) and is t he re fo re  not indicative of i ts  fo rm.  How- 
eve r ,  in the spec t rum of the N-ace ty l  der iva t ive  of d ihydroabikovi romycin  this proton gives a c l e a r  quartet  
at 3.08 ppm (Jl = 5 and J2 = 3 Hz). It follows f r o m  this that  the second point of a t tachment  of the oxygen 
br idge is the C 4 a tom.  Thus,  ab ikovi romycin  p o s s e s s e s  the s t ruc tu re  (I) and i ts  dihydro and i ts  N-ace ty ld i -  
hydro de r iva t ives  s t r u c t u r e s  (VIII) and (IX). 
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The configurat ion of the ethylidene group in the antibiotic was es tab l i shed  on the bas is  of the d i f fe r -  
ence of the NMR s p e c t r u m  of d ihydroabikovi romycin  (VIII) f rom that of i sodthydroabikovi romycin  (XI). The 
l a t t e r  compound is  obtained by the reduction of the antibiotic (I) with l i thium aluminum hydride,  and also 
f r o m  dihydroabikovi romycin  (VIII) by the action of LiA1H 4 or  BuLi.  It is f o rmed  as the r e su l t  of the i n t r a -  
mo lecu l a r  opening of the epoxide r ing by an anionoid N atom (after addition of a hydride ion in posit ion 7a 
of ab ikovi romycin  or  the deprotonat ion of the NH group of d ihydroabikoviromycin) ,  which leads to the f o r m a -  
tion of a new, azir idine,  r ing with invers ion  of the 4a a s y m m e t r i c  cen te r .  These  ideas on the m e c h a n i s m  of 
the fo rmat ion  of (XI) a re  conf i rmed  by the s tabi l i ty  of the N-methyl  der iva t ive  (X) [obtained by the me thy la -  
tion of (v i i i )by  CH20 + N a B H j  under  the conditions of the i somer i za t ion  of {VIII) into (X'I). It  can be seen 
f rom a cons idera t ion  of mo lecu l a r  models  that in d ihydroabikoviromycin  (VIII) the subst i tuent  at C 1', which 
is p r e sen t  in the t r ans  posit ion with r e spec t  to C6, is located above the plane of the epoxide ring and t h e r e -  
fore  undergoes  diamagnet ic  shielding (see [11]), and the proton in posit ion 4 is noncoplanar  with the s e m i -  
cyclic  hydrogen bond, and the anisotropic  effect  of this bond does not extend to it .  In compound (XI), on the 
other  hand, ne i ther  the methyl  nor  the H atom of the ethylidene group is shielded, s ince the epoxide ring 
has been opened; the proton at C 4 is located approx imate ly  in the plane of the ethylidene group and because  
of this it can be deshielded by the double bond. It was found that  the i somer iza t ion  of (VIII) into (XI) causes  
a cons iderable  pa ramagne t i c  shift  both of the 4-H proton (5CC14 2:94 ~ 4.92 ppm) and of the I ' - H  proton 
(5CC1~ 4.99 ~ 5.79 ppm), affecting the posi t ion of the signal of the methyl  group to a s m a l l e r  extent (A6 
0.13 ppm).  This shows that  in d ihydroabikovi romycin  (VIII) the exocycl ic  olefinie proton is located above 
the epoxide r ing,  i .e . ,  according to the E - Z  nomencla ture  [12], the ethylidene group has the E configurat ion.  

