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The results are reported of the interaction of the trans,trans-germacradieno- 
. . . . . . . . .  5v~ sulfuric acid. lide ~anpn~±~, with m-chloroperbenzoic acid and with ~ 

This leads to a cyclization reaction ...... wzun the formation of eudesmanolides: 
. . . . . . . . .  ~a~n~,op~n)-euue~m-ll ,12-olide, ridentin B, ~p_nydrox~_3_oxo_~,~,5,~ /.~ ~,.~ ~_._ /~o~ k~J/-en-o 

and 3~-hydroxy-5 ~ . z ~ , ~  ~z,,~ .... z ~,z,o~ . . . .  ,,~kn/,Optn~-eu~=sma-~kl5), x~t±J/-dien-6, ~-o~±de; and also 
products of the opening of the lactone ring as a consequence of transester- 
ification. The structures of the compounds obtained are discussed on the 

basis of spectral .... , .... resu±us k±~, rr~, and mass spectra) and of x-ray structural 
analysis• 

Germacranolides and their epoxy derivatives are considered to be biogenetic precursors 
of sesquiterpene lactones of other skeletal types and, in particular, of the eudesmanolides 
and guaianolides [I]. Starting from this h~othesis, a series of studies has been r~mde 
on the biomimetic transformation of germacranolides based on transannular cyclization [2- 
4] .... • uo~u~o±~eu by the conformation of the ini- • n~ cyclization is stereospecific, being ......... 

tial ...... momec ume. 

It must be mentioned that germacranolides are of particular interest axnong the vari- 
ous ~Ke±eua~ t~es of sesquiterpene lactones from the point of view of the conformational 
flexibility of the molecules of this group of compom~ds. The presence in the majority of 
germacranolides of two intracyclic double bonds, of methyl groups at the C4 and CI0 atoms, 
and of hydroxy and ester groups largely determines the number of possible conformations 
of the ten-membered ring. In the crystal structures of the nonlinear trans-iinked E,E- 
germacranolides only the chair-chair conformation is realized for the ten-m~n~bered ring. 
Such a conformation is observed, in particular, for the molecule of ......... ,~npny±±xn (I) a 
characteristic component of the epigeal part of Handelia triqhophylla, Heimerl, Artemisia 
ashurbaevii Krasch, Tanacet~ parthenium "~ r • aunzaae= nobilis, L L5-O] The ~/ Sch. Bip , and . . . . . . .  . 
task of the present work was to study the cyclization of hanphyllin (I) using various re- 
agents. 

The interaction of ....... ~ / ...... k L'I~ Z ~ 2 nanpnyz±±n with m-chloroperbenzoic acid in chloroform 

at ^ ° ~  wzun ~f By u u for 15 min gave a mixture of two substances, ...... 0.45 and 0.25• the chromato- 
graphic separation of this mixture on a col~l of silica gel the two ±nu±vldu~± components 
~ and (3) were isolated with of and respectively. The compom~ds ~ yze±us 
and ~ <3/ obtained were crystalline substances with the same elementary composition, corre- 
sponding to the formula C~sn20u ~,'" ^ but ........ u~v~ng different melting points and optical rotations. 

• ,e r~-~ spectrum of substance '~ , ~ ~ ~ o ~  ~ _  ~; with mp z8,-~8= u ~u~= I) showed the signals of 
the protons of a secondary meunyz group as a doub~eu at 1.23 ppm (3 H, SSCC g "'-~ nzj and of 
a tertiary methyl group as a singlet at 1 13 ppm (3 H) and ~ - • , =±so the signals of a gem- 
hydroxylic proton as a doublet of doublets at 3 ~ ppm ~' H, ~ . . . . . .  • ~u <~ oS~s ~u, 6.5, and 4 of 
a lactone proton at ~u~ in the form of a doublet of doublets at ~.u~' ~' ppm (I H, oouu ~ ..... ~.2 
and 10.5 Hz), and of the protons of an exomethylene group at a lactone ring in the form 
u~ two doublets at 5. '~ and 6 ~ ppm (each I H, ~ .uo S o u u  3 HZ) The presence of a hydroxy group 
was confirmed by the appearance in the IR spectrum of an absorption band in the 3530 cm -~ 
region, --~ =~ wn±xe an absorption band at '~'~ cm -~ ~v cnaracterizeu a keto group. 

