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A~-F(nuicr-rran~f~)rm”C NMHspecrraof niM:cvumarlnoldcomp~und\of med~c~hrl~nrcre\rarcrcporrrJ. hllrd 
rhc cartton rcxmances arc atrigned with lhe aid of variou\ yw1ral kchmquc\ and \rahlc IWIO~K labcling ‘Ihc 
suh1iwnt effect% on the chcmlcal \hlf1\ m wvcral s\\Iem\ arc also d~wwcd. 

With the advent of Fouler-transform methods and 
computer technology, natural-abundance “C NMR t FT- 
.‘C NMR) has become a sensitive and powerful tool in the 
structural elucidation of natural products and studies of 
chemical conformation. The availability of .‘C NMR data 
on coumarinoids in the literature is still scarce. despite the 
abundance of this moiety in plant natural products and its 
important use in ph~maceutic~~. Among the latter. the 
4-hydroxycoum~in moiety is present m many of the 
leading anticoagulants used clinically today. Part of the 
scarcity of data can be attributed to the general dificultics 
in shielding asstgnmcnts cspeciallp for a new class of 
compounds. Assignments of shicldingst on the basis of 
chemical Intuition alone art often equivocal, although 
confidence can be gained if one compares the data with 
analogs or similar systems. L’nequivocal carbon shielding 
assignments can, however. be obtained by suitable 
instrumental techniques and with the aid of specific 
isotopic labelling. In this paper. carbon assignments on a 
number of coumarinoids are reported using FT ti;hfR 
spectroscopy, off-resonance and gated decoupling. along 
with specik dcuterium and “C labclling. 

.$pecJrd assi@ImenJs. ‘i’hc shielding as$mmcnts of all 
carbons for coumarinoid compounds l-9 arc shown on 
Tables I and 2. The carbon shieldings of coumarin. I. have 
been previously assigned.’ ’ l’kc shieldingc of J- 

hydroxycoumarin, 2. were assigned as follows. The 
positions of C-9, C-H and C-IO were first tentatively 
located with reference to anisolt’ and to otrtsol.‘ The 
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llhc lcrm “shicldi~” used In this conwx1 IS from Srolhcrs. 
Ref. II. 

general regions for absorption by C-2, C-3 and C-4 could 
be deduced from the shifts of mcthvl vinyl ether,’ 
.I’ ‘cvclohcxenonc.’ saturated cl-lactonc” and coumarin. 

The differentiation of quaternary carbons IC-2. C-4. C-Y 
and C-IO) from the tertiary carbons (C-3 and C-XI was 

accomplished bv the off-rcsonancc dccouplcd techniques. 

The off-resonance decoupled “C spectrum of 2 (Fig. It 
indicates that those signals tentatively assigned by C-2. 

C-4, C-9 and C-10 remain as singlets, although C-Y and 

C-10 display a small couphng attributable to the vicinal 
protons. This small coupling scrvcs to differentiate the 

signals from C-8. Furthermore, C-9 and C-10 could be 
easily differentiated by the downftcld shift of C-9 arising 

from the attached oxygen. 

The assignments of C-5. C-6 and C-7 could not be 
clearly made by direct comparison with ankle and 

o-cresol alone. However, the WH group is expected to 
make a larger change in the shift of C-5 relative to the 
same carbon in coumarin than of C-6 or C.7. On this basis, 
the signal at 123.01 ppm rather than 132..3ppm WI\ 