Final ly ,  the absolute configurat ion of the antibiotic was es tab l i shed  by means  of a study of the p rod-  
ucts of the fu r the r  reduct ion of d ihydroabikovi romycin  (VIII). When this substance was hydrogenated in the 
p re sence  of NiuB, the oxide ring and the diene s y s t e m  underwent reduction accompanied by migra t ion  of the 
double bond. Af ter  N-aeety la t ion ,  the mix tu re  of amino alcohols fo rmed  yielded a sa tu ra ted  acetylamino a l -  
cohol (XII) and also the A 4a and A5 compounds {XIV) and (XV), the posit ion of the double bond in which was 
shown by NMR. The m a s s  spec t rum of compound (XII) proved  to be comple te ly  analogous to that of synthe-  
t ic N-ace ty loc tahydropyr ind in -4-o l  (XHI), which conf i rmed  the conclus ion on the locat ion of the oxygen 
function at the C 4 a tom.  F u r t h e r m o r e ,  in a po l a r ime t r i c  study of the unsa tura ted  hydroxy compounds (XIV) 
and (XV) it  was found that  the i r  convers ion  into the O-3,5-<linitrobenzoyl de r iva t ives  caused  a negat ive 
change in the m o l e c u l a r  rotat ion in the case  of the a , f l - unsa tu r a t ed  alcohol (XIV) ([M]D +288°; +182 °) and 
a posi t ive shift  in the case  of the fl, 7 -  i s o m e r  (XV) ([MID -208°; -145°), the optical  ro ta to ry  d i spers ion  
curves  of both dini t robonzoates  having a negative Cotton effect  at 275 nm.  According to B r e w s t e r ' s  benzo-  
ate rule  [13] and also according to Nakanish i ' s  s ec to r  benzoate rule [14], this shows that both unsa tura ted  
alcohols (XIV) and (XV) have the S configurat ion of the C 4 a s y m m e t r i c  cen te r .  

Thus,  ab ikovi romycin  is (4S, 4aR, 5-1'  E ) - 5 - e t h y l i d e n e - 4 , 4 a - e p o x y - 2 , 3 , 4 , 4 a - t e t r a h y d r o - 5 H - l - p y r i n d -  
ine (I). It  mus t  be ment ioned that the s t ruc tu re  and re la t ive  configurat ion of (I) that we have es tab l i shed  
[5, 6] has r ecen t ly  been conf i rmed  by an x - r a y  s t ruc tu ra l  analysis  of ab ikovi romycin  se lenate  [17], although 
he re  the antibiotic was ass igned the opposite absolute configurat ion.  

So far  as concerns  the b iogenesis  of abikoviromycin ,  it may  be a s sumed  that  the ca rbon  skeleton of 
this compound is f o rmed  f rom five aceta te  units (XVI) the d i rec t  p r e c u r s o r  of the antibiotic (I) being its d i -  
hydro der iva t ive  (VIII). In actual fact,  we have found that  some var ian t s  of the s t r a i n  of S t rep tomyces  
abikoensis  inves t iga ted  produce d ihydroabikovi romycin  (VIII), as well as abikoviromycin ,  and that the 
f o r m e r  is r ead i ly  dehydrogenated into the antibiotic (I), for  example ,  by the action of p ic r ic  acid. 
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Whereve r  the solvent  is not specif ied,  the UV spec t r a  were  taken in 96% ethanol,  the IR spec t r a  in 
Nujol (i - inflection),  the NMR spec t r a  in CDC13 (s - singlet ,  d - doublet, t - t r ip le t ,  q - quar te t ,  sx - sextet ,  
and m - mult iplet) ,  and the optical  rota t ion in ethanol with c 0.05-0.1.  The m o l e c u l a r  weights were  d e t e r -  
mined m a s s  s p e c t r o m e t r i c a l l y .  The analytical  r e su l t s  fo r  all the compounds co r responded  to the calcula ted 
f igure s .  
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1. Abikovi romycin  (1). S t rep tomyces  abikoensis  was grown in a 100-1iter s ta in less  s teel  f e r m e n t e r  
on a med ium containing 1% of ma ize  ex t rac t ,  1.5% of s ta rch ,  1% of glucose,  0.4% of (NH4)2SO4, 0.5% of NaC1, 
and 0.5% of chalk (pH 6.9-7.0) at 28°C with aera t ion  at the ra te  of 1.1 l i t e r / l i t e r / r a i n  for  65-75 h. Af ter  
separa t ion  f rom the myce l ium,  60 l i t e r s  of cul ture  fluid was brought  to pH 9 with a sa tu ra ted  solution of 
Na2CO3, cooled to 15°C, f i l te red,  and ex t r ac t ed  with ethyl aceta te  (3 x 20 l i t e r s ) .  The ex t r ac t  was washed 
with conc.  NaC1 solution and the antibiotic was ex t rac ted  with 0.1 N HC1 sa tu ra ted  with NaC1 (4 x 0.8 l i te r ) .  
The aqueous ex t rac t  was washed with e ther ,  brought  to pH 9 with sa tu ra ted  Na2CO 3 solution, and e x t r a c t e d  
with e the r  (4 x 0.8 l i t e r ) .  The e therea l  ex t r ac t  was dr ied with Na2SO 4 and mixed with 200 ml  of a sa tu ra ted  
benzene solution of p ic r i c  acid; a f te r  0.5 h, the prec ip i ta te  of c rude  abikovi romycin  p ic ra te  was f i l te red  off, 
washed  with e ther ,  and dr ied  in vacuum.  Yield 20-30 g, decomposi t ion  t e m p e r a t u r e  135-138°C. 