Institute of . . . . . . . . . . . . . . .  and uoa~ uLgan~c ~ ~ Chemistry, " ........... Academy of Sciences 
~g~.u~. L~. Nesmeyanov Institute of u~g~ume~m~u~-'- Compom~ds, ~u~n Academy of Sci- 
ences, Moscow. Translated from Khimiya Prirodnykh Soedinenii, No. 5, pp. 508-517, Sep- 
tezaber-October, -~ ~r~g~n~, article submitted January 2, .... 
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The signal of the lactone proton in the P~ spectr~u~ was split into a doublet of doub- 

lets ~I.. . ~roug,1 interaction with the two vicinal hydrogen atoms located at C5 and u,~, the large 
~±,~edra± angles ~-us-u6-n coupling constants ~.~ and ~v.5 nzj showing that the = .... and 

Cv--H were greater than ±~v ..... ~ L~jr~. This gave grounds for considering .... un=u a trans-condensed 
eudesnmnolide with the trans- linkage of the lactone ring in the C6-C 7 position had been 
obtained. The formation of the trans-eudesmanolide r~ ~ was confirmed by the presence in 
the P~.~ spectrum of the signal of an angular methyl group at u±v ......... wuicn was shifted do~%- 
• ~e±d somewhat (s, I.~ ppm) in comparison with its usual range of 0.6-0.9 ppm L~j-r~ Such 
a ~n1~L may be caused by the descreening influence of the ~-oriented hydroxy group at ~. 
• n~ was confirmed by the presence of the signals of the gem-hydroxylic proton n~ in the 
F~ spectrum that was split into a broadened triplet through interaction with the equatorial 
protons in the C2 position. 

A comparison of the spectral characteristics that we had obtained for z~ ~ with litera- 
ture information r,~ ±± [~u, "] permitted the assumption that the molecule under study was struc- 
u=r~±±y analogous to the eudesmanolide artecalin /~ <~/, isolated from Art~misia tripartita 
ssp. rupicola. However, differences in the physicochemical constants and in the C4~le,. and 
H4 signals in the P~ spectra showed that these compounds were epimeric. Thus, in the PI-~ 
spectrum of ~ =v ppm was assigned to H-5, and its SSCCS of ~) a doublet of doublets at I. ~ 
11.2 and 6.5 Hz characterized its interaction with H-6 and H-4, respectively. The SSCC 
between H-5 and H-4 was less than I0 Hz, which showed their cis arrangement. Since the 
lactonio proton, H6, was S-oriented, H5 and H4 had the ~-orientation, so that compound k=2'"~ 
was an epimer of artecalin .... w~Ln respect to the meuny~' ~ group at C4. 

The results of the investigations performed enabled us to conclude that lactone k=~/~ 
had the structure of l~-hydroxy-3-oxo-l,4,5, ~-/''~ ~/'~ .... /,o~ ..... ~ 

~3/, with mp ~88-~v u, had absorption bands characteris- ~e IR spectrum of substance / ~ .... o~ 
tic for hydroxy groups (strong band at 3400 cm -~) and for a double bond (1680 and 1650 cm-~). 
The PI~ spectrum (see Table I) contained the signals of an angular methyl group at CI0: a 
singlet at 1.05 ppm /~"~ k=n/ that was shifted somewhat dowmfield, just as in the spectr~n~ of 
lactone /"~ ~. In addition, the signals of two gem-hydroxylic protons were observed: the 
first in the form of a broadened doublet of doublets at 3. ~,= ppm k~/' H, SSuu~ ..... ~.5 and 4 
az/, and the second at 4.40 ppm (I H, doublet of doublets, SSuu~ ~ and 5 nz/, and also 

~.~3 ppm ~ SSCC ±~ Hz), two the signals of a lactone proton, H6, as a sharp triplet at ' ~ "" H, "' 
doublet signals with their centers at 5.26 and 5.~ ppm ~eacn 1 with SS~ of I nz~, 
which are characteristic for the protons of an exomethylene group at C4, and the protons 
of an exomethylene group conjugated with the carbonyl of a 7-1actone in the form of doublets 
at 5.43 and 6 ^~ ppm ~eacn 1 SSCC 3 n~ 

