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combined toluene extracts were dried over anhydrous MgSO, and 
the solvent was evaporated on an efficient rotary evaporator 
keeping the bath temperature below 40 "C. The resulting viscous 
oil was washed with a few milliliters of n-pentane to afford the 
sulfamyloxaziridines lb. The purity and diastereomer ratios were 
determined by NMR and melting point. 
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Note added in proof: We have observed that Oxone 
that has been exposed to moisture for several months gives 
reduced reactivity in the oxidations described here. 
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We have recently been interested in the synthesis of 
bioactive compounds or their intermediates from readily 
accessible iridoid glucosides. In particular the preparation 
of cyclopentenoid 1,5-dialdehydes,ls2 of a Corey lactone 
ana l~gue ,~  and, more recently, of a new 1l-deoxy-ll-P- 
methoxy-lla-(hydroxymethyl)-12-epi-PGFz, methyl ester4 
from aucubin (1) (Chart I) have already been described. 

Herein we wish to report the synthesis of bicyclic y- 
lactone 10 (3-oxo-6-a-(dimethoxymethyl)-7-methyl-cis-2- 
oxabicyclo[3.3.0]7-octene),5 a useful intermediate for 11- 
methyl PG's syntheses. 

Our approach to 10 started from aucubin (l), the most 
diffuse and abundant iridoid glucoside6 (20 g of 1 were 

(1) Davini, E.; Iavarone, C.; Trogolo, C.; Aureli, P.; Pasolini, B. Phy- 
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1985, 50, 958. 
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1986,51, 4600. 
(5) For practical reasons from now on compounds 1,2,3,5,  and 7 will 

be referred to with iridoid numbering and 4, 9, 10, and 11 with PG 
numbering. 
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Chart I 

4 , R = M e  
9,  R = H  1,  R = O H .  R ' = B - G l u  3, R = H  

2 ,  R = H. R ' = B - G I u  
7 ,  R = OH, R ' =  H 

5 .  R =OAc 

0 

P3 
QCH0 

12 

8 10, R =Me 
11. R = H  

A a CH,OR 

13 

obtained from 1 kg of fresh leaves of the common shrub 
Aucuba japonica) and represents a new route to 11-methyl 
PG analogues, which in some cases showed high ac t i~ i ty .~  
In particular, 11-deoxy- 1 la,l6,16-trimethyl PGE28 (Tri- 
moprostil), synthetized by Hoffmann La Roche Co., as well 
as a recent Syntex example? have been successfully tested 
as antiulcer drugs. 

Results and Discussion 
Aucubin (I,) was subjected for a short period (15 min) 

to a Birch reduction (Li/NH,) a t  a low temperature (-90 
"C). After the usual workup and chromatographic puri- 
fication 10-monodeoxyaucubin (2) was isolated in good 
yield (83%) besides 6,lO-dideoxyaucubin (12%). 

According to the Berkowitz procedure,lOJ1 the penta-0- 
acetyl derivative of 2 was transformed into the well-known 
acetyl lactone 311 (85% overall yield from 2), previously 
utilized as the 7,8-dihydro derivative for synthesis of 11- 
deoxy-11-methyl PG intermediates.l' 

The aim of our strategy was, on the contrary, that of 
retaining the A7 double bond of 3 to take advantage of the 
reactivity of the allylic 6-OH for closure of the bicyclo 
y-lactone system (Corey lactone). 

Therefore, the lactone 3 was subjected to acidic meth- 
anolysis, affording, after the usual workup and final 

~ 
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1431. 
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60 (Aug 16), 30. 
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H.; Gomi, K.; Sakamoto, K. Rinsho Yakuri 1985, 16, 203. 
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Horn, A. R.; Wren, D. Prostaglandins 1987,33, 169. 
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(11) Bonadies, F.; Gubbiotti, A.; Bonini, C. Gazz. Chim. Ital. 1985,115, 
45. 

I ,  , 0 1988 American Chemical Society 



2090 J.  Org. Chem., Vol. 53, No. 9, 1988 Notes 

chromatographic purification, the dimethyl  acetal methyl 
es ter  4 (yield, 55%). 

The formation of 4 f rom 3 was not completely predict- 
able as, i n  identical conditions, the corresponding acetyl 
lactone 5 of aucubin underwent an acid-catalyzed rear- 
rangement  to the t r imethoxy derivative 6.4 This trans- 
formation closely resembled the one of aucubigenin (7) (the 
aglycon of 1) in to  tricyclic hemiacetal S.12 

The different behavior of 3 and 5 points out the key role 
of allylic 10-OH in this reaction, suggesting more extensive 
investigation of th i s  interesting rearrangement .  