Abikovi romycin  p ic ra te  (19.5 g) was dissolved in a mix tu re  of 0.85 l i t e r  of acetone and 3.4 l i t e r s  of 
ethyl ace ta te ,  the solution was f i l te red  through 300 g of neutral  A1203 (activity grade  II), and the adsorbent  
was washed with 0.6 l i t e r  of ethyl ace ta te .  The eluate contained 6-7 g of pure  ab ikovi romycin  (I) sui table  
for  obtaining the sa l t s  desc r ibed  below. 

Found: mol .  wt. 161. C10HI1NO. Calculated:  tool.  wt. 161. 

Hydrogen sulfate  {by the action of an e the rea l  solution of H2SO4): C IoH t2NO~S, with decomposi t ion  
t e m p e r a t u r e  140-141°C, [~]~ --232 ° (0.01 N HC1), +39 o (0.01 N KOH); ~°a l~TiC1 ~236, 341 nm (log e 3.99; 

4.05), "~max~°'°lNKOH 218, 244, 289 nm (log e 3.83; 3.99; 3.94); Vma x 1670, 1691 c m - l ;  ~ D20 2.10 (3H, d, J 7), 

2.3-2.9 (2H, m),  3.4-4.1 (2H, m),  4.54 (1H, broad,  s), 6.18 (1H, q, J 7), 6.95 (1H, d, J 6), 8.42 (1H, d, J 6). 
Equiv. 259 (t i tration to phenolphthalein).  

P i c r a t e  (by the action of a benzene solution of p ic r ic  acid): C16H24N4Os, decomposi t ion  t e m p e r a t u r e  
137-140°C; Vma x 1675 cm -I .  

Chloropla t inate  {by the action of an ethanolic solution of chloroplat inic  acid): decomposi t ion t e m p e r a -  
ture  180-186°C; Vma x 1670 cm -I .  

2. Pe rhyd roab ikov i romyc in  (II). To a suspension of P t  ca ta lys t  (from 259 mg of PtO2) in 100 ml  of 
wa te r  was added 2.59 g of the hydrogen sulfate  of (1), and hydrogenat ion was c a r r i e d  out at 20°C until the 
absorpt ion of hydrogen ceased .  The solution was f i l te red,  made alkaline with 50 g of K2CO3, and ex t rac ted  
with e the r .  The ex t rac t  was dr ied  with Na2SO 4 and evapora ted ,  and the res idue  was ch romatographed  in 
e the r  on a l - r a m  l aye r  of alkaline A1203 (400 g, act ivi ty  grade  IV). F r o m  the zones with Rf  0.71, 0.55, and 
0.32 a mix tu re  of methanol  and e the r  (1:1) eluted the s t e r e o i s o m e r i c  pe rhydroab ikov i romyc ins  (IIA), (lIB), 
and (HC). They were  isola ted in the fo rm of the hydrochlor ides  (yields, r e spec t ive ly ,  16%, 10%, and 39%) 
and were  then conver ted  in the usual  way into the N-dini t robenzoyl  de r iva t ives ,  which were  pur i f ied by TLC 
on neut ra l  A1203 (activity g rade  If) in the a c e t o n e - b e n z e n e - p e t r o l e u m  e the r  (1 : 1 : 1) sy s t em;  all th ree  
i s o m e r s  had Rf  0.80 in this s y s t e m .  

3 ,5-Dini t robenzoate  of (IIA): C17H21N3Os, mp 129-130°C (from ethanol), tool.  wt. 347. 

3 ,5-Dini t robenzoate  of (LIB): C17H21N305, mp 120-121°C (from ethanol), tool.  wt. 347. 

3 ,5-Dini t robenzoate  of (IIC): C17H21N305, mp 153-154°C (from ethanol), tool.  wt. 347. 