assigned a\ arising from C-5. C[~nfirrn~~ti~~n of this 
~~~~rgnrncnt was obtained from the spectrum of the 

partially deuterated ~.7-didcuteri~~hydr~~xy~l~umarin. 3 
IFIR. 2). Here decreases were ohserved tn the intensities 

of the signals of (‘4 and C-7 because of dcutcrium-“C 
couplings and the nuclear Ovcrhauscr effect. ‘Ihe signals 

for C-6 and C-y were dtffercntiated on the basis of the 
additive effect of methyl substitution in o-cresol. ‘Ihc 

shtclding value at C4 tequivalcnt to C-6 in 21 of anrsolt is 
only slightly downfield of the same carbon in o-cresol, 
whereas C-5 (equivalent lo C-7 in 2) is 2.4 ppm upfield of 
the corresponding carbon m o-crcsol. 0n thts basis. the 

signals for C-h and C.7 arc those 31 124.2 ppm and at 
131.7 ppm. respectively. The assignment of C-3 was 
confiimed by D-H exchange, because the C-3H and C-N 
protons cart be readtly exchanged. The diminished 
rntemity of the signal at YO.9Rppm confumed the 
assignment of C.3 (Fig. 3). The remaining assignmcnls 
were C-2 and C-4. A gatcdJccoupled spectrum (Fig. 4) of 
these carbons exhibits a broad multtplet for the downfield 
signal and sharp doublet for the upficld signal. A multiplct 
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d++ydroxyccJmarbn. R. R, / 4. P. H P, OH 
67~Dldeure~lo-4-hy”,‘oaycoumarln R, R, Ii R, On R. R.. D 

&Yethoxycoumerh. R, R. A, R., H. R, OCH, 

3BromoMy6rorycoumerln. R, Be R, 3r 9, R. a., H 

Flwwocoumon. It, R,OHR,A,R,L 
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Ykmui shift\ arc m ppm from mtcrnal TSfS exccpl w&urn uarfarm u-how 

chcmlcal \hlfts were measured with ekrcrnal I.J~diokanc and convcrtcd 10 rhc .I MS 

scale u\mg lht factor h-.4 ppm. Compound\ I. 2.4 wcrc recorded h! a Var~rn X1.-100. 
compounds 3. 5. 6. 7. 9 h) a Hrukarwn. and compcmnd 5 b) a Vanan (‘IT-20 

cpcclromclcr. 

is cxpecred for C-4 bccauvc of couplmg with several from 1 Itself. ‘Ihr 4-OH causes C-4 to shift downfield by 
protons while a sharp doublet is expected for C-2 from !I.5 ppm but C-2 upheld by !!.16ppm. Srmilar effects 
coupling with the C-? proton. Thcrcforc. the upfield arising from clcctronegative groups are known for 
signal was assigned to be C-4 and the downfield one to be alkcnes.” The C-5 reSOIX3nCC of 1 is shifted upfield more 

CT-!. Recently. identical carbon shielding\ for 2’ .’ and 4 ’ than 5 ppm in 2 whereas C-Y IS essenttally unchanged. 

have been published elsewhere employing alternate Tlus result suggests a y effect between the 4-OH group 
methods for assigning these spectra. and the proton at c’-5.” The cause of the y eRect in this 

‘Ihc carbon shicldings for 2 arc substantially different system may be attrtbutable to the stcric mtcraction of 
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Table ? Carturn shieldmgs of coumarin and r&led compounds 
- - - -. - 

!.Ren~yl-J.SJr- Warfarm 4.: Sudium 
Pbcnprocoumon hydroxycoumarin methyl ether uarfarin 

Cartx3n? 6 7 8 9 
- -__ -- 

