
13C NUCLEAR MAGNETIC RESONANCE STUDIES OF 
SESQUITERPENES, ANISATIN AND NEOANISATIN 

THE STRUCTURE OF ANISATINIC ACID, 
A NOVEL ISOMERIZATION PRODUCT OF ANISATIN 
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T~1.“CCcbsmialfortbcderiv&aof~aarl-* 

1 36.7(d) #.6(d) 36.2(d) 37.2(d) 

2 37.3(t) 37.4(t) 37.3(t) 30.1(t) 

3 73.4(d) 74.4(d) 73.7(d) 33.3(t) 

3a 94.6(s) 82.4(s)d 82.3(s)d 83.3(s)e 

4 64.0(s) 66.0(s) 64.8(s) 66.0(s) 

6 74.3(s) 62.4(s)d 82.3(s)d 83.1(# 

6 81.6(d) 76.3(d) 76.6(d) 76.4(d) 

7 26.3(t) 26.6(t) 26.7(t) 27.3(t) 

74 49.4(s) 49.2(s) 49.7(s) 60.2(s) 

a 13.3(q) 13.4(q) 13.2(q) 13.2(q) 

9 167.8(s) 166.8(s) 166.3(s)' 166.9(s)' 

10 64.7(t) 64.2(t) 64.3(t) 64.8(t) 
11 20.7(q) 17.7(q) 17.6(q) 17.w 
12 69.7(d) 69.6(d) 68.4(d) 69.8(d) 

13 174.0(s) 174.2(s) 167.4(s)' 166.6(s)' 

COO!?3 

31.2(d) 30.2(d) 

34.8(t) 43.9(t) 

73.2(d) 204.6(s) 

79.4(s)O 72.6(s) 

66.6(s) 64.2(s) 

79.7(sf 83.2(s) 

79.0(d) 81.6(d) 

29.4(t) 29.6(t) 

66.9(s) 67.8(s) 

13.4(q) 12.0(q) 

166.4(s) 166.1(s) 

66.9(t) 66.6(t) 

19.2(q) 20.6(q) 

174.1(s) 172.2(s) 

33.3(d) 36.0(d) 

29.7(t) 37.3(t) 

32.6(t) 74.6(d) 

60.4(s)a 86.7(s) 

67.9(s) 67.6(s) 

81.4(s)e 83.4(s) 

78.6(d) 77.4(d) 

29.7(t) 28.9(t) 

59.2(s) 66.2(s) 

12.8(q) 12.4(q) 

166.6(s) 170.7(s) 

66.6(t) 41.6(t) 

19.3(q) 19.0(q) 

76.7(s) 

174.7(s) 176.8(s) 

62.4(s) 

a. 3pectm Wan In CDcl3 rt 20.00 mt QI a Varlm Cm-20 spoctmatar; chalcal shifts am In parts pr 
n Illloll ml~tiva to tatrwthylsllam. 

b. Tha lrttor In pwsnthosls mfers to thn slgwl ulttplicity obtafnnd trcr single frequency oft-msonance 
docoupllng axpqriats: s-rllpl~t, d-doublrt. t-trfplrt. qquartat. 

c. ata on W slgnls. bc 20.6-23.6 and 167.9-170.6 pp. am not dncrfbad. 

d. TInsa slgnrls wm Mea as lntanu u those of otbor sl~ilar carbons. 

q,t. Vales bearing tha M uQmcrlpt Yy be Intwdunged. 

