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Synthesis of two new chloro derivatives of the guaianolide grossmisin 
and the crystal structure of one derivative 

O. I~: Alebastrov,  a S. A. Pigiltsova, a G. A. Atazhanova, a Is. A. Raldugin, h* M. M. Shakirov ,  ~ 
L Yu. Bagryanskaya,  h Yu. V. Gatiiov,  ~ A. T. Kul)jiasoi,. ~ S. 1~!. Adekenov, a and G, A. Tolstikov ~ 

"h~stitttte of  Phytochemisto', Mmisro'o f &'iences attd Ihgh Education of the Ka=akhsratt Republic, 
4 ul. Ga~alieva, 470032 Kara,janda, Kar.akhstan. 

Fax: + 7 (fl21 2) 43 27773. E-mail: ar~.labin @phyto.karagatMa.su 
l~Novosibirsk Institule of Organic Chemisto'. 57be/'ian BraHch of  the Rus~tan Academy ~y'Sciences, 

9 pros7~. Akad. Lavrenl'eva, 030000 Novosibirsk. Russtan Federation. 
Fax: +-7 (383 2) 35 4 752. E-mail: raldugin@ni()ch.nsc./'tl 

l k c  rcaclion of grosstnisin (8c,-hydrox?.achdlin. l) with chlor ine  in hcl/ZCll,2 4f i 'o ldcd  a 
nlixttlrc of  producls. The less polar product readily crystalliTed :.lt'lcr ctlrOlll;ilogr;!pl';y. Accord-  
i n ( I t )  the X- l ' ; iy  d i l } rac l i on  d;.lla, this p ruduc t  has the s t ruc tu re  o f  I tz, 10 lJ -d ich lo ro - I ,  I(.)- 
d ihydrogrossn l i~ in .  The seCt)lid chlcm~ d c m a t i v c  o f  grossi l l i t ,  i i l .  w2., 8 [3-ch loro: lch i l th l ,  was 
prcp:-Ii'Cd i l l  gtW,.l ) i " l d  b$ lhc rc2;.tctioll o[" kil2lltllC I ~ i l l l  PCI 5 i l l  C't-IC'I~ in lhc. pfc~1211cc, t)l" t lv.  
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Nalural chloro derivatives of sesquiicrpcnc lactoncs 
arc rather ,xidcsprcad in plants I and often cxhibil 
prclllOi.lllccd biological activity. As part of COIl t i i l t l i l l k2 
sttidics of  natural 2 and semisynthetic 3 chloroguaiaiR)lidcs, 
~c prepared two new chloro derivatives based on the 
wcll-known and rcctdily accessible guaianolidc grossrnisir~ 
(Scz-hydroxyachillin) ( I ) .  The latter is a compo- 
nent of Ihc above-ground part of mitfoil (A<hilA,a 
micranzha Wil ld) .4  which is a i)pical plant of Central 
Kazakhslall. 5 
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1 : R = c~-OH 2 

5 :  R = 13-C1 

One of these derivatives, vi=., dichlorid.e 2. was pre- 
pared by tile reaction of lactone I with chlorine in 
benzene. It should be noted that cross-conjug-~tcd 
dicnone c,-santonm 3 under analogous conditions (but 
in chloroform) also gavc trans-dichloride 4. li However, 
the latter compourtd is tile product of addition at the 
carbon--carbon double bond. which is the less substi- 
tuted of the two bonds. 

Product 2 was obtained in low yield (-18%). After 
chromatography, this compouud readily cl~stallized and 
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was separated from more polar admixtures of unidenti- 
fied products. Tile molecular structure of 2 was estab- 
lished by X-ray diffraction analysis (Fig. I). The bond 
lengths in molecule 2 arc close to the avcragc standard 
values. 7 The seven-mcmbcred ring of the molecule adopt,~ 
a chair conformat ion,  which is one o f  the most slablc 
confitrmations tbr cycloheptancs. The ktetone ring and 
the cyclopentcnone fragment adopt envelope conforma- 
tions with the El7;  and Ct 1) atoms, rcp.,,ectivcly, dc; iat- 
ing from the cor.'csponding planes through the rent:fin- 
ing I'oLIr atoms (the average deviat ion from the plane is 
0.002 .2X) b y - 0 . 5 4 6 ( 8 )  and 0,325(8) &, respectively. 
The following shortened 8 intermolecular contacts in 
the crystal of  compound 2 arc worth',. of note: 
O{t).. .H(O(4)), 2.4111fl) A: O(3)...PlIC(I 1)l, 2.37!5) A; 
and C1(2)...H(14), 2.S9(9) A. 