Methyl  ester 4, subjected to basic conditions was com- 
pletely hydrolyzed in  8 h. The solution was acidified, and 
a TLC control showed the initial formation of free acid 9 
and its successive complete transformation into a less polar 
compound,  the dimethyl  acetal y-lactone 10, which was 
obtained,  b y  standard workup and chromatographic  pu- 
rification, as a colorless oil (84% overall yield from 4). T h e  
a orientation of the dimethoxymethyl function at C-12 has 
been confirmed b y  a sp in  decoupling experiment. T h e  
irradiation of the sharp double t  at 6 4.38 (H-13) reduces 
the broad tr iplet  at 6 2.97 (H-12) to a doublet  with a 
coupling constant value (Js,12 = 7.7 Hz) in  agreement with 
a cis relationship between a /3 H-8 and H-12. The reverse 
trans configuration would have shown a very small J value 
(dihedral angle @.8,12 = goo). 

The y-lactone ring closure proceeds through an intra-  
molecular nucleophylic attack on allylic carbocation at C-9 
b y  the COOH group of the a-or iented side chain at C-8. 
An analogous te t rahydrofuran ring closure has already 
been described3 for a cyclopent-lO-en-9/3-o1 derivative ( P G  
numbering) having a /3-hydroxyethyl side chain at C-8 i n  
t h e  a configuration. 

The Corey lactone analogue 10 (yield (1 - lo), 33%) 
can be considered a useful chiral synthon for the obtaining 
of 11-methyl PG's of the A, C, and F series. In fact  t h e  
corresponding aldehyde 11 (11-nor derivative of 10) re- 
sulted to b e  a precursor,13 through well-known aldehyde 

of C  prostaglandin^'^ and thromboxane B2.15 On the 
o ther  hand the a - /3 epimerization of the formyl group 
at  C-12 is a rout ine reaction16 i n  PG chemistry, and th is  
makes 10 a potential 11-methyl derivative of 13, a classical 
intermediate  for PGA217 and PGF18 syntheses. 

Experimental Section 
General Procedures. Routine 'H NMR spectra were recorded 

at  90 MHz on a Perkin-Elmer R-32 instrument, while high-field 
spectra were recorded at  300 MHz on a Varian XL 300 WB. 
spectrometer. 'H NMR data were reported as parts per million 
(6) downfield from Me4Si with the multiplicities, assignments, 
and J values (Hz) in parentheses. I3C NMR spectra were recorded 
at  75 MHz on a Varian XL 300 WE%. spectrometer and are reported 
in parts per million (ppm) downfield from Me4Si. TLC were 
performed on silica gel 60 F-254 plates (E. Merck) and paper 
chromatography (PC) on Schleicher-Schull No. 2043 Mgl paper. 
Spray reagents: 2 N HzS04, heating at 120 "C (TLC); vanillin 

(12) Bianco, A.; Guiso, M.; Iavarone, C.; Passacantilli, P.; Trogolo, C. 
Tetrahedron 1984, 40, 1191. 

(13) Paquette, L. A.; Crouse, G. D. Tetrahedron 1981, 37, 281. 
(14) (a) Kelly, R. C.; Schletter, I.; Jones, R. L. Prostaglandins 1973, 

4, 653. (b) Crabb6, P.; Guzman, A.; Vera, M. Tetrahedron Lett. 1973, 
3021,4730. (c) Crabb6, P.; Cervantes, A. Tetrahedron Lett. 1973, 1319. 

(15) (a) Nelson, N. A.; Jackson, R. W. Tetrahedron Lett. 1976,3275. 
(b) Kelly, R. C.; Schletter, I.; Stein, S. J. Tetrahedron Lett. 1976, 3279. 
(c) Schneider, W. P.; Morge, R. A. Tetrahedron Lett. 1976, 3283. 

(16) (a) Corey, E. J.; Wollenberg, R. H. J. Org. Chem. 1975,40, 2265. 
(b) Naruto, M.; Ohno, K.; Naruse, N. Tetrahedron Lett. 1978, 1419. 

