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Syntheses of (+)-2-brendanone (12), (+)-2-norhrendanone (14), and (-)-2-isobrendanone (16) from the respec- 
tive optically active bicyclic intermediates (38,37, and 54) with known absolute configurations establish their ahso- 
lute configurations. As the lowest homologue of 2-hrendanone, (+)-tricycl0[2.2.2.0~~~]octan-3-one (18) was prepared 
by the oxidative decarboxylation of (-)-endo-5-hicyclo[2.2.2]octene-2-carhoxylic acid (43). Absolute rotations and 
chiroptical properties of these 2-brendanone analogues are discussed. 

Simultaneous bridging C-2 to C-5 and  C-3 to C-6 posi- 
tions of cyclohexane with short  carbon chains (m,n I 2) 
freezes the  cyclohexane moiety in a twist-boat conformation 
(Char t  I )  to yield the rigid tricyclic hydrocarbons (1 )  which 
have Dz symmetry when m = n = 2, Cs symmetry when m # 
rz, and D 2 d  symmetry when m = n = 1. (-)-Twistane (3) ( 0 2  

symmetry)2 and  (-)-twist-brendane (5) (Cp ~ y m m e t r y ) ~  can 
be cited as the  typical representatives of these gyrochira14 
cage-shaped hydrocarbons whose syntheses and  absolute 
configurations have been reported from our laboratory. 
Start ing from cyclohexanone, the  same diagonal C-2 to  C-5 
and  C-3 to  C-6 bridgings afford tricyclic ketones with lower 
symmetries, among which (-)-2-twistanone (4)  (C, symme- 
try),2 (-)-2-ttcist-brendanone (6) (C, ~ y m m e t r y ) , ~  and  (-)- 
2-bis(noradamantanone) (8) ( C 2  ~ y m m e t r y ) ~  have been syn- 
thesized with known absolute configurations. In contrast with 
these doubly diagonal bridging, simultaneous C-2 to C-4 and 
C-3 to  C-6 bridgings (Chart  11) fix the  cyclohexane ring in a 
boat conformation giving achiral tricyclic hydrocarbons (9) 
all belonging to the C, point group as can be seen in brendane 
(1 1),6 norbrendane ( 13),T isobrendane ( 15),7 and tricy- 
cl0[2.2.2.0~3~]octane ( 17).9 Introduction of carbonyl group 

Chart I 

1 ,  X z H ?  3 ,  X=H2 5 ,  X=H2 7 . X = H 2  
2 .  x.3 L x=o 5 x:0 9 .  x.0 

Chart I1 

9 .  X=H2 1 1 ,  X=H2 1 3 ,  X=H2 
10. x=o 12.  x = o  1 4 .  X=O 

A 

1 5 ,  X=H2 1 7 ,  X = H 2  

16 ,  X = O  18 ,  X=O 

breaks the  bilateral symmetry inherent to these brendane 
analogue cage-shaped hydrocarbons to provide the tricyclic 
ketones 12,14,16, and 18 with cyclohexanone moieties frozen 
in a boat conformation. Natural  extention of our current in- 
terest in syntheses and  chiroptical propertieslO as well as 
microbial stereodifferentiating reduction1' of the cage-shaped 
tricyclic ketones led us to investigate the preparation of these 
types of tricyclic ketones in optically active modification from 
the intermediates with known absolute configurations. 

Results and Discussion 
Since previous synthetic routes for both 2-brendanone (12)6 

and 2-norbrendanone (14)8 appeared inconvenient either for 
obtaining them in optically active modification or for corre- 
lating them with the  intermediates with known absolute 
configurations, we designed the  sequence of steps encom- 
passed in Scheme I in which the bicyclic endo-keto ester (27) 
is a strategic intermediate which correlates ( - ) - ( lS ,2S ,4S) -  
endo-5-bicyclo[2.2.1]heptene-2-carboxylic acid (19) with the 
bicyclic keto mesylates 37 and 38 whose intramolecular al- 
kylation should lead to optically active 2-brendanone (12) and 
2-norbrendanone (14), respectively. 