C-r IhohV 162 63 lNZ1 1:c.r4 
C-2 161 s5 16’ 45 162.10 i6- V’ 
(‘V I<? 21 I<1 II l’J.01 I5’l.W 
C.’ 131.f8u IvO! 131.39 l\lh? 

z: 
I!Ih’ I IO.21 lZI.C! I?I.W 
12x44 l’4.C’ I%.60 I’660 

(‘4 I lh.2c IO’.% I Ih.55 I 16.63 
C- 10 116 II 101 x0 116.‘h I”33 ._ 
c-3 IO-.xX lE.li llV’6 IO! 4 
C-II J1.‘4 7X bV Mi.38 36.1 
('-I! 2I.W .I>'1 MI.6 
('-II I!6X ,.- ?07M ?Ih.JO 
C.1.l . . - ,M II MI? 

:::I. 
IA!.65 140 I' IC.'I __ 1450 

,..-; 
1°K _ 1x13 lZ'.V\ ixu 

c-i 
lxx' IX3 l!X.sI IXV 
IL!+.% I?'.% 1'303 1:': 07 

(&ME - 61.W 

Ihcmrcal \hlfl\ UC in ppm from internal ‘INS crccp~ s&urn uarfann whose chemical 
shifts were measured wrth exrcrnal I.J&rtane and comertcd IO ~hc ‘I’M \calc uvng the 
factor 67.4 ppm. C’ompounds t. 2.4 were rccordcd by a Ovarian XL.. 100. commn,undr, 3,5.6.?,9 
by a Hnrkarian and compound 8 b? a Vanan CFT-20 spcctromctcr 

?In (‘IX?,. 

Cl 
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\ 
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Fig. I. 0%resume i-7 “C NMK spectrum of 2 m DMSfM Ihe scplc1 on the far rtghr was derived from the 
solvent Conccnearion 0 _ kf. 

-._. _-_-- 
‘An ahcmarrvc cxplar~rion of the up&Id CITKI IS thal II may be 

these two groups similar to the I-dkyl cuh\fitutrd 

due to the hypcrconjuptivc etkcl of the free electron pair of naphrhalene systems.” ” 

vxygcn transmitted through the I: bond \!slem srmdar IO tbc The carbon shielding of I-methoxycoumarin. 4. closely 

y-anti effect rulrpcdcd by FM cf al. ff:. 1.. Ehcl rr 01.. 1. Am. resemble those of 2 as expected. and the assignments are 

Urtm. .ii,r 97. 322 4 tY’!)t f hc authors utsh to thank t,nr of the slraightforwaro. 
referee\ for p~?inp rht\ crux The carbon assi~menIs of ~-brom~?-~-hi-droxy- 









('artx)n-I~ nut:lear magnetic resonance studies of coumarin and related cornlxmnds 

The resonance 207.06 ppm is near the expected value for a 

methyl ketone (206.25 ppm in "-butanone") and is there- 

fore assigned by C-13. The resonances for C-If. (.'-12. 

C-14 and the ()Me carbon were assigned on the basis of 

off-resonance dccoupling. "]'he resonances for C-I-C-4' 

on the phcnyl ring were assigned as before. The remainder 

of  the spectrum was assigned by analog) to 2. The large 
downfield shift of C-3 to 110.76ppm was striking.I) 
different (rom the resonance of C-3 in 4 at 90.06 ppm and 
in 6 at 107.88ppm. Indeed. the position of the C-3 
resonance of 8 is even downfield of the corresponding 
signal in coumarin itself I+I'able I ). It seems likely that in 2 
or 4. ('-.X experiences a large uplield shift due to 
conjugation. Whereas in 8. and to a lesser extent in 6, this 
same effcct is not seen because the coplanarit~ of the 
methoxyl substituent v.ith the c~. /.3-unsaturated lactonc 
st stem necessar.~ for a strong resonance interaction is 
inhibited through steric hindrance with the substituent at 
C-3. ] 'he dov, nfield position of C-3 relative to I is 
presumabl) due to the electronegativit~ of the OMe 
