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In a previous  paper  we gave the r e s u l t s  of invest igat ions to es tabl i sh  the s t r u c t u r e  of hanphylltn (D - a 
new sesqu i te rpene  laetone isola ted f r o m  Handelia t r ichophyl la  (Schrenk) H e i m e r l  [1, 2]. The na ture  of the 
oxygen-containing subst i tuents  of  (I) was shown by intensive absorpt ion bands in its l:R s p e c t r u m  (Fig. 1) at 
3488 c m  -1 (OH) and 1748 c m  -1 (carbonyl of a ~ - l ac tone  r ing  in conjugation with an exomethylene group). Han- 
phyllin is ace ty la ted  by acet ic  anhydride with the fo rmat ion  of a rap id ly  po lymer iz ing  liquid ace ta te  (II), which 
shows the secondary  na ture  of the hydroxy group of the lactone.  

In the PMR s p e c t r u m  of (I), the hydroxy proton is shown by a signal  the chemica l  shif t  of  which depends 
ve ry  g rea t ly  on the solvents  used. With the use  of CDC13 (Fig. 2a), this  group co r r e sponds  to a b roadened  one-  
proton signal at  2.87 ppm. On pass ing  to a mix tu re  of CDC13 and C~D~N (2 : 1), this signal con t rac t s  and appea r s  
in the f o r m  of a doublet with J = 3  Hz at 6.60 ppm. Simultaneously the re  is a change in the fine s t ruc tu re  of a 
one-pro ton  quar te t  with s J=9 .9  and 6.3 gz  at 4.21 ppm (see Fig. 2a, a'} cor responding  to a hemihydroxyl ic  p ro -  
ton. 

In the PMR s p e c t r u m  of (I) (see Fig. 2a), the s ignals  of the protons  of the exomethylene group appear  in 
the f o r m  of doublets at 5.50 and 6.21 ppm. The ass ignment  of the t h r e e - p r o t o n  s inglets  at 1.39 and 1.66 ppm of 
two methyl  groups and a lso  of a group of s ignals  in the 4.40-5.00 ppm region corresponding,  accord ing  to the 
in tegra l  curve ,  to th ree  pro tons  was made by the method of mul t i f requency resonance .  On sa tu ra t ing  the r e s o -  
nance t rans i t ions  of one of the methyl  groups 0 .39  ppm, CHs-14) the l ines of the signal  at 4.87 ppm (H-l) con- 
t r ac t ed  cons iderab ly  (see Fig.  2b, c) and its quadruplet  s t ruc tu re  with sj  =4.7 and 11.9 Hz appeared  c lear ly .  On 
s imul taneous  i r rad ia t ion  with the r e s o n a n c e  f requencies  of the protons of  both methyl  groups (1.39 ppm, CH~- 
14, and 1.66 ppm, CHs-15) , in addition to the H-1 signal ,  the signal at 4.70 p p m  (H-5) underwent a s im i l a r  
change (Fig. 2b-d),  being conver ted  into a doublet with 3J=9.6 Hz. 

On the bas i s  of these  fac t s ,  the p r e s ence  of two H 3 C - C  = C H - s t r u c t u r a l  e l ements  in (I) was es tabl ished.  
One of the olefinic protons  (H-l)  in terac ts  with a methylene group in the vic inal  posit ion and the other  (H-5) 
only with the lactone proton (H-6), giving a quar te t  at 4.55 ppm with 3j = 7.8 and 9.6 Hz, as is shown by the 
na ture  of the dis tr ibut ion of the intensi t ies  of the l ines of the s ignals  a r i s ing ,  with c lose  values  of the chemica l  
shif ts  of the in terac t ing  H-5 and H-6 protons and the equali ty sJs,6=3J6,5=9.6 Hz. The ass ignment  of the signal 
under considera t ion  to the H-6 laetone proton is based  on the fact  that  on s a tu r a t i on  of the r e sonance  t r a n s i -  
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Fig.  1. IR s p e c t r u m  of hanphyllln. 
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Fig. 2. PlVI1R s p e c t r a  of hanphyllin (I): a) in CDCls; a ' )  in CDCI~+C~D~N (2 : 
1); sect ion of the s p e c t r u m  of (I) in CDCI~ in the following r e g i m e s :  b) mono-  
resonance ;  c) double resonance ;  d) t r ip le  resonance .  The groups of protons 
i r rad ia ted  a r e  shown in paren theses .  
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Fig. 3. PNtt  spec t r a  of hanphyllin (34.8 mg, 1.4" 10 -4 M, CDC13) +20.1 mg 
[0.19.10 .4 M of Eu(FOD)3]: a) monofrequency,  b-f) mul t f f requency r e s o -  
nance. 

t ions of the H-7 nuclei (2,50 ppm) there  is a s imul taneous  convers ion  into s inglets  of the doublets f r o m  H-13 
and H ' -13  and of the quar te t  at 4.55 ppm into a doublet with 3 J - 9 . 6  Hz. 

