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Abstr&++) - 33.7 - Trimethyl - 29 - dioxatricyclo[3.3.1.~,‘]~~~ 1 and (i) - 3.3.7 - trimethyl - 29 - 
dioxalricyclo[4.2.I.(r~~nonane 2 were synthesized. The former was shown to he ($-liitin, an ambrosia beetle 
pheromone. A selective synthesis of (+line.atin was devised, which was mod&d lo yield the both enantiomers of 
lineafin 0i.o optical resolution of an intermediate. 

Lineatin is an attractant compound isolated from frass active forms of grand&l,‘- we undertook the synthetic 
produced by female beetles of Trypoakndron lineatum studies on lineatin. This paper described (i) a synthesis of 
(Olivier) boring in Douglas fir.’ Its structure has been the racemetes of 1 and 2 establishing the structure of 
proposed by Silverstein et al. to be one of the two line&in as 1’ (ii) a selective synthesis of (?)-I, and (iii) a 
isomeric tricyclic acetals 1 or 2 without assignment of synthesis of (IS, 4R, SS, 7s) - (+) - 1 and its antipode which 
the absolute configuration.’ A synthesis of a mixture of I enables the elucidation of stereochemistry-pheromone 
and 2 was also reported which could afford neither pure activity relationship. 
1 nor 2.’ The proposed structures suggest a possible Synthesis o 
biogenetical relationship between lii and gram&l 3, cIo[3.3.1.@ 4 

(+) - $3.7 - timethyl - 2,9 - dioxatticy- 
nonanc 1 and (k) - 33,7 - trimethyl - 2.9 - 

one of the components of the boll-weevil pheromone.’ In dioxatricyclo(4.2. I.@‘]nonunc 2 
continuation of our work on the synthesis of the OPticallY A retrosynthetic analysis of the target molecule 1 or 2 

was made as shown in Fig. I. The tricyclic compound 1 
and 2 is an intramolecular acetal derivable from a dihy- 

tpheromone Synthesis-XXXVII. This work was presented at 
droxy aldehyde A or B, respectively. These tetrasub 

the EUCHEM Conference on Chemistry of Insects at Borgholm, 
stituted cyclobutanes A or B is in turn derivable from 

bland, Sweden, on August 14, 1979, as a part of K. M’s lecture. 
b’ lcyclo[3.2.0]heptane compounds C or D, respectively. A 

The experimental part of this work was taken from the Ph.D. 
mixture of C and D is obtainable by the photo-cycload- 

dissertation of hi. S. (September, 1979). Part XXXVI, K. Mori dition of vinyl acetate 4 to 3 - methylcyclopent - 2 - en - I 

and H. Iwasawa, Tdmhedmn 36,2209 (1980). - one 5. In the course of synthesis, C and D or their 
*Present Address: Research Department, Pesticide Division, equivalents must be separated and their structures 

Institute for Biological Science, Sumitomo Chemical Co. Ltd.. should be ritzorouslv determined so as to lead unam- 
Takara&a, Hyogo 665, Japan. biguously to each oithe compounds I and 2. 

H 

D 
Fu. 1. 
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4 6 6 7 

Ho$& - q$-& + H#& 

6 9 10 

Fk. 2 

The lint step of our synthesis was thus irradiation of 
vinyl acetate 4 and the enone 9 to give the adduct 6 in 
6046 yield as a mixture of four possibk regio- and 
stereoisomers. Since it was impossible to completely 
separate the four isomers by chromatographic means, the 
mixture 6 was employed directly for the next step. 
Treatment of 6 with butanone ethykneketal in the 
presence of p-TsOH gave a mixture 7 of acetoxy ketals. 
This was converted to a mixture 8 of hydroxy ketals by 
mild transesteritkatioa with KCN in 95% EtOH.’ Oxi- 
dation of 8 with pyridinium chlorochromate (P(X)* gave 
a mixture of two isomeric ketones 9 and 10. By this 
transformation the number of the isomers was reduced 
from four to two. These two ketones were cleanly 
separable by chromatography over silicic acid. The 
major product (78% of tbe total) was eluted in earlier 
fractions and the structure 9 was assigned to it on the 
basis of its NMR data indicating the presence of a proton 
(Ho) vicinal to tbe two metbylene protons (H, and H,,): 
S (100 MHz, Ccl,) 2.24 (lH, dd, J,,c = 6, Jt,c = 10 Hz, 
Ho), 2.80 (1 H, dd, J,,c = 6, J.,t, = 20 Hz, H.,), 3.16 (1 H, 

tTrid6.6.7.7.8.8.8 - lmta6uoro - 2.2 - dimcthvl - 3.5 - octane- 

% - 3 
9 

10 

ts - 

dd,‘Jec = 10, J,,e = 20 Hz, HB). The minor product 10 
(22% of the total) was eluted later and the structure 10 
was supported by its NMR spectrum in which a singlet 
due to the angular proton (Hc) was observed: S 2.62 
(1 H, dd, J - -) = 4, J,,e = 20 Hz, HA), 2.80 (1 H, s, 
H.), 2.90 (1 H, dd, Iti, -) = 2, JA,, = 20 Hz, He). 

The next problem was the stereoselective reduction of 
tbe ketones 9 and 10 to e&-alcohols endo-& and 
endo-Sb (Fig. 3). The high stereoselectivity in this step is 
essential in executing the synthesis, because the exo- 
isomers can give neither 1 nor 2 at the final stage of 
intramolecular acetalixation. Four kinds of metal 
hydrides were tested for this purpose employing the 
major ketone 9 as the substrate (Table I). The most 
selective reagent was L-selectride[Li(sec-Bu)lBH19 in 
THF, which yielded a mixture of an endo-& (890/c) 
contaminated with a small amount (11%) of its cxo- 
isomer. The endo-stereochemistry of the major alcohol 
uufo& was assigned on the basis of the NMR evidence 
that a 3 H-singlet due to the angular Me group shifted 
less signiticanUy upon addition of Eu(fod),t in the case 
of the major isomer (S l.lS+ 1.27) than in the case of the 
minor one with cxo-stereochemistry (6 l.lO+ 1.52). The 
complete separation of these two stereoisomers was 

H%9 + “% 
endo-6a exo-6a 

endo-6b exo-6b 

M-f% 
endo-6b i ii 

Fig. 3. 
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Table I. Reduction of the ketone 9 with metal hydrides 

Beducing agent 
Product ratio (A) 

endo-8a -- exo-8a -- 

Nd3H4 75 25 

Lifsec-Bul3BH 89 11 

LiAlH4 64 36 

LiA1fOBut13H 52 48 

rather diflicult and the synthesis was carried through to 
completion employing 89% pure endo-8a. It should be 
mentioned that exe-lb could not yield any intramolecular 
acetaJ because of the unfavorable orientation of the OH 
group and hence caused no trouble in securing the final 
product. The ketone 10 was also reduced with Lseiec- 
tride to Rive essentially a single product showing a 3 H- 
siq$et at 6 I,18 (in CCL) in its NMR spectrum. After 
20hr at room temperature the sample in CCL decom- 
posed to a compound with a signal at 6 9.60 (1 H, 
-CJjO). This was explained as follows: the reduction 
product was &o-8&1 and it decomposed to an aldehyde 
U by a retroakJoi reaction catalyzed by a trace of acid in 
CCL via an intermediate I. This piece of chemical evi- 
dence for endo-stereochemistry of the reduction product 
was supported later by its conversion to (+I. 