(17) (a) Corey, E. J.; Grieco, P. A. Tetrahedron Lett. 1972, 107. (b) 
Corey, E. J.; Moinet, G. J .  Am. Chem. SOC. 1973, 95,6831. (c) Corey, E. 
J.; Mann, J. J.  Am. Chem. SOC. 1973, 95, 6832. 

(18) Ranganathan, S.; Ranganathan. D.; Mehrotra, A. K. Tetrahedron 
Lett. 1975, 1215. 

[vanillin (1 g), concentrated HCl(2 mL), MeOH (100 mL)], heating 
a t  100 "C (PC). MeOH was distilled over lithium aluminium 
hydride and pyridine over barium oxide. 

Isolation of 1 from Aucuba japonica. Fresh leaves and 
branches of Aucuba japonica (2.5 kg) were roughly chopped and 
extracted with water (4 X 10 L) a t  100 "C for 2 h, with the pH 
maintained in the range 7-8. A PC of the extracts [n-BuOH- 
AcOH-H,O (63:10:27)] visualized with vanillin showed the 
presence of eucommi~l'~ (R, 0.51, olive-brown) as minor component 
and of aucubin (1) (R, 0.28, pink-lilac). The aqueous extracts were 
concentrated in vacuo to 1 L and diluted with EtOH (4 L). The 
suspension was filtered, and the solution, evaporated to a small 
volume, was loaded onto a column of Celite, packed with water. 
Elution with n-BuOH saturated with water afforded eucommiol 
(4 g) and 1 (58 g), which was recrystallized from EtOH to afford 
34 g of pure 1. Chromatographic purification of the mother liquor 
with the same eluent gave further pure 1 (15 g): total yield of 
1 ,49  g, 2%. 

10-Monodeoxyaucubin (2). 1 (3 g, 8.7 mmol) was dissolved 
with stirring in EtOH (10 mL) and cooled a t  -35 "C. After the 
addition of liquid NH3 (150 mL), the temperature was lowered 
to -90 "C, and to the stirred solution was added an excess of Li 
(1 g). After 20 min the deep blue solution was decolored by 
addition of absolute EtOH (10 mL). After 10 min both the 
additions (Li and EtOH) were repeated, then the mixture was 
allowed to stand overnight a t  room temperature. The residue 
was diluted with water (300 mL) and neutralized with 2 N HC1. 
Charcoal (30 g) was added to the solution with stirring, and the 
mixture was stratified on a gooch funnel, washed with water (5 
L), and finally eluted with MeOH (600 mL). The MeOH solution 
was evaporated in vacuo to dryness. The residue was chroma- 
tographed on silica gel by eluting with 8 2  chloroform-methanol 
to afford 6,lO-dideoxyaucubin (300 mg, 12%) and 10-mono- 
deoxyaucubin (2) (2.4 g, 83%) as an amorphous powder: 'H NMR 

(br s, 1 H, H-7), 5.54 (d, 1 H, H-1, J1,9 = 3.0), 5.05 (dd, 1 H, H-4, 
53,4 = 6.3, J4,5 = 3.3), 4.46 (br s, 1 H, H-6), 3.19 (br s, 1 H, H-9), 
2.80 (br s, 1 H, H-5), 1.88 (br s, 3 H, 3 H-10); I3C NMR (DzO) 

(4, c-10). 

"C)1. 

(90 MHz, DzO) 6 6.17 (dd, 1 H, H-3, J3,4 = 6.3, J3,5 = 1.8), 5.68 

6 146.41 (s, C-8), 139.84 (d, C-3), 128.73 (d, C-7), 106.55 (d, C-4), 
95.05 (d, C-1), 81.18 (d, C-6), 49.33 (d, C-9), 41.53 (d, C-5), 15.25 

Acetyl Lactone 3 from 2. See ref 11 [mp 79 "C (lit. 79-80 

Methanolysis of Lactone 3 to  4. To a stirred suspension of 
3 (1 g, 1.8 mmol) in anhydrous MeOH (20 mL) was added an- 
hydrous p-toluenesulfonic acid (0.3 9). The reaction mixture was 
stirred overnight a t  room temperature and then neutralized with 
a saturated Na2C03 solution. After concentration under reduced 
pressure, the aqueous residue was extracted with ethyl ether (5 
X 40 mL). The extracts, dried over Na2S04 and evaporated in 
vacuo, afforded a residue, which chromatographed on silica gel 
[hexane-Et,O (8:2)] gave 240 mg (yield, 55%) of pure 4 as oil: 
'H NMR (300 MHz, CDCl,) 6 5.70 (br s ,  1 H, H-lo), 4.22 (d, 1 
H, H-13, J12,13 = 3.3),4.10 (br s, 1 H, H-9), 3.68 (s, 3 H, COOCH3), 
3.34 (s, 6 H, 2 13-OCH3), 2.97 (br t, 1 H, H-12, J12.13 = 3.3), 2.7-2.5 
(m, 3 H,  2 H-7, H-8), 1.80 (s, 3 H, ll-CH3); I3C NMR (CDCl,) 

