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Stereoeontrolled synthesis of (+) -  and (-)-iridomyrmecin 
from citronellene enantiomers 
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Natural (+)-iridomyrmecm and its unnatural enantiomer (-)-iridomyrmecin were syn- 
thesized by intrarnolecular [3+2] dipolar cycloaddition of silyl nitronates that had been 
generated from the nitro derivatives of (+)- and (-)-citronellenes, respectively. 
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(+)-t3-citronellene: (-)-13-citronellene; silyl nitronate, intramotecular [3+2] dipolar cycload- 
dition. 

It has been shown previously 1,2 that the intramo- 
lecular [3+2] dipolar  cycloaddition o f  silyl nitronate, 
generated in situ from the nitro derivative of (_+)-lina- 
looi, opens up easy access to terpenoids incorporating 
an iridane carbon framework. In this communicat ion we 
consider the appl icat ion of this approach to the synthe- 
sis of  a natural iridolactone, (+)-ir idomyrmecin ((+)-1),  3 
and its unnatural enantiomer, ( - ) - 1 ,  from (+)-  and 
( - ) -c i t rone l l enes  ((5)-2 and (R)-2, respectively). 
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In the former case, the industrially available mixture 
of products of  the thermolysis of (+)-p inane  ("technical 
dihydromyrcene," TDM)  containing-60% (5)-2 of-50% 
optical purity (cf. Ref. 4) was used as the source of the 
starting 13-citronellene (5)-2. Treatment of  TDM with 
sodium nitrite in AcOH (cf Ref. 1) gave the previously 
unknown nitro derivative of citronellene 3 (Scheme I) 
in -90% yield (with respect to the content  of  compound 
(5)-2 in TDM).  

In a way similar  to that previously reported for 
related compounds,  1'5 the transformation of  nitroolefin 
3 into silyl ni t ronate  4 after treatment with N,O-bis(tri- 
methylsi lyl)acetamide (BSA) is accompanied by the in- 
t ramolecular  cycloaddit ion of  4 resulting in a mixture of 
bicyclic adducts  5 in near ly  quant i t a t ive  yield. 
The d ias te reose lecdv i ty  of  the process  was found 
to be ra ther  high: the ratio of  the p redominan t  
products, (3aR,4S,6aS)-cyclopentanoisoxazolidines 5a/5b 
(a-OTMS/I3-OTMS = 2 : I), to the minor  products, 
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Reagents and conditions: a. NaNO2/AcOH, 15--20 ~ 
b. BSA/NEt3/MeCN/PhH, 85 oC (HMDS/NEt 3, 110 ~ 
c. KF-2H20/MeOH/THF, -40  ~ +20 ~ 

(3aS,4S,6aR)-5c/5d (a -OTMS/13-OTMS = 2 : I),  was 
-9  : 1 ( IH N M R  spectroscopy data) .  

The above result can be exp la ined  by considering the 
molecular  model of  nitronate 4. In fact, due to steric 
factors, the pre-react ion or ien ta t ion  B of  dipole 4 with 
respect to the double bond of  t h e  same molecule, re- 
quired for the formation of  the m i n o r  products 5c,d, is 
believed to be less favorable than conf igurat ion A corre- 
sponding to isoxazolidines 5a,b. 
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It is noteworthy that an almost identical mixture of 
bicyclic products 5 was obtained by heating nitro deriva- 
tive 3 in the presence of hexamethytdisilazane (HMDS).  
T1ais is apparently the first time this reagent has been 
used for the silytation of  nitro compounds. 