‘l%e’)CNMRapcchumof2rwalat,inadditionto 
foarlwrmDwa~totwoacetato~,fwsencar- 
bOOfO8OBMM,WhiChWCXO9hVOtOCOdtOfIWO 

llumwa (MO), thIw m cm four doubbl 

and 17.7ppnl in 2 are asdgned toc-8 ad c-ll,N%pcc- 
tivdy,bccauBo~quartetat20.7ppmin1~tbe 
uphld/3shift(3.0ppm)dpetopcstyLtioaoo~fiom 
1to~wwa8thcotbwquaftetat133ppmh1was 

in 2 ale for c-2, c-7 ad c-10. siwe c-10 b an etheled . 
o-ldsmd carbon, the c-10 rcsoMQ@ iacxpectdto 
bc&iftcd&wnfbbItoa~cxtultmlativetotkmcof 

onthetiofthefonowiugrndinaTbetwot@ct 
rcwwnceappcadat37.4and265ppmin2are 
ob8eNedat373ad26.7ppminJ,aDdat3o.1d 
27.3pplill4,fBpCtiVOly.These-~ 
tbtUJCESO~intbC26.5-~.3ppl-Cgbll~llUhiU8 

llmdmd amm8 th0 compounds (2, 3. 41, while 00 
rqWagtkac&oxyllroapatC-3 byohydwcn the 
-at373ppmin3~pp&ldbeillgobssrved 
at3o.lppaIin).ni6c.bhcalahiftcbspgeoftbec-2 
sigMlbctww3aod4iain 

(donmhld shift by ca 7ppm)” af acctoxyl subduth 
oacydopeataac~,tkeabovo 
as- of c-2 ia 2ADmlg the four cIldhiM (C-l, 
c-3, c-6 ad C-12) ill 2 only C-l baa no oxy@n futKth 

andtbl?reforccanbc~totbefartbestap&ld 
nigdat36,6ppmby-of&-shift 
value.CompsrfsondotbgthCC-dpetotbe 
O-a-- (C-3,CdC-12)in2withthoscin 
1in&atesthatoaiytbe~at81.5pinl8oes 
e WPPd appl!a+at743ppmiu2whikulc 
clK!mhlsJliftsoft& l,cmaagtwoaiglmlarempin 
udmgo1kthellpttadsbiftdthe~at815ppminl 
iSCkUiyWibCdtOtlKJrcetylBtiDIl~shift8DdtbC 
~nigltalat763ppmin2istbtm~to 
caTbcfolbwhtgafpnM8rrreadvaacadfortbe 
dilIaeo~ofthereaipinisemethfne-for 
c-3 *p2. lIlc.only stnlctd dikencc m 
Dorcunsabndaivotives,5,6and?i8t&functioaalityat 
c-3andtIweforcthe~ofthec-3sigMiamope 
thccampoodiareadily~(secwe):the~at 
732ppm in 5 Is aaaigd to c-3. Comphoo of tbc 
spcctrabetween2dsnmdcitpossiMetoassigotbo 
&ud at 74.4ppm in 2 to C-3 ad, couqudy tbc 
read&g Ggnal at 69.6pp to C-12. The ass@mcat of 
thesijpalat74.4ppmin2toC-3isconhcdbycom- 
parhlofthespcctraof3and4,aincct&bothcom- 
polled5 d&r solely in tbc c-3 flmchhy. The fact 
tlmttbelignalinthe68.4-6!).7pprcgioIlineacllllpw 
tnunofcxxnpounds.1,53aDd4isabscotintllcspectra 
of.tkcompada,5,6axl7isalsoasupportiqe 
evilhcc for the above as&nm8oLOftbefourquater- 
a0tycarblma,tbesieaalsfottwq~~, 

the~5eldti~c~ 

c-s).shcec4iarlphato~~CO,the~w~ 
6eldresoaaacsat65.0ppmin2bM~toC4.d 
llancetJx rekmaaw at 49.2ppal to c-7a. The above 
aaaipwntsarefurkconhulbycaqnuhaoftbe 
spcctrabr!twecn2and5:convami!lmofthesccolxlafy 

bOHgroupatC-12totbelactoneCOruultsinalafge 
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-dift(7.7ppm)dthe+mlat4!32ppmh2, 
bathmemmlleiYa%cmthechemkalddftdthe+al 
at 65.oppm. m ld&eta for the o-mb&md 
nary carbons (C-h c-5) atmw the idatiad cEzi 
sllifbJin%Inaal%ksdcompamdrdldisdtkEhsmirml 
ahifta d CA md C-5 are wry close to ercb otbm, 
pmduchg~~iutbeir~lIleym 
idmtkalfortbe~3andnarly~for 
Lmnpomuls,1,5and7.lnthe~d1thc~at 
~4.3aad84.6ppmare~1oC-5~C-k,1#pcc- 
tively, llhlce the former i@al tlhqpal a large 
dowofMdashift’“(8.1pgm)&ctomtyWondthe 
c-5oHgmpongoiogfrom1to2. 

