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Abstract-The absolute configurations of C-8 Me groups in dehydro-iridodiol, neonepetalactone, and 
matatabiether isolated from the cat- and lacewrng-attracting plant Acrinidia polygatna Miq. were revised to 
the S conliguratlons on the. basis of chemical transformations and unambiguous syntheses. 

The preceding paper’ reported the isolation and 
structural determination of the pungent principle, 
which was designated as dehydroiridodial and 
assigned formula I with the 3R,8S2 configuration. 
from fresh fruits of the cat- and lacewing-attracting 
plant Acrinidia polrgama Miq. Recen!ly. we discovered 
that the spectral data of dehydroiridodiol (2) derived 
from I by LAH reduction resembled those” of natural 
dehydroiridodiol, which had been assigned the 
(3R,8R)-configuration (2’): 

To resolve this unexpected discrepancy.’ we 
attempted to synthesize two unambiguous diastereo- 
isomeric dehydroiridodiols (2 and 2’) from (- )-(S)- 
limonene by modifications of the procedures for 
synthesis of dehydroiridodial.‘.6 The mixture of 
diastereoisomeric acetate aldehydes (3 and 3’) could be 
separated into the individual isomers 3 ( [r]p + 23.1 ) 
and 3’ ([xl;” + 7.3 ) by means of preparative gas 
chromatography. The stereochemistry of these 
isomers were unequivocally established as the (3R,8S)- 
acetate aldehyde for 3 and the (3R,8R)-isomer for 3’, 
because the former was separately prepared from ( - )- 
(4X8S)-p-menth-I-en-9-01 (4)’ in the same way. 
Thus. the (3R.8.Qdiol 2 ([r]:,” - 20.7 ) and the 
(3R,8R)-diol2’ ([rx]p - 15.3 ) were obtained from the 
corresponding acetate aldehydes 3 and 3’ by LAH 
reduction, respectively. The IR and NMR spectra and 
optical rotations of natural dehydroiridodiol and the 
diol derived from natural dehydroiridodial (I) by LAH 
reduction were identical to those of the synthesized 
(3R.8.S)-diol 2. but not of the (3R.8R)-diol 2’. 

As the stereochemistry of dehydroirldodiol, 
neonepetalactone,” and matatabiether” had been 
deduced to be of the (3R.8R)-configuration (2’. 5’ and 
6’. respectively) on the basis of the chemical 
transformation of neonepetalactone into isodihy- 
dronepetalactone (7’) with the well-established 
structure, we reinvestigated their correlations. 
According to the procedures previously reported,’ the 
synthesized (3R,8S)-diol2 was treated with acid topive 

**The previous name. 7he Institute of Food Chemistry. 

the ethers 6 and 8.‘” The ether 6 was identical with 
natural matatabiether. Subsequently, this ether 6 was 
returned to the (3R,8S)-dio12 by treatment with formic 
acid followed by LAH reduction. Furthermore, LAH 
reduction of naturally occurring neonepetalactone 
gave the (3R,8S)-diol 2, and MnO, oxidation of this 
diol regenerated the lactone 5. which was identical with 
natural neonepetalactone. Consequently, the absolute 
configurations of dehydroiridodiol, neonepetalactone. 
and matatabiether at C-8 have to be revised lo the S 
configurations from the previously deduced R ones. 

The erroneous original assignment4 of the C-8 Me 
configuration (R) of the compounds under considera- 
tion was based upon the fact that hydrogenation of 
neonepetalactone with Adams catalyst in ether gave a 
mixture of two saturated lactones. and the major 
lactone was characterized as isodihydronepetalactone 
(7’) by means of only IR and NMR spectra, without 
ORD and [rlr, data. On comparison of ORD spectra 
and [r]” of the major lactone with those ofthe natural 
lactone 7’. we now found that the major hydrogenated 
product was not isodihydronepetalactone itself, but its 
enantiomer 9. That is, the ORD spectrum of the 
natural lactone 7’ showed a negative Cotton effect 

([41 231 - 2987), whereas that of the hydrogenated 
product 9 exhibited a positive one ( i4;23, + 3054). 
The enantiomeric relation between 7’ and 9 was 
further confirmed by LAH reduction into their 
corresponding enantiomeric alcohols I I ’ and 10 one of 
which, z-iridodiol (II’). had a known absolute 
configuration. lo The minor hydrogenated product 
was established as being I-epi-dihydronepetalactone 
(12) by means of spectral analysis. The IR spectrum of 
12 was similar to that of dihydronepetalactone (7)“ 
and the NMR spectrum of 12closely resembled that of 
7, except for the signals of the C-l Me protons: the 
(lR)-Me signals of 12 appeared at about 0.20ppm 
higher field than the (IS)-Me signals of 7. 