~3/ proved In its physicochemical constalts and spectral characteristics, substance / ~ 
to be identical with the eudesmanolide ridentin B, which has been isolated from Art~-nisia 
tripartita ssp. rupicola ['~ 

The formation of the l~-oxygenated eudesmanolides ~ ~3//~ k~ and is show~ in the scheme 
(see scheme on ±ozzowing page) 

The formation of epi-artecalin /~ ~ and of ridentin B (3) in this reaction showed that 
the process is stereospecific and is controlled by the conformation of the hanphyllin mole- 
cule (I). Furthermore, the results obtained permit the ass'~mption that compounds of the 
type of hanphyllin ~ kz) may be biogenetic precursors of the 3-hydroxyeudesmanolides. 

5v~ acid in methanol at ±~e interaction of nanpny±~n ~ with ~±u~c ~v u for ~v'~ 
min formed a mixture of three substances with Rf 0.67, 0.52, and 0.37. Separation of this 
mixture on a col-~ of silica gel ±eu ~ = to the ~so~a~±ou ...... of three ~,~d~v±du~±:-- :--: --~ ~ components, /~,' ~ 
k5~, and ~ u / ,  with y~e~u~ of 25, 15, and 5v~, respectively (see scheme). The U ~ ± V = L ± V ~  ............. 
obtained were colorless crystalline substances with different elementary compositions and 
pny~cocn~7~±~a± constants• 

Substance ~'\ ~ = ^ ~15-~, u / " ~  = - "  ~/ nau the composition C~sH=0u3, mp '~ ~,o~ <o~oro±urm~. Its IR spec- 
~35vu cm -~) and of ...... bonds (~o~v cm -~) tr-~m showed the presence of a hydroxy group z ~^ uouum~ .... 

k~ab±e I) contained the signals of an angular methyl in its mo~euu~e. . . . . . .  Its r~'~'~ spectrum / ~  " 

group in the form of a singlet at 0 63 ppm (3 "~\ ................ • n/, and of a g=m-,~yu~uxy±±u proton at C3 in 
the form of a broadened doublet of doublets at 4.0 ppm (I H, oouu~ ~ .... av and 6 "* s . "^ nz~ In addi- 
tion, the signals were observed of an exomethylene group in the form of two broadened 
singlets in the 4.95 and 5. ~'=. ppm regions, ..... wn±ze the appearance of the signal of a lactone 
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Formation of eudesmanolides from hanphyllin (I). 

proton at C6 in the fo~ of sharp triplet at 3. ~=o ppm (I H SSCC ~'~ Hz) showed that this 
molecule was a eudesmanolide with the trans-linkage of the lactone ring in the uo-uJ .... posi- 

~4j the structure of 3S-hydroxy- tion. The results obtained permitted us to propose for r x 
~., FTTN ~FrTX ,,~nj,o~n/.eudesma-4(15), ,~/, ~ . . . . . .  zz<~3j-dzen-o,~=-o±ide. 

Substance t x ~ " ^ "~ "''°~ ~=bae were ~5~, u17n=sus, mp ~3-zz~ u. In its P~.~ spectrmn~ (see .... ±/ ob- 
served the s~gna~= - ~ of the angular methyl group at ClO. that is characteristic for the eudes- 

manolide type of skeleton, in the form of a singlet at 0.99 ppm (3 "~ n/, and that of a methyl 
geminal to a heteroatom, in the form of a singlet at 1.31 ppm (3 "~ n/, and also the signals 
of two methoxy groups, as singlets at 3.33 and 3.73 ppm (each 3 H). In addition, the fol- 
lowing signals were detected: of a gem-hydroxylic proton at C-3 - a doublet of doublets 
at 3 o~ ppm ~ H, ~' .ou ~ SSCCs zz.5 and 5 Hz) split through interaction with the protons in the 
C2 position; of a proton at C-5 - doublet at 1.45 ppm (I H, SSCC I0 5 "'-~ • nmj; and of gem- 
hydroxylic ]proton - broadened triplet at 4.16 ppm r~ H, .... ~ SSCC ~u nz/; and also the signals 
of the protons of an exomethylene group in the form of broadened singlets at 5.66 and 6.21 
ppm (I H each). 