Preparation of (-)-( 1 S,ZS,4S)-endo-2-Carbo- 
methoxybicyclo[2.2.1]heptan-5-one (27) (Scheme I). 
Spurlock's procedure12 reported for the racemic compounds 
was applied with a slight modification to the conversion of the 
(-)-unsaturated carboxylic acid (19) into the optically active 
keto ester (27). A mixture of the  hydroxy esters 21 obtained 
by hydroboration-oxidation of (-)-(lS,2S,4S)-end0-2-car- 
bomethoxybicyclo[2.2.l]hept-5-ene ( Z O ) ,  [a]16~ -91.1' (op- 
tical purity 67%),13 was treated with Jones' reagent t o  afford 
a 2:3 mixture of 5- and  6-keto esters 22 whose sodium boro- 
hydride reduction gave a mixture of 5- and  6-endo-hydroxy 
esters 23. Separation of these regioisomers was carried out by 
saponification of the  mixture of methyl esters followed by 
acidification which, while converting the  6-endo isomer into 
the (-)-lactone (24), mp 153.L155 'C, [cu]D15~ -2.8' (EtOH), 
left the  5-endo isomer as the  free 5-endo-hydroxycarboxylic 
acid (25). T h e  separated hydroxy acid 25 was converted into 
methyl ester 26 whose Corey's oxidation yielded (-1- 
( lS ,2S,4S)-ke to  ester 27, [ a ] 1 5 ~  -21.3' (EtOH).  

Synthesis of (+)-2-Norbrendanone (14) [ (+)-Tricy- 
cl0[3.2.1.0~~~]octan-2-one] (Scheme I) .  Continuation of the 
synthesis would involve (1) modification of the carboxyl group 
to give the  keto mesylate (37) and (2) its intramolecular al- 
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Scheme I 
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Scheme I1 

26, R=CH3 x=(zH(endo) 
27.R-CH3 X=O 

30, R= C H ~ O M ~  
31. R= Ct'20Ts 
32, R= CP2CN 
33. R: CHzCO2H 
3 4 ,  R= CH2CO2CHj 
35, R= CH2CHzOH 
363 R= CH2CH2Obls 

kylation. After protection of the ketone group by ketalization, 
the resulting ketal ester (28) was reduced with LiAlH4 to give 
the  alcohol (29) which was then t reated with mesyl chloride 
with pyridine to  give the  mesylate (30). Acidic hydrolysis of 
30 removed the  protective group t o  yield the  keto mesylate 
(37) which was cyclized by heating with sodium hydride in 
dimethylformamide. Chromatography followed by sublima- 
tion of the cyclization product gave a 40% yield of (+)-2-nor-  
brendanone (14): mp 126.5-128 "c; [a ] I6D +82.6" (E tOH)  
(racemic modification, m p  126-127 "C).8 

Synthesis  of (+)-8-Brendanone (12) [ (+)- 
Tricyclo[4.2.1.03~7]nonan-2-one] (Scheme I). Homologation 
of the alcohol (29) was carried out ra ther  straightforwardly 
via the following sequence of intermediates: the tosylate (31), 
the  cyanide (32), the  carboxylic acid (33), and the methyl ester 
(34). Lithium aluminum hydride reduction of the methyl ester 
(34) provided the homologous alcohol (35) which was con- 
verted into the  mesylate (36). After the  protective group was 
removed by acidic hydrolysis, the resulting mesylate (38) was 
heated with sodium hydride in dimethylformamide to  afford 
(+)-2-brendanone (12) (36% yield): mp  116.5-118 "c; [a]16D 
+31.3" (E tOH)  (racemic modification, m p  118.5-119.5 
"C).6 

I t  may be relevant tci note here tha t  similar a t tempted in- 
tramolecular diagonal alkylations have failed with compounds 
39 and 4014 (Chart 111), and a single example so far successful 
for this kind of conversion can be found in the  cyclization of 
41 into 42 with a 3.5% yield.4 