The structures of labile components of  mixture 5 and 
its composition were determined from 1H and 13C N M R  
spectroscopic data and by comparing them to the spec- 
troscopic characteristics obtained previously for related 
compounds. 1,s In particular,  the above ratios of  com- 
pounds 5 were found by comparing the integral intensi- 
ties of  the sig_nals reliably identified in the 1H N M R  
spectra in the region of 8 3.2---4.2 from the protons of  
CH20 groups of  the main components 5a and 5b (see 
Experimental) and from those of the minor  admixtures 
5c [8:3 .90 (dd, 1 H, a r = 3.2 and 8.4 Hz); 4.32 (rid, 
1 H, Ji = J2 = 8.4 Hz)] and 5d [8:3.24 (dd, 1 H, Jl = 
J2 = 8.0 Hz); 3.52 (dd, I H, J =  4.5 and 8.0 Hz)]. 
The subsequent chemical  transformations of  cyclopenta-  
noisoxazolidines 5 also confirm their structure. For  ex- 
ample, the previously discovered 1,5 transformation of 
type 5 isoxazotidines by treatment with K F - 2 H 2 0  re- 
suits in this case in a mixture of substituted cyclopentanes 
6. Their isomeric ratio, trans-(6a+6-b)/cis-rc ~ 9 : 1 
(6a/6b = 2 : t) ,  reflects the composition of  the starting 
mixture 5. The conjugated oximes 6a - - c  were isolated 
quantitatively by means of  HPLC and characterized by 
e lementa l  analys is ,  mass spec t romet r ic  data,  and 
1H N M R  spectroscopy. An additional confirmation of  
the structure of  conjugated oximes 6a and fib (cf. Ref. 2) 
is that the same cyclic acetal 7 is formed when they are 
hydrotyzed (Scheme 2). The reagent TiCI3/HCI 6 was 
found to be more efficient for their hydrolysis than the 
previously used Tl(NO3)3. 2 

It should be noted that the preparative synthesis of  
acetal 7 can be performed more conveniently by directly 
hydrolyzing the mixture of oximes 6a - -e  without sepa- 
rating it, followed by isolation of  the target compound 
by flash chromatography on A120 > 

Using the selected synthetic plan, acetal 7 was then 
oxidated with the Jones reagent to give lactone 8, hydro-  
genation of which over platinum black in AcOH or in 
the presence of  nickel boride afforded the target  
( + ) - i r i d o m y ~ e c i n  (+)-1  (yield >40% with respect to 
the five stages described). When Pd/C was used as the 
catalyst, the process occurred less selectively and almost 
quantitatively gave a readily chromatographically sepa- 
rable mixture of  (+)-1  and its natural epimer ( - ) - i s o -  
ir idomyrmecin ( - ) - 9  (see Ref. 7) in -3  : 1 ratio. The 
conjugated reduction of lactone 8 in the presence o f  the 
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Reagents and conditions: a. t0% solution of TiCI3 in 13% 
HCl(aq.), MeOH, 20 ~ b. CrO3, H2SO4(aq.), Me2CO , 
0 ~ c. H2, Pt, AcOH, 20 ~ 1 bar (H2, Ni-boride, EtOH, 
I00 *C. 95 bar). 

reagent N i C I 2 - 6 H 2 0 / N a B H  4 (c f  Ref. 2) for this pur-  
pose was found to be totally nonselective; this procedure 
resulted in the formation o f  nearly equal amounts  of  
saturated lactones (+)-1 and ( - ) - 9 .  

The structures of  the hitherto unknown compounds 
7 and 8 were confirmed by the combined data from 
elemental analyses, IH N M R ,  IR spectroscopy, and 
mass spectrometry. In particular,  the spatial position of  
the MeO group with respect to the s ix-membered cycle 
in acetal 7 was assigned on the basis of the nuclear 
Overhauser effects (NOE, see Scheme 2) observed in its 
differential spectrum. The physicochemical  characteris- 
tics of iridoids (+)-1  and (--)-9 virtually coincided with 
those reported for these natural compounds.3, 7-9 The 
measured optical rotation angles for the former, [ a id  
+103 ~ (c 1.46, CH2C12) (data from Ref. 3: [a]D 17 +205 ~ 
(c 0.223, CC14)), and for the latter, [e~]D --21.2 ~ (c 0.24, 
CH2C12) (data from Ref. 7:[Ct]D19 --64 ~ (c 1.0, CC14)), 
correspond to an optical purity o f - 5 0 %  of  the com- 
pounds synthesized. Since the component  (S)-2 in TDM 
has comparable optical purity,  the result obtained indi- 
cates a high degree of  stereocontrol  in all of  the steps in 
the route 2 ~ 5 ~ 6 --+ 7 --+ 8 -+ (+)-1.  