a~la±y~i~ of the signals of the exomethylene protons at u~= showed that these protons 

~ SSuu of the protons of an did not interact with the proton in the u, position, while the ~ 
exomethylene group at a ~-lactone ring usually mmounts to 1-3 Hz. " .... ~u has been stated 
above was confirmed by the double-resonance spectrum, where suppression of the H7 signals 
led to a change in the multiplicity only of the signals of the protons in the C6 and C8 
positions, wit,h no change in the ,multiplicity of the signals of the exomethylene protons 
at. the y-iactone ring,~niie the suppression of the signals of the exomethylene group did 
not ' . . . . .  ~ ~"  =~  c,~nge the "'~ The absence of coupling constants between mu±u~p±ic~uy of the n~ signal. 

the exomethylene protons at C13 and the n~"~ proton indicated that the dihedral angle between 
these protons amounueu ......... to ~u^~° [9] . A s~m~±~=-'~ ~ ~-" deviation of the spin-spin coupling constants 
of exomethylene protons may arise as a result of the opening of a 7-1actone ring on esteri- 
fication with methanol, leading to the .......... of a ....... r, ~,] • o~mauzu~, mec~y~ ester at ~ ~ L±3, z~ 

~nu~, the results obtained permitted the conclusion that compound (5) was based on 
a trans-condensed (5~, "~ . . . . . . . . . . . . . . . .  • u~-euuesma**e carbocycle and was the meu~y~ ester of 3~,6~-dihydroxy- 
~-me u~lux~ ±~±cic acid. 

The last component r ~  ........ =__ ~.. ; ~ ,0~ ~5~-5~ u) Its ±n ~u~ }lad a uumpa:=u~vezy low mu±u±z,g=- point . ~ spec- 
tr-~ exhibited absorption bands characteristic for .......... nyu=oxy groups (3550 cm -~) and for a 
double bond, and also for an ether group Isle] kzuou / .... cm-~). 
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~ m  Bond Lengths ~x <nj in the no±ecu±e of 

Compound (6) 

Ol . C 1 2  
03- -C3 
04--C4 
06- -C6 
012--C12 
012--C16 
CI--C2 
CI--CIO 
C2--C3 
C3--C4 
C4--C5 

1,2o9 (9) 
1,397 (8) 
1,445 (8) 
1,4~3 (6) 
1,2}9 (9) 
1,420 (10 
1,520 (10) 
1.519 (9) 
1,515 (8) 
1,525 (7) 
1,~8 (8) 

C4--C14 
C5--C8 
C5--CI0 
C6---C7 
C7--C8 
C7--C11 
C8--C9 
C9--C10 
C10-C15 
Cli--C12 
C1 I--C13 

1,49o (10) 
1,528 (7) 
1,~6o (z) 
1,5.3o (]o) 
1,539 (8) 
1,504 (7) 
1,515 (9) 
1,520 (10) 
1.5~o (io) 
1,46O (I0) 
1,320 (10) 

Fig 1 Structure of the molecule of compound ~'~ * - k07. 

To establish the structure and stereoch~mistry of the molecule of compound t..~ < u 2 we made 
an x-ray structural investigation of it The general shape of the t~.~ • ~o2 molecule is shown 

~abae 2) and valence angles have the usual values [15] in Fig. I. ~e bond lengths ~ " . We" 

may note only an appreciable decrease in the 04C4C3 valence angle [ .... ~=~°' mum.okJ7 j. 