3. N-Methy lpe rhydroab ikov i romyc in  (IH). To 1.33 g of the hydrochlor ide  of (IIC) were  added 10 ml  
of 35% fo rma l in  , 3.5 ml  of 2 N KOH, and 20 ml  of 85% fo rmic  acid.  The mix tu re  was boiled for  2 h and was 
then made  alkaline with KOH and ex t rac ted  with e ther .  The ex t r ac t  was dr ied with Na2SO 4 and mixed with a 
sa tu ra ted  ethanolic solution of 1.6 g of p ic r ic  acid. The yield of the p ic ra te  of (Ill) was 1.72 g (62~); 
CITH24N4OT, mp 167-168°C (decomp.,  f r o m  ethanol).  

The base  (III) was obtained f rom 0.8 g of the p ic ra te  by ch roma tog raphy  on alkaline AI203 (activity 
g rade  IV) in ethyl aceta te  and, without isolat ion,  was conver ted  into the methiodide CI2H24NI by the action of 
5 g of CH3I (1 h at 20°C). The yield of the methiodide of (HI) was 0.55 g (88%); a f t e r  r eprec ip i t a t ion  f rom 
dichloroethane with ethyl aceta te  it had mp 186-187°C (decomp.).  

4. 2 -Al ly l - l -d ime thy lamino -3 -e thy l cyc lopen tane  (IV). A solution of 0.31 g of the methiodide of (iII) 
in 5 ml  of methanol  was added to a suspens ion of Ag20 (from 0.55 g of AgNO3) in 5 ml  of wa te r .  The m i x -  
tu re  was shaken fo r  30 rain in the dark,  and was then f i l tered;  the prec ip i ta te  was washed with methanol  and 
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the f i l t ra te  was evapora ted  in vacuum. The res idue  was dist i l led at 175-200°C/20 m m ,  the r e c e i v e r  being 
cooled to -70°C. The dis t i l la te  was t r ea t ed  with 2 ml  of 10 N NaOH and ex t rac ted  with e ther ,  and the ex-  
t r a c t  was eh romatographed  on a l - r a m  layer  of alkaline A1203 (activity grade  IV) in the e t h e r - b e n z e n e  
(1 : 20) sys t em.  Compound (III) was eluted with e ther  f r o m  the zone with Rf  0.17 and was conver ted  by the 
action of CH3I into the ini t ial  methiodide of {III) with a yield of 31%. The methiodide of (IV) was obtained 
s i m i l a r l y  f rom the f rac t ion  with Rf  0.76. Yield 52%; Ct3H27NI , m p  129-131°'C; 5 (CD3)2CO 0.89 (3H, t, J 7), 
1.2-1.7 (4H, m),  1.8-2.7 (6H, m),  3.52 (9H, s),  4.49 (1H, sx, J1 5, J2 10, J3 10), 5.0-5.4 (2H, m),  6.07 (1H, m); 
m / e  181 (M - 142). 

5. 5 - E t h y l - 6 , 7 - d i h y d r o - 5 H - l - p y r i n d i n e  (V). The hydrogenat ion of 0.5 g of the hydrogen sulfate of (i) 
in 20 ml  of wa te r  was p e r f o r m e d  at 20°C in the p re sence  of 0.1 g of Pd  black [15] until the absorpt ion of H 2 
ceased .  The solution was made alkaline with K2CO 3 and ex t rac ted  with e ther ,  and the ex t rac t  was chro-  
matographed  in a l - r a m  l aye r  of A1203 (activity grade  II) in the a c e t o n e - b e n z e n e - p e t r o l e u m  e ther  (1 : 1 : 1) 
s y s t e m .  Compound (V), CIoHI3N , was i so la ted  f rom the zone with Rt  0 .7 -0 .95 .y i e ld  13%, ~ m a x  268 i, 272, 

oAN in EtOH (loge ~.86); 5 CC14 1.00 (3H, t, J 7); 1.03-2.00 279 i n m  (loge 3.64, 3.68, 3.56);~ max  HC1 277 nm 
(4H, m),  2.05-2.50 (1H, m),  2.8-3.1 (2H, m),  6.93 (1H, q, J1 8, J2 5), 7.37 (1H, d, J 8), 8.22 (1H, d, J 5), mol .  
wt. 147. 