The synthesis of ( - ) - i r i domyrme c in  ( - ) - 1  (Ref. 10) 
from (-)-13-citronellene (Fluka,  [Ct]D --5.57 ~ ee 56%) 
through nitro compound 10, cyclopentanoisoxazolidines 
11, oximes 12, acetal 13, and lactone 14 (Scheme 3) 
was carried out in exactly the  same way and with a 
comparable overall yield. 

The structures of  compounds 10--14, which were 
obtained for the first t ime, were confirmed in the same 
way as those described above for the related structures 3, 
5--8 .  The spectroscopic characteristics of  the lactone 
( - ) - 1  synthesized by this procedure were almost identi- 
cal to those published previously for it I~ and for its 
natural stereoisomer (+)-1.  9 The optical rotation angle 
[e~]D --124 ~ (c 0-69, MeOH)  corresponds with that of 
the starting diene (R)-2. 
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Reagents and conditions: a. N a N O J A c O H ,  15--20 ~ 
b. HMDS/NEt3,  110 ~ c. KF-  2H20 /MeOH/ I 'HF ,  
-40  ~ +20 ~ d. 10% solution of  TiCI 3 in 13% HCl(aq.), 
MeOH, 20 ~ e. CrO 3, H2SO4(aq.), Me2CO, 15 ~ 
f H~, Pt, AcOH, 20 ~ 1 bar. 

E x p e r i m e n t a l  

IR spectra of solutions in CHCI3* were recorded on a 
Specord M-80 instrument. IH and t3C NMR spectra of solu- 
tions in CDCl 3 were recorded on a Bruker AC-200 spectrom- 
eter (200.I 3 and 50.32 MHz, respectively). Chemical shifts in 
the IH and ~3C NMR spectra were measured with respect to 
the signals of the solvent (6 7.27 (IH) and 77.0 (13C)). El mass 
spectra were obtained on a Varian MAT 311A mass spectrom- 
eter at 70 eV. The Rf values are given for a fixed layer of 
Silufol grade S i t  2. The values o f  [ct] D were measured on a 
Jasco DIP-360 polarimeter. HPLC was performed on a col- 
umn with Silasorb 600 (10 V-, 250x24 ram), using heptane-- 
AcOEt (3 : 2, v/v) as the eluent (v = 7 mL rain -1) and a 
refractometer as the detector. 

(3RS,6S)-2,6-Dimethyl-3-nitro-l,7-oetadiene (3). NaNO2 
(110 g. 1.59 tool) was added in portions at 15 ~ over a 

" Unless specified otherwise. 

period of 3.5 h to a vigorously stirred solution of TDM (10 g) 
containing (53-2 (6 g, 43.5 mmot) in acetic acid (330 mL). 
The reaction mixture was kept at 20 ~ for 15 h, diluted with 
water (170 mL), and extracted with petroleum ether  
(4x50 mL). The extract was washed with water (3x20 mL), 
dried with MgSO a, and concentrated in vacuo. The residue 
(-11 g) was distilled /n vacuo to collect the fraction with b.p. 
62--70 ~ (2 Tort). Repeated distillation gave 7.36 g (92%) 
of compound 3 as a viscous Light yellow liquid with b.p. 71 ~ 
(2 Torr), Rf 0.42 (heptane--ether, 95 : 5), nDl7 1.4660. IR, 
v /cm-h  920, I000, 1280, 1375, 1450, 1540, 1640, 2920, 2960. 
MS, m/~ 137 [M-46] +. IH NMR, 6:1.02 (d, 3 H, MeC(6), 
J - -  6 Hz); !.83 (br.s, 3 H, MeC(2)); 1.20--2.30 (m, 5 H, 
CH z, HC(6)); 4.85 (m, I H, HC--NO2);  5.10--5.20 (m, 2 H, 
H2C(1)); 5.00 (m, 2 H, H2C(8)); 5.6 (m, 1 H, HC(7)). 
13C NMR, 5:18.06 (MeC(6)); 20.15 (MeC(2)); 28.75 (C(4)); 
32.37 (C(5)); 37.41 (C(6)); 92.52 (C(3)); 113.74 (C(1)); 118.56 
(C(8)); 138.62 (C(2)); t42.97 (C(7)). Found (%): C, 65.37; 
H, 9.35; N, 7.71. CIoH~TNO 2. Calculated (%): C, 65.57; 
H, 9.29; N, 7.65. 

