
Car& acid, a metabolii of Pact cabs’ and R 
~~~~~* exists in water as a monocyclic a-acyl- 
tetronic acid (1). Upon isolation a cyclic ether is formed, 
for which s~s Z-5 can be fade. It has 
rew&ly been &own3 that carolic acid exists in 
deuteriochlorotorm solution as a 4: 5 mixture of the (rs) 
and @)-isomers of (R~5-methyl-3-(2’-tetrahydro- 
~~e~y~~-~~~ (3 and 4, resp.). 
This cxmchl!jion was based on ‘G NMR !Spechd 
measurements of both unenriched aod enriched carolic 
acid derived by incqwration of (l-1, [2-I, and fl,2-2-‘%j- 
acetate, nspcctivefy. It has further been shown4 that 
when carok acid is crystallized from ethanol and dis- 
solved in the dark in pure ace&x&rile-h there is only 
we isomer present. Corn~~n of the ‘3C~liemical 
shifts of this with those of methyl (E)- and (2).3- 
methoxyacrylati sug&est that it is the (&form (3). In 
the presence of traces of acid, or under iafluence of liit, 
ewiliith with the (2)iimer ocfxrs, although the 
p&ii of the equilibrium appears to be solvent &pen 
dent. 

Table 1. Fmal atomic coordiinates with e&uited standad dcviarions in parc~~tbcscs 

Atom X Y z 

01 0.3910 (13) 

02 0.6820 (13) 

04 0.9981 (12) 

C2 0.5004 (16) 

c3 0.3693 (15) 

C4 0.1592 (16) 

CS 0.1729 (17) 

Cb 0.2195 (29) 

01' 0.3102 (11) 

C2' 0.4419 (14) 

C3' 0.6585 (1s) 

C4' 0.6670 (21) 

CS' 0.411s (17) 

0.8870 (5) 

0.0455 (6) 

0.0167 (6) 

0.0097 (8) 

0.0822 (7) 

0.99S7 (7) 

0.8681 (8) 

0.7462 (8) 

0.2663 (5) 

0.2054 (7) 

0.2906 (8) 

0.4078 (9) 

0.4041 (7) 

0.0279 (3) 

0.9979 (3) 

0.1802 (3) 

0.0383 (5) 

0.1003 (4) 

0.1295 (4) 

0.0839 (4) 

0.1330 (6) 

0.1809 (3) 

0.1251 (4) 

0.0940 (4) 

0.1496 (6) 

0.1900 (5) 

795 



Toobtainaflnalproofofstnrctunofcarolicacidami 
obtain information on the bond dclocalization making the 
cisltmtts isomsrization possible, an X-ray study was 
carried out. 

X-Ruy &&ctioa Tba crystds of carolk acid used in the 
x-ray investigatioa wax! obtained upoo vduntarily waporah 

of an lK&ollitlilc soh of tbc compould. The space group P&2,21 
@Jo. 19) was lmlxluivocany CStabIiished frum systematic h 
smix.3. The ihne dimcnG~d X-ray data were obtained using a 
tiuec circle I&I&-Noniua d&a&meter and ZI t&red MoKa 

rcfkctioll3 we% fags&ii as obselvd Il%orciQ aod pohlixatioil 
iz4lm&w welt applied, blll no extioctioo or absolpthl cor- 
fectioos were made. The crystal size was (0.7 x 0.3 x 0.3) mm’, 
~)-scan wss used. The maximum value of sin #A was 0.617 A-'. 

Accurate unil cell dimensions were dew by a kast 
squmes rdknent of data measured from a Guinier powder 
photogrqb taken with CuKal ri&tioo and CaIihrated with 
siliin as en iatemal standard. 

Tbes~wassuIvedbydirectmat&xIsu3ingtllesHELx 
76 system of crystallosrnpluc programs6 and an IBM 36O/lti 
computer. The leaSt squsres rehcmcllt was performed on an 
Univac 1110 coawter using the X-ray 76 system.’ Ibe qwntity 
minimi& was tw&-Fj? The weigh&g s&me was w= 
la+F.+bF&’ with a= 10.0 and b=O.lO. ~~ from 
~~~-~~ were includuI If F, > F* The posithi 
II-parameters were calcuIiited aad then retkd s+uateIy 
(sin #A c 0.40 A-'). 