P i c r a t e :  C~6H16N4OT, mp 108-109°C (from absolute ethanol).  

6. Synthesis of (V). A. 3 - (~ -Cyanoe thy l ) -4 -e thy l -2 -hydroxycyc lopen t -2 -enone  (VI). The sodium 
der iva t ive  obtained f rom 3.2 g of (VII) [10] and 0.62 g of Nail in 50 ml  of anhydrous t e t r ahydrofu ran  was 
t r ea ted  with 3.4 ml  of ae ry lon i t r i l e .  The mix tu re  was boiled for  3 h and was then acidified with 2 ml  of 
acet ic  acid and t r ea t ed  in the usual way by ext rac t ion  with ethyl aceta te .  After  TLC on s i l ica  gel (activity 
grade II) in the b e n z e n e - a c e t o n e  (9 : 1) sys t em,  the zone with Rf  0.6-0.7 yielded 0.35 g (11%) of the initial  
(VII), and the zones with Rf  0.45-0.6 yielded 0.85 g (21%) of(VD,C10HI3NO 2. mp 74-76°C (from b e n z e n e -  
heptane); Xma x 259 nm {loge 4.02); Vma x 1650, 1700, 2250, 3320 cm- l ;  6 0.86 (3H, t, J 7), 1.0-2.0 (2H, m),  
2.07 (1H, q, Jl  22, J2 3), 2.59 (1H, q, J1 22, J2 6), 2.65 (2H, t, J 7), 2.69 (2H, t, J 7), 2.4-2.7 (1H, m),  6.44 
(1H, broad,  s), tool.  wt. 179. 

B. A solution of 1.1 g of (VI) in 15 ml  of absolute ethanol was hydrogenated in the p r e sence  of 0.5 g 
of Raney Ni at 80°C and 80 arm.  The solution was f i l tered,  acidified with conc. HC1, and evapora ted  in 
vacuum.  The res idue  was made alkaline with 1 N KOH and ex t rac ted  with e ther ,  and a f te r  the usual  t r e a t -  
ment  the ex t rac t  was evapora ted .  The substance  obtained was mixed with 350 mg of 30% P d / C  and heated 
at 320-330°C for  4 h. Af te r  cooling, the reac t ion  mix tu re  was ex t rac ted  with e ther ,  the solvent was dis t i l led 
off, and the res idue  was ch romatographed  on alumina (activity grade  III) in the b e n z e n e - a c e t o n e  (9 : 1) s y s -  
t em.  The zone with R f  0.7-0.8 yielded 82 mg (11~) of (V), which has been desc r ibed  in expe r imen t  5. 

7. Dihydroabikovi romycin  (VIII). At 20°C, 0.4 g of 85% NaBH 4 was added to 0.78 g of the hydrogen 
sulfate of (I) in 120 ml  of wate r ,  and the mix tu re  was s t i r r e d  until the solid m a t t e r  had dissolved.  After  20 
rain, it was  ex t rac ted  with e ther ,  the ex t rac t  was dr ied with Na2SO 4 and evapora ted ,  and the res idue  was 
subl imed at 56°C/0.05 ram.  This  gave 0.36 g (85%)of (VIII), CIoH13NO , mp 60-61°C; [~]~ +296°; ~ m a x  244 
nm (loge 4.11); ~ m a x  1502, 1675, 3200 cm-1; 6CC14 1.32 (1H, s), 1.73 (3H, d, J 7), 1.5-2.0 (3H, m),  2.6- 
2.9 (2H, m),  2.94 (1H, broad,  s), 3.74 (1H, s), 4.99 (1H, q, J 7), 5.97 (1H, d, J 6), 6.55 (1H, d, J 6), mol .  wt. 
163. 

N-Aceta te  of (IX), C12HIsNO2, rap 49-51°C (after subl imat ion at 47°C/0.02 mm);  [~]~ +582°; ~ m a x  
245 nm (loge 4.18); Vma x 1630-1645 cm-1;  6CC14 1.75 (3H, d, J 7), 2.02 (3H, s), 1.7-3.5 (5H, m),  3.08 (1H, 
q, J l  5, J2 3), 4.93 (1H, s), 5.07 (1H, q, J 7), 6.25 (1H, d, J 6), 6.64 (1H, d, J 6), tool.  wt. 205. 