(3ao~S,6R)-2,6-Dimethyl-3-nitro-l,7-octadiene (10). A pro- 
cedure similar to the above, but starting with (+)-t3-citronellene 
(R)-2, gave nitro compound 10 virtually identical (according 
to its Rf, b.p., and IH NMR spectrum) to the sample of 
compound 3 synthesized by us. 

(1S~3aR,4S,6aS) - 6a-Isopropenyt-4-methyl- I -trimethyisilyl - 
oxyperhydrocyclopenta[c]isoxazole (Sa) and (1R,3aR,4S,6aS)- 
6a-isopropenyi-4-methyl- 1-1rimethytsflytoxyperhydrocydo0enta- 
[c]isoxazole (Sb). A. A solution of nitro compound 3 (0.62 g, 
3.38 tool), BSA (1.38 g, 6.8 retool), and Et3N (0.17 g, 
1.7 retool) in benzene (4 mL) and MeCN (0.4 mL) was 
heated at 85 *C for 8 h (Az) and then worked up with 
petroleum ether and water. The aqueous layer was separated 
and extracted with petroleum ether. Usual work up of the 
combined organic layer gave 0.74 g of  a product, whose 
distillation in vacuo gave 0.5 g (68%) of  a mixture 5a/5b 
(~2 : 1) containing -10% isomers 5(: and 5d (IH N M R  spec- 
troscopy data) as a colorless liquid with b.p. 43--44 ~ (2 Tort), 
nD 2~ 1.4674. tH NMR, & 0.17 (5a) and 0.20 (5b) (s, 9 H, 
Me--Si); 1.00 (5b) (d, 3 H, MeC(4), I - -  6.2 Hz); 1.04 (5a) 
(d, 3 H, MeC(4), Y = 6.4 Hz); 1.20--2.70 (5a,b) (m, 6 H, 
CH2); 1.83 (br.s, 3 H, Me); 2.62 (Sa,b) (m, 1 H, HC(3a)); 
3.61 (5a) (dd, I H, 13-HC(3), ] = 7.9 and 2.9 Hz); 3.96 (5b) 
(dd, I H, 13-HC(3), ]1 = J2 = 7.9 l--Iz); 4.19 (5b) (dd, 1 H, 
,,-HC(3), g = 9.1 and 7.9 Hz); 4.49 (5a) (dd, 1 H, a-HC(3),  
J = 8.7 and 7.9 Hz); 4.74, 4.83 (5a) (both br.s, 2 H, H2C=C); 
4.80, 5.02 (5b) (both br.s, 2 H, H2C=C).  13C NMR, 6 : -0 .42  
(5b), -0.22 (5a) (Me--Si); 20.32 (5a), 20.59 (5b) (Me); 23.58, 
27.58, 30.65, 32.93, 34.87, 38.01 (5a,b) (CH2); 45.02 (5a), 
48.96 (Sb) (C(3a)); 73.82 (Sb), 75.20 (5a) (C(3)); 91.85 (5b), 
92.38 (5a) (C(6a)); 109.69 (5a), 110.18 (5b) (H2..Q=C); 145.62 
(5a), 147.02 (5b) (H2C=C_). High resolution MS, re~z: 
255.16597 [M]*; calculated for Ct3H25NO2Si, m/z:. 255.16531. 

B. A solution oftaitro compound 3 (1.0 g, 5.46 retool) and 
Et3N (1.1 g, 11 rnmol) in HMDS (5 mL) was heated at 
110 ~ for 20 h (An'). The reaction mixture was worked up as 
in the previous experiment to give 0.7 g (50%) of a mixture of  
isomers 5 almost identical to the s, ample described above 
(according to the tH NMR spectrum). 

