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Abstract - The Vilsmeier reaction was utilized for the 
introduction of c-11 into irldoid glucoaides. Aucubin 
hexaacetate (3a). 6.10-dideoxy aucubin tetraacetate (6a) 
and S(S)-6.10-dideoxy-?,S-dihydro aucubin tetraacetate 
(7a) wure ueed as substrates for the reaction. 6a and 7a 
were prepared by catalytic transfer hydrogenation of 3a 
with formic acid and PI/C. The Vilsmeier reaction condi- 
tions were optimized with regard to the economic use of 
[“CHO]-DNF in the synthesis of [11-‘3C]-iridotrialgluco- 
side (9). Remarkably, 5 X of the label in the product 
turned out to be situated at C-3. 

INTRODUCTION. 

The biosynthesis of iridoid glucosides has been studied in some 

detail”’ by feeding experiments with labelled precursors. A problem of major 

interest has been the randomization of C-3 and C-11 which takes place during 

the biosynthesis of many iridoids. It has been suggested’ that randomization 

could take place through an intermediate such an iridotrial (1). 

20 OGlc 

Iridoid glucosldes 

Inouye et al.’ have used “C-labeled acyclic monoterpenea, such a.s 

[9-‘3C]-10-hydroxygeraniol 2. in the study of biosynthesis involving random- 

ization of C-3 and C-11. This paper describes a synthesis of [ll-‘%I- 

labelled iridoids with an intact iridoid skeleton for rrimilar applications. 
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Iridoids lacking C-11. such as aucubin (3) are readily available in use- 

ful amounts from many plant sources. The 4-position in these iridoids is ac- 

tivated toward elactrophilic attack and thus the synthesis of an ll-‘=C-iri- 

doid using such an iridoid as a substrate and a ‘aC-1abelled one-carbon elec- 

trophile might be a possibility. The Vilsmeier reaction, an aldehyde synthe- 

sis employing an electrophilic formylating agent derived from f ormamide and 

phosphorous oxychloride. appeared a reasonable choice. Vilsmeier formylations 

are commonly performed with activated aromatic substrates (phenols, anisols 

etc.) but also less activated substrates such as limonene.’ steroid en0 1 

etherse and dihydropyrane can be formylated (thus a 70 X yield has been re- 

ported’ for the latter). The presence of a dihydropyrane moiety in iridoids 

of the aucubin type suggests that these compunds too might be effective sub- 

strates in a 

from Aucuba 

in our first 

Vilsmeier formylation. As 3 can be isolated in large amounts 

japontca (2.5 X of the fresh weight), 3a was chosen as substrate 

experiments. 

RESULTS AND DISCUSSION. 

+ POCL3 - [ (CH3)&J = CHCI]tiPOCL2 

DMF 

*)Postscript "a" in compound numbers means the fully acetylated derivative. 

Employing the reaction conditions reported for the formylation of di- 

hydropyrane, we obtained 5a in a yield of only 14 % (Table 1. entry 1). de- 

spite a large excess of the Vilsmeier reagent. The reaction mixture contained 

not only unconverted 3a (60 X). but also a-D-glucopyranosyl chloride tetra- 

acetate (4a) (15%). indicating that extensive cleavage of the glycosidic bond 

had taken place during the reaction. Since the major purpose of investigating 

the reaction was the possibility of introducing a *=C label into the iridoids 

by means of DIIF. the utilized part of the DHF was of particular interest. In 

the first experiments this utilization amounted to an unacceptable 0.2 X. A 

possible explanation might be that the solvent (1.1.2-trichloro-ethylene) 

gave rise to a two-phased reaction mixture. Thus an experiment using no sol- 

vent (entry 4) improved the yield of 5a rather drastlcally. However. as DHF 

was used in large excess, the utilized part was still as low as 2.1 X. Unfor- 

tunately it seemed impossible to reduce the amount of DWF under these condi- 

tions, as even the large excess of DWF which had been used was unable to dis- 

solve the substrate completely. underlining the demand for a suitable sol- 

vent. Two experiments were performed in other solvents vi thout succes 
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Table 1. Dptlmlzatlon of the synthesis of 5m. 

entry 3a DHF Pocl s Solvent Tamp time Yields Utilized DHF 

(mmol)~(mmol) (mmol) (=I) (OC) (h) 5a.X 4m.Z (X) 

1 0.17 13.0 6.6 TCEx) 7 88 2 14 16 )HI) 0.2 

2 0.17 13.0 6.6 TCE 7 60 96 15 38 xa) 0.3 

3 0.17 3.3 1.65 TCE 3.5 60 24 <5 - 

4 0.17 3.3 1.65 - - 50 16 40 15 2.1 

5 0.17 3.3 1.65 NO&Is 1 50 16 5 5 0.3 

6 0.17 3.3 1.65 DHEU***) 1 50 16 - 10 

7 0.17 3.3 1.65 C&Cl, 2.5 40 19x24 60 20 3.1 

8 2.34 3.25 2.75 CHsCls 4 42 60 21 5 15 

9 2.67 52 26 CHsCls 8 42 72 63 - **) 3.2 

*) TCE = 1,1.2-trlchloro-ethylene. 