44.18 (d, C-81, 33.47 (t, C-7), 16.91 (q, ll-CH3). 
Hydrolysis of 4: Lactone 10. To  a solution of 4 (150 mg, 

0.6 mmol) in MeOH (3 mL) was added a saturated solution (3  
mL) of Ba(OH), with stirring. After 8 h a t  room temperature 
the solution was extracted with Et10 to eliminate neutral im- 
purities and then acidified (2 N HCl) to pH 3. A TLC control 
[chloroform-MeOH (9:1)] showed that the free carboxylic acid 
9 initially formed (Rf  0.48) was completely transformed in 2 h into 
the lactone 10 (R, 0.84). After neutralization with a saturated 
Na2CO3 solution and concentration under reduced pressure, the 
aqueous residue was extracted with EtzO (4 X 50 mL). The 
extracts, dried over Na2S04 and evaporated in vacuo, afforded 
a residue which, chromatographed on silica gel [hexane-EkO (1:1)] 
gave pure 10 (110 mg; yield, 84%) as colorless oil: 'H NMR (300 
MHz, CDC1,) F 5.63 (br s, 1 H,  H-lo), 5.32 (d, 1 H, H-9), 4.38 (d, 

6 173.83 (s, C-6), 143.47 (s, C-ll), 127.29 (d, C-lo), 106.38 (d, C-13), 
89.24 (d, C-9), 56.65, 55.39, 54.93 (9, 3 OCH,), 51.34 (d, C-12), 

(19) Bianco, A.; Iavarone, C.; Trogolo, C. Tetrahedron 1974,30,4117. 
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1 H, H-13, J12,13 = 6.0), 3.42 and 3.39 (s, 6 H, 2 OCH,), 3.19 
(complex m, 1 H, H-8), 2.97 (br t, 1 H, H-12, J = 7.0), 2.77 (dd, 
1 H,  HA-^, JAB = 18.0, J A , ~  = 7.2), 2.54 (dd, 1 H, JAB = 18.0, 
JB,s  = 10.2), 1.83 (9, 3 H, 11-CHB); 13C NMR (CDClJ 6 177.65 (9, 

C-6), 147.01 (9, C-ll ) ,  125.66 (d, C-lo), 105.20 (d, C-13), 87.12 (d, 

31.02 (t, C-7), 16.07 (4, ll-CH,). 
C-9), 54.98 and 54.70 (4, 2 OCH,), 51.58 (d, C-12),39.01 (d, C-8), 

Registry No. 1, 479-98-1; 2, 63879-67-4; 3, 86537-27-1; 4, 
111795-30-3; 10, 111795-31-4; 6,10-dideoxyaucubin, 31655-27-3. 
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Carbonyl 0-oxides and their isomeric dioxiranes are 
important intermediates in many oxidation pr0cesses.l 
Whereas some substituted dioxiranes are stable enough 
to be investigated in s o l u t i ~ n , ~ ~ ~  the very unstable carbonyl 
oxides only have lifetimes in the range of microseconds at 
room t empera t~ re .~  During the last few years several 
carbonyl oxides have been characterized spectroscopically 
by using the matrix isolation 

In this paper we report the matrix isolation and spec- 
troscopic characterization of p-benzoquinone oxide (1). 
This allows for the first time a comparison of a carbonyl 
oxide and a carbonyl functional group in the same molecule 
spectroscopically. By comparison of the vibrational fre- 
quencies of both functional groups it is possible to gain 
information about the electronic structure of 1 and the 
relative importance of the resonance structures la-c.8 

la lb  IC 

Photolysis (A > 475 nm) of p-benzoquinone diazide (2),9 
matrix isolated in Ar at  9 K, gave 4-oxo-2,5-cyclo- 
hexadienylidene (3)1° in a clean reaction (Scheme I). The 

(1) Mimoun, H. Angew. Chem. 1982,94,750; Angew. Chem., Int. Ed. 
Engl. 1982, 21, 734. 