Synthesis of (-)-2-Isobrendanone (16) [ (-)-Tri- 
cycl0[3.3.1.O~~~]nonan-2-one] (Scheme 11). As Scheme I1 
illustrates, the  sequence of steps from (+)- ( lR,2R,4R)-  
endo -5-bicyclo[2.2.2]0~ tene-2-[carboxylic acid (43), [a] 19D 
+48.2" (optical purity 95%),Zb to  (-)-2-isobrendanone (16) 
involving intramolecula,r alkylation of the keto mesylate (54) 

Chart I11 

50, R=CH3 x=(&(endo) 

51, R=CH3 X =  0 

5 2 .  P = H  54 
5 3 ,  R = M s  

was almost parallel to the  one described for the synthesis of 
(+)-2-norbrendanone (14) (Scheme I). Hydroboration-oxi- 
dation converted the (+)-unsaturated ester (44), [a ]14~ $46.9" 
(EtOH),  into a mixture of endo and exo alcohols (45) whose 
Jones' oxidation afforded a 1:l  mixture of 5- and 6-oxo car- 
boxylates (46) which was reduced with sodium borohydride 
to  yield a mixture of 5-  and 6-endo alcohols (47). Alkaline 
hydrolysis of the  mixture of the  methyl esters (47) followed 
by acidification preferentially lactonized the  resulting 6-endo 
alcohol t o  afford the lactone (48), mp 202-203.5 "c, [Lu]I6D 
+8.4" (EtOH),  while leaving the  5-endo alcohol as the  free 
carboxylic acid (49), whose esterification followed by Jones' 
oxidation provided the (-)-keto ester (51). Lithium aluminum 
hydride reduction of 51 led to  the  formation of the diol (52) 
which was treated with 1 equiv of mesyl chloride in pyridine 
to afford the monomesylate (53). Chromic acid oxidation of 
53 followed by intramolecular alkylation of the resulting keto 
mesylate (54) with sodium hydride in dimethylformamide 
gave a 39% yield of (-)-2-isobrendanone (16): mp 146-149 "C, 
[ m ] 1 3 ~  -199" (EtOH).  

Synthesis of (+)-Tricycl0[2.2.2.0~~~]0ctan-3-one (18) 
(Scheme 111). Upon lead tetraacetate decarboxylation of 
racemic exo-5-bicyclo[2.2,2]octene-2-carboxylic acid (55), 
LeBelg observed the formation of a 2053 mixture of racemic 
acetates 58 and 61 with a minor amount of' racemic axia l -  

Scheme I11 

55 

39, m- n= 1 
40,m::2,n=l 
41,m=:2, n=O 

42, m.2, n=O 
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Table  I. Absolute Configurations a n d  Absolute Rotations of (+)-2-Brendanone (12), (+)-2-Norbrendanone (14), (-)-2- 
Isobrendanone (16), a n d  (+)-Tricycl0[2.2.2.0~~~]0ctan-3-one (18) 

registry no. absolute configuration absolute rotation 

(+) -12  68069-46-5 (+)-( lR,3S,6S,7R)-tricycl0[4.2.1.0~~~]nonan-2-one [D( ]D +46.70a 
(+)-14 68069-47-6 (+) - (1R ,3S ,5S,6R) -tricyclo[3.2.1 . 0 " 3 6 ]  octan-2-one [ c u ] ~  +1230a 

(+)-18 68069-48-7 (+) - (1R ,2R ,4S,6S) -tricycl0[2.2.2.0~3~] octan-3-one [N]D +188"* 

In EtOH. b In CHC13. c Calculated on assuming the same degree of skeletal inversion from (-)-43 to 58 and 61. 

(-)-16 68024-12-4 (-) -( 1R ,3R ,5S ,GS)-tricyclo[3.3.1 .03q nonan-2-one [ a ] D  -210"' 

Table  11. C D  Spect ra  of (+)-2-Brendanone (E!), (+)-2- 
Norbrendanone (14), (-)-2-Isobrendanone (16), and (t)- 

Tricvcl012.2.2.0~~~10ctan-3-one (18) ( in  Isooctane) - .  . . .  