group. 

S~Jium ~arfarin. 9. is poorl) soluble in I)MSO. 
( 'onsequcntly,  its :'C NMR spectrum was recorded in 
water with 1,4-dioxane as the reference. The observed 
resonances v, ere converted to the TMS scale by adding a 
factor of 674 ppm. " The carbon shielding assignments 
were derived from comparisons of the spectrum with 
those of 6 and g. "['he shielding for (36 through (.,-9 of 9 are 
essentially identical to those of the model compounds 
while C-3 is shifted upfield with respect to 6 and do~ nfield 
with respect to 2. an effect consistent with the previous 
discussion. Both C-5 and ( ' - l0  are shifted downlicld v, ith 
respect to I'~th model compounds.  These shifts arc 
presumabl.,, duc to a combination of solvent effects and 
the influence of the anionic nature of marfarin .M;qor 
changes in the shieldings are seen for C-2 and ('-4. ' the 
signals of these tv, o carbons v, ere differentiated b) the 
enhancement  of the C-2 signal intensity via addition of 9 
labelled v, ith 'C at ('-2.* The reason for the large 
downfield shift of ('-4 relative to the position of the 
analogous carbon in g is not readily apparent. Hov,c~er. 
recent work in our laboratories suggests that the effect 
may be due to a substantial contribution of the chromonc 
resonance structure to the an ion  

1-he keto carbon on the side chain. ( ' -13. is assigned to 
the most dov, nfield signal b.,, analogy to 8. The shicldings 
for ( ' - I I ,  C-12 and C-14 v, ere adduced b) the off- 
resonance dccoupled spectrum shown in Fig. 7. v, hile the 
shieldings for the side chain aromatic ring v,erc readil.~ 
assigned b) at comparison with 6 and v.ith a monoalk)l- 
substituted benzene " 

E XPII'~iM t-N'I'A 1. 

Shicldin$ mcasmements v.crc made using a Brukarian," a 
V~'ian X[.-100, or a \ar ian ('1:'I-20 puNcd let" spectrometer 
opcndtng at IS.0~. at 2'~.2 and at ~ MH/. rcst~cli'.cl } for "('. For 
the Hrukarian spcclronlclcr, the temp. V.as mainlam<d al 

'~w.Imm v, arlarin labelled at ('-2 with "(" was s~nlbcsi,,cd b', 
dcsulftmzatum of 2 ' (  .v, arfarin clh'~Icnc dlthmkcta! l)ctmls v, dl 
hc puhlr, hcd cl,,cv.hcr~: (9" R. Porter and 9" F l ra~cr l  

;[ 'he authors arc indebted to D r  Rt~Jncy Haddock. Heecham. 
Ir~.. London. for a generous ~ f l  of this matcri,'d. 

§Compounds purchased commercially, arc coumarin and 4- 
hydrox~coumarin..Aldrich ('h, cm0cal: ,,(.w:hum v, arfarin IPan- 
v, arfarm" ). A ~ ) l l  [.a~)ralorlcs 

'9, F ['rafter. unpubhshcd data 

xT.O ;. I .~  v, uth a Bruker B-S'I  temp control umt. Off-resonance 
and gated-dccoupling=: tochniqu<s v, crc used in facilitating 
sp¢clr~ acquisilkm. A l)pic',d spectrum max run v, i th an 
acqmsitkm time of O.X see, pulse dcla~ of 1.0 ,~'c, sv'ecp v, tdth of 
50Oll I l l  and XK data points. l l '~  cont:cntrations of mosl solns 
v, crc 0.S-OTSM (where indicaledl DMSO-d~ or in CIX' I , .  
rMS ~,as used as lh< internal standard..~,lium v, affarin. 