Comparison of the NMR spectra of erid&a and cndo- 
6h with that of the mixture 6 enabled us to deduce the 

product ratio of the initial photocycioaddition reaction. 
The photo-adduct mixture 6 showed three singlet signals 
(6 1.15. 1.30, 1.35) due to the angular Me and two singlet 
signals (S 1.80, 1.97) due to OAc. Upon addition of 
Eu(fodh, the signals were separated and all of the eight 
signals due to Me and OAc became discernible when a 
sufficient amount of Eu(fod), was added[Eu(fodh: 6= 
4:3(w/w)]. By measuring the NMR spectra of &O&I 
and endo6h under the same condition as for 6, assign- 
ment of each two signals to each of the four isomers 
(exdo-6a, exoda, endodb and exo-6b) became possible 
(Table 2). The photo&duct was composed of 
45:31:13:11 of e..rodp, endo+ exodb and end&h. 
Therefore the ratio of 6a (head-to-tail adduct) to 6b 
(head-to-head adduct) was 3: 1. It was also found that a 
signal due to CJjOAc of 6s appeared as a seemingly 
triplet (S 4.82, J = 6 Hz), while that of 6b was observed 
as an AB-type quartet (6 5.98, J = 6 Hz). This finding was 

Table 2. Ratio of the regio- and stereoisomers produced by the photo-cycloaddition reaction (4+5-+6) 

Aco.p + ‘s -Acoqg *%Q *&..cQ & 
4 5 endoda exoda endodb exo-6b 

NMR (6-"aluelaof Composition of the synthetic products 

Isomers T fi . 

5-Me OAc-Me gb endo-6ac C endo-6bd -- -- 

endo-6a 2.013 -- 3.10 30.8%e (31.7%)f 97.,ee (97.13Wf oee (O%)f 

exo-6a 1.84 2.96 44.1 -_ (44.61 2.1 (2.21 0 (0) 

endo-6b 1.60 4.04 11.2 -c (10.5) 0 (0) 99.5 (99.5) 

endo-6b 2.24 4.88 -- 13.9 (13.2) 0 (01 0.5 (0.5) 

a Measured in the presence of 1.33 (w/w) fold of Euffodl). 

b 
A mixture obtained by photo-cycloaddition of 4 to 5. c c 

c A mixture obtained by reduction of2 with L-selectride 

(after chromatographic purification). 

d 
A mixture obtained by reduction of 10 with L-selectride 

(without chromatographic purification]. 

e Calculated from the signal areas of 5-lie. 

f 
Calculated from the signal areas of OAc-Me. 
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very useful later in deducing the structure of the photo- 
adduct 26. VandewaIle et al. also found the 
predominance of the head-to-tail adduct in the photo- 
cycloaddition of electron-rich olefins to cyclopentenones. 
Their as well as our own results indicate that the elec- 
tronic effect is more important than the steric effect in 
determining the regio-selectivity of this particuhu photo- 
cycloaddition reaction. 

In order to cleave the five-membered ring, the endo- 
alcohols 80 and 8b were converted to trimethylsilyl enol 
ethers 12 and 14, whose olefinic linkage was oxidized 
with ozone (Fig. 4). Acetylation of endo-& gave the 
corresponding acetate 11, which was heated in 50% 
AcOH aq to give endo-6a. This acetoxy ketone was 
treated with lithium diisopropylamide (LDA) and 
Me$iCl in THF to give 12. The structure 12 was sup- 
ported by the IR tu,. 3050 cm-‘; -C=CH-) and NMR (6 
4.55; I H; -C=CH-) spectra. In the same manner, endo- 
Rb was converted to the siIyl enol ether 14 (v,. 
3050 cm-‘; S 4.70, 1 H) via 13 and end&b. 

Ozonization of the enol ether 12 was carried out in 
CHXI, with 0,. Reductive work-up (Ph,P) of the 
oxonide followed by mild acid-treatment (AcOH) and 
esterification with CHzNl gave an aIdo ester 15. This was 
treated with methyl ethylene orthoformate and p-TsOH 
in CH& to yield an acetai ester 16. This was added to 
an excess of Me&I in ether and the reaction mixture 
was acidified with diI. HCI to give (?) - 3,3,7 - trimethyl - 
2.9 - dioxatricyclo[lZl.ti’]nonane 2. Its IR, NMR and 
mass spectral data were quite different from those of 
lineatin.’ The proposed structure 2 was therefore 

. - AC O..& 

excluded. The synthesis of a racemate with the alter- 
native structure 1 was carried out in the same manner via 
17 and 18 starting from the isomeric silyl enol ether 14. 
The spectral properties of (A)-1 were in good accord with 
the published data of lineatin. The complicated finger- 
print region of the IR spectrum of our (2)-l coincided 
with that of lineatin. 

The structure of lineatin was thus established as 3,3,7 - 
trimethyl - 29 - dioxatricyclo[3.3.1.W7]nonane 1. The 
racemic lineatin was biologically active when tested on 
Trypodendron lineatum. ’ ‘J* 

Mectiue synthesis of (+)_lineatin 
In order to develop a synthetic route to the optically 

active forms of lineatin 1, we felt it necessary to devise a 
more selective synthetic route to (2)-l. Our synthesis as 
described above produced more of the undesired isomer 
2 than (*J-l, for the initial photo-cycloaddition yielded 
the desired adduct 6b only as a minor product (24% of 
the total). The best way to circumvent this ditRcuIty was 
to use other cyclopentenones as the starting material in 
which the effect of the electron-withdrawing CO group is 
operating in the opposite direction as compared to that in 
5. This and other considerations led us to the retrosyn- 
thetic scheme shown in Fii. 6. (+)-Lineatin 1 is obtain- 
able from a keto lactone E by reduction and cyclixation. 
This lactone E can be synthesized from a hydroxy 
ketone F, which is derivable from a ketone C by a 
l&CO transposition. ‘Ihe initial step of the synthesis is 
the photo-cycloaddition of vinyl acetate 4 to a cycle- 
pentenone 19. 

AcQ..rC\ 
endo-la -. 

endoda 

endodb 

F&r. 4. 

14 - [ .,,...~~] y&.&g - @ 
5. 

17 18 ( k)-1 

Fig. 5. 
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20 21 22 23 

&--+-+A 
24 19 25 

Fig. 6. 

Our iirst task was therefore the portion of 2,4,4 - 
~ethyicyclo~nt - 2 - en - I - one 19. Although this was 
a known compound,‘3*‘4 we felt it necessary to develop 
another synthesis suitable for a large-scale preparation. 
According to the procedure of House et ef.‘s*‘6 iso- 
phorone 29 was converted to 2,4,4 - ~methylcycio~n~n 
- 1 - one 22 via isophorone oxide ti. Treatment of 22 
with AC&HCIO, gave an enol acetate 23. This was 
brominated with N-bromosuccinimide to give 24. Dehy- 
~~rni~tion of 24 with L&CO3 in CJHSN yieided the 
desired cycfopentenone 19 in 40% over-all yield from 
isophorone 29. After the completion of this work, 
however, Gowda and NcMurry published a one-step 
synthesis of 19” using Conia’s method of cyclopen- 
tenone ~ons~ction.‘~ They prepared 19 by simpIy heat- 
ing isobutyl methacrylate 25 in polyphosphoric acid 
@PA) at 1OtP for 13.5 hr.” We adopted their method and 
were able to prepare 19 in 50% yield by heating 25 in 
PPA at IOU’ for S-10 min. 