(+)-12 (+)-14 

$4.13 X lo7 296 (sh) $3.90 X IO3 284 (sh) 
t 5 . 2 5  X IO:> :306 f 5 . 7 3  X lo3 294 
+4.00 X 1O:j 316 (sh) $6.19 X lo3 303 

[e] nm [ 01 nm 

+3.90 X lo3 315 (sh) 

(-)-16 (+)-18 
[e ]  nm [e] nm 

-9.61 X 10" 292 $2.41 X lo4 287 
-9.00 X lo3 298.5 (sh) +2.49 X l o4  291.5 
-4.43 X lo3 312 (sh) t2.55 X lo4 296 

t1 .36 X lo4 306.5 

bicyclo[3.2.l]oct-3-en-2-y1 acetate. H e  also noted tha t  t h e  
same oxidative decarboxylation of a mixture (82:18) of racemic 
endo-unsaturated carboxylic acid (43) and exo-unsaturated 
carboxylic acid (55) afforded a nearly identical mixture of 
products. Since this oxidative decarboxylation apparently 
involves cationic species 56 and 57 as intermediates, this 
process can correlate the  absolute configurations of acetates 
58 and 61 with t h a t  of the  optically active endo-unsaturated 
carboxylic acid (43). Refluxing of a benzene solution of ( - ) -  
(1S,2S,4S)-endo-5-bicyclo[2.2.2]octene-2-carboxylic acid (43), 
[ a l Z 5 ~  -14.5'' (optical purity 29%), with lead tetraacetate and 
pyridine for 7 h gave a mixture of acetates 58 and 61 which was 
treated with LiAlH4 to  afford a mixture of alcohols 59 and 62. 
Column chromatography of a mixture of ketones 60 and 18, 
obtained by Collins' oxidation of the  mixture of alcohols 59 
and 62, separated two ketones yielding (-)-bicyclo[2.2.2] - 
oct-5-en-2-one (60),  m p  89-91 "C, [ c ~ ] * ~ D  -70.1' (CHC13) 
(8.5% yield), and the tricyclic ketone b p  110-115 "C (35 
mm) ,  [ u ] * ~ D  +26.3" (CHC13) (23% yield). Although the  levo- 
rotation of 60 and (+) Cotton effect (vide infra) exhibited by 
the  tricyclic ketone (18) respectively support  their absolute 
configurations, a rather low degree of configurational retention 
observed in the  conversion of (-)-43 into the acetates (58) will 
require a comment. Goering16 gave [a111 f497"  for the absolute 
rotation of the  unsaturated bicyclic ketone (60) which indi- 
cates 14% optical purity for our ketone (60). Comparing this 
value with 29% optical purity of the starting (-)-unsaturated 
carboxylic acid (431, we can conclude tha t  nearly 50% skeletal 
inversion had occurred during this oxidative decarboxylation. 
We are presently explaining this phenomena by assuming the 
intervention of enantiomeric cations (63 and 64 presumably 
formed from their parent cations by 6,2-hydride shift. 

Chi ropt ica l  Proper t ies .  Table I shows the  IUPAC names 
together with the Cahn-Ingold-Prelog absolute configuration 
notations for the  optically active 2-brendanone and its ana-  
logues whose preparations are  reported in this  paper. Purifi- 
cation of the final products as well as their intermediates was 
carried out  only by distillation or sublimation. This  with 
known optical purities of their starting materials permits us 
to  calculate their absolute rotations listed in Table I. T h e  value 

Chart IV 

I I I I 

I I I 1 

I 1 1 I 

for (+)-18, [ a ] ~  +188", was obtained by assuming that the  
same degree of skeletal inversion would have occurred in t h e  
transformation of t h e  (-)-endo-carboxylic acid (43) into ac- 
etates 58 and 61. Analyses of the  circular dichroism (CD) 
spectra exhibited by the various tricyclic ketones with known 
absolute configurations so far prepared in our laboratory in- 
dicated t h a t  t h e  sign of t h e  CD curve due to  n-r* transition 
can be predicted by applying t h e  octant  rule t o  the  "outer 
ring".1°J7 An inspection of t h e  octant  projections of (+) -2-  
brendanone (12), (+)-2-norbrendanone (14), (-)-2-iso- 
brendanone (16), and (+)-18 illustrated in Chart  IVpredicts  
the (+)-Cotton effects for (+)-12, (+)-14, and (+)-18 whereas 
the (-)-Cotton effect for (-)-16. This conclusion is supported 
by their CD spectra tabulated in Table  I1 in which their ex- 
perimental [e] values are  corrected t o  100% optical purity 
according t o  their known optical purities except for (+)-18 
whose optical purity was assumed on  some analogy (vide 
supra). The  above results emphasize tha t  the octant rule holds 
also for the  2-brendanone analogues of compounds with tri- 
cyclic cage-shaped structure. 