hov,cvcr, v'as In~,cslll~lcd m v, alcr b¢cau~4~ of its k)v, soluhilits m 
DM~,O For it. the field.frequency stahtlit.~ v, as achieved h~. 
h~:kmg onto an external deuterium oxide sample v, hich contained 
1.4 dioxan< (1~";-s:,.) to serve as the external standard and a 
ticld.frcqucnc!, Itw:k 

The ,,ample', used m this v, ork v, crc either gills..* v, erc 
s!,nthes~/cd, or v, crc ,:ommcrcL~ll) a',ailahlc:§ all wcrc used 
v,=lhoul fur1~'r t'~mficalion l l ~  lah,:ling of the h~drox~ 
coumarln: v,.ts achle',cd h~, ex,:hangc wilh deuterium oxide o',CI 
platinum ox=dc m a h,(~mh, maintained at 1~0 " for 2hr. l l~:  
l~)smotls of D subsliluhon v, crc ',crffled b.,, a detailed al~l]~,sls Of 
the AB('D-t.',r~ proton sl",cc[ra of 4-h~,drox.,,coumarin a[ 60. 90. 
I(~.) and 220 MH.,. rhc a~,cr~cs of the four chcmic~l shills in ppm 
relalusc h)IM.~ and couplings m |11 obtained from the proton 
spectra at different Irequcn~s v, crc WI. ".'~ "fl.Ol: 9"2. 
" ~ ~ • I101.9," I." 62 • l|.Ol and 9,4. ".~2 - 0.01 ; and J 12. 1.0 : 0.-I: 
Jl.~. g.1 "() 1: J14. (I.) - 0.2:J2 l. ".5 • 0 l: J24. "9 " 0 I and JM. 
I ~, " 0.1. l'hc ,:h~mical shift,, of the t'¢,o proton,, v, ith on(- large 
and t/trot' smadlcr couplings arc cicarl:, duc to the proton,, al rlng 
position, '; and g. l'h~sc shifts cortcslxmd closcl~ to the shifh of 
th~ residual protons ( ' . !5 anti " .82ppm) in  the d~dculeratcd 
4-h',drox~,coumarin "l'hc need t , r  at dclailed analysis is csidcnt 
from l l~ fact thai the Iv,() upficld protons, one of v, huch must 
c=lhcr on t l~ '; or 8-ring carom, have a tcr,, small chemical-shill 
difference (0.n2 ppm) 

4 Mclh,~)x~,coumarin. 4. ",,.as s.snthcs~zcd b.~ m¢lh}lalion of 
4-h~,drox~oaumarln v, ilh HI', in MeOH.:: 5 v, as prepared h~ the 
llt. mclh(xJ:' aM 7 v, as %nlhesizcd h.', a condcn~lum rca,:hon 
u,ing rcsorcmal and eth.',l hcnz.',l malonate " 6. '.',as %ntl'~s~.,cd 
b!, at refined mclh, xl of Schrocdcr ,'l ,L'" " 

('ompound 8 v, as prepared b~, u)domclhanc method outhn-cd as 
follov, s l o a ~.In of ~ ~ g Ill. I molc l of st~.|ium warfarm. I..~. P.. m 
~00ml action< v, as added 2ng 10.14molc) icKlomclhan¢, l'h¢ 
mixlulc v,as rcfluxcd for "~6hr. Acclonc was removed in ra( uo 
and the residue v, as partitioned hcr,,,ccn ~4W)ml d~-cth.~,l cth<r and 
~) ml IN Na()H. [ l~  clh.cr soln V.as conccnlratcd to gr.c a v.htlc 
cr~.slallin< ppt. ~hKh ~as rccosercd h~ sU<lum fillralum h) ~.icld 
I'~. <g(48~;Lm.p 124 126~diI. m.p 12")andam~xturcoflh~sand 
an aothcnlic s.mlplc ~a~c no m.p. dcprcssion [ ' h¢ IR  sp<ctrum 
shov, cd a slrong ahsorplum at I'(Y9 cm and the PMR sp~clrum 
shov..'d tv, o ',harp profilcs at 2.14pprn (sldc.chaln \|Cl and al 
4.1Wl ppm (Me( ) )  

~,',,t," a&h'd m t'r,,, i Re,;enth. the av, ignmcnt of the ~.~, 
protons ha'.c been further confirmed b', the PMR ,,pectrum of 6,. 
dcuterlo • 4 . h~,drox',.;,:,unlarln s~, nlhcsllcd b~, sp.ccltic deulCrltlm- 
halogen c ~,.hangc 
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