Phot~ycl~~~n of vinyl acetate to the enone 19 

was a little bit more compii~t~ than that to 5 (Figs. 7 
and 8). After 60 hr irradiation 5046 of the starting enone 
19 was consumed, and five products were observed by 
GLC. In its NMR spectrum the product mixture exhi- 
bited signais due to CIjOAc at 6 - 4.00, -4.40, -4.80 
and -5.20, a signal due to CIJO at S - 9.50. This sug- 
gested the occurrence of a side-reaction which destroyed 
the acetoxy ketones 26 by a Norrish Type I-like process 
(Fig. 8, 2&n). The reaction was therefore stopped 
after 60 hr and a resulting mixture of the starting materi- 
als and the products was carefully distilled to give a 
mixture of 26a and 26b. An inspection of the NMR 
spectrum of the mixture allowed us to estimate the ratio 
of26ato2fihas2:3byintegr&ngthesignaiareasdueto 
C@OAc, which appeared as triplet in the case of 26a and 
as quartet in the case of 24b. Since the separation of the 
two ketones %a and %h was difticult, the mixture was 
used as such for the next step, assuming that the separa- 
tion might be possibk at a later stage. 

The next task was the transposition of the CO group 

OH 

28 29 30 

. AcOl-Ft)( ’ 

26b 

Fw 7. 



from C-2 to C-3. After several unsuccessful attempts to 
execute this @CO transposition by Trost’s sulfenyl- 
ation procedure,‘9 we adopted the route shown in Fig. 7. 
This nitrosation-reduction procedure was used recently 
by Ayer and Browne in their synthesis of (+)-grandisol 
3.20 The acetoxy ketone mixture (26a + 26b) in CaHs was 
treated with i-AmONO in the presence of I-AmOK. 
Chromatographic purification of the product afforded in 
30% yield a mixture of syn- and oti-oximes 28. Isoamyi 
acetate was also obtained as a by-product generated by 
transesteri8cation. No other product was isolated except 
resinous material which presumably resulted from the 
retroaldoi reaction (Fg 8, i&iv) of the isomeric and 
undesired keto-oxime Ri followed by resini8cation of the 
akkhyde iv. This side-reaction unexpectedly solved the 
problem of the separation of regio-isomers, and we were 
able to obtain only the desired product 28 as a crystalline 
solid. The Wolff-Kishner reduction of 2tl with KOH 
(1.5 eq) and N,H, in ethylene glycoi at 150“ gave a 
crystalline oxirne 29 in 5% yield. The conventional 
severe reaction condition (use of a large excess of KOH 
and reaction temperature as high as 200”) was deteriora- 
tive in the present case. The oxime 29 was smoothly 
converted to the desired ketone 38 in 55% yield by 
treatment with TiCi,. A crystalline lactam 31 was 
obtained as a by-product resulting from the Beckmann 
rearrangement of 29. 

The hydroxy ketone 38 was treated with mchioro- 
perbenxoic acid in the presence of NaHCO, to effect 
Baeyer-Viliiger oxidation giving a hydroxy iactone 32 in 
95% yield. Reduction of this lactone 32 with diisobutyl- 
aluminum hydride (DIBAH) did not yield (+)_lineatin 1. 
This meant that the OH group in 28, 29, 30, 31 and 32 

was in exoconfiguration as depicted in the formulas. The 
contiguration of the OH group was therefore inverted by 
tirst oxidizing the hydroxy iactone 32 to a keto lactone 33 
and subsequently reducing 33 with DIBAH to the desired 
endo-hydroxy iactoi 34. Acidification of the reaction 
mixture effected the final intramolecular acetalixation 
and (~>lineatin 1 was obtained by merely distilling the 
crude product with no need of chromatographic 
puri8cation. The physical data (glc, IR, NMR and MS) of 
thii product was identical with those of the previously 
synthesized one. 

Synthesis of optically actiw forms of lineatin 
After the completion of the selective synthesis of 

(+)-lineatin, we turned our attention to the synthesis of 
lineatin enantiomers. An initial attempt to resolve the 
keto iactone 33 was fruitless. We therefore chose the 
hydroxy ketone (+)-38 as a candidate for optical resoiu- 
tion. The racemic ketol38 was treated with an optically 
active isocyanate (S)-(t)_38 to give a diastereomeric 
mixture of the carbamates 36 and 37 cf.” These were 
separated by chromatography over a Merck Lobar 
column to give 36, m.p. 47+, and 37, m.p. 110-111”. 
HPLC analysis of the separated isomers showed that our 
36 was contaminated with 7.75% of 37 and our 37 con- 
tained 6.88% of 36. The carbamates 36 and 37 were 
treated with 3% EtONa in EtOH to give crystalline 
(+38 and (+)_38, respectively. From the HPLC analy- 
tical data of 36 and 37, the optical purities of (-)-Jo and 
(+)38 were estimated to be 84.5 and 88.0%. respectively. 
The (-)-ketoi 38 showed a negative Cotton effect 
([@I,- 1560”), while (+)_30 exhibited a positive Cotton 
effect (I@], t 1610”) in their CD. The octant projection 

gH*&Q 3 L& 
36 

(-)-30 (1 R, 4s, 5; 7R)-l-J-1 

( + )-30 (1 s, 4R, 5s. 7s)-(+)-1 

Fu. 9. 
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Fig. 

(Fii. IO) of the ketofs 30 allowed tfte ass~~nt of 
absolute stereochemistry of (-)_30 as lR, 5s. 6s and that 
of (+)_30 as IS, SR, 6R on the basis of the octant rule. 

These ketofs (-)-30 and (+)-30 were converted to (IR. 
4S, SR, 7R)-(-)_fineatin 1, ialE:-40” (n-pentane) and 
(lS, 4R, 5S, ‘?S)-(+)-fineatin 1, [a]:: + 36” (n-pentane) in 
the same manner as described for the racemate. Since 
the available amount of our synthetic fineatin enan- 
tiomers was very limited, we were unable to measure 
accurate [a]D values. Their ORD curves were measured 
in a quafitative manner and (-)I exhibited a negative 
plain curve while (+)-I showed a positive plain curve. 
Some intramolecular ketaf pheromones with positive 
plain ORD curves are known such as (IR, 5s) - (t) - 
~on~in 3%p and (IR, SS, 7R) - (+) - ew - brevicomin 
3952 and (IR, 2S, 4R, 5.Y) - (t) - a - muftistriatin ~40.~ 

. 

(+)-Cotton 

(lS, 5R, 6R)- 
(+)-30 

(1 R, SS, 6S)- 

(-9-M 
(-)-Cotton 

10. 