File 13C (Table I) and IH N MR  spectra (scc the 
Experimental section) were interpreted with the use of 
the two-dimensionai  IH--IH (COSY) and I;C--it-I 
(COSY and COLOC {7 Hzl) spectra. The sin(let signal 
at 6 74.56 in the 13C NMR spectrum was assigned to the 
C(I) atom based on the thct that the two-dimensional 
COLOC N MR spectrum has a cross-peak caused by the 
corresponding carbon atom and the H(3) atom. 
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Fig. I. Molr ofdichlorokictoile 2 

C h l o r M c  5, w h i c h  is a p r o d u c t  o f  r e p l a c e m e n t  o f  the  

h ) d r o x y  g r o u p  by thc  c h l o r i n e  a t o n l ,  wa.'q s m o o t h l y  

t+t)rmcd u p o n  ( r e a m / o n !  o f  l a c t o n c  I w i th  p h o s p h o r u s  

t~cnl ; Ichlor idc  in CI-tCI~ in t he  prc:-;crtce c)f py r id inc  :It 
r o o m  t c n l p c m t u r e .  As e x p e c t e d ,  ') t h e  a s y m m c t r i c  c e n t e r  

:it t h c  C(81  atc, n~ a d o p t s  a c o ) l l ] g u r a t i o n  rcvcrscd  wi th  

r e spec t  to the i nh i a l  c o n l ] g u r a t i o n ,  ",*,hich is ev iden t  

f rom a c o m p a r i s o n  o f  the  v ie (ha l  sp i r t - sp in  c o u p l i n g  
c o n s t a n t s  Jx.gA and d,~.9 B il? l h c  i H  N M R  spcc t r tun  o f  

p r o d u c t  5 w i t h  the analogc~us 5,1~in-spin c o u p l i n g  ct~ll- 

.~U.nlts, l o t  8oz-hydroxy  dcrJva l ivc  2 {see the  [ x p c r i i n c n t a l  

5,cot ion ). 

E x p e r i m e n t a l  

1he  111oIti11~ points were dclernl incd on a Boctiu>, in:,tru- 
mere. The IR spectra were recorded on a Vector 22 instrument 
lit C I tC I  3. 1"11c 10%, spr (-;olutions hi E tOH)  were obtained 
OI1 ;i Spccord UV u  ilY-,tiUl)lCltl. The N M R  spu'cha ;wrc 
tlle.:lstircd on :1 l~>rukcr DP,.X-SII0 spectrometer  (501) 13 and 

Table I. Data o f  I;C N M R  spcctroscopy /or compouud~, 2 
alld 5 (6) + 

Atom 2 5 Atonl  Z 5 

(7(1) 74.56 s t31.21 ~ C'(9) 41S.73 t 4 6 0 7 t  
C(2)  197.72 s t95.20 s C(10) 09.?,3 s 147.33 
C(3) 131).03 d 135.72 d C l l l )  38.19 d 39.36 d 
( ' (4)  175.79 s 169.49 s C(12)  177.98 s 17~.07 ,, 
C'(5) (:,4.04 d 53.85 d C(13) 10.43 q 12 29 q 
C(O) 70.31 d 78.17 d ('(14.) 30.41 q 2337 q 
CtT) 49.22 d 54.72 d C(15) 19.16 q 19.67 q 
C(81 66.15 d 5 3 9 9  d 

�9 Tile ass ignment  of  the sigrials wa', mtltJt2 l')ascd OI1 the data o f  
tltu two-d in lens ional  t3C- - IH  (COSY and C O l _ e e l  and I t l - - : l - I  
(COSY)  N M R ,,pcclrn,,cop_v 

125.76 Mltz  fi~r II-I and 13C, respecti'~ely) m CDCt~ with the 
t/~e of" standard programs (Bruker )  for recording lw(>d imcn-  
si(.mal COSY and C O L ( ) C  (7 I tz)  N M R  .,pcctra. Ti le hiuh- 
rcsi:,lutic)n rn:c,~ ~,peclra (E l .  70 ,.:V) were obtained on a Finnagan 
MAT 8200 in,trumcttt .  | he  c,f:,fical rc, ta thm ,.,.x+:ts mca:,ured fat 
5,";0 ntn~ c,n a Polamat +\ polarm+cter ill CtICI~ +c 1.5) 

Benzene v+a,, shaken with several potlions o f  C,OllCetltr+ttr162 
112504 (If)Of by volume) [br 2 0 - 3 0  rain each unti l the acidic 
layer ceased co turn colored. l -hen benzene .wa:-, washed with 
water. :t 10% N a O l l  soluticm. ;tnd once again with water+ dr ied 
o,,c,r anllydrou,, CaCI 2. and d is t i l l ed  

P~rtdine wus dried with granuLitcd KOH Ibr 3 days and 
then  dislillcd over BaO. 