( I R , 3 a S , 4 R , 6 a R )  - 6a-  l s o p r o p e n y l - 4 -  me thy l -  1 - t r i -  
methylsi lyloxyperhydroeyciopenta[e]isoxazole ( l l a )  and 
( lS,3aS,4n,  aa~-6a-isopropenyl-4-methyl- l-trimethylsilyloxy- 
perhydrocyclopenta[c]isoxazole ( l lb) .  Using a procedure similar 
to that described above, nitro compound 10 was transformed 
into a mixture ofisoxazolidines 11, whose spectral characteristics 
coincide with those given for the isomer mixture 5. 
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2- [ (2R,3S)-2-Hydroxymethyl-3-methyl-E-eyelopentyl-  
idene]propanaldoxime (6a), 2-[(2R,3S)-2-hydroxymethyl- 
3-methyI-Z-eyclopentylidene]propanaldoxime (6b), and 
2 - [ (2S,3S)-2-hydroxymethyi-3-methyl-E-cyelopentylidene]pro- 
panaldoxime (6e). A solution of isomer mixture 5 (0.34 g, 
1.3 retool) in THF (2 mL) was added in one portion to a 
suspension of KF- 2H20 (0.3 g, 3.19 retool) in MeOH (2 mL) 
and THF (2 mL) vigorously stirred at -40  ~ The reaction 
mixture was warmed to 20 *C over a period of 40 rain, stirred 
for 2 h at this temperature, and diluted with 40 mL of ether. 
The precipitate was filtered off and washed with ether on the 
filter, and the filtrate was concentrated in vaeuo. The residue 
(~0.3 g) was chromatographed on SiO 2 (30 g). Gradient 
elution from petroleum ether to ethyl acetate (up to 40,% of the 
latter) gave 0.18 g (76,%) of a mixture of isomers 6 as a viscous 
light yellow oil, Rf 0.54 (petroleum ether--AeOEt, 1 : 1). 
Found (%): C. 65.85: H, 9.34. CIoHI7NO 2. Calculated (,%): 
C, 65_54; H, 9.35. MS, m/~ 183 [M] +, 146, 145, 144, 152. 
Individual components of the mixture were quantitatively iso- 
lated by means of HPLC. 

IH NMR, 5 for oxime 6a: 0.95 (d, 3 H, MeC(3), J = 
6.9 Ha); 1.34 (m, I H, 13-HC(4)); 1.82 (br.s, 3 H, MeC(2)); 
1.92 (m, 1 H, ~-HC(4)); 2.21 (m, 1 H, HC(3)); 2.56 (m, 
2 H, H2C(5)); 3.48 (dd, I H, HCO, J = 10.8 and 8.7 Hz); 
3.59 (dd, 1 H, HCO, J = 10.8 and 4.7 Ha); 8.1 (s, I H, HCN). 
{~ID 25 +54.9* (c 0.71, CH2C12). 

J H NMR, ~5 for oxime 6b: 0.92 (d, 3 H, MeC(3), J = 
7.0 Hz); 1.40, 1.92 (both m, 2 H, HC(4)); 1.83 (br.s, 
3 H, MeC=); 2.22 (m, 1 H, HC(3)); 2.45, 2.52 (both m, 
2 H, HC(5)); 2.68 (m, I H, HC(2)); 3.48, 3.52 (both br.s, 
2 H, HCO); 8.1 (br.s, I H, HCN). [clip 25 +17.0 ~ (c 0.82, 
CH2C12). 

JH NMR, 8 for oxime 6c: 1.12 (d, 3 H, MeC(3), J = 
6.9 Hz); 1.52, 1.85 (both m, 2 H, HC(4)); 1.90 (br.s, 
3 H, MeC=); 2.11 (m, 1 H, HC(3)); 2.45, 2.58 (both m. 
2 H, HC(5)); 2.90 (m, 1 H, HC(2)): 3.57 (dd, 1 H, HCO, 
J =  11.2 and 5.6 Hz); 3.78 (dd, 1 H, HCO, J = 11.2 and 
6.4 Hz); 8.2 (br.s, 1 H, CHN). [~]D 25 --78.4 ~ (c 0.69, CH2C12). 