Figure If shows projections of (+)-I, (t&+8, (t)-39 and 
(t)-dO in which two etfrer 0 atoms are laid in the front 
side. The similarities among them are self-evident. 
Recently Snatzke et al. studied the chiropticaf properties 
of 2,~oxa~cycfo[4.3. I .@‘]decane system and found 
that those represented by projectional formula 41 show 
positive plain curves in their ORD.U The projection of 
(t)-fineatin 1 as shown in Fig. 11 is quite similar to 41. 
These considerations support the (IS, 4R, SS, 7Sjab 
solute ster~~mis~ of (+)-fine&in which is consistent 
with the previous assignment based on the CD analysis 
of the ketone (+)GUt. 

In conclusion, we established the structure of lineatin 
as 3,3,7 - trimethyl - 29 - dioxa~cycfo[3.3.l.~‘]nonane 
1 by an un~b~ous synthesis and prepared its (1 S, 4R, 
SS, 79 - (t) - and (IR, 45. SR, 7R) - (-1. enantiomers. 

(+)-38 (+,-30 

v 

: 
0 

65 
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( 100 MHz, as&da (30 me)+ Ett(fo& (40 I&) 2.08 (2.937 H, s, Me 
ofcrrdoir~,1.84(O~~H,s,Meofoodr),3.I0(29UH,~AcOof 
mdo&). 2.% (0.066 H. s, AcO of aoir), 6.50 (1 H, sccmingiy t, 
JH=~~I&(Foundz WC. for C, 65.30; H. 7.76. C&,0,: C. 65.90, 

*. . 

(2) - 2 - T~~hyfs~y~~y - 5 - methyl - 6 - endo - 
accloxyb~cycfo]3.2.O]b~~ - 2 - cnc 12 

n-BuLi (1.52~N in-n-hexanc, 7.6 ml) was ad&d to a stirred and 
cooled (-50’1 soln of I-Pr,NH Il.22 P) in drv THF 110 ml) under 
Ar. Aft& ldmin, a soln bf t&o~(Z.Ogj in THk (2ml) was 
added to the stirred mixture at -Hp. After 1Omin. chloro- 
trimcthylsilanc (2.0~) was added in one portion and the resulting 
mixture was gradually warmed to room temp (2 hr). The mixture 
was diluted with ether and filtcrcd through C&c. The filtrate 
was concentrated in uucuo. The rcsiduc was trit~W with 
n-hcxanc and filtcrcd through Ccl&c. The filtrate was conccn- 
tratcd in wcuo to 8ivc 254g (91.3%) of l& n% 1.4650; V, 30% 
(w), 2950 (s), 2840 ml, 1740 (s), 1635 (m), 1450(m), 1380 (m). 1360 
(ml. 1340 (m). 1310 (m). 1250 Is). 1210 Is). 1190 (m). 1140 Im). 
1100 (m). iaS5 (m), ioki (m), jrij (m), 920 (m), tiis)cm-i; S 
(@MHz) 0.18 (9H, s, OTMS), 1.27 (3 H, s), 1.98 (3 H, s), 1.70- 
2.80 (5 H. mf, 4.55 (1 H, m), 4.70 (1 H, m). 

(+) - 4 - Acetoxy - 2 - mefhoxycarbonyl - I - methykyclobutane - 
I - acetalakhyde ethylene acetal 16 

Ozoniscd 0 was introduced to a soln of if (2.54g) in CH& 
(25 ml) at -66 to -64’ for 10 min. The soln was trcatcd with Pl@ 
(2.Og) and then left to stand ovcmight at room tcmp under Ar. 
After addition of AcOH (5 drops) the mixture was stirred for 
3hr, ester&d with CH2N2 and concentrated In cacao. The 
residual oil (4.28) was disso~vcd in CH&& (10 ml). Met&i cthy- 
knc orthoformatc (6.08) and p-TsOH (5Omg) was added to the 
soln and the mixture was kft to stand for 2 days at mom temp. 
The CH+-& soln was w&cd with NaHCO, aq and NaCl aq, 
dried (MeSO,) and concentrated in wcllo to give a crude oil 
(5.2 g). This was chromatographcd over Si (M~li~~t CC-7, 
408) in n-hcxanc. El&on with n-hcxanc gave unrcactcd PhsP 
(600 mg). Further clution with n-hexanc-ethcr (9: 1) gave 293 mg 
(10.8%) of 16, ng 1.4765; Y,, 2950 (ml, 1735 (s), 1450 (m), 1380 
(ml, 1240 (s), 1200 (m), 1180 (ml, 1040 (m), 1130 (m), 1100 (m), 
lU75 (ml, 1050 (ml, 985 (m), 945 fm), 910 fm), 850 (m)cm-‘; 6 
(~MHz) 1.35 (3 H, s). 2.00 (3 H, s), 1.50-2.80 (5 H, m). 3.60 
(3H,s),3.70-4.00(4H,m).4.20(1H,t,J=6Hz),4.70(1H,m). 

F) - 3,3,7 - Ttimelhyl - 29 - dioxorricyc/o[4.2.1.~‘~~~~ (2) - 

Asolnof16(290mg)indryether(lml)w~graduaUyaddedto 
a stirred and icc-cookd soln of MeMgI (from 0.38 of Mg and 
2.5gofMcl)incthcr(4ml).Thcmixturcwasstirrcdfor2hrat 
room temp. poured into ice-1096 HCI and extracted with n- 
pcntanc. The n-pentme soin was successively washed with 
NaHC03 aq, NaCI aq, Na&O, aq and water, dried (MgSOc 
K&O,) and concentrated under atm press. The residue was 
distilled to give 47mg (28%) of (+2, b.p. 12&W (bath 
temp)/60 mm, ng 1.4672; v, (CCW 2960 (s). 2920 (s), 2850 (m), 
1445 (m), I385 (m), 1370 (m), 1360 (m), 1350 (w), 1330 (m), 1305 
(wi, 1260 fw), 1240 (w), 1215 (m), 1200 (ml, lt80 (ml, 1160 fw), 
t 150 (s), 1120 (s), 1100 (m), 1050 (9). WO (w), 1020 (m), 1008 (ml, 
990 (w), 980 (WI, 950 (w), 940 (s), 920 (w), 910 (91, 895 (s), 850 
(w) cm-‘; 8 (100 MHz, CCU 1.06 (3 H. s), 1.20 (3 H, s), 1.37 (3 H, 
s). 1.50-2.60 (5 H, m), 3.88 (1 H, t, J=6Hz, CIjOR), 5.24 (1 H, 
d, J = 6 Hz, CIj (OR) OR?; MS: m/c 43.U212 (C&O, lQo46), 
55.0556 (C,H,. 83%). 69.0705 (CJHR 9096). 81.0708 (C&, 69%). 
83.0497 GH,O, 56%), 95.0070 (C,H,,, 46%), 107.0846 (&I&, 
37461, 109.0636 (C,H&. 82%). 139.1120 (C&O, 15%), 153.m 
CCP,,O,, 8461, 168.1123 (Cak. for C@H&: 168.1150, l%, W). 

(2) - Ethylendioxy - 5 - methyi - 7 - endo - hydroxybicy- 
clo[3.2.O]heptone endo-& 

This was prcparcd in the simihu manner as described for 
endo&, starting from 10 (3.83 and Litsec-BuhBH(36ml) to 
give 3.8g W-596) of emfoul as an uI&abk OiI, 8% 1.4785; V,, 
3480 (s, OH), 2940 (s), 2880 (s), 2760 (s), 1450 (ml, 1350 (m), 1108 

(s), IO10 (s)cm-‘; 6 (c;O MHz) 1.18 (3 H, s), 1.35 - 2.62 (6 H, m), 
3.50 UN. br.s, OH), 3.88 (4H, m), 4.25 (lH, seemingly q, 
J=6Hz): 6 @MHz, after 2Ohr in CC&) -1.10, -1.18, -1.24, 
-1.75, -2.42, -3.80, -9.60 (CIjO). 