**) Isolated yield. Other yields were estimated by NHR; e.g. In entry 1. the 

aaount of 4a was determined only by NHR. in entry 9 It was not deter- 

mined at all. 

***) DRBU. 1.3-Dimethyl-2-imlaazolldinone, a dipolar aprotlc solvent (Rerck). 

(entry 5 and 6). Finally an experiment performed In dlchloromethane provided 

the desired one-phased reaction mixture and an acceptable yield (entry 7). In 

order to suppress the formation of ia. which presumably was produced by 

attack of hydrogen chloride formed In the reaatlon. a 4 A molecular sieve was 

added to the reaction mixture as a scavenger of HCl. In a second experiment 

with the same solvent. the amount of Vilsmeler reagent was reduced to an 

almost equlmolar amount of the substrate (entry 8). .In order to avoid 

(partial) saponification of the product, a saturated solution of NaHCO, was 

used for the work-up instead of NaOH. The yield of 5a was a moderate 21 X, 

but on the other hand the utilized part of the DRF this time amounted to 15 

x. A final experiment was run In order to optimize the yield of 5a. using a 

large excess of the Vllsmeler reagent and the improved experimental 

condi t i ons (entry 9). The progress of the reaction was monitored by working 

up sma .1 1 samples which were analysed by TLC. After 3 days, work up of the 

reaction mixture gave 5a In a yield of 63 X. 

In order to test other iridold substrates In the Vllsmeler reaction. we 

synthesized the two aucubln derivatives 6a and 7a. The synthesis was lnitlal- 

ly planned In analogy with that reported for deoxyloganln.’ Thus 3 or 3a by 

hydrogenolysis would gilI0 rise to 6.10-dldeoxyaucubln tetraacetate (6a). 

Stereospecific hydrogenation of the latter could yield S(S)-6.10-dldeoxy- 

7.8-dlhydroaucubln tetraacetate (7a). With regard to the first step, Birch 

reduction of 3a has been reported to give 6a In moderate yield.’ Formic acld- 

palladium on carbon has In our hands proved to be a useful system for cata- 

lytic transfer hydrogenation of allyllc acctoxys groups and we tested this in 

the present case. Thus treatment of 3a with 2 moles of formic acid In dioxane 

with palladium on carbon as the catalyst gave rise to a 33 X yield of 6a. 

after chromatography. However, using three moles of formic acid. a 46 X yield 

of 7a was obtained by aimple arystallisatlon of the mixture of reaction pro- 

ducts. Fur-thermore, none of the expected 8(R)-7a could be detected In the 

product. Reduction of double bonds under similar conditions have some preced- 
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The reaction conditions used in Table 1. entry 9. above was applied to 

6a. which proved to be a much better substrate, as Sa was‘obtained in a yield 

of 89 X after only 24h. Thib might be explained by the absence in 6a of the 

6-acetoxyl group. which could cause stsric hindrance. The reaction conditions 

developed in order to optimize the utilization of DNF (table 1. entry 8) were 

applied to 7a with some additional modifications. Thus the excees of DRF was 

2eq 

f- 

3a 

3eq 

CHO 

%c Aq - Qc Ac, 

6a 8a 

CHO 

QAq - QAc‘ 

?a Qa 

further reduced, and the reaction time was optimized to 48 h (by working up 

small samples every 4 h, and analysing by NW). Here Qa was obtained in a 

yield of 26 X, but the utilization of DRF amounted to 27 X. Thlr synthesis 

vas repeated with ‘eC-carbonyl DHF. giving [11-‘%]+a in a similar yield. 

Though the yield of labelled 9a was as expected. it was observed by both ‘H 

and *sC NRR spectra of the product that about 5 X of the labeling in the mol- 

ecule was situated at C-3. We have not been able to provide a satisfactory 

explanation for this, since C-3 and C-11 at no stage during the reaction will 

become equivalent. according to the mechanism proposed.” 