2- [ (2S,3R)- 2- Hydroxymethyl-3- methyl-E- eyclope[] tyl- 
idene]propanaldoxime (12a), 2-[(2S,3R)-2-hydroxymethyl- 
3-methyl-Z-cyclopentylidene]propanaldoxime (12b), and 
2-[(2R,3R)-2-hydroxymethyl-3-methyI-E-cyclopentylidene]pro- 
panaldoxime (12c). Similarly to the above procedure, the 
mixture of isoxazolidines 11 was transformed into oximes 12.a 
with [~Z]D2S --55.2 ~ (c 0.92, CH2C12), 12b with let]D25 -20.3 ~ 
(c 0.71, CH2C12), and 12e with [~]D ~ +77.0 ~ (c 1.32, CH2C12). 

( 3 R, 7 S,7 a R)-  3- M ethoxy-4, 7-dime thyl- l,3,5,6, 7, 7 a-hexa- 
hydrocyclopenta[c]pyran (7). A 10% solution of TiCI.~ in 13% 
HC1 (I I mL) was added dropwise over a period of 5 rain to a 
solution of isomer mixture 6 (1 g, 5.5 mmol) in MeOH 
(20 mL) and petroleum ether (20 mL) stirred at 20 *C CAr). 
The reaction mixture was allowed to stand for 10 h and 
worked up with petroleum ether and water. The aqueous layer 
was separated, and the organic layer was washed with water. 
dried with MgSO4, and concentrated in vacuo. The residue 
(~1 g) was chromatographed on .*d203 (30 g). Elution with an 
AcOEt--petroleum ether mixture (1 : 5) gave ~0.9 g of a 
compound with Rf 0.82 (AcOEt--petroleum ether, 1 : 4), 
whose distillation afforded 0.85 g (84/%) of compound 7 as a 
colorless liquid with b.p. 48 ~ (2 Torr). IR (thin layer), 
v/era-l:  950, 1050, 1080, 1090, 1190, 1250, 1350, 1380, 1392. 
1464, 2800--3000. tH NMR, 6:1.05 (d, 3 H, MeC(7), J = 
6.2 Hz); 1.23, 1.40 (both m, 2 H, HC(6)); 1.61 (br.s, 3 H, 
MeC(4)); 1.85--2.0 (m, 2 H, HC(5)); 2.25--2.37 (m, 2 H, 
HC(7), HC(7a)): 3.32 (dd, 1 H, ]3-HCO, J = 10.7 and 0.5 Hz); 
3.43 (s, 3 H, MeO); 3.83 (dd, t H, r J = [0.7 and 

5.5 Hz); 4.56 (br.s, 1 H, HC(3)).  13C NMR, `5:14.73 
(MeC(7)); 18.50 (MeC(4)); 27.25 (C(6)); 33.34 (C(5)); 38.19 
(C(7)); 47.19 (C(7a)); 55.31 (MeO): 62.43 (C(1)); 98.02 (C(3)); 
122.58 (C(4)); 141.03 (C(4a)). MS, re~z: 152 [M-301 § Found 
(%): C, 72.53; H, 10.18. CI1HIsO 2. Calculated (/%): C, 72.53; 
H, 9.89. [a]D 25 --14.7 ~ (c 0.33, CH2C12). 

(3S,7R,7aS)-3- MethoxT-4,7-dimethyl- 1,3,5,6,7,7a-hexa- 
hydroeyclopenta[c]pyran (13). Similarly to the above proce- 
dure, the mixture of oximes 12 was transformed into acetal 13 
with b.p. 48 ~ (2 Ton') and [=]D 25 --26.9 ~ (c 0.33, CH2C12). 
Its IH and 13C NMR spectra virtually coincide with those 
reported for compound 7. 