(5) - 2 - E!hylene&oxy - 5 - methyl - 7 - do - acetoxy- 
b~~~[3.2.O]~t~ 13 

Acetic anhydride (1Omi) was added to an -Ied soln of 
endo-8b (3.8 g) in dry pyridii (IO ml) with stirring. Subsequent 
treatments as described for 11 gave 3.8g (82.6%) of 13, ng 
I&#); v,, 2940 (s), 2860 (s). 1735 (s), 1440 (m), 1375 (m), 1355 
(ml, 1340 (ml, 1320 (ml, 1250 (s), 1170 (m), I135 (m), 1105 fs), 
1060 (ml, 1020 (m), 1000 (m), 945 (m) cm-‘. This was employed 
for the next step without further purification. 

ii;:; Methyl - 7 - cndo - acetoxybicydo[3.2.O]heptan - 2 - one 

This was prcparcd in tbc sin&u manner as dcscrii for 
endo+ starting from 13 (3.8 g) to give 2.54 g (83%) of endo#, 
b.p. 90-102V1.2 mm, rg 1.4678; v, 2920 (m), 2840 (m), 1735 (s), 
1440 (w), 1410 (w), 1375 (m), 1240 (s), 1155 (m), I105 (m), 1100 
(ml, 1045 (s), 935 (m) cm-‘; 6 (1~~2) 1.36 (3 H, s), 1.90 (3 H, 
s), 1X10- 2.70 (7 H, ml, 5.08 (1 H, seemingIy q, J = 6Hz); 8 
(100 MHz, endodb (50 me) t Eu(fodh (72 mg)) 1.60 (2.985 H, s, 
MC of ad&b), 2.08 (0.015 H, s. MC of cxoa), 3.78 (2.985 H, s, 
AC0 of endodb), 4.60 (0.015 H, s, AcO of uodb), 7.48 (1 H, 
seemingly q, J =6Hz). (Found: C, 65.75; H, 7.76. C&,0, 
rcquircs: C, 65.90; H, 7.75%) 

(*) - Tdmethylsilyloxy - 5 - methy/ - 7 - cndo - acetoxy- 
bicyclo[3.2.O]~f - 2 - me 14 

n-BuLi (1.52 k in n-hcxanc, 8.4 mI) was added to a stirred and 
cooled I-XPTO”) soln of i-Pr,NH 11.35 al in drv THF 110 mll under 
Ar. Aft& 20 min, a soln bf &o-&(2.2 gj in THP (2 ml) was 
added to the stirred mixture at -50”. After IOmin. chloro- 
trimethylsilanc (2.5g) was added in one potion to the mixture. 
The mixture was warmed gradually to room tcmp (1 hr). Sub 
scqucnt work up as dcscrii for If gave 3.0 g (97.7%) of 14, n$ 
1.4710: v,, 3060 (w), 2950 (s), 2840 (m), 1735(s), 1630 (m), 14% 
(ml, 1375 cm), 1360 (ml. 1315 (ml. 1255 19. 1205 cm). 1170 Im). 
11% (m), Iti (m), ioY5 (m), 990 (m), ti (m), sbdi~)crn-~; S 
(60 MHz) 0.20 (9H, s, OTMS), 1.20 (3 H, s), 2.00 (3 H, s), 1.50- 
2.50 (5 H, ml. 4.70 (1 H, m), 5.20 (1 H, m). 

(e) - 3 - Acetoxy - 2 - mclhoxyca&oayl - 1 - methylcyclobutane - 
I - acetddehyde ethylene acetd I8 

This was prcparcd in the simikr manner as described for 16, 
starting from 3.0s of 14. The crude product was cbromato- 
mpbcd over SiO, (MaBinckrodt CC-7, 5Og) in n-hcxanc. Elution 
with n-hexane-cthcr (9: 1) gave 350 mg (14%) of 18, ng 1.4700, 
v, 2950(s), 1740(a), 1440(m), 1380(m), 1250(s), 1180(s), lMO(s), 
1125 (s). 1090 (s), 1050 is), 950 (m) cm-‘; 6 (60 MHz) I.30 (3 H, s), 
2.00 3 H, s). 1.68-2.75 (5 H. m). 3.65 (3 H. sl. 3.80 14H. 
(1 H, m), j.00 (1 H, m), ~.W~in$urity)~ .. 

ml. 4.28 
. ’ 

(k) - 3$,7 - Timethyl - 29 - dtoxotricyclo[3.3.1.(r~~no~ 
(&W&in) (+)_I 

A sok of 18 (300 mg) in dry cthcr (1 ml) was gradually added to 
a stirred and icc-cwkd soln of McMgI (from 0.5g of Mg and 
4.0 8 of MCI) in ether (15 ml). The mixture was stirred for 2 hr at 
room tcmp, poured into kc-10%.HCI and extracted with n- 
pcntanc. The s-pcntanc layer was scparatcd and the aq kycr was 
extra&d with n-per&me. The combined n-pentanc soln was 
successively washed with NaHCO, aq. NaCl aq, Na&& aq and 
water, dried (MgSOcK,C03 and concentrated under atm press 
to give a crude oil (co 108 mg). This was chromatographcd over 
AJ& (Woclm neutral alumina, gmdc II, 1 gl in n-pcntanc. Dution 
with n-pcntanc+thcr (9: 1) gave 8 mg of pure (+)_I, V, (CCG) 
2940 W, 2900 fs), 2tt50 (ml, 1465 (ml, 1450 (ml, 1388 (ml, 1365 
(ml, 1340 (wX 1315 (m), 1240 (ml, 1225 (ml, I205 (ml, 1185 (ml, 
1170 (s), 112.5 (s), 1100 (m), 1075 (m), I015 (w), 995 (m), 965 (s), 
920 (w), 980 (s). 830 (w)cm-‘; 6 (IoOMHz, CCU 1.09 (3H. s), 
1.14 (6 H, s), 1.50 - 2.40 (5 H, m), 4.34 (1 H, t, J = 6 Hz, CEOR), 
4.86 (t H, d, J=6Hz, Cp (OR) OR’); MS: m/e 168 (M’), 153 
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(M+-Me), 140, 125, 111, 109, 107, 96, 85 (base peak), 83, 55, 43. 
These spectral data were identical with those of the literature.’ 