Column flash chron]:~to~raplly was carried out tm SiO-, 
(Chcn lapo l  L 40/100 .tim). T I .C  was perRwmed on Situfol 
plates: spots were ,, i ,ual ized by spraying wkh a I% vani i l in  
solut ion in }12SO 4 am.I a I% L|qUL'(.IUN solut ion of  KMnO++ 

1he  starting grossrmsin I l )  with nl.p. 156--156.5 +'C win, 
i.-,olntcd from the :tbo~,c-gn.yund par1 of Ihc pl:mt .4c/H/lea 
tnicra;iHla Wiltd according to a procedure rep,mted previt;usly. 4 

lot, 10[3-Dichloro- I,  10-dihydrogrossmisi=, (2). Dry chlorine 
(which was dried b,. pas',ing through ,..csscN oantaming  concen-  
trated H2SO 4. "..;olid CaO. and solid 1"40 m) ',,,'its bubbled through 
;t solution of  lactonc I (200 nlg) in ['111-1 (10 mL) at 2U "C {or 
30 nlin until the starling c o m p o u n d  I was compk:lcly COllMllllCd 
(TLC control). Aflcr removal  of  lhe ,,ol'.,enI in VtIL'IIO, the 
resulting cry:,t:dhne :,ub,,tam2c w'a~, chromatogr:Mhed with the 
LIY, C O1' U 2 " I hcx :u lc - -Ac t )E t  llli',.tt.llt! i15, the clucnt to obtain a 
chronluto;-j.raphic:dly hotnogeneou~ product (6() rag. .k'~ (}6~). 
Rc'cryxl:dliz:dlon fl'om a 2 : t hcxanc--Ac() l i t  mixture afforded 
diclllor(~laclone 2 ill a yictd of  45 nlg 1177~ ), m . p  192--194 <+C. 
lot ~x ]'~' +269':. UV. ;,.m,:,,.'nm: 239 (e 160Nil) IR. v/cm'-I :  36t0 
IOH) .  1777 (C=O y-l.l(.:lonc), 1720 (C{2):-OL 1630 ~C=C). 
1349, t2(~2. 11,'7'9. IO63, t(122,980. 843. MS. ,ritz ([."d {qT)): 282 
IM(~TC1) - CII" (33). 2,<,11 IM+I;SCI) - Cll (10i)). 2-15 1231. 
171 (521. 91 134) Found .  m/Z 260.0,%23: calculated tbr 
C15HI7CIO~: 280.0,R661. IFI NMR,  /3:1.39 (d. 3 H. H~C(I3).  
di i . l~  = 7.5 l ' lzi :  1.87 Ibr.s. 3 I I .  I-I;C(14)); 2.24 (dd. H(qA)+ 
d'>.\.91~, = l i t )  ttz. d,,,t,+~ = 5,0 Hz): 225 ihr.:-,. 3 I I .  I'1+C(151): 
274  (dd. t-t(9BL Js<>B .~ 10.5 I-Iz); 2%1 (ddd+ I I+1. H+7)..]+>+7 :: 
- ] ,s  = 1I;.5 llz. Y'+ll ' :  7 5  t l z )  2.90 (quintet,  I H. t1 ( t l ) ,  
'JT.)l = dll I: ~ 7.5 IIz}; 3.5f (br.d. I H, t-It5), Js.(, = 10.5 Ilz): 
4.10 (ddd, I I t .  1-1181, J:s,rx = 5.0 Hz. ,Ix, m = dT.:-; :: l0 5 Hz):  
4.88 It. I I-.I. HI6) .  J~,7 =' Js0 = 10.5 t-lzl: 614  (br.',. I I I .  
H(3)) .  The dam o f  I.;C N M R  speetrmcopy arc given in Table I. 
The cr},stals were used I\~r X-ray diffraction Mudy. 