On the catalytic hydrogenation of neonepetalactone 
with PtO, in ether, the formation of the unexpected 
enantiomer 9 of isodihydronepetalactone (7’) and I- 
epi-dihydronepetalactone (12). became clear by the 
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isolation of intermediate 13, which was characterized 

on the basis ofspectral data: IR: 1720,1645cm ’ (r$- 
unsaturated Llactone); NMR: 6 1.10, 1.20 (each 3 H. 
d, J = 7Hz; two secondary Me groups). The C-l Me 
configuration (R) was supported by the well-known 
stereochemistry of allylic hydrogen migration on the 
catalytic hydrogenation I ’ and further results ofa more 
detailed hydrogenation. 

By checking compositions of the hydrogenation 
products with gas chromatography at regular time 
intervals. WC found that the migration of the double 
bond was completed in 45 min with Adams catalyst 
and m 20min with Raney nickel, as shown in Fig. 1. 
The process with Adams catalyst may be interpreted as 
follows: first, migration of the double bond at C-l and 
C-2 to C-2 and C-3 occurred, then the reduction took 
place with the more stable lactone 9 as the main 
product, presumably due to the thermodynamically 
controlled addition of hydrogen. The less stable cis,cis- 

lactone 12 was the minor reduction product, although 
it might have been expected from the addition of 
hydrogen from the lesb-hindered side of the 
intermediate molecule 13. Indeed. hydrogenation of 
neonepctalactone (5) with Raney nickel in ethanol 
afforded a mixture of 9 and 12 in the expected ratio of 
I :6. 

On the basis of these results, the other compounds 
isolated from this plant with structures determined in 
correlation to dehydroiridodiol and metatabiether 
must be also revised from the 8R to the 8S 

configuration. Correction of the previous assignment 
will be discussed in a forthcoming publication. 

EXPERIMENTAl. 

NMR spectra were recorded m CDCI, with TMS as the 
internal standard on a JEOL JNM-FXIOO instrument. IR 
spectra were taken as thin films between NaCl plates on a 
Hitachi EPI-G2 spectrometer equipped with a beam 
condenser. Optical rotations were measured in CHCI, on a 
Perkin-Elmer Model I41 polarimctcr. ORD and CD curves 
were recorded in EtOH on a JASCO J-20C instrument. Mass 
spectra were obtained on a Hitachl RMU-6 mass 
spectrometer (for CC-MS) or a JEOL JMS-OISG (for high 
resolution mass spectra) instrument. Glc was performed on a 
Hitachi 163 (for analytIcal work) or a Varian aerograph 920 
(for prcparatlvc work) instrument, using a 45 m x 0.25 mm 
glass capillary column coated with PEG 2OM or Thermon 
600T (analytical and CC-MS) or a 3 m x IOmm alumimum 
column packed with 5”,, Thermon loo0 on Chromosorb W 
(preparative). 

I.solarron N/ d(,h~droirtdodra/. neoneprralucronr and 
mcrfufahiefher. Fresh fruits (7 kg, collected m Toyama Pref in 
August 1978) were steam distilled and the essential oil (S.Xg) 
was chromatographcd over slllcic acid. Elution with 
benzene/EtOAc (5.1) gave I (2Og). Elutlon with 
benzene;EtOAc (I: I) gave a mixture of S and an unknown 
lactone (94Omg). Preparative Glc yielded pure samples of 
each lactone (cu IO: I). Air-dried fruits (1.3 kg) were steam 
distilled to ohtain the essential 011 (330mg) from which 6 
(60 mg) was Isolated by preparative Glc. 