Atcmic .mf@iog factcn were takco from b@matiaruJ 
Tab&s for X-my Crystallogmphy.’ Ihe final R index @ = ZjFd - 
IFd,‘Zp& was 6.7%. 

RRsuLls 
Ctystuf data. Carolic acid has a form&u weight of 

182.17. The crystals are colourless prisms. Space group 
~2,212, (NO. 19), a =5.046(l) A, b = 1o.ow)A, c = 
17Z6(4) A; z I 4, I&, = 1.3~~) g cm-‘, D, = 1.39g cm-‘. 

DWugtuoN 
The present X-ray inv~~n conflims the conect- 

ness in the proposs13 of 3 as the formula of carolic acid 
and makes it possible to state that carolic acid 
is ($ R)-5-methyl-3-(2’-te~y~f~~d~~~y~ 
furan-2Jdiooe. 

ThelactoneringisplaoarwithiutheunccrGntyand 
the 0 atoms 02 and 04 only show small diiplacements 
from the lactose ring plane (0.015 and O.OZ& nspec- 
tively). The cyclic ether is not quite planar as C4’ and C5’ 
are situated approx. 0.1 A on each side of the Oeast 
squares) ether ring plane. The molecule as such &m-H 
atoms) does not deviate much from the plamuity of the 
ketone ring (0.001-0.280A) with the exception of C6 
(1.19A); cp. @ii. i and 2). 

outstanding features of the lactone and the cyclic 
ether moieties are the great di&enccs of the C-0 
distances iavolviog 01 and 01’. respectively. It seems 
well documented that the dissymmetry of the C5-Ol-C2 
fragment in the lactone moiety is ChanuWistic for kc- 

tone systems.9 Resonance of the type @C-O+& 
f 

tf =&) is considered to pfay a r01e.‘~ For the cyclic ether 

uurying an exocyclic bond it is reasonable to anticipate a 

similar type of IWonaoce (QC=C<@-&CC<).” 
I I 

X-Ray ~~~0~ of kawain a 6-substiM& 4- 
methoxy-5,aaiby~Z-pye,” and some chromow 
systems13 lend further support to this point of 
view. 

It has been shown that resoIlancc is an important 
f~~~s~~~q~~~~~of 
acrolein.14 The bond distances of the acrokin moiety 
(G?, C3, C4.04) in carolii acid cornpa well with the 



The molecular stnu 

corresponding distances in act&in itself (c=O: 1.22, 
=c-c=: 1.45; C=C LxA).” Therefore, it seems rcason- 
able to consider C3-C4 to be somewhat delocalii. 

The three delocalized systems discussed so far are 
interconnected in such a way that delocalixation of the 
unshared electrons of the ring oxygens is probably 
extended over the system Ol’, C2’, 01, C2, 02, C3, C4, 
04. 

The planarity of the molecule and the X-ray in- 
vestigation of kawain’2 support this view, since the bond 
distances of the vinylic ether system conjugated to the 
lactone moiety in the latter compound compare well with 
the corresponding distances in carolic acid itself (Cbol: 
1.46, OlC2: 1.37 C2-021 1.22, C2-C3: 1.45, C3-M 
1.32, C4-M 1.33 A). Further support is to tind in the ‘% 
NMR spectra of the (E)- and (Z)-isomers of carolic acid 
(3 and 4, respectively), for which the chemical shifts for 
the relevant C-atoms show a striking similarity to the 
shifts of the equivalent C-atoms in the two monoenelic 
forms of 3-butyryl-S-methyltetronic acid (&, 6/3).” 

are of carolii acid 797 

Although carolic acid and 3-acyltetronic acids chemic- 
ally are very Merent, the electron distriiution in the 
two types of compounds is remarkably similar. The bond 
delocalixation demonstrated in this paper makes it 
understandable that carolic acid easy isomer&s in the 

presence of acid and that the acidic nature of 3-acyl- 
tetronic acids makes it impossible to demonstrate the 
existence of only one isomer. 
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