Thus,  it may  be concluded that the hanphyllin molecule  contains the s t ruc tu ra l  f r agmen t s  A and B, 
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On cons ider ing  the compos i t ion  of (I), its s t ruc tu ra l  f r agmen t s  A and B, and the posit ion in the PMR s p e c t r u m  
of the s ignal  of one of the methyl  groups (CH3-14) in a s t ronge r  field (1".39 ppm),  which is c h a r a c t e r i s t i c  for  
l ac tones  with the cyclodecadiene  skeleton where ,  as the r e su l t  of the t r ausannu la r  influence of the methyl  group 
at C10 the double bond between C-4  and C-5 is sc reened ,  it may  be concluded that  hanphyllin has the g e r m a -  
c rane  type of skeleton.  

To s impl i fy  the PlVl:R s p e c t r u m  of (I) in CDC13 (1.4" 10 -4 M) and to ass ign  a s e r i e s  of s ignals ,  we used 
the method involving a pa ramagne t t c  shift  r eagen t  (PSR)-Eu(FOD)3 (from 0 to 0.34- 10 -4 M). The op t imum 
s p e c t r u m  (Fig. 3a, in which only the broadened  singlet  at 10.6 ppm due to the hydroxyl  is not shown) was ob-  
ta ined on the addition of 20.1 mg (0.19" 10 -4 M) of PSR. The mult iplet  at 3.0 ppm was ass igned  to the signal 
of the t I -7  proton,  s ince on its se lec t ive  sa tu ra t ion  the re  is a broadening of the H-13 and H ' -13  signals  of the 
exocycl ic  methylene  and of the H-6  lactone proton (see Fig. 3a, b). Additional i r rad ia t ion  at the r e sonance  
f requency  of the H-7 protons  in the v inylmcthyl  g roups  (see Fig. 3a-c)  also led to a contract ion of the l ines of 
the s igna l s  of the H-5 and H-1 protons  (the l a t t e r  is masked  by the H-6 signal). 

The gradual  addition of the PSR led to the isolat ion f r o m  the group of the mul t ip le ts  p resen t  in the me thy-  
lene reg ion  (see Fig. 3a) and to a downfield shift  to 3.74 ppm of a two-proton signal in the f o r m  of a d i s to r ted  
t r ip le t .  In the double r e s o n a n c e  s p e c t r a  on i r rad ia t ion  with the f requency  of the H-3 proton,  this s ignal  was 
conver t ed  into a doublet,  and on s imul taneous  sa tura t ion  of the r e sonance  t rans i t ions  of the H-3 and H-1 p ro -  
tons it was conver ted  into a s inglet  (Fig. 3e, f). I r r ad ia t ion  with a f requency  cor respond ing  to the given two- 
proton signal  led to the t r a n s f o r m a t i o n  into s ingle ts  of the s ignals  of the H - t  and H-3 protons  (Fig. 3d). Con- 
sequently,  the signal  under  cons idera t ion  at 3,74 ppm belongs to the methylene group at the C-2 a tom,  which 
in te rac ts  with olef inic  (H-l)  and hemihydroxyl ic  (H-3) protons  p resen t  in the vic inal  posit ion to it. 

Then the hydroxy group in (I) is p r e sen t  at the C-3 a tom and, accord ing  to the values  3j = 9.9 and 3j = 6.3 
Hz has  the fl or ienta t ion.  

The na ture  of the spl i t t ing of the" signal  of the H:-6 lactone proton (quartet with J6,.~ = 9.6 and Jc,? =7,8 Hz) 
shows the t r a n s  l inkage in (I) of the lactone r ing  with the main ca rbon  skeleton at the C-6 and C-7 a toms .  
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Because  of conjugation with a s t rong  e lec t rophi l ic  function - the lactone carbonyl  - the exocycl ic  double bond is 
e x t r e m e l y  r eac t ive .  In ac tual  fact ,  the reduct ion of hanphyllin ace ta te  with sodium t e t r ahyd robo ra t e  led to the 
fo rmat ion  of dihydrohanphyll in ace ta te  ('III) containing, accord ing  to its PIVIR spec t rum,  one methyl  group m o r e  
than the initial  compound (II). The phys ica lcons tan t s  and IR, PMR, and m a s s  s p e c t r a  of (EI) agree  we l lw i th the  
l i t e r a t u r e  c h a r a c t e r i s t i c s  of dehydronovanin,  a der iva t ive  of novanin [3], which shows the i r  identity. In novanin, 
the acetyl  group at C-3 has the fi or ientat ion.  

Of the compounds that  have been desc r ibed ,  tamaul ip in  B is c loses t  to hanphyllin, but in the f o r m e r  the 
OH gwoup at C-3 is a - o r i e n t e d  [4]. The t rans i t ion  f r o m  hanphyllin to the known dihydronovanin that has been 
p e r f o r m e d  con f i rms  the s t r u c t u r e  and configurat ion of (I), which is 3 - h y d r o x y - 3 ~ , 6 f i , 7 ~ - H - g e r m a c r a -  
1 (10),4,11 (13)- t r ien-  6,12-olide.  