Dehydroirrdodial (I ); [z]:’ + 80.0 (c = 1.00); uv: 
i~~~“253nm. loge 4.08: IR: 2740, 1725. 166Ocm ‘; NMR: 
d 1.01 (3 H. d. J = 7 Hz. C-8 MC). 2.17 (3 H. s. C-I Me), 9.96 
(I H. d. J = I Hz. C-8 CHO). 10.02 (I t1. s. C-2 CHO): MS: 
166(12”,,. M-).148(17).138(23).123(12).109(66),108(47). 
95(16).81(100).79(30~.67(2I).53(15)and41(22~: IFound. 
M- 166.0996. C,,,H,,b, requires: M’ 166.0993 1. L 

Nr~~,~eprru/u~ro~~~ (5): [x::,’ 166.8 (c = 0.31). I:V: 
i’-!‘“‘23Y nm IogE 4.01. IR: 1710. 163Xcm ‘: NMR: do.97 nIlI 
(3 H. d. J 7 i HI. C-X Me). 2.23 (3 H. t. J 7 I Hz. C-l Me). 

3 I9 (I H. m. C-3 H), 4.19.4 34 (each I H. AB q of ABX. JAx 
= 3 Hz. JRx = 3 Hz. J,,, = II Hz. C-9H,); MS: 166 (IOO”,,. 
M’).151(26).148(23).136(15).133(7).124(91).109(14).108 
(24).107(32).105(15).93(62),91(30).X1(22),80(38).79(vO). 
77 (33). 69 (IO), 67 (15). 65 (IS). 58 (13). 55 (12). 53 (16). 51 

(16). 43 (16). 41 (22) and 39 (24); [Found, M- 166.0993. 
C,,,H,,O, requires: MM’ 166.09931. The IR and NMR 
s&tr; of5 were identical to those if the authentic sample. 

Morcrrcthrrrlirr (6): [3~‘;,~ - 147.3 (( = 1.03): IR. 3100. 
1675. 10X5. 1045.890 cm ‘:xMR:60.77(3H.d.J=7Hz.C- 
XMc).l.32(3H.s.C-I Me).3.40.3.66(eachI H.ABqofABX. 
J AX = I2 Hz. J,,x = 6 Hz, JAR = I2 Hz. C-9 H,). 4.74 (2 H, s, 
C-7 H,). MS: 152 (39”,,, M+).137(44).124(17),110(47).109 
(34). 95 (100). Xl (2X). 67 (35). 55 (20) and 43 (54); IFound. 
M’ 152.1193. C,,H,,O requires: M’ 152.119X]. 

(4S,XR:S-p-IMrtlrh-I-en-9-?I ucefafr.\. Hydroboratlon of 
( - )-(S)-hmonene (:z]:: - 93 5 ) with disiamylborane 
according to the method of Pawson er al.’ afforded a mixture 
of the diastereoisomeric alcohols (4 and its 8R-Isomer; [~]9 
- 96.7 . c = 0.39) in 43”,, yield. This mixture was acetylated 
in the usual manner (Ac,O:‘pyridine) to alTord a mixture of 
(4S.XS)- and (4S,XR)-acetates (yield 96”,,) m a ratio of 1: I, 
according to NMR This acetate mixture showed ‘2:;” 

71.4 (1. = 1.09). IR: 1730. 123Ocm ‘: NMR: &0.9l. 0.93 
(combmcd 3 H. each d, J = 7 Hz. C-8 Me), 1.63 (3 H. br s, C- 1 
MC). 2.03 (3 H. s, OAc), 5.34 (I H. br s, C-2H); MS: 196 (2”,,, 
M - ). 136 (28). 121 (27). 107 (23), 95 (25), 94 (100). 93 (42). 79 
(2X). 68 (17). 55 (9). 43 (30) and 41 (IO) 

(3R.XS)- u,ld (3R.XR)-I-Mrrh,/-2-form~/-3(~~-u(.~ff~~~~- 

r.,oprop~/~?clo~nrene.s (3uird3’). According to our preccdmg 
paper’ or the procedure of Meinwald and Jones,h a soln 
containing all of the crude products from ozonolysis 
(MeOH; -7O’;l hr) of 8.Og of the acetate mixture, 5ml 
pip=erldme. and 5 ml AcOH m IOOml dry benzene was 
rcfluxcd using a Dean Stark trap for 5 hr. After the usual 
work up. the resulting brown oily material was chro- 
matographed on SI~ICIC acid. Elutmn with benzene EtOAc 