Thetwocosioghobacmdatca 174ppmandiu 
the166168ppmrcgimdtbsspcctndland2are 

&micalhiftdtbesignalatca174ppmupMd(B&ift 
dTCCt)pndhWS@ihOt~eCtOOt&otha~. 
we have ObEuvcd that w ataywoa d variow a- 
hydroxy Jacmcs the s&ml of the lactone CO calboa 
lmdeqmanup&ld~~‘z 

oxygmwithaCatamwhUetkC-12daubbt(meWe) 
in2isrqkedbyrdowneeldM(ahiftw 
7._lppm) in L fewathg the iaam8c danakyl& 

p-ktonemoietyia2kimrdvediotbebomaintionis 
ahoindkalbyt&dawnesldalliftdther#oaracefor 
the B-lactom CO carbun (166.8ppm in 2+170=1pp in 
9Comhabk~htheck&al&iftsfa 
nei&ba+ carbom (C4 C-7& C-13) d C-10 and C-12 
=-by lxul&amdtbe~bc4weal2 
and L ‘l%c dowhAl &ifta d the aigaah for C-7a d 
C-l3,ongoingfrom2to8areduetothe~sbiftcht 

incma8edalkyl-ate-12. 

group with a0 alkyl #ottp at tbc IKighm c-10. Aa 
fixpct&tbcstrpcmnldillenac#betweeB2aad8beve 
ahBoatBo&ctaont&clhehalshiftaoftlw~fot 
C-l, c-2 aad c-3. IkMtive evideux in favor of the 
strpctprpmalulagailmtthc-wretardipe 
ammtmcaddkprovi&dbytheihdingstbattko~ 
due to a Mactonc CO cahoa (C-13) is obaaved at 

8 aa in 2 (1743ppm) and thnt !JigJmh . 
tmmc&alcarboocarbona~ 

cartmarc~kL~tbomd~ 
iLCidkfMyEi8MihdtOkIlla. 
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tbec-6aDdc-ll@carbons)sigaalsafesbiftcdupfk4d 
in tbc pndiccaMe manner by 53ppm and 3.Oppm. res- 
pectively, wbueas the c4 (/3 carbon) sianal goes 
downfleklbyI.0ppm.SimiWy,oagoing~m2to3tbe 
signal of c-13, olte of the /3 aubona ll&Qoea the 
up!kld shift (6.8ppm) aa expectal, but that of C-h, 
another~carbonexperhestbedownlkldshiftby 
0.5 ppn 

(iiiReplacementofabydrogeoorafmtc@algroup 
ooapartiahcarboobyamoree~egroupis 
knowntocauset&dowldkld&iftsforthesigoaloftk 
cafboobealingthesubstihU(ocarbou)toalarge 
extentandforthatofthe4gbbo+carbon(Bcarboo) 
to a varying but s&n&ant extenL”“” Eelmviour 
dilkrentfromtheabovemlcisobservulaatothe 
signah for certain fi carbon8 of compounda in tbc 
pfesentstwdy.TbellMtcaseisthee&Xtoatkchemkal 
shiftoftk/?aubonp&ucedbysuMtnthofa 
hydro8enwithanacetox~gluap.on~~4~3 
theC-2signal,oncoftbcj3carbonsmovesdowofMdby 
7.2ppm a8 expcctai# wkeas that of C-h anotbcX j? 
carbon umkgoes the up&id shift (1.0 or 0.8ppm). The 