E x p e r i m e n t a l  Section 
Infrared spectral data were obtained from a Hitachi EPI-S2 spec- 

trophotometer. Nuclear magnetic resonance spectra were obtained 
from a JNM-MH-100 spectrometer. Ultraviolet spectra were recorded 
on a Beckman DB spectrometer. Optical rotations were measured with 
a JASCO-DPI-SL automatic polarimeter. Circular dichroism data 
were measured on a JASCO-3-40 spectropolarimeter. Elemental 
analyses were performed on a Yanagimoto CHN-Corder type 11. All 
melting points and boiling points are uncorrected. 
(-)-endo-5-Bicyclo[2.2.l]heptene-2-carboxylic Acid (19). The 

carboxylic acid 19 was prepared by the same method previously re- 
p ~ r t e d : ~  bp 126-130 "C (8 mm); [ c ~ ] ' ~ D  -96.7' ( c  0.608, EtOH) (6796 
optical purity).'3 

Anal. Calcd for CeHloOz: C, 69.54; H, 7.30. Found: C,  69.44; H. 
7.40. 

(-)-Methyl endo-5-Bicyclo[2.2.1]heptene-2-carboxylate (20). 
(-)-Carboxylic acid to  19, [ a ] 1 6 ~  -96.7' (16.5 g, 0.119 mol), was es- 
terified with an ethereal solution of CH2N2 to afford 16.0 g of 20 (88O10  
yield): bp 125-129 "C (96 mm); [G]I6D -91.1' (c 0.530, EtOH). 

Anal. Calcd for CgH1202: C, 71.02; H, 7.95. Found: C,  70.95; H, 
7.99. 

Methyl exo-5(6)-Hydroxy-endo-bicyclo[2.2.l]heptene-2- 
carboxylate (21). 

A solution of (-)-20, [a193 -91.1' (15.9 g, 0.105 mol), in 40 mL of 
THF was cooled to 0 "C. Diborane, generated by addition of a solution 
of sodium borohydride (4.0 g, 0.105 mol) in diglyme (100 mL) to a 
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solution of boron trifluoride etherate (26.4 mL, 0.209 mol) in diglyme 
(23 mL), was passed into the olefin-THF solution (maintained at 20 
O C )  by applying a slight fl.ow of dry nitrogen through the generator. 
After generation of diborane ceased, the excess hydride in the reaction 
mixture was decomposed by an addition of water. To the mixture was 
added 3 N NaOH solution (12 mL) and then 30% hydrogen peroxide 
(14 mL). The reaction mixture was stirred for an additional 1 h a t  
30-50 "C and saturated NtsC1 solution was added to the mixture. The 
organic phase was separated and the aqueous phase was extracted 
with ether. The combined extracts were washed with water, dried 
(MgS04), and condensed. The residue was distilled to give 13.9 g of 
21 (78% yield): bp 125-132 "C (8 mm); [ a ] I 3 ~  t4.6' (c 0.724, EtOH); 
IR (neat film) 3400,1307,1200,1080,1036,1000 cm-'. 

Methyl 5(6)-Oxo-endo-bicyclo[2.2.1]heptene-2-carboxylate 
(22). To a solution of 21, [cY]'~D +4.6O (13.9 g, 0.0818 mol), in acetone 
(200 mL) was added an excess of Jones' reagent18 with ice cooling and 
the mixture was stirred for 2 h at 0-5 'C. After addition of water, the 
mixture was extracted with ether. The extract was washed with sat- 
urated NaHC03 solution and water, dried (MgSOd), and concen- 
trated. Distillation of the residue gave 8.50 g of 22 (62% yield): bp 
120-124 'C (8 mm); [(Y]l:D -18.0' (c 0.524, EtOH); IR (neat film) 
1735,1270,1200,1150,10?6,1028,877 cm-l; NMR (CC14) 6 3.59 and 
3.64 (3:2 ratio; -0COCH3I. 