(IO. I) gave the unreacted btartlng material (0.41 g) and the 
desired acetate aldehyde mixture (3 and 3’; 1.63 g). Glc and 
NMR analysis of this mixture indicated that it was composed 
of 73 ‘I,, of 3 and 27 ‘I,, of 3’. Pure 3 and 3’ were separated by 
preparative Glc. The major isomer 3, with shorter retention 
time in Glc. showed [a]F + 23.1 (c = 0.16): NMR: 60.Y5 
(3 H. d, J = 7 Hz_ C-8 Me), 2.00 (3 H, s, OAc). 2.14 (3 H, t, 
J = I Hz.C-I Me), 3.83.3.8X (2 H, ABq, J,, = 7 Hz.C-9 H2). 
IO.00 (I H, s, C-2 CHO); MS: 210 (I”,,, M-), 16X (6). I50 
(100),135(33),121(17),109(72),107(31),93(13),91(11),81 
(85), 79 (29). 77 (l2), 67 (6). 65 (4). 53 (9). 43 (49) and 41 (15). 
This isomer was identified m all respects as (3R,8S)-l-mcthyl- 
2-formyl-3(&acetoxyisopropyl) cyclopentene. which was 
derived from 4 of the knoan absolute configuration ([sl If,’ 
- 102.2 , lit.’ [a];’ - 103.1 ), by the procidure described 
above. The minor 3R.8R isomer 3’ showed T~lb’ + 16.8 . 1._ 

(c = 0.56); IR: the same as 3: NMR: do.69 (3 H. d, J = 7 Hr. 
C-X MC), 2.04 (3 H, s, OAc), 2.15 (3 H. t, J - I Hz, C-l MC). 
3.92 (2 H. d, J = 7 Hz. C-Y H,), Y.YY (I H. s. C-2 CHO); MS: 
210 (4”,,. M-).16X(S). 15O(lOO). 135(52). I21 (22). 109(87). 
107(47),93(22).91(17),81 (XY),79(37).67(9).65(10),53(14) 
and 43 (X3). 

Deh!,droirrdodiol2 and isodrh~drorrldodlol2’. A soln of 3 or 
3’ (97 mg) In dry ether (2 ml) was added to a stirred and ice- 
cooled suspnslon of LAH (20 mg) in dry ether (3 ml). The 
mixture was stlrred for 30 min at room temp. The excess LAH 
was destroyed by careful addition of water and the whltc ppt 
was filtered OR. The ether SoIn was dried and the solvent was 
evaporated. Purification of the residue by column 
chromatography on sllicic acid gave the diols 2 or 2’ in ccl 
50 “,, yield. 

The (3R,8S)diol 2 (dehvdroiridodiol) derlvcd from 3 
showed [z]K - 20.7 (c =-2.28): IR: 3300. 1645. 1020. 
IOOOcm ‘: KMR: 60.89 (31~. d. J = 7Hz. C-X Me). 1.70 
(3 H.t.J-I EIr.C‘-I Mc).?.X6(2 [I. brs.2xO~I).343.3.51 
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(each 1 H, AB q of ABX, J*x = 8 Hz_ Jsx = 6Hq J,, 
= 1 I Hz. C-9 Hz). 4.17 (2 H. s. C-7 H,); MS: 152 (27”,,. M ’ 
-18~,137(49).122(53).107(100),105(31).93(45),91(59).7Y 
(58), 77 (33), 65 (17). 53 (16) and 41 (33). 