The conformations of the six-m~bered rings, ~''~-z~=eu = in the trsa~s- manner rtune~ torsional 
angle H5C5CIOC14 being ,=,I~o~ -~<-j j are somewhat distorted relative to an ideal chair. For 
ring A the plane m passing through the ...... u= ~nu C5 atoms is practically retained ~a~ s~'~ 2 = l.v^°~j 
and the maximum t, Cs 3 = 5.4 ° . In ring B a more m-,iform as~m-~etry is observed <"~s ~ "~ s = ~.~ ~o 

(min.) and ACs 6 = 5.3 ° (max.). The distortions of the conformations of the six-membered 
rings of the eudesmane skeleton are obviously caused b~- nonvalent repulsion between the 
u~ and ~,5 r,e groups :~" ~'' ~' :~ " ~ ~ ~-ue u~4"--u~5 d~-ance . . . . . . .  -~s 3.~= a) and a±so by the Oh-H-.-06 intra- 
molecular hydrogen bond, which may also be one of the reasons for the deviations of the 

< ~ab-e 3). torsional angles in the rings z~ 

The 03, 04, and 06 hydroxy groups aLu~uneu to the main skeleton have the ~-, a-, and 
a-equa-o~aaz orientations, respectively, and the ua.~'~ atom also has the ~-equatorial orienta- 

~ ~) tion. The ..... " u±3 ^" and ^'~ atoms lie in one plane z .... U~/. i --U . U~ u-~, uz, as a consequence bll) 

of v-~ conjusation. The C16 atom of the methoxy group is also, in fact, present in this 
pxane ku.u3 ~J u~al~Ks -O p--~ conjugation. 

In crystals of compound c,_x <02 each molecule forms an intrmn~olecular H-bond O4-H .... • UU 

(O H 0.88 ~, 0..-O 2.615 ~, H---O 1.777 ~ O H- "0 ~5= ^°', n, angle • ~ ~.v j completing a six-mem~bered 

ring. ~ . . . . . . .  04 ~' ,nroug~, the pairs of ......... "~" ^ ~" - - ~nuermo-~cu~r H-bonds u3-n" x, y, 3 z) ~^ " 0. ~ ~ 

O'"0 2.755 ~, H"'O 1.87 ~, angle O H.--O ~'-~ 5 ° ) ~naun • u~. dimers are formed about an axis 2, -'~ :-~ 

are joined into layers perpendicular to the a axis by the H-bonds 06--}i...OW (x, y,- i, z) 

~"  "" 0 84 ~ ,  0 . . - 0  2 . 8 2  ~ ,  E . . . . . .  5 ° ) . . . . . . . .  ' r "  "" v v ' - n  . "'O ~..v,+ ~, angle OH---0 .5a. and v~-n..-v- (x, y, ~) ~u-n 

1 03 %, 0'''0 2.851 ~, H'" 0 I. °' ~, angle O H-.-O 165 ° ) ~=" 2) . " O~4 • . v~g 

...... the results given above for the interaction of ......... (I wau,, ,,u~, nanpn~---, ) ...... 50% -'~= ...... 
acid in methanol show that the acid-catalyzed cyclization of an .,~-germacrauieno-iue Lu 
bicyclic derivatives takes place by the s~me mechanism as with m-chloroperbenzoic acid - 

• , . . . . . .  . ~ ( ~ o )  . . . . .  i e. through the activation of the more nuc-eopn, a±c uo,.b-e bond, leading to trans- 
condensed eudesmane structures. 

448 



Fig 2. o,y,z projection of the structure of compound r~_~ • k O / •  

s ~ r  ~ I or~ ± o n ~  ~a~= 3. ......... ~ng~es (degrees) in the 

Rings of Compound z:~ ~o7 

C1C2C3C4 
C2C3C4C5 
C3C4C5CI0 
C4C5CI£C1 
C2C1C10C5 

-60  O) 

- - 5 4  O) 
52 (D 

--s3 (]) 
55 (I) 

CIOC5C6C7 
C5C6C7C8 
C6C7C8C9 
C7C8C9CI0 
C8C9CIOC5 
C6CSCIOCg 

---~.2 ( ] )  

- ~4  (]) 

611 . ( l] ) 

JD-A_r £.~'% .LFL£.~'4 121.L~ 

The ....... ncn--~a nobilis nanpny~±in for reaction was isolated from the epigeal part of ....... 
L. by a method described previously ro~ LoJ • 

For col~m chromatography we used silica gel ~vu-~uvr ...... mesh) of type LL ~nemapo~j ~ . . . .  ~ at 

a ratio of total material to support of 1:30, and the eluent hexane with increasing (from 

0 to I ~ ~Uuzoj ,concentrations of ethyl acetate. The "" J .... ~ ........ lnu±v-u--~--.LU~V of the compouiLds was checked 

by thin-layer chromatography ~--.u2 on Silufol plates, with revelation by saturated m.u~u 4 

solution. ,.~. values were measured with ethyl acetate ~-UUZo2 as eluent. 