Hanphyllin was l a te r  detected in the plant A r t e m i s t a  aschurba jev i i  C. Winkl., as well  [5]. 

E X P E R I M E N T A L  

The IR s p e c t r a  w e r e  taken on a UR-20 spec t ropho tome te r  (tablets with KBr) ,  the PMR spec t r a  on a JNM- 
4H-100 ins t rument  (0 - HMDS, 5 scale) ,  and the m a s s  spec t r a  on an MKh-1303 s p e c t r o m e t e r .  TLC was p e r -  
fo rmed  on "Silufol R" p la tes  in the c h l o r o f o r m - m e t h a n o l  (8.5 : 1.5) s y s t e m  with a 0.5% solution of vanil l in in 
concen t ra ted  sul fur ic  acid as  the chromogenic  agent.  The r e su l t s  of the e l e m e n t a r y  ana lys i s  of the subs tances  
co r r e sponded  to the ca lcula ted  f igures .  

Hanphyllin (I). The f rac t ion  of the c h l o r o f o r m  ex t rac t  of the l eaves  of Handelia  t r ichophyl la  (Schrenk), 
He imer l . ,  co l lec ted  La May in the Tashkent  oblas t ,  that we re  soluble in 60% ethanol (230 g) was ch romatographe  
on a column of KSK s i l ica  gel (1 : 5). After  r e c r y s t a l l i z a t i o n  f r o m  acetone,  f r ac t ions  12-30 .[eluent'. b e n z e n e -  
hexane (2 : 1), 0.75 l i t e r  each] yielded 0.5 g of (I) with the composi t ion  CI.~H~.003, mp 191°C (surface  of a me ta l  
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block),  [a ]~ +155.2 ° (e 1.03; methanol).  IR spec t rum,  cm-*: 3488 (OH), 1748 (C = O  of a lactone),  1665, 1640 
(double bonds). Mass spec t rum:  ions with m / e  248 (M-~, 230 (1%I - H20), 220 (M - CO), 202 ( M - H 2 0 - C O ) .  

Haaphyllin Aceta te  {II). A solution of 0.1 g of (I) in a mix tu re  of 1 ml of acet ic  anhydride and 2 ml  of 
pyridine was kept at 17-18°C for  5 h. The course  of the reac t ion  was moni tored  by th in - l ayer  chromatography .  
After  the usual t r e a t m e n t  of the reac t ion  products ,  (II) was obtained in the f o r m  of a co lo r l e s s  oil with Rf  0.84. 

Dihydrohanphyllin Aceta te  (HI). Over 15 rain, 0.1 g of sodium t e t r ahydrobora t e  was added in por t ions  to 
a solution of 0.1 g of (l'I) in 15 ml of methanol.- The reac t ion  mix ture  was acidif ied with 10% acet ic  acid,  diluted 
with water ,  and ex t rac ted  with ch loroform.  After  el imination of the solvent in vacuum,  a co lo r less  oU was ob-  
tained which c rys ta l l i zed  on the addition of a mix ture  of ethyl ace ta te  and ether .  Yield of (HI) 0.075 g. The 
c r y s t a l s  were  dissolved in benzene and chromatographed  on neutra l  alumina.  The purif ied (HI) had mp 136- 
137°C (ethyl a c e t a t e - e t h e r )  and the composi t ion Cl?H2404. IR spec t rum,  c m - l :  1765 (C = O  of a lactone),  1735, 
1250 (es ter  carbonyl) ,  1675 (double bonds). 

PlVIR spec t r um  (CDC13): s inglets  (3 H each) at 1.40, 1.63, and 2.05 ppm; doublet (3 H) with J = 7 . 0  I-Iz and 
1.20 ppm, quar te t  (1 H) with 3J=10 and 7 Hz and 5.1 ppm; quar te t  (1 H) with 3J=10 and 7 Hz at  5.1 ppm; quar te t  
(1 H) with 3J=10 and 7 Hz at 4.52 ppm; broadened doublet (1 H) with J = 1 0  Hz and 4.76 ppm; mult iplet  (1 H) at 
4.85 ppm. 

Mass spec t rum:  peaks with m / e  292 (M+), 250 (M - 42), 232 (M - 60), 217 (M - 60 - 15). 

S U M M A R  Y 

1. A new ge rmaerano l ide ,  which has been cal led hanphyllin, has been isolated f r o m  the epigeal  par t  of 
Handelia t r ichophyl la  (Schrenk.) He imer l .  

2. On the bas i s  of an analys is  of the PMR spec t r a  using the method of multifrequency r e sonance  and a 
pa ramagne t i c  shift  reagent  - Eu(FOD) 3 - t h e  s t ruc tu re  of hanphyllin has been es tabl i shed as 3 -hydroxy-  
3~, 6f1,7(~-H-germacr-  1 (10) ,4 (5) ,11 (13)- t r ien-6,12-ol ide .  

3. Pas sage  f r o m  hanphyllin to the known dihydronovanin has been effected. 

i. 

2. 
3. 
4. 
5. 
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