N-3 ,5-Dini t robenzoate :  C16H15N305, mp 165-167°C (from ethanol); [c~]~ +244 ° (CHC13); ~ m a x  242 nm 
(log e 4.63); Vma x 1543, 1573, 1625-1630 cm-1; tool.  wt. 357. 

Dehydrogenat ion of (VIII) to (I): A solution of 165 mg of (VIII) in 20 ml  of e the r  was mixed with 20 ml 
of sa tu ra ted  e therea l  p ic r ic  acid and the mix tu re  was lef t  at 20°C for  3 days .  The prec ip i ta te  of the p ic ra te  
of (i) that  had deposi ted was f i l te red  off and washed with e the r .  Yield 82 mg  (21%); mp 133-135°C (decomp.).  

8. N-Methyld ihydroabikovi romvcin  (X). At 5°C, 0.54 g of (VIII) in 10 ml  of ethanol was t r ea t ed  with 
0.7 ml  of 40% formal in ,  and a f te r  10 rain, 150 mg of 85% NaBH 4 was gradual ly  added. The mix tu re  was 
s t i r r e d  at 5°C for  30 rain and was then left  overnight,  diluted with water ,  and ex t rac ted  with e ther .  The ex-  
t r a c t  was t r ea t ed  in the usual  way and evapora ted ,  and the res idue  was ch romatographed  on neutra l  alumina 
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(activity grade II), being eluted f i r s t  with benzene and then with b e n z e n e - a c e t o n e  (2:1) .  The benzene eluate 
yielded 0.24 g (41%) of (X), CItHIsNO, mol .  wt. 177, and the subsequent f ract ions  gave 0.14 g (26%) of the 
initial (VIII). The N-methyl  der ivat ive  (X) on A1203 (activity grade II) had Rf 0.83 in the b e n z e n e -  acetone 
(1:1) sys tem;  ~ m a x  242 nm (log e 4.07). 

Methiodide: C12HlaNOI , mp 236°C (decomp.i f rom water);  [a]~ +125 ° (CHC13); ~max  194, 228 nm 
(loge 4.24; 4.29); ~max 1660 cm-1; 5D2 O 1.86 (3H, d, J 7), 2.88 (3H, s), 3.29 (3H, s), 1.3-3.8 (6H, m), 5.40 
(1H, q, J 7), 6.38 (1H, d, J 6), 7.28 (1H, d, J 6). 

9. Isodihydroabikoviromycin (XI). A solution of 210 mg of (VIII) in 5 ml of te t rahydrofuran  was 
t r ea ted  with 1.1 ml of a 0.76 M e therea l  solution of LiA1H 4 and the mixture  was s t i r r ed  at 20°C for  1.5 h 
and was then boiled for  15 rain; af ter  cooling to 0°C the excess  of LiA1H 4 was decomposed with 0.5 ml of 
water .  The mixture  was diluted with 50 ml of ethyl acetate,  and the organic l aye r  was separa ted  off and 
dr ied  with Na2SO4, and the solvent was disti l led off in vacuum. The res idue was t r i tu ra ted  with a mixture  
of ethyl acetate  and e ther ,  and the precipi ta te  of (XI) was f i l tered off and purif ied by TLC on neutral  
alumina (activity grade IV) in the b e n z e n e - a c e t o n e  (1 : 1) sys tem,  the zone with Rf 0.4-0.5 being isolated.  
The yield of (XI) was 38 mg (18%), CIoHI3NO , m p  164-165°C (from ethanol); [~]~ -143 ° (CHC13); ~max  245 
nm (loge 4.19); ~max 1550, 3100-3200 cm-1; 5 1.86 (3H, d, J 7), 1.5-2.2 (2H, m), 2.9-3.1 (3H, m), 3.18 
(1H, s), 4.95 (1H, t, J 8), 5.83 (1H, q, J 7), 6.28 (1H, d, J 6), 6.48 (1H, d, J 6), tool.  wt. 163. 