P~.~ spectra were taken on a Bruker ....... SY "=" ~ ~:-~uu instr~TJent zon^ ~uu. 13 for solutions . ~'~%Z ) 

in ~n~±3; chemical shifts are given in ppm (6 ~ ~ ~r~, oo,.,,.,~ ...... sca~e~ relative to "'~ and ..... in Ez. 

IE spectra were taken on a b~-~v instr~n~ent for solutions of the compounds in unuam 

and in ~- ~ ~- waun u=b~eu~ --:~ KBr. 

angzez of optical rotation were determined on a un-~ polarimeter for solutions in ..... ~£~ ~- $ • 

n e ~ n g  points were determined in a Boetius instrum~ent. 

The elementary compositions of the compounds obtained were determined with the use 
of calculation on a ~=±~-0 computer from the accurate values of the mass nm-abers of the 

molecular ions, - ....... were determined by ........... mass ......... w~u~ ~,~gn-reso±u~on spectrometry on a ~z~gan 
r~-o~uu instrument (direct introduction at ..... energy of the ionizing electrons ~u~̂  eV) 41--'U t~:~ 

The mass spectra of the substances under investigation were taken on the same instr-,~,~ent. 

1 ~ -Hydroxy- 3- oxoeudesm -,~. ~ ......... z~ .................. 
dien-6, 1~-o±~ue .... <3~ x At ...................... . u u, zuu ml of OO/o ,,,-cn~orop=~b=~zo~c acid was added to a solution 
of -~t%t~ f,,"~ ~_~ . . z: ..... ~anpay±~an in ~u'~ ,a~--~ of c,~zu~'o±u~m. The mixture was ~u~=~eu \V. -~uu mg 8 nm~ole) of . . . . . . . . . . . . . . . . . . . .  at 
the same temperature for 15 rain Then it was w~u w±u~ a I ........... of ....... ~ • ~'~ ~O--uu±u~ ~ ~..L~-~ ~ 3 x 

I0 ml) and with water, ~u~--= was dried over anhydrous ..... and filtered, and the solvent 
was distilled off. The residue <~,z~^u mg) was chromatographed on a coluau-~ ...... w±un elution 
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m ~ * ~  • une k ~ v  ~ for " ± ~ o ~  4 Coordinates of ~'- Atoms ~ " ' ~  E, 
~^~ 
^±u ) in the Structnre of Compound ~ ku2 

Atom x y z 

Ol 
03 
04 
O6 
012 
CI 
C2 
C3 
C4 
C5 
(36 
C7 
C8 
C9 
C]O 
C11 
C12 
C13 
C14 ' 
C15 
C16 
OW 
HO3 
BO4 
HO6 
HW 

. 

' I 

5946 (3) 
5782 (2) 
5298 (2) 
546l (2) 
5916 (3) 
7117 (2) 

-, 6743 (2) 
6090 (2) 
5872 (2) 
6273 (2) 
6092 (2) 
6419 (2) 
7096 (3) 
7269 (3) 
6%2 (2) 
6251 (3 )  
6¢)19 (3) 
6289 (3) 
5783 (3) 
715:~ (3) 
5715 (5) 
5noo (0) 
5~4 (0) 
526 (0) 
534 (0) 
52~ (0) 

8570 (0) 
2696 (12) 
4279 (13) 
4483 (12) 
6755 02) 
4415 (1.7) 
3240 (17j 
3758 (15) 
32~8 (14) 
4356 (13) 
4036 (13) 
~o9  (14) 
5272 (17) 
54~3(18) 
3959 (15) 
5244 (i3) 
70~) (13) 
3505 (15) 
]o6o (15) 
1827 (16) 
8461 (19 ) ,  
11215~15) 
345 (0) 
457 (0) 
379 (0) 