(-)-Methyl 5-Oxo-entlo-bicyclo[2.2.l]heptane-2-carboxylate 
(27). To a solution of 22, [,2]l5D -18.0' (8.42 g, 0.0501 mol), in meth- 
anol (160 mL) was added ;slowly sodium borohydride (1.90 g, 0.0500 
mol) with ice cooling and the mixture was stirred for 4.5 h a t  room 
temperature. After most of the methanol was removed under reduced 
pressure, a solution of NaOH (4.0 g) in water (45 mL) was added to 
the residue. After being stirred for 2 h a t  room temperature, the al- 
kaline solution was cooled in an ice-bath, acidified with 6 N HC1, and 
then kept for 2 days at room temperature. The acidic mixture was then 
made weakly basic with :saturated NaHC03 solution. Continuous 
extraction of the solution with ether gave a white solid, which was 
sublimed at 100-110 "C (7 mm) to yield 1.93 g of (-)-24: mp 153.5-155 
"c (racemic modification; mp 155-156 'c);" [CY]15D -2.8' (c 0.613, 
EtOH); IR (KBr) 1.765,1188,1167,1091,1043,1000,983 cm-l. 

Anal. Calcd for CaH1002: C, 69.54; H,  7.30. Found: C, 69.49; H, 
7.21. 

The alkaline solution which was acidified to pH 2 with HCI was 
continuously extracted with ether to give 3.20 g of 25. which was es- 
terified with CH2N2 to yield 3.11 g of 26. A methylene chloride solu- 
tion (10 mL) of 26 (3.11 g, 0.0183 mol) was added to a stirred sus- 
pension of pyridinium chlor~chromate~g (6.0 g, 0.0280 mol) in dry 
methylene chloride (40 mL), and the stirring was kept up for 2 h at 
room temperature. The organic phase was separated and the residue 
was rinsed with ether. Thle combined organic solutions were chro- 
maographed on Florid, and elution with ether gave 2.85 g of 27, which 
was distilled to yield 2.71 g of27: bp 113-117 "C (7 mm); [ a ] ' 5 ~  -21.3' 
(c 0.514, EtOH); IR (neat film) 1735, 1270,1200,1028 cm-l; NMR 
(CC14) 6 1.7-2.1 (m. 6 H),  2.4-2.6 (br s, 1 H), 2.8-3.0 (m, 2 H), 3.64 (s, 
3 H). 

Anal. Calcd for CgH12CI3: C, 64.27; H, 7.19. Found: C, 63.92; H, 
7.26. 

(-)-Methyl 5,5-Ethylenedioxy-endo-bicyclo[2.2.l]heptane- 
2-carboxylate (28). A mixture of (-)-27, [a]15~ -21.3' (2.63 g, 0.0156 
mol), ethylene glycol (2.0 mol), p-toluenesulfonic acid (20 mg), and 
benzene (80 mL) was heated until the benzene-water azeotrope ceased 
to distil. After cooling to room temperature, the reaction mixture was 
washed with saturated NaHC03 solution and water, dried (MgSOd), 
and Concentrated. Distillation of the residue gave 3.16 g of 28 (95% 
yield): bp 108-110 'C (6 mm); [a]% -24.9' (c 0.566, EtOH); IR (neat 
film) 1730, 1200, 11 75, 1100, iO30, 855 cm-'. 