(7S,7a.R)-4,7-Dimethyl-5,6,7,7a-tetrahydrocyelopeuta[c]- 
pyran-3(1H)-one  (8). A solution of  acetal 7 (0.85 g, 
4.57 rnrnol) in acetone (30 mL) vigorously stirred at 0 *C was 
titrated with the Jones reagent prepared from CrO 3 (1.32 g, 
I5.7 mrnol), concentrated H2SO ~ (1.15 mL), and H20 (4 mL) 
until stable yellow coloring was obtained (~2.4 mL). The 
reaction mixture was diluted with water (50 mL) and extracted 
with ether (3x25 mL). The combined extracts were washed 
with saturated NaHCO 3 and water (I0 mL of each), dried 
with MgSOa, and concentrated /n vacuo. The residue (0.73 g) 
was chromatographed on SiO 2. Gradient elution from up to 
20% of AcOEt in petroleum ether gave 0.68 g (80/%) of 
compound 8 as a colorless liquid with b.p. 120 ~ (1 Tort), 
Rf 0.43 (petroleum ether--AcOEt. 1 : I). IR (thin layer), 
v/cm-~: 770, 1030, 1081, 1125, 1145, 1170, 1310, 1400, 1460, 
1720, 2800, 3000. IH NMR, ~: 1.03 (d, 3 H, MeC(7), J = 
9.3 Hz); 1.36, 1.52 (both m, 2 H, HC(6)); 1.69 (br.s, 3 H, 
MeC(4)); 2.02 (m, 1 H, HC(7)); 2.2--2.5 (m, 3 H, HC(5). 
HC(Ta)); 3.81 (dd, 1 H, 13-HCO, a r = 12.6 and 10.2 Hz); 4.35 
(dd, I H, ct-HCO, J = 10.2 and 5.9 Hz). 13C NMR, 6:12.5 
(MgC(7)); 17.8 (MeC(4)); 28.7 (C(6)); 33.6 (C(5)); 38.2 
(C(7)); 46.5 (C(7a)); 70.1 (C(1)); 118.7 (C(4)); 161.3 (C(4a)); 
165.2 (C(3)). MS, m/~. 166 [M] "~. Found (%): C, 72.38: 
H, 8.59. CIoHI402. Calculated (%): C, 72.29; H, 8.43. let]D25 
+58.2 ~ (c 0.33, CH2C12). 

(7R,7aS)-4,7-Dimethyl-5,6,7,7a-tetrahydrocyelopeuta[ c]- 
pyran-3(1H)-one (14). Similarly to the above procedure, ac- 
etal 13 was transformed into lactone 14 with b.p. 120--121 *C 
(1 Torr) and [Ct]D2S --93.4 ~ (c 0.33, CH2C12). Its IH and 
I3C NMR spectra virtually coincide with those reported for 
compound 8_ 

(+)-Iridomyrmeciu ((+)-1).  A. PrO 2 (20 mg) was added to 
a solution of  lactone 8 (0.4 g, 2.4 retool) in ethyl acetate 
(5 mL) and acetic acid (0.5 mL). The reaction mixture was 
stirred at 20 ~ for 12 h under hydrogen, then the catalyst was 
filtered off, the filtrate was concentrated in vacuo, and the 
residue was dissolved in ether (10 mL). The ethereal extract 
was washed with saturated NaHCO 3 and water, dried with 
MgSO4, and concentrated in vacuo to give 0.37 g (92%) of 
enantiomer (+)-1 as a viscous colorless oil, Rf 0.47 (petroleum 
ether--AcOEt, I : i), which crystallizes from pentane when 
cooled (--15 to -10  *C) as colorless prisms with m.p. 59.5-- 
60.5 ~ (Ref. 3: m.p. 61--62 ~ [Ct]D~ +103 ~ (c 1.46, 
CH2C12). IH NMR, ~: 1.05 (d, 3 H, Me(10), J = 5.6 Ha); 
1.13 (d, 3 H, Me(l l ) ,  J =6.6  Hz); 1.0--1.2, 1.7--1.9 (both m, 
6 H, CH, CH2); 2.5--2.75 (m, 2 H, HC(5), HC(9)); 4.16 (d, 
1 H, ct-HC(l) ,  J = 11.7 Hz); 4.27 (dd, 1 H, ~-HC(1), J = 
l t .7  and 3.0 Hz). t3C NMR, ,5:16.16 (Me(10)); 17.29 
(Me(i1));  32.13 (C(6)); 36.19 (C(7)); 39.11 (C(8)); 39.70 
(C(4)); 42.71 (C(9)); 46.74 (C(5)); 67.78 (C(I)); 170.3 (C(3)). 