Iridoids carrying an If-‘sCH0 group are very useful for the preparation of 

other labelled iridoids for use in biosynthetic experiments. as the aldehyde 

functionality can easily be either reduced or oxidized. 

EXPERIREWTAL. 

General: Melting points are corrected. NWR spectra were recorded on Bruker 
AR-500, HX-90 or W-90 Instruments. THS was used as internal standard In 
CDCls and HDO (6 4.8) in DsO. HPLC was performed on Narck Fertigesulen size B 
and C (reversed phasej. and flash chromatography on Si-gel (Rerck, Kleaelgel 
60, 40-63 p). Hicroanalyeea were performed by Novo Kicroanalytical Laborato- 
ry. Acetylations were done with excess acetic anhydride in pyridine using 
4-(dimethylamino)-pyridina as catalyst . Solvent8 and reagents used in the 
Vilsrefer reactions were freshly destilled. Dimetliyl fornamlde (DHF) and 
c&Cl s were dried over 4 A molecular sieve. The glass equipment was dried at 
120 ‘C and the starting material at 60 ‘C for 24 hr. The 16 ml screw-cap ves- 
sel was sealed with a septum made of one layer of teflon foil and two butyl 
rubber layers, supported by a metal di:$ (with a central hole of 1.0 mm) and 
closed with a 13 mm plastic screw cap . Aucubin (3) wa* obtained from 

Aucuba japontca. 

CcneraL procedure for the YtLsreicr reactton (Table I cntrtes I-7). 
DHF and POCls were mixed in about one third of the solvent under’Ns at 0 “C 
in a 50 ml flask equipped with magnetic stirring and a reflux condenser seal- 
ed with a CaCl, drying tube. Stirring wan continued for 1 b at r.t., then a 

solution of 3a (100 mg) in the remaining part of the solvent (l-3 ml) was 
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added. and the mixture heated on an oil bath to the desired temperature. Rork 
up: The reaction mixture was poured into a vigorously stirred mixture of 
CHsCls (20 ml) and a solution of NasAPO, in water (20 ml). 1 N NaOH was added 
dropwise to kaep pH > 8. Stirring was continued for 1 h. then the phases were 
separated and the water phase extracted twice with CRsCls (30 ml). The com- 
bined organic phases were washed with water (2x100 ml). dried with NasSO. and 
reduced in uacuo. Analvslm of the nroducts formed fentrv 2): Prenarative TLC 
(EtsO) on the mixtu;e of producis gave in decreising-order of-mobility: 4a 
(25 mg. 38 X): ‘HRRR (CDCl,. 90 R&I: 6 6.31 (d. J-3.6 Hz. H-l): 5.61 It, 
j=Q.S- Hz. R-3); 6.16 (t.-J=Q.O Rx; R-4); 5.68 (dd. Jt3.5 bid 6.5 Hz. H-2): 
4.27 (m. H-5 and 6-CR2); 2.0-2.15 (4xOAc). 3a (20 mg. 20 X) and 5a (16 mg. 15 
%) 1 NHR-spectrum as below. 

Prcparotton of 5a (Table 1 
The procedure was the same 
1 entry 8. 

Preparatton of So (Table 1 
DHF (4.0 ml. 52.0 mmol). 
placed under dry Ar in the 
for lh. and then cooled to 

entru 8). 
as below, but with the parameters listed in Table 

entry 9). 
CH&ls (4 ml) and 4 A molecular sieve (0.7 g) were 
15 ml screw-cap re~sel. The solution was stirred 
-25 ‘C. Then POCle (2.4 ml. 26.0 mmol) was inject- . ._ __ _ 

ed and the solution was stirrea. without cooling. allowing the temperature to 
rise to r.t. when the stirring was continued for 1 h. Then a solution of au- 
cubin hexaacetate (3a) (1.61 g. 2.67 l mol) in CHsCls (4.0 ml) rao injected. 
The pressure in the vessel was reduced to atm. presmure under Ar. and it was 
heated to 42 ‘C in an aluminum block. still with mannetic stirrinn. for 72 h. 
The reaction mixtura was poured into-a vigorously sTirred mixture--of CHsCls 
(50 ml). satd. NaHCOe solution (50 ml) and solid NaHCO, (10 g). After 1 h the 
mixture wa8 filtered through_Celite. The product wa; extricted with CHsCls 
(75 ml) washed with water (2x100 ml), dried over NasSO. and reduced tn uacuo. 
Flash chromatography (hexane/EtOAc. 1:l) gave (5a) (1.05 g. 63 X). An analyt- 
ical sample was crystallised from EtOH. m.p. 165-Q°C (dec.): [a];o-85.0° 