2,4,4 - Tk?thylcyclopcnf - I - yl acetate 23 
Ac,O (242.5 kl) and HCIO, (6.36 ml) was added to a soln of 22 

(65 a) in CCL (600 ml). The mixture was stirred at room temn for 
2 hr: poured- into said NaHCOJ (300 ml) and neutral&d ‘with 
powdered NaHCO,. The resulting mixture was Altered through 
Celite. The CC4 layer was separated and the aq layer was 
extracted with n-pentane. The combined organic layer was dried 
(MgSOd and concentrattd in uocuo. Tbe residue was distilled to 
give 70.6g (81%) of 23, b.p. 73-75”/17mm, ng 1.4400; V_ 1760 
(s), 1750 (s), 1700 (m), 1235 (s), 1215 (m)cm-‘; 8 (6OMHz) 1.10 
(6H, s), 1.45 (3 H, s), 2.05 (3 H. s, Ad)), l.!XJ- 2.30 (4H, m), 
(Found: C, 72.34; H, 9XCalc. for CIOH1&: C, 71.38; H, 
9.61%) 

2,4,4 - Tninclhylcyclopent - 2 - en - 1 - one 19 
(a) A soln of 23 (70.6g) in THF (70 ml) was added to a soln of 

N-bromosuccinimide (111.5g) in THF (3ooml) and water (75 ml) 
at 15-20”. The mixture was left to stand overnight at room temp. 
The mixture was concentrated in uacuo to remove THF and 
extracted with ether. The ether soln was washed with Na2!$OJ aq 
and water, dried (MgSO,) and concentrated in pacuo to give a 
crude oil of 24 (ca 12Og). This was dissolved in pyridine (100 ml) 
and Li& (30s) was added. The mixture was heated at 90-100” 
for 1 hr. After cooling, the mixture was poured into ice-HCI and 
extracted with ether. The ether soln was successively washed 
with water, NaHCOa aq and water, dried MgSO,) and concen- 
trated in wcuo. The residue was distilled to give 47 g (90.4%) of 
19, b.p. 6WI2tl mm (lit.” 6W/20 mm), ng 1.4635; v,, 1705 (s), 
1635 (m) cm-‘; 6 (60 MHz) 1.18 (6 H, s), 1.68 (3 H, d. J = I Hz), 
2.15 (2 H, s), 6.98 (I H, d, J = 1 Hz). 

(b) lsohutyl methacrylate (308) was added to, polyphosphoric 
acid (I 16%,25Og) at loo” under Ar. After stirring for 10 min, the 
mixture was poured into ice-water (I I), satd with NH&I and 
extracted with ether. The e&r soln was washed with NaHCO> 
aq and NaCl aq, dried (&SO,) and concentmted in wcuo. The 
residue was distilled to give 12g (45.6%) of 19, b.p. 63-65”. ng 
1.4626.ItsIRandNMRspectrawcTeidenticalwiththoseofmethod 
(a). 

(*) - l,4,4 - Trimclhyl - (6, or 7) - acctoxybicyclo[3.2.O]h@an - 2 
-0lW2&+26b 

A soln of 19 (25g) and vinyl acetate (25Oml) in &I& @ml) 
was irradiated through a Pyrex* with a 450 W high pressure 
mercury lamp (Ushio UM-452) at 4-6” for 60hr under N2. The 
soln was concentrated in uacuo and the residue was fractionally 
distilled with a Vigreaux column to give 14g of recovered 19, 
1.2gofamixturcof1~,2(1aml~,aad11gofamixtunof26r 
and 26b, b.p. !WW/O.5 mm. The phowducts were analyzed 
by gk (Column, 5% FFAP 1.5 mx2mm at MO-22U’, temp 
gradient 16”lmin; Carrier gas, N2 I kg/cm% R, 5.2 (X4%), 5.5 
(10.4%),5.8(3.6%),6.l(24.4%),7.1(6.2%)min.InitsNMRspect1um 
the mixture exhibited signals due to CJjOAc at -4.00, -4.60, 
-4.80 and -5.20, a signal due to CIjO at 9.50. For analysis, this 
was further purified by preparative tic (Merck Kilgel Art 5717, 
n-hexane-acetone (4: I)), b.p. 86’/0.2 mm, I$ 1.4620; v,, 2950 
s), 2845 (m), 1735 (s), 1450 (m), 1370 (m), 1250 (s). I050 (m) cm-‘; 
6 (ICOMHz) 0.94-1.24 (9H, m), 1.72-2.92 (SH, m). 4.60 
(0.4H, seemingly 1, CIjOAc of 26). 4.90 (0.4 H, seemingly q, 
CHOAc of 26b), 5.30 (0.2H, seemingly q. CijOAc of 26b). 
(Found: C, 68.27; H, 8.71. Cak. for Cj2H& C, 68.53; H, 
8.64%) 

(&) - 1,4.4 - Ttimethyl - 3 - oximh - 6 - exo - hydrvxy- 
bicyclo[3.2.0]heptan - 2 - one 28 

A soln of the photo&ducts 26a and %b (9.0 g) in C& (20 ml) 
was added to a stirred and ice-cooled sdn of r-A&K 
(10.5 g, from 3.0 g of K and 50 ml of &AmOH) in C& (100 ml). 
After stirring for 3Omin. I-AmONO (4.5 g) was added to the 
mixture. The mixture was stirred at room temp for 36hr and 
acidified with I N HCI. 

‘t’bc benzene layer was separated, washed with NaHCQ aq 

and NaCl aq; drkd (&SO,) and wnceutrated in wcuo to give a 
crude oil (9.38 g). This was chromatograpbd over si& (rbmid- 
rodt CC-7 (MOg), in n-hexane. Elution with n-bexanegave 1.6gof 
isoamyl acetate. Ehttion with chloroform (150 ml) gave a crystd- 
line syn-28 (103 mg), m.p. 115-117’; v,, (CHCI,) 3550 (m), 3400 
(m), 2955 (s), 2920 (m). 2850 (m). 1685 (s), 1565 (m). 1465 (m), 
1450 (m), 1360 (m), 1300 (m), 1210 (m), Ills (m), 1045 (m), 1030 
(m), 955 (s)cm-‘; S (IOOMHz. CD&OCD,) 1.12 (3H, s), 1.20 
(3H, s), 1.28 (3H, s), 1.86 (I H, dd, J=8Hz, J = 14Hz), 2.20 
(1 H, d, J = 6Hz). 2.36 (I H, dd, J = 6 Hz, J = 8 Hz), 3.84 (2 H, m); 
6 (IOOMHz, syn-28 (7On@+ Eu(fodh (2Omg) in CD$OCD,) 
1.12 (3 H, s), 1.22 (3 H, s), 1.32 (3 H, s), 1.92 (1 H, dd, J = 8 Hz, 
J=14tiz). 2.24 (IH. d, J=6Hz), 3.88 (ZH, m), 4.40 (2H, bs, 
OH). (Found: C, 60.90; H, 8.22: N, 6.81. Cak. for C,JIIJNO,: C, 
60.88; H, 7.68; N, 7.04%) Further elution with chloroform 
(600 ml) gave a crystalline mixture of syn - and anti-28 (930 mg). 
Further elution with chloroform (100 ml) gave a crystalline anti- 
28 (6Omg), m.p. 137-140”; u,, (CHCI>) 3300 (s), 2950 (s), 2900 
(s), 2845 (m), 1720 (s), 1620 (m), 1450 (m), 1370 (m), 
1290 (m), 1220 (m), 1185 (m), 1115 (m), 1050 (m), 950 (s), 7S5 
(s) cm-‘; S (100 MHz, CD,COCQ), 1.10 (3 H, s), 1.20 (3 H, s), 
1.28 (3 H, s), 1.88 (I H, dd. J = 8Hz, J = 14Hz), 2.u) (1 H, d, 
J=6Hz), 2.36 (IH, dd, J=8Hz, J=14Hz), 3.86 (IH, dd, J= 
6 Hz, J = 8 Hz), 4.15 (I H, bs, OH), 12.40 (1 H, bs, NOH). 
nK total yield of 28 was 1093mg (30%). Both spn- and 
anti-isomers were used for the next step as the mixture. 