X-ray  diffraction study o f  s 2 was pcrlbrmed c,n a 
Brukcr P4 dif l?acmmeter  ( M o - K o t  radiation: ~.raphitc mono-  
chronlalor ,  20/0 scanllillg tcchlliquci 20 < 5(J 'r fronl .st crystal o f  
dimcn.,ions o f  0.21 x 0.14 x 0.08 ram. The cC,;st;fls are (nlht!,t- 
hombic:  a ~ 8042(21, b = 12.815121, c = 14.38713; A, 
V = 14,'Q.715t 3,;. space group F212!2 I. Z = 4. C]-;tlIxCI>O 4. 
d,..al c = 1.493 g c m  ~. u = I).45i) mm . I  The intensities of  
1517 independent reflections were measured 1he ,;tructure was 
solved by the direct method using the SHEI.XS-97 program 
package. Fhc positions of  the hydrogen atoms were calculated 
geOllletric:.llly. "The f inal retillCMelll of  the stltlCtttral parameters  
was performed bv tile full-nlatlix toast-squares method in the 
anisotropic-isom~pic ( for  H ato rn : )apprc )x in la t ion  using the 
SH ELXL-97 prognml package based on all F 2 to ),,R~ =-: 0.1277. 
S = 1.07(); 263 pararnetcrs were refined (R = 0.0449 using 
1386 rcllcctions with /" > 46) .  ] h e  :lbs(+lulc col+|Tgur;Uion o f  
molecu le  2 was dc tc rn l incd  based on F'lack's pa r amc te r  
('-0.07(1411. The coordinates  and the eqtuvalcnt thermal pa- 
ranteters of  lilt: nonhydrogen a toms WClC deposited with the 
Cambridge  Structural Database.  
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81~-s (5).  Pyridine (2 ml.) was added to a 
solution of" lactone I (100 rag) in CHCI 3 (15 m L) at 20 ~ and 
then l incly d isputed PCl 5 ~70 mg) ,,,,as added ponionwisc with 
continuous slirring. Af ter  3!) nl in. Ihe reaclion mixt l l ru wa,, 
washed with 5% HCI (15 m[.) and then ~a, ilh water. The 
resulting soluli(n] was dr ied ov,.'r MgSO. and the sc, lvcnl was 
evaporalcd in va('uo. Chromalogr;q)hy of the residue (a 3 : 1 
liLzh{ pc l ro leum--Et20 ITIiX][LII'~ ;.lg the cltiL'lll) afforded colorless 
r o|ctf lorcdactonc 5. m.p. 114--115 "C. I~dsx, 2! +73.Y;. 
The yield was 91) illg (g4%). L',V, Xm.v/nl]l: 254 ('r 17100). IR, 
v/era-J: 17g0 (7-1acmne). 1687 fC;12y~O). 164l) and 1621) (tv.o 
c,,.;.njll.~;llc'd C::(_1, I261, t224, l t % .  ll79, t009. g67. ,",IS, 
m/,-... (l,'c~ C'~)): _b;...) ' '  I M" ('~'CI)] (33). 2~,0 IM "(35CI)1 (100), 265 
15L 245 ~26}, 244 (29/, 217 (13), 201 127). Iq9 (21), 187 (21), 
173 ~33;, 171 {71t, 159 (27). 145 (23). Ot {3~)1, 77 (20).  44 (221 
Found, ms;z: 280.08816, calculated Ibr C;51t i7CIO3:2~0.[)8661 
I l l  N M R .  6:1.35 (d, 3 H, H~C( 131. Jll.:3 = 7.6 l l z ) ;  2.25 (br.s, 
3 It. H~C{15}): 240 (b rs ,  3 H, l-t ;Cll41}: 2.70 (dd. I II, 
} I (9A),  Jx,9,x = 6.0 Hz: Jg,\!H{ = 15.0 Hz): 2,74 (hr.dd. I I-I, 
HI'7,L Jr,it = 7.0 I-Iz, J , , :  = 105 HI) :  2.81 (quimct .  I t4. 
1-1+11). JT l l  = J+l.i:', = 7.O HzL  2.87 (br.d, I 1`{. H(gB).  
.I,>A.,)l ~ = 15.i) Hz): 3.32 (d, I t t .  t-1(5), J~.~, = 10.5 Hzt :  430  (t. 
I H, I1((*). J~,~, = J~? = 10.5 Hz): 4.53 (hrd.  I t l ,  H(,%, Jxg,x = 
6.0 Hz. Jx,91r - 1 Hz): 6.13 (br.s. I H. H(3)). The data of  
13C N,kl R :',pcch',,)~,copy are given in -l'ablc t. 
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