Io15 (o) 

9237 (5) 
] 5749 (3) 
135.~4 (3) 
1 t327 (3) 
7655 (4) 

14181 (5) 
15%3 (5) 
14884 (4) 
13640 (5) 
12736 (4) 
11458 (4) 
10556 (4) 
io~ (5) 
12129 (6). 
1291q (5) 
9382 (5) 
8769 (6) 
8612 (6) 

1.~46 (6) 
12610 (6) 
6981 (7) 

If, CO0 (0) 
1586 (0) 
1284 (0) 
1075 (0) 

966 (0) 

by hexane-ethyl acetate (l.~j, and 84.5 mg <~u4);'~ of component (~cj, with Rf ^u.~5' <euny~ 
acetate) was isolated. ~ . . . . . . .  uo±or±es~ crystalline substance with the composition Cisn=4u~, mp 
±o,-±o= ........ u (from ethyl acetate), r.~ 18 ^,=~ ~ : 3530 t~JD +46 ° (c 0.u~j. IR spectrum (Vmax ~=r cm -I) , 

±4Ou, & I 4 U •  • ~ U U  3vvv, =~5v, 2890, ±,8u, ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~2u, ~o=v ~3v, 1350, ~3vv, ~=8v, ~±5v, ~ U / U ,  

~vv, ~8v, 880. 

k37 ~lLn Elution of the column with ethyl acetate yielded ~uu'̂ ~ mg k~,.~) of componen t ; ~ .... 

~f v.~5 rkeuny±~, ~ acetate). Colorless crystalline substance with the composition ~isn20u4," 
mp 188 .... °~ ; . . . .  ~ . . . . .  z=u u <~rom ethyl acetate), r.~ ~s . . [~JD +30 ° (c 0 v v ~ )  IR spectrm-s (Vmax ~, cm-:): 
3~vv, c~,v, ~88u, ~o~, 1680, 1650, ±~, 1365, ~3~, ~,v~ , ~5v, ~vv, ~u, ~vvu, ~5v, 
• ~C~, ~ O U ,  ~5~. 

Mass spectrmn~ (m/z, ~ ~:' (h~; 15 3), ~'~ '~ ~ '~ . . . . .  

Oii~2• 7, , • 

• ±5)?+±k±~)-ux~n-u~±~-O~l~e k42 and the neun~± ...... Esters (5) and (~u~ 
At room temperature ;~oo~ ~ . ~..~ . k±o ~• a 5u~ ~uu ~o±uuxon of sulfuric acid* was added to a solution of ~^ 
mg z^ ~ [mmole) of . . . . . . . . .  (I "^ kv.o ~:anpny~mzn ) in ml of methanol• The mixture was stirred at ,^o~ 

for ~^ ~'  - ' ~  - =''" ;~ • v min. ~neu, after cooling, the reaction product was extracted with cn~oro±u~ k~ x 
~ -'~\ ~ a a ~ v  3 ~ m~2, dried ~u m~;, the chloroform extract was washed with saturated ....... solution (3 x ~u -'~ 

~5v mg) was over "'~.~gSv~,~ and filtered• and the solvent was u~su±±~eu ........ off. The residue ~ ~ 
chromatographed on a col~n containing 5 g of silica gel. Elution of the colmmn with hexane- 

ethyl acetate (I:I) led to the isolation of 50 mg (25%) of substance (4) with Rf 0.67 (ethyl ace- 
au~]. uo±u~±es~ crysua~ue substance with the composition CIsa2oU3, mp ~5-±~/ ~ [from 

. . . . . . . . .  cm-~): 3500, 3vuu, uexa,e-eunyz acetate (I: ~ f l ] ! 8  I ~ g ~ O  (C 0• 6 ~  TD / . .  g a ~  ± / J ,  L ~ J ~  TiuO uvc). ±~ spectr'~%l k V m a x ,  
• 3 ~ ,  ~ 5 ~ ,  . . . .  , ~ 8 ~ ,  m ~ u ,  m o ~ u ,  ~ o u ,  ± u ~ u ,  ± ~ o u ,  ± ~ 3 u ,  ± ~ u u ,  1 3 5 0 ,  ± ~ o u ,  ~ u ~ u ,  l u u u  