(2) (a) Murray, R. W.; Jeyaraman, R. J.  Org. Chem. 1985,50,2847. (b) 
Cassidei, L.; Fiorentino, M.; Mello, R.; Siacovelli, 0.; Curci, R. J.  Org. 
Chem. 1987,52,699. (c) Adam, W.; Chan, Y.-Y.; Cremer, D.; Gauss, J.; 
Scheutzow, D.; Schindler, M. J.  Org. Chem. 1987, 52, 2800. 

(3) Talbott, R. I.; Thompson, P. G. US. Patent 3632606, 1972. 
(4) Example for a laser photolysis study: Fujiwara, Y.; Tanimoto, Y.; 

Itoh, M.; Hirai, K.; Tomioka, H. J.  Am. Chem. SOC. 1987, 109, 1942. 
(5) (a) Dunkin, I. R.; Shields, C. J. J. Chem. SOC., Chem. Commun. 

1986, 154. (b) Bell, G. A.; Dunkin, I. R.; Shields, C. J. Spectrochim. Acta, 
Par t  A 1985, 41A, 1221. 

(6) (a) Sander, W. Angew. Chem. 1986, 98, 255; Angew. Chem., Int. 
Ed. Engl. 1986,25,255. (b) Sander, W. Spectrochim. Acta, Part A 1987, 
43A, 637. 

(7) Ganzer, G. A.; Sheridan, R. S.; Liu, M. T. H. J .  Am. Chem. SOC. 
1986, 108, 1517. 

(8) The oxygen transfer of l,4-naphthoquinone oxide in solution was 
investigated, and from the low nucleophilicity of this species a large 
participation of resonance structures of type la was deduced: Adam, W.; 
Diirr, H.; Haas, W.; Lohray, B. Angew. Chem. 1986,98,85; Angew. Chem., 
Int. Ed. Engl. 1986, 25, 101. 

(9) 2 IR (Ar, 9 K) 20&1 (s), 2074 (vs), 1635 (s), 1628 (s), 1591 (m), 1406 
(m), 1241 (m), 1145 (m), 845 (m) cm-'. 2-d4: IR (Ar, 9K) 2080 (vs), 2044 
(m), 1630 (s), 1616 (s), 1562 (s), 1304 (s), 1140 (m), 830 (m), 745 (m), 657 
(m) cm-'. 
(10) 3 is the primary product of the photolysis of 2. On irradiation (X 

543 f 20 nm) an isomer 3a of unknown structure is formed. The pho- 
tochemistry of 3 is currently under investigation. 3: IR (Ar, 9 K) 1496 
(s), 1375 (m), 1260 (m), 1076 (m), 937 (m), 819 (s) cm-'; UV (Ar, 9 K) 290, 
297,338,351,367,379,496,508,521,535,550,566 nm. 3a: IR (Ar, 9 K) 
1720 (s), 1713 (vs), 1305 (w), 1005 (m), 843 (m), 797 (m), 743 (w), 582 (s) 
cm-'. 

0022-326318811953-2091$01.50/0 

Scheme I 
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Figure 1. Vis spectrum of 1. The band is assigned to the intense 
P+P* transition with A,, at 462 nm. 

-30 t i  
1800 1600 1400 1200 1000 800 - S [cm-'] 

Figure 2. Difference IR spectrum showing the photochemistry 
of 1. Bottom: bands assigned to 1, disappearing on irradiation 
(A > 630 nm). Top: new bands of 4 growing in. 

IR spectrum of 3 shows an intense absorption at 1496 

tion is found half-way between the C=O stretching mode 
of p-benzoquinone (6) (1682 cm-I)l1 and the C-0 stretching 
mode of phenol (1250 cm-l),12 and thus a bond order of 
approximately 1.5 can be deduced. This finding is in 
agreement with ESR  investigation^'^ and trapping ex- 

cm-l , 10 assigned to the C-0 stretching mode. This vibra- 

~~ ~ ~~~ 

(11) 6: IR (Ar, 9 K) 1707 (Wc1682 (m), 1672 (s), 1658 (m), 1596 (w), 
1301 (m, 6 C-H), 1066 (m, d C-H), 942 (w), 885 (m, d C-H). For a 
vibrational analysis of 6, see: Becker, E. D.; Charney, E.; Anno, T. J. 
Chem. Phys. 1965,42, 942. 

(12) Green, J. H. S. Spectrochim. Acta 1971,27A, 2199. 
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