(?) - 1,4,4 - T&ethyl - 3 - oximino - 6 - exo - hydtvxy- 
bicyclo[3.2.O]hep~anr 29 

A mixture of 28 (2050 mg), N2H, (&l%, 0.7 ml), KOH (750 mg) 
and ethykne glycol(25 ml) was heated at 150” for 4 hr under Ar. 
The mixture was allowed to cool, diluted with water, acidified 
with I N HCI and extracted with CH& The CH+& soln was 
washed with NaHCQ aq and NaCl aq, dried (MgSO,) and 
concentrated in uacuo to give 970mg (52%) of crystalline 29, 
m.p. 130-133”; v,, (CHCI,) 3570 (m), 3260 (m), 2940 (s), 2900 (s), 
1635 (m), 1440 (m), 1375 (m), 1360 (m), 1295 (w), 1210 (m), 1120 
(m), 1085 (m), 1040 (m), 930 (m)cm-‘; 6 (60MHz, CDc&) 1.12 
(3H, s), I.22 (3H, s), 1.38 (3H, s). 1.80-2.70 (5 H. m), 3.80 (I H, 
m); MS: m/c 183 (M+). 

!~;~1,4,4 - Trimethyl - 6 - exo - hydrvxybicyclo[3.2.O]hep~ane 
+ 

A mixture of 29 (@On&, dimethoxyethane (10 ml), water 
(5 ml) and TiCI> (16% aq, 6 ml) was heated at s(Mo” for 30 min. 
The cooled mixture was diluted with water and extracted with 
CH+&. The CH+& soln was washed with NaHC4 aq and 
NaCl aq, dried (MeSO*) and concentrated in uacyo to give a 
crude oil (425mg). This was chromatographed over Si02 (Mal- 
linckrodt CC-7, log) in n-hexane. Elution with n-hexanecther 
(1:I) gave 305 mg (55.5%) of (2)-S as an oil, nz 1.4787, which 
solidified in a freexer to give a waxy solid, m.p. S2-53”; V, 3400 
(m), 2940 (s), 2900 (s), 2845 (m), 1730 (s), 1460 (m), 1400 (w), 1375 
(m), 1360 (w), 13u) (w), 1Mo (w), 1265 (w), 1230 (w), I205 (m), 
II05 (s), 1050 (m), 1005 (m), 955 (m), 910 (w), 840 (w), 790 
(w)cm-‘; 6 (IOOMHz, CD&) 0.98 (3 H, s), 1.04 (3 H, s), 1.80 
(1H,dd,J=8Hz,J=12Hz),2.12(1H,d,J=6Hz),2.14(1H,d, 
J=2OHz), 2.28 (IH, m), 2.42 (lH, d, J=2OHz), 2.84 (lH, bs, 
OH), 3.76 (I H, q, J = 6 Hz); MS: m/e 168 (MI). Elution with 
ether gave 52 mg (8%) of 31, m.p. 60-6p. vllvr (CHCI,) 3450 (s), 
1660 (s)cm-‘; S (1OOMHz. CDCI,) 1.05 (6H, s), 1.35 (3 H, s), 
2.10-2.6O(SH, m), 4.60-4.80(3H, m). 

QGcal nsolution of W-3( 
(a) Sepamtion of a diaslenonwic mtiun of the catbamaks 

36 and 37. A mixture of (r)-30 (9WJmg), (s)_(+bJs (1.2g) and 
dry pyridine (5 ml) was heated at t?WCP for 10 hr. The cooled 
soln was mixed with ether and 10% HCI. The ether layer was 
separated. washed with water, dried (MgSO,) and concentrated 
in wcuo to give a diitenomeric mixture of 36 and 37 (IX&g, 
85.9%). This was chromatogntphed over SiO, (Merck Lobar 
column size C, 37mm x44Omm) in CH+&AcOEt (10: I). The 
eluent was monitored at 280-315 nm by JASCO UVIDJX lOUI 
photometer. The unresolved fractions were chromatographed 
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again by usin a Merck Lobar cohtmn sixe B, ~~x~~. 
The first major fraction to be eluted was 36 (195 mg), m.p. 4748”, 
[a]: -8.0” (c = 0.5, EtGH); u,, (CHCI,) 3430 (m), 1730 (s), 1715 
(s), I508 (s), 1230 (m), 1065 (s), 905 (m) cm-‘; 8 (60 MHz, CDCQ) 
1.00 (3 H, s), 1.05 (3 H, s), 1.35 (3 H, s), 1.55 (3 H, d, J = 6Hz). 
5.50-5.88 (1 II, m), 7.20-8.25 (7H, m). (Found: C, 74.95: H, 
7.41; N, 3.72. Cak. for &Hr,NO,: C, 75.57; H, 7.41; N, 3.83%) 
This was contaminated with 7.75% of 37 as determined by hplc 
analysis (Column, pBorasil 7.8 mm x 3Ocm at room temp. 
CH$lrAcOEt (2O:l); Now rate, 2mUmin; Pressure, 
25 kg/cm*): R 34.5 min (92.25%), 40.0 min (7.75%). The second 
major fraction to be eluted was 37 (21Omg). m.p. llI-112”. 
[~]~+23.5~ (c = 1.0, EtOH); v,,,,, (CHCI,) 3430 (m), 1730 (m), 
1715 (s), I508 (s), 1230 (s), 1065 (s), 905.(s)cm-‘; 6 (6OMHz, 
CD&) 0.95 (6H. bs). 1.35 (3 H. s). 1.55 (3 H. d. J = 6Hz). 
2.OO-i.50 (5 H, m), 4.45 (I H, q, J’= 6 Hz),‘ 5.05 (1 H, d, J = 
6Hz), 5.50-S.sO(l H, m). 7.20-8.25 (7H, m). (Found: C.74.46: 
H, 7.38; N, 3.66. Calc. for CZ1HZ7NOs: C, 75.57; H, 7.41; N, 
3.83%) This was contaminated with 6.00% of 36 as determined by 
hplc analysis in the same conditions as described above for 36: R, 
34.5 min (600%). 40.0 min (94.0%). 

(b) Conuenion of 36 (37) to (lR, 5S, 6S) - (-) - w( IS, SR, 6R) 
- (t) - 381. The carbamate 36 (195mg) was dissolved in 3% 
EtGNa-EtGH and the mixture was heated under refhtx for 
15 min. The cooled soln was diluted with water, neutralised with 
dil HCI aq and extracted with ether. The ether soln was washed 
with NaCl aq, dried (MgSG3 and concentrated in uucuo to give a 
crude oil. This was puritied by preparative tic (Merck Kieselgel 
60, Art 5717, n-hcxane-acetone (4: I)). The band between R, 0.2 
and 0.3 was collected and eluted with ether. The ether was 
evaporated to give 7Omg (78%) of f-f-38, m.p. 55-56”, [a]&21.7 
(c = 1.16, acetone), CD fc =O.l, MeClH) [$I$&-1562. The optical 
purity of (-)-38 was estimated by hplc analysis of the carbamate 
36 to be 84.5%. Its IR snectrum was identical with that of the 
racemate 38. 