7.65. 
Anal. Calcd for CllH1604: C, 62.25: H, 7.60. Found: C, 61.90; H, 

(-)-5,5-Ethylenedioxj -endo-2-hydroxymethylbicyclo- 
[2.2.l]heptane (29). A solution of 28 [.]I6D -24.9' (3.12 g, 0.0147 
mol), in dry ether (16 mL) was added to a suspension of LiAlH4 (0.62 
g, 0.0155 mol) in dry ether (30 mL) and the mixture was refluxed for 
3 h. After cooling with ice, s,aturated ammonium chloride solution was 
added to the chilled mixture. An inorganic solid was filtered off and 
rinsed with ether. Combined ether solutions were washed with water, 
dried (MgS04), and concentrated. Distillation gave 2.56 g of 29 (95% 
yield): bp 124-130 'C (6 mm); [.]I5D -13.5' (c 0.462, EtOH); IR (neat 
film) 3400,1180,1100,1060,1020,853 cm-'. 

Anal. Calcd for C10H1603: C, 65.19; H, 8.75. Found: C, 64.90; H, 
8.69. 
(5-Oxo-endo-2-bicyclo~~2.2.l]heptyl)methyl Methanesulfonate 

(37). To a solution of 29, [ a 1 I 5 n  -13.5' (0.79 g, 4.29 mmol), in pyridine 
(3 mL) was added methanesulfonyl chloride (1.00 g, 8.77 mmol) a t  -5 
to -10 "C and the mixture was stirred for 2.5 h a t  this temperature. 

After being stirred overnight a t  room temperature, the reaction 
mixture was poured onto ice and made acidic with HC1 and was ex- 
tracted with CHC13. The extract was washed with saturated NaHC03 
solution and water and dried (MgSOr). Evaporation of the solvent 
gave 1.16 g of 30, to which was added 5% sulfuric acid (30 mL). After 
being stirred for 2 days at room temperature, the reaction mixture was 
extracted with CHC13. The extract was washed with saturated 
NaHC03 solution and water, dried (MgS04), and concentrated to give 
0.85 g of 37 (91% yield) as a pale yellow oil: IR (neat film) 1738,1350. 
1175,955 cm-l. 

(+)-2-Norbrendanone [ ( +)-Tricyclo[3.2.1.03~6]octan-2-one] 
(14). A solution of 37 (0.85 g, 3.90 mmol) in N,N-dimethylformamide 
(DMF) (10 mL) was added to a suspension of sodium hydride (0.40 
g, 0.0167 mol) in DMF (10 mL) and the mixture was stirred for 11 h 
a t  60 "C under a nitrogen atmosphere. After addition of a few drops 
of methanol, the reaction mixture was poured onto ice and extracted 
with ether. The extract was washed with diluted HC1, saturated 
NaHC03 solution, and water, dried (MgS04), and Concentrated. The 
residue was chromatographed on neutral alumina (Woelm, activity 
11). Eluate with pentane-ether (9:l v/v) was sublimed a t  60-70 'C (30 
mm) to give 196 mg of 14 (40% yield): mp 126.5-128 'C (in a sealed 
tube) (racemic modification, mp 126-127 'C);a [a]16~ t82.6" (c 0.540, 
EtOH); IR (Nujol) 1750, 1159, 1049, 957 cm-'; NMR (CDC13) 6 
1.18-1.80 (m, 3 H), 1.g2.1 (m, 2 H), 2.1-2.9 (m, 4 H), 3.1-3.4 (m, 1 H); 
UV X , , , i s ~ ~ e  280 nm (sh) ( c  15), 294 (19), 304 (sh) (181,316 (sh) (11); 
MS m& 122 (M+). 

Anal. Calcd for C8H100: C, 78.65; H, 8.25. Found: C, 78.18; H, 
8.22. 

(-)-5,5-Ethylenedioxy-endo-2-cyanomethylbicyclo[2.2.1]- 
heptane (32). To a solution of 29, [.]l5D -13.5" (1.77 g, 9.61 mmol), 
in pyridine (4 mL) was added p-toluenesulfonyl chloride (3.70 g, 19.5 
mmol) and the mixture was stirred for 4 h a t  -5 to -10 'C. After 
standing overnight at room temperature, the reaction mixture was 
poured onto ice and made acidic with HC1. It was extracted with 
CHC13 and the extract was washed with saturated NaHC03 solution 
and water, dried (MgS04), and concentrated to give 3.24 g of the 
tosylate 31, which was dissolved in DMF (2 mL). To the solution was 
added sodium cyanide (1.30 