(c=O.Q. CHCl,); ‘H NIB 
H-3) : 

(CDCls. 500 HHz): 6 9.32 J=O.7 Hz. 
5.91 (t. Jzl.6 

(s. H-11): 7.17 (d. 
Hz. H-7); 5.52 (m. H-6); 6.27 (d. J=5.2 Hz. H-l): 4.88 

(d. J-8.0 Hz; H-l’): 4.73 (a, IO-CH,):‘ 3.26 (dd. 5~2.5 and 8.5 Hz. H-9); 3.18 
(m. H-5); 2.1-1.95 (6xOAc); 13C NHR (CDCls. 22.6 HHz): 6 189.5 (d. J=175 Hz. 
C-11): 170.5. 170.2. 170.1. 
C-3) ; 

169.3. 168.9 (GO. acetate): 160.5 (d. J=lQl Hz. 
142.5 (s. C-8): 129.5 (d.J=172 Hz. C-7): 121.1 Id. Jr24 Hz. C-4): 96.5 

~:i3Q0~::*C-:)f)&.3.0 (d. J:140 H 
90.4 (d j=i56 Hz.&); 6i:l (t, Jii&-HZ. C-i0); 45.6 (d. 

z. C-5): 21.1 and 20.5 (q. J=131 Hz. ace- 
tate-CH,): 96.5. 72.2, 72.2, 70.6. 68.1 and 61.5 (C-l’. C-3’. C-5’. C-2’. 
C-4’ and C-6’). Analysis: Found C. 53.71; H. 5.45; CssHJIOLs requires C. 
53.67; H. 5.47. 

Preparation qf 6,10-dtdeoxy aucubin tetraacetate (&a). 
Aucubin hexaacetate (3a) (3.6 g. 6.0 mmol) was dissolved in dry 1.4-dloxane 
(50 ml). Then Pd/C (750 mg) and HCOOH (510 mg. 11.1 mmol) was added. The 
stirred mixture was refluxed. and the progress of the reaction ras followed 
by TLC. After 1 h the reaction mixture was cooled to r.t.. filtered through 
celite and reduced ln uacuo. Flash chromatonranhv fEtOAc/Toluene 2:3) fol- 
low:: by Erystallisation from EfCH providei 6h 1856 rn%, 30 X). m.p.134-7 ‘C. 
Cal, -108 (c=O.4. CHCls). Lit. . m-p. 137-8 ‘C. [a]: -142’ (~~0.5. CHCle). 

Preparatton of S(S)-6.10-dideoxy-7,8-dLhydroaucubtn tetraacetate (7a). 
Aucubin hexaacetate (3a) (10.0 g. 16.8 mmol) was dissolved in dry 1,4-dioxane 
(150 ml). PI/C (2.5 g) and formic acid (1.9 ml. 50.4 mmol) was added, and the 
stirred mixture was refluxed for 1 h. Rork up as above followed by crystal- 
lisation and recrystallisation of the crude mixture from EtOH gave 7a (3.70 
g. 46 X) q .p. 126-7 ‘C: [a]:’ -137.5O (~~0.8. CHCle) ; ‘H NHR (CDCl.. 500 

HHzl : 6 6.04 fdd. Ja6.2 and 2.0 Hz. H-3): 5.16 Id. Jz2.5 Hz. H-l): 4.90 Id. 
~~810 HZ, H-1’); 4:62 (1, H-4); 2.6O.(m. iiS); 2107-2.0 I~4~CA~);‘~1.Q5-1:15 
(7-CHs: 6-CHs; H-S: H-Q): 1.04 (d. J=6.5 Hz. IO-CHs) ; C NHR (CDCle. 22.6 
HHz) 6 170.2. 169.8. 169.0 and 168.9 (C=O. acetate) ; 137.1 (d. J=196 Hz. 
C-3) : 108.4 (d. 5~167 Hz. C-4): 93.5 (d. J=178 Hz C-l); 48.5 (d. J=l31 Hr. 
C-Qj: 33.4 (d:J=127 Hz. C-8): 32.1 (t, j=l29 Hz. C-7): 31.5 (d; J=135 Hz. 
C-5) : 30.0 (t, J1131 Hz. C-6); 20.3-20.2 (q. J=130 Hz. acetat-CHe); 19.3 (q. 
J=126 Hz. C-10): 95.2. 72.2. 71.6. 70.4. 68.1. 61.5 (C-l’, C-5’. C-3’. C-2’. 
C-4’. and C-6’). Analysis: Found C, 56.90; If. 6.63; Cs3H3s011 requires C. 
57.02; H. 6.66. 