The OR-8R)diol 2’ (isodehydroiridodiol) derived from 3’ 
showed ;Y Ji7 - 15.3’~ (c = 0.78); IR: 3300, 1645, 1020. 
IOOOcm ‘: NMR: 60.67 (3H. d. J = 7Hz C-8 Me), 1.70 
(3H.t.J= IHz,C-lMe).2.88(1H.brs.OH),3.10(1H,brs. 
OH), 3.45. 3.47 (each 1 H. AB q of ABX, JAx = 8 Hz, J,x 
= 6Hz,J,, = I I Hz. C-9 H2).4.01. 4.25 (each 1 H, AB q. JAB 
= 12Hz.C7 H,): MS: 152 (27”“. M- - 18). 137 (100). 122 
(36), 107 (77). 95 (44). 93 (33), 91 (45). 79 (58). 67 (26). 55 (20). 
53 (18) and 41 (36). 

The IR and NMR spectra and [Y ]. of dehydroiridodiol 
derived from natural dehydroiridodial by LAH reduction 
were identical lo those of the synthesized 3R,8S-diol 2. 

Concersion o/dehydroiridodiol(2) into matotahiether (6). A 
mixtureof330mgofthesynthesizeddiol2in2mlofCCI,and 
235 mg of I2 was stirred for 5 min at room temp. The mixture 
was washed with sat Na,SO, aq, sat NaHCO, aq and water. 
Evaporation of the solvent gave a mixture of the ethers. Glc 
analysis indicated that the mixture contained 6 and 8 in a I :4 
ratio. Pure 6 was Isolated by preparative Glc. The IR and 
NMR spectra and [z]n of6 were identical to those of natural 
matatabiether. 

Conoersion of 6 into 2. A mixture of 6 (3.Og) and 85 ‘I,, 
HCOOH (20ml) was stirred for 6 hr at room temp. The 
mixture was poured into ice water. neutralized with 5”,, 
NaHCO, aq and extracted with ether. Distillation oftheether 
extract gave 509mg (yield I I I’,,) of diformate: bp. 
110-120./5mm;NMR:60.99(3H,d,J=6H~C-8Me).1.73 
(3 H, s, C-l Me), 3.74, 4.11 (each 1 H, AB q of ABX, J,, 
= 11 Hz, JAx = 6 Hz, JAB = 11 Hz, C-9 H,). 4.73 (2 H, s, C-7 
H,), 8.00, 8.03 (each 1 H. s, 2 x CHO). 

A soln of the diformate (500mg) m 5ml of dry ether was 
added to a suspension of LAH (300 mg) in dry ether (1Oml). 
The mixture was refluxed for 3 hr. After the usual work up, the 
residue was chromatographed on alumina. Elution with 
MeOH afforded 334mg of pure 2. Its IR and NMR spectra 
agreed with those of the synthesized diol 2. 

Cotwerswn of dehydroiridodiol (2) into neonepetulactone 
(5). A mixture of 220mg of the synthesized diol 2, 5.Og of 
MnO,, and 15ml of CHC13 was stirred for 30 hr at room 
temp. After the usual work up, the residue was refluxed with a 
soln of 2OOmg of NaOH in 2ml of water for 30min. The 
alkaline soln was acidified with 4N HCI and extracted with 
ether. Evaporation of the solvent afforded 57mg of crude 
lactone. Distillation gave 35 mg (yield 16 “,)ofpure 5, with IR 
and NMR spectra agreeing with those of natural 
neonepetalactone. 

Conr!ersron 015 into 2. LAH reduction of natural lactone 5 
gave the unsaturated diol2 in 90”,, yield. The NMR spectrum 
of this diol was identical to that of the synthesized diol 2. 
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Catalytic. hydrogenation of neonepetahctone (5) 

Genera/ procedure. In order to monitor the reactlon 
progress, a mixture of 20 mg of the lactone 5 in 3 ml of solvent 
(ether or ethanol) and IOmg of catalyst (PtO, or Raney Ni) 
was stirred under a hydrogen pressure of 1 atm at room temp. 
At regular intervals, the mixture was examined by analytical 
Glc. The composition of the mixture was determined by Glc 
peak areas. Tb Isolate the reduction products, a mix&e of 
100 mg of 5.3 ml of solvent, and 25 mg of catalyst was stirred 
until the amount of the desired component reached a 
maximum. Filtration of the catalyst and evaporation of the 
solvent gave a mixture of the reduction products. The mixture 
was separated by preparative Glc. 