B. A solution of NaBH 4 (68.4 mg, 1.8 retool) in water 
(2 mL) was added in two portions to a solution of NiC12 �9 6H.O 
(143 rag, 0.6 mmol) in water (4 mL). The resulting suspen- 
sion was stirred for 5 rain and then decanted, and a solution of 
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lactone 8 (0.1 g, 0.6 mmol) in ethanol (2 mL) was added to 
the precipitate. The reaction mixture was stirred for 4 h at 
90--95 ~ under hydrogen (95 bar) and then filtered. The 
filtrate was concentrated in vaeuo to give 110 mg (77%) of  a 
mixture of compounds (+)-1 and 9 (95 : 5, 1H NMR spec- 
troscopy data). 

(-)-Iridomyrmeein ((--)-1). Similarly to the above proce- 
dure (method A), compound 14 was transformed into lactone 
(-)-1 with m.p. 59.5--60.5 ~ (Ref. 10: m.p. 59--60 ~ and 
[a]D 25 --t24.4 ~ (c 0.69, MeOH). Its ~H and 13C NMR spectra 
virtually coincide with those Iisted above for stereomer (+)-I .  

( - ) - Isoir idomyrmecin (9). A. N iC t2 -6H20  (238 mg, 
I retool) was added at 0 ~ (.a.r) to a vigorously stirred 
solution of lactone 8 (0.34 g, 2.1 retool) in MeOH (25 mL), 
and then NaBH4 (0.55 g, 14.5 retool) was added in portions 
over a period of  I0 rain. The reaction mixture was stirred at 
0 *C for I h and at 20 *C for 3 h, treated with water (50 mL), 
neutralized with 50% H2SO 4, and extracted with ether (50 mL). 
The extract was washed with water (3x20 mL), dried with 
MgSO4, and concentrated in vacuo to give 0.21 g (62%) of a 
mixture of compounds (+)-1 and 9 (-1 : 1, IH NMR spec- 
troscopy data) as a colorless oil, which was chromatographer 
on 100 g of SiO 2. Elution with a petroleum ether--AcOEt 
mixture (3 : 1) gave 90 nag (26%) of enantiomer (-e)-I and 
105 rag (31%) of compound 9. 

Lactone 9 was obtained as colorless crystals with m-p- 56-- 
57 ~ (pentane) (Ref. 7: m.p. 58--59 ~ Rf 0.43 (petroleum 
ether--AcOEt,  1 : i)  [C~]D 25 --21.2 ~ (c 0.24, CH~CI2). 
IH NMK, 6:0 .92 (d, 3 H, Me(10), J = 5.6 Hz); 1.22 (d, 
3 H, Me(l l ) ,  J = 6.6 Hz); 1.0--1.4, 1.7--2.2 (both m, 7 H, 
CH, CH2); 2.25--2.40 (rn, I H, HC(9)); 3.85 (dd, I H, 
ct-HC(1), J = 12.0 and 10.5 Hz); 4.40 (dd, 1 H, 13-HC(I), 
J = t0.5 and 7 Hz). 13C NMR, ~5:13.82 (Me(10)); 19.03 
(Me(ll)) ;  32.97 (C(6)); 35.56 (C(7)); 38.13 (C(8)); 38.93 
(C(4)); 43.02 (C(9)); 45.15 (C(5)); 69.31 (C(1)); 177.23 (C(3)). 

B. 5% Pd/C (15 rag) was added to a solution oflactone 8 
(0.2 g, 1.2 mmol) in ethyl acetate (I0 mL). The reaction 

mixture was stirred at 20 ~ for 2 h under hydrogen. The 
catalyst was filtered off, and the filtrate was concentrated 
in vacuo to give 0.18 g (90%) of  a mixture of  compounds 
(+)-1 and 9 (~3 : I, iH NMR spectroscopy data). 

This  work was financially suppor t ed  by the  Russian 
F o u n d a t i o n  for  Basic  R e s e a r c h  ( P r o j e c t  N o .  
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