Preparatton of 80. 
Formylation of 6.10-dideoxy aucubin acetate (6a) (1.30 g. 2.70 q mol) with DHF 
(4 ml. 52 mmol) and POCl. above in the 
preparation oi 

(2.4 ml. 26 maol) was performed as 
5a (tabl; 1 entry 9) but-with 6 reaction time of only 24 h. 

Flash chromatography (EtOAc/toluene. 2:3) gave Sa (1.23 g. 89%). From EtOH 
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was crystallised 1150 mg. r.p. 136-6 ‘C. [a]:’ -28’ (~00.7. CHCls). Analysis: 

Found C. 56.07: H. 6.03; C,,H,,O,, requires C. 56.46: II. 5.92. 

Preparatton of trtdotrtalglucostde (9) mtth high uttltzotton ,of DBF. 
7a (3.48 g. 7.19 pmol) In’CHsCl s (6 ml) was formelated as above (preparation 
of 8a (Table 1 entry 9)) using DHF (0.50 g. 6.88 mmol) and POCls (1.0 g. 6.50 
mmol) under dry Ar for 48 h. DRF and POCls were mixed in 2 ml of the solvent. 
At aprox. -8 OC the Vilsmeier complex precipitated, but dissolved again at 
about +5 ‘C. Flash chromatography of the crude product (hexane/EtOAc. 1:1) 
gave 9a, (1.85 g contaminated with glucose. tetraacetate). Da-acetylation 
(NaORe/HbOH) 
27 X). 

and purification by prep-HPLC (HsO/HeOH.3:2). yielded 9s6682 mg. 
From EtOAc was crystallised a sample, m.p. 146-8 ‘C; [a] -104O 

(c=O.6. ReOH). Lit.‘=: q .p. 146-7 OC. [ali -117’ (cn2.0. YeOH): ‘H &R (DsO, 

500 HHz): 6 9.13.(s.H-11); 7.45 (d.Jm3.9 Hz.H-3): 5.54 (d.J=3.9 Hz.H-1): 4.86 
(d.J=S.O Hz.H-1’); 2.95 (bq. J=6 Hz. H-5): 2.2-1.25 (H-9, H-8, 6-CHs and 
7-CH,); 1.09 (d. J~6.1 Hz. lo-CH3): ‘=C NRR (DsO, 22.6 HHz): 6 196.0 (C-11): 
164.8 (C-3): 125.3 (C-4): 98.9 (C-l); 48.4 (C-9); 35.4 (C-8); 33.2 (C-7); 
31.3 (C-5); 30.8 C26): 19.9 (C-10); 99.7, 77.2. 76.5, 73.5. 70.4 and 61.5 
(C-l’. C-5’. c- 50 , C-2’, C-4’ and C-6’). Analysis: Found C. 53.02; H. 7.16: 
C,sHs.Os,HsO requires C. 53.02: H. 7.25. 

Prepuratton of’ [ll- “CJ-trtdotrtaLgLuiosCde (9). 
Formylation of (7a) (3.48 g. 7.19 mmol) as above, using 0.5 g > 90 X ‘sC-car- 
bony1 DRF (Stohler Isotope Chemicals) gave 1.82 g’ crude [11-‘sC]-9a.. after 
flash chromatography. Deacetylation (NaCRe/ReOH) and purification by 
prep-HPLC as above, gavelill-*‘Cl-12 (672 mg. corresponting to a, total uti- 
lization of 27 X of the C-DJlF) as a colourless foam.’ H NHR (DsO. 500 IRiz): 
6 9.13 (d. JHTc=175 Hz. H-11 on ‘sC-11): 6 9.13 (s. H-11 on ‘sC-11) (integra-, 

tion showed an 86 X labelling of C-11); 7.45 (bd. 3JH_3.c_ll = 5.3 HZ. H-3 6 

to “C-11); 7.45 (bs. H-3 p to ‘sC-11): 7.45 (bd. 1JH_3 c_3 = 191 Hz. H-3 on 

‘sC-3) (integrals showed 5 X labelling of C-3); the~remaining part of the 
spectrum as above: ‘sC NRR (DsO. 22.6 RHz): 6 196.2 (C-11); 164.8 (C-3) (re- 
lative intensities: 14:l). 
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