Theenantiomeric isodihydronepetalactone (9). Thelactone 5 
was hydrogenated in ether over PtO, for 3 hr. Glc analysis 
indicated the presence of two reduction products 9 (95 ‘I.;) and 
I2 (5”“). A pure sample of the major iactone 9, isolated by 
prepative Glc, showed [z]b” - 1.20’ (C = 1.33); OR‘>: 
[djZjl +3054; IR: 1735cm-I; NMR: 60.97 (3H. d, 
J = 7H7,C-8 Me). l.lg(3H.d.J = 7Hz,C-1 Me),3.87,4.12 
(each 1 H, AB q of ABX. J,,x = 9 Hz. Jsx = 4Hz, J,, 
= 11 Hz. C-9 H,); MS: 168 (16”;. M’), 153 (57). 139 (12). 
126 (21). 123 (18). 113 (100). 100 (6). 95 (36), 81 (79). 69 (36). 
67 (531. 55 (21) and 41 (37). This lactone was identical in all 
respe& (Id, iMR, and mass), except for [~]n and ORD. to 
natural isodihydronepetalactone ( [411,, - 2987). 

I-Epi-dihydronepetalactone (12). The lactone 5 was 
hydrogenated in EtOH over Raney Ni for 4 hr. The product 
was analyzed by Glc; go”,, of 12, 13”,, of9, and 7”,, of 13.The 
major saturated lactone 12 was separated by preparative Glc 
and showed [Y ?** ,D - 17.9^ (c = 0.8O);IR: 1730cm-‘;NMR: 
6 0.92 (3 H, d, J = 7 HI C-8 Me), 0.99 (3 H, d, J = 7 Hz, C-l 
Me), 4.02 (1 H, d, J = 8 Hz, C-9H), 4.03 (1 H, d. J = 9 Hz, C-9 
H); MS: 168 (6”,,, M’). 153 (2), 139 (6). 126 (19). 113 (100). 
108 (10). 107 (6). 95 (27), 81 (35). 69 (18). 67 (33). 55 (I 5) and 
41 (26). 

The hydrogenation intermediate 13. The lactone 5 was 
hydrogenated in ether over PtO, for 4Omin. The mixture 
contamed 88 “, of 13 and 12 ‘I,, of 9. The major unsaturated 
lactone 13 was isolated by preparative Glc and showed [z];“ 
- 8.6’(c = 1.75);lR: 1720. 1640cm-‘;NMR:61.11 (3H.d. 
J = 7 Hz, C-8 Me), 1.20 (3 H, d, J = 7 Hz, C-l Me), 3.96.4.35 
(each 1 H, AB q of ABX, J*x = 9Hz, Jsx = 5Hz. 
JAB = 11 Hz, C-9 HZ); MS: 166 (100”~;. M-), 151 (51), 136 
(39). 123 (27), 121 (53). 113 (19). 109 (35). 107 (43). 95 (67). 93 
(37). 91 (30). 81 (57). 79 (36). 77 (25). 67 (47). 55 (24). 43 (32). 
41 (37) and 39 (24). 

LA H reduction of the enanriomeric isodihydronepetalactone. 
The lactone 9 (70 mg) in dry ether (4 ml) was added dropwise 
10 a suspension of LAH (1OOmg) m dry ether (8 ml). The 
mixture was refluxed for 2 hr. After the usual work up, the 
residual crystalline solid was recrystallized from 
hexane/CHCl, to give 59 mg of the dlol IO; mp 76 79’ ; [Y 1:” 

- 4.81” (c = 0.81). The lR and NMR spectra were identical 
to those of z-iridodiol (11’: mp 76-79. [z]:” + 6.46, 
c = 4.13) derived from natural isodihydronepetalactone. 

0 30 60 90 min 120 0 30 60 90 mi” 120 

Neonepetaloctone with Pt02/Ether Nmnepelalactone with Roney Ni/EtOH 

FI,~. I. Time-course observation of hydrogenation products. 5: Neonepetalactone; 13: The migration 
product: 9: The enantiomer of isodihydronepetalactone; 12: I-Epi-dmpdronepetalactone. 
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nc,k,~o,~/edgrmr,~c--- We are indebted to Prof. F. Murai. Aichl 
Medical University. for his valuable suggcstlons. 
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