A similar hydrolysis of the carbamate 37 (210 mp) gave 90 mg 
(93.1%) of (tX!Q, m.o. 55-56”. la??? t 23.6” (c =O.W. acetone). _ _- 
CD (c = 0.1, MeOH) ‘[8]% t 1613. The optical purity of (t)-ki 
was estimated by hplc analysis of the carbamate 37 to be 88.0%. 
Its IR spectrum was identical with that of the racemate. 

155 - Trimthyi - 7 - exo - hydmxy - 4 - oxa&icyclof4.2.0loctan - _ - - - _ 
3 *one 32 

(a) Racemate. mChlotoperbenzoic acid (77Omg) and pow- 
dered NaHCO~(480 I& was added to a soln of (+)-JI (400 ma) in 
CH&I, (8 ml)-and thi- mixture was stirred o&tight at t&m 
temp. The reaction was quenched with 10% Na,!I& aq (1Oml) 
and the mixture was stirred for 3Omin. The CH& layer was 
separated and the aq layer was extracted with CH&. The 
combined CH&Is layer was waslwd with NaHCOs aq and NaCt 
aq, dried (M&G,) and concentrated in vacua to give 415mg 
(94.7%) of (*l-32, nB 1.4845; v,. 3388 (s), 2958 (s), 2910 (s), 
2840 (m), 1720 (s), 1465 (m), 1450 (m), 1428 (m). 1398 (m), 1370 
(m), 1295 (s), 1260 (m), 1235 (m), 1210 (s), 1155 (s), 1105 (s), 1050 
(m), 1620 (m), 990 (s), 985 (m). 950 (m)cmw’: 6 (6OMHz. CDCI,) 
I.40 (9 H, bs), 1.90 - 2.95 (5 H, m), 4.28 (1 H, 4, J = 8 Hz), 4.70 
(I H. bs. OH): MS: mle 169 fM+-Me). 166 I&f+-H-0). 

(b) (IR, 6s; ‘IS)-(-j-32. In’the similar manner, &mg of (-)-Xl 
8ave 52mg of crude (-)-32, whose IR spectrum was identical 
with that of the racemate. This was employed for the next step 
without fluther purilication. 

(c) (IS, 6R, 7R)+)-32. In the similar manner, So mg of (+)_38 
gave 7l mg of crude (+)-32, whose IR spectrum w& identical 
with that of the racemate. This was employed for the next sten 
without further purithzation. 

. _ 

15.5 - T~~hyf - 4 - ox~icyc~[4.2.O]#ta~ - 3,7 - a%~ 33 
(a) Rucemate. Jones 0, (0.6mi) was ad&d to a soln of 

(rt)-32 (4lOmg) in acetone (IOml) at O-4”. After stirring for 
lOmin, a few drops of I-PtOH was added to the mixtmc to 
destroy excess of the oxidant. The mixture was d&ted with 
CH&lr (10 ml) and water (10 ml). The CHrtZr, layer was separated 
and the aq layer was extracted with CH#&. The combined 

CH# layer was washed with NaCl aq, dried (MgSO,) and 
concentrated in WCIIO to give 342mg (84.f)$) of (+)-33, nb 
1.4837; v, 2950 (m), 2900 (m), 2810 tm), 1775 (s), 1730 (s), 1450 
(m), 1420 (m), 1385 (m), 1370 (m), 1330 (m), 1290 (s), 1255 (m), 
1215 (m), 1190 (m), 1135 (s), 1115 (m), 1 I10 (m), 1060 (m), 1035 
(m), 980 (m), 940 (m), 810 (w)cm-I; 8 (lOllMHz, CDC&) 1.46 
(3 H, s), 1.58 (6 H, s). 2.40 - 3.24 (5 H, m): MS: m/e 182 (M’). 

(b) (IR, 6RH-)-Xl. In the similar manna, 52mg of (-)-32 
gave 40 ma of l-)-33. lol!! -45.20 (c = 0.8. acetone). whose IR . -I ,. 
&&-urn was ‘identical with that of the racemate. This was 
employed for the next step without further purification. 

(c) (IS, 6S)+)&?. In the similar manner, 71 mg of (+)-32 gave 
57mg of (c)-33, [a]:: t 49.1” (c = 1.14, acetone), whose IR spec- 
trum was identical with that of the racemate. This was employed 
for the next step without further purihcation. 

3JJ - T~m~hyl - 2$ - ~xat~cyc~o[3.3.l.~.‘]~~ne (beatin) 1 
(a) Racemotc. Diisobutylaluminium hydride (25% in n-hexane, 

2.1 ml) was injected to a stirred and cooled (-70 to -soo) soln of 
($0 (380 mg) in dry ether (3 ml). After stirring for 40 min, 1 N 
HCI (5 ml) was added to the mixture. The mixture was gradually 
wanned to room temp (1 hr), followed by addition of 6N HCI 
(0.6 ml) and the stirring was continued for I hr at room temp. The 
mixture was diluted with n-pentane. The n-pentane layer was 
successively washed with NaCl aq, NaHCO, aq and NaCl aq, 
dried (MgSO,) and concentrated under atm press to give a crude 
oil (IlOmg). This was distilled to give 56 mg of pure (+I, b.p. 
120-130” (bath temp)/6Omm. n$ 1.4625; MS: m/e 43.0123 
(CIH,O. 42%). 55.0563 (C,H,, 66%), 83.0516 (CrH,G, 48%), 
85.0682 (CsH,G, RX?%), 96.0583 (C&G. 38%), 187.0854 (C&I,,, 
35%). 111.0440 (C&f&. 36%), 12.5.0%7 (CaH,rO, 25%). MO.1184 
(C&SO, 4%). 153. 09(H (C&& 3%), 168.1183 (Calc. for 
CI&H1&: 168.1150, 2%. M’). Its IR and NMB spectra were 
identical with those of previously synthesized one. _ 

lb) (IR. 4s. 5R. 7RM-)_I. In the similar manner. l-)-33 
(46 rng) was tr&ed’with’i~B&AlH (0.35 ml). Subsequent work up 
as described for the racemate gave a cnule oil, which was 
chromatographed over A120, (Woelm neutral ahunina, grade II, 
48Omg) in n-pentane. Elution with n-pentanczther (19: I) gave 
0.5 mg of (-)_l, [a# -40” (c = 0.05, n-pentane); ORD (qualita- 
tive, n-pentane). (-)-plain curve at 23Onm-35Onm. whose MS 
was identical with that of the racemate. 

(c) (1s. 4R, SS, 7S)+&l. In the similar manner, ft)-33 
(54 mg) was treated with i-BuzAIH (0.4 ml). Subsequent work up 
as described for the racemate gave a crude oil, which was 
chromatographed ova At& (Woelm neutral alumina, gtade II, 
650 mg) in n-pentane. Ehttion with n-pentane-ether (19: I) gave 
2 mg of (+)-I, (a]:: + 36” (c = 0.2, n-pentane); ORD (qualitative, 
n-pentane), (+)-plain curve at 230-350 nm, whose MS was iden- 
tical with that of the racemate. 
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