10. 1 -Ace ty l -5-e thy l -4-hydroxyperhydropyr ind ine  (XII) and Its 4a,5- and 5,6-Dehydro Derivat ives  
(XIV) and (XV). In the p resence  of Ni2B (from 1.75 g of Ni(OAc) 2 • 4H20 [16]), 0.76 g of (VIII) in 15 ml of 
ethanol was hydrogenated until two moles  of H 2 had been absorbed.  The solution was f i l te red  and evapora ted  
and the res idue was dissolved in 10 ml of Ae20; the solution was left  at 20°C for  2 h and was then diluted 
with 150 ml of e ther  and 50 ml of ethyl acetate and worked up in the usual way. After  TLC on neutral  alumi- 
na (activity grade IV) in the b e n z e n e - a c e t o n e  (1 : 1 ) sys tem,  the zone with Rf 0.6-0.7 yielded a mixture  of 
(XII) and (XV), while the zone with Rf  0.4-0.5 furnished pure (XIV). The yield of (XIV) was 160 mg (16c~); 
Rf  0.47 (in the same system);  C12H19NO2, mp 91-92°C (from benzene-hep tane) ;  [~]~ +138°; ~max  201 nm; 
~oge  4.25); ~max 1627, 3300 cm-1; ~ 0.98 (3H, t, J 7), 2.03 (3H, s), 2.17 (2H, q, J 7), 1.7-2.5 (8H, m), 
3.20 (1H, s), 4.65-5.00 (2H, m), mol .  wt. 209. 

The mixture  of (XII) and (XV) was separa ted  by rechromatography  on A1203 (activity grade IV) with 
gradient  elution (from benzene to ethyl acetate) .  The yield of (XII) was 20 mg (2%); Rie 0.66 in the b e n z e n e -  
acetone (1: 1) sys tem;  C12H21NO2, mp 126-127°C (from ethanol); 26 [~]589 0 ± 2°; [~]300 +132°; ~max  205 nm, 
(loge 4.23); Vma x 1627, 1632, 3280 cm-1; tool. wt. 211. 

The yield of (XV) was 160 mg i16%); R~, 0.64 (in the same system);  CI2HIgNO2, mp 124-125°C (from 
ethanol); [v~]~- 100°; ~max  202 nm (loge 4.~33); ~max 1590, 1660, 3300 cm- l ;  6 1.09 (3H, t, J 7), 2.10 (3H, 
s), 2.63 (1H, s), 1.5-3.0 (TH, m), 3.2-3.9 (2H, m), 3.4 {1H, m), 5.2-5.6 (2H, m), tool.  wt. 209. 

3,5-Dinitrobenzoate of (X-IV): [~]~9 +45°, [~]400 +280°, [~]368 +330°, [~]315 +30°, [~]280 +650°; ~max  
205,227 i n m  {loge 4.58, 4.30); Vmax 1537, 1557, 1635, 1717 cm-1; 5 1.06 (3H, t, J 7), 2.23 (3H, s), 2.37 
(2H, q, J 7), 1.5-2.7 (SH, m), 5.1 (1H, m), 6.18 (1H, q, J1 8, J2 5). 

3 ,5-Dini trobenzoate of (XV): mp 208-209°C (from ethanol), 26 [~]5a9-37°, [cQ400 170°, [(~]380- 145°, 
[a]3t0 - 750°, [(~]280 0°; ~max  199, 227 i n m  ([oge 4.79, 4.47); ~max 1558, 1643-1665, 1727 cm-l ;  5 1.04 
(3H, t, J 7), 2.17 (3H, s), 1.4-4.1 (9H, m), 5.25 (1H, m), 5.63 (1H, m), 5.87 (1H, m). 

The select ion of the s t ra ins  of S. abikoensis was pe r fo rmed  by V. D. Kuznetsov. The samples  of N- 
ace ty loc tahydropyr indin-4-ols  were provided by ]~. A. Mistryukov, The NMR spec t ra  were  taken by V. I. 
Sheichenko, the ORD were  measu red  by G. A. Kogan, and the mass  spec t ra  by V. G. Zaikin. 

S U M M A R Y  

1. The reduct ion of the antibiotic abikoviromycin by complex metal  hydrides and its hydrogenation 
in the p resence  of var ious  cata lysts  have been studied. 

2. It has been es tabl ished that abikoviromycin is 5 -e thy l idene-4 ,4a-epoxy-2 ,3 ,4 ,4a- te t rahydro-5H-1-  
pyrindine 'and has the (4S, 4aR, 5-1'E) configuration. 
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