shiftby l.Oor2.0ppm)bycompahn 
and5.Tllesubstauentdfl!ctontbec.bemiraishiftofthe 
@ carboo caused by changing a methy~k~~~~ 
8nXtpiStk%X!0lKIcaSe.Comparison 
and7ahowstbattbeC-2(Bcarboa)~gas 
down&Id to a large extent (15.2 ppm) aa expstai, but 
t&C-3a(Bcarbon)8igBldumtrafytotheexpecwioo 
movesupfWsi@cantly(oa8ppm).Wca~ehtbe 
dkctontbecbemkalhiftoftbe~carbonpl&ccdby 
chanPinPa=ondwacetoxylgrwptoaCOgroup, 
whichiaiUwbatedbycomparkmoftkspcctraofSmd 
Q the c-2 (B carbon) signal b markedly shifted 
&wntkhiby9.lppm,whiletbeC-3a(Bcarboa)~ 
8oesupMdbyca7ppm. 

c 3% 0 
a. . 

95.8 - HN-J 
H 

3 

0 

I0 all tbc case8 dekbai i0 (hi, 00 replacins a 
hydfogeoorafimchalgroupatC-3byanwne&c- 
tlWU@kgroup,tbechemicpl~oftbeC-3a@ 
carboo)sigrLalfmweaintbcrevasedira&ll~ 
fromtbegenaalrulemcntio~above.%wgbtk 
reasoa(s)forthisappwentanoma!yi8notckar,one 
pokbkexphnatiooisasfoIknvs.ReplPamePtofa 
certahOroupatC-3byamoreelectronc8atiwonamust 
maketbe~carbons(c-2andc-3a)unKede8hkkk!d,but 
tbepresenceoftbeOHgroupatC-3addecnweor 
insomecasescompenspteinexcu8tbedeshieldinp 
e&t prodwed by the CA sub&wot. It &add be 
notedtbattbesimihrtrendcoocuningtbe~fortbe 
o-substituted/3carbonisobservedinthespecb-aof 

delivatives (9, IO),” aDd of aeurolenilla (11, 

Tbm.psue -.mlRrpactrumwashkeawitbr 
JA8CGihdClllt8 $pCdWMW.ti’HNMltrpectrruaWU 
ohtaiwd ua a NEVA NV-21 19oMIW bsmmat. 'be bw 
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C&aaolvmtoftxydbha(‘HNMBmrlydir),m.p.~ 
64; IR (CHCI,) 3520,102,1739cm-‘: ‘H NMB (CD&l 6 I.435 
OH, d, J -7.oIk H-s). 1.87 (3H, 5 H-11X 2.04 QIf, & Acox 
2.69 (3H, s, Ad& 4.13 (la s. H-12), 4.21 @Ii, ABq, J - bJ Hz, 
A*, - 16&i, H-10). S.69 (IH, dd, J = 20.4.3 Hz, Ii+, 5.93 (1H. 
&l, Jm6.0, 9.OHz. H-3); b&us 412 (I#+“). 394, 352. (Fmdz C, 
575% Ii, 6.43. C&,0,, + 1/3&H, rcquim: C, 37.3% H, S.!M). 

f’: kf. !khdk A& C%m. A?& 7.46 (1974: N. V. Mody and S. 
w. Pdkk. zbbddm 34. a21 mm. 

‘H. I. Reich, M. Jack!, M. T. Mew. F. J. W&w ad J. D. 
~~~~~91*7US(l~~ 

~.Cbairtf,~.J.~PdJ.D.Robats.Ibddn,U6f(l971). 
“H.@ut,C.LV~,N.S.BhaccaudC.DjaPui,I 
4t. am. 41.71 wm. 

‘u~rc4ultsinollrur#uorv. 
“F. I. Card. C. 0. Madad, 0. A. Brim ud J. h Kepkr, 1. 

a& chem. 41,996 (1976). 
“I’. S. fib&ml aad J. F. Bbunt, Jbid 43,4352 (1978). 