8 ~  I u •  

By eluting the col~ with . . . . . . .  acetate c ;  ...... uexane--eunym (~ 3) we ±su~au~u the colorless crys- 
talline substance (5) . . . . . .  the composition ~ : 7 n 2 s v s ,  ~], w±~,~ mp ±±3-±±~ ~ [from hexane-ether (I: ~ 
L~jwrllZ8 +40 ° (C 6U.UU±),^^" Rf ~v.5~ ~euny~Z ~' ~ acetate). Yield 34 mg ~±54~z" =~ z~ spectrmn~ ~" • kVmax~ 

3vuv, 2~5v, c ~ c v ,  . . . . . . . .  co~u, 1 ~,,Ov 1630, ~,u, ........ ~vv, ~3vu, ~Su, ~±5u, . . . .  ~^~v5v,^ ~ ^ ' ~  I~OU~ &U&U, 

~ O U ,  O / U )  O±U. 

~ u z *  o f  t h e  c o l ~ / ~  w i t h  h e x e n e - - e t h y l  a c e t a t e  k ~ ; ~ ]  y ± ~ u  t h e  c o l o r l e s s  c r y s t a l l i n e  
substance /~ ""~" ~ ** ~um ~o] wmu,~ the composition u~6n2sO s, mp 53-54°C [ ..... hexane--ether (I:I)], r.~zs L ~ J ~  

'oA . . . . .  

-~uou,iL not given -- Translator. 
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-58 ° (c 0.01), Rf 0.37 ' .... IR '" ~e,ny~ acetate)• Yield "~" mg '=~ i): i~v kJu42, spectrum <Vmax, ¢m- 
3550, ^ . . . . . . . . . . . . . .  ~ . . . . . .  ~ . . . . .  ^ ~ ^  3vvu,, =~5v ,  m=mu, ~8~v ,  i , o v ,  104v,' . . . . . . . . . . . . . .  14uv ,  z~3u,  l ~ u u ,  1350, ~3vv ,  l ~ o v ,  l l 5 v ,  
• UVV, .... ~Sv, 8IV, 8~V. 

Mass spectrum (re~z, ~\ ~ ' ~ ~ ' 

~ . i ~ ,  I~(13), i,J~.os, ioi'~'ti, , 153 s, "'~ lJDiiO), i 

t~o], ~Jk3~.5), o , k l J . J ) , ~ ' / ' =  o olkJi),°'/°'~ u~k&~l,:~fn°k 59kil{''), JJk~),==/~ 43tiuuy./'^~ 

X-Ray Structural Study of Compound '*~ ~ ~o;. The ce±± parmmeters and the intensities of 
2662 reflections were measured at ~u~°~u on a Siemens ~o~ =J~ro automatic four-circle diffractom- 

8/~ scanning, ~ < --~ .... eter ~A MoK=, graphite monochromator, , . . . . .  ~ uu ). The crystals were z~um- 
. . . . . .  ,~ . ~,,~ ~ ~ ^ -  , bic, ~ = ~.~o=tu), b = ' "  385(3) = 98 ~^z~o s, o.5,4~y, c = ~i. , 8 . o v a r y  , V = 1681 n'" = 3v,.~, 

~IW g/cm $, Z = 4, k~ISn26U5 dcalc= I."'' ~ .... )'0.5 n~u, *" ^ space group C2. 

In the calculations we used 1383 independent reflections with I > 3o. The structure 

was interpreted by the direct method and was refined by the full-matrix :~S in the aniso- 

tropic approxinmtion for the nonhydrogen atoms• The coordinates of a~±-"~ the K atoms, with 

the exception of the hydrogens of the hydroxy groups, were revealed in a difference s~ql- 

thesis and were ca~culaueu and fixed. The final residuals were R = 0.063 and a w ~ = u.uS~. 
The coordinates of the atoms are given in Table 4. All the calculations were ~de on an 

IBM "~' . . . . . . . . .  ru~nl computer by means of the Siemens Sn=~ packet of programs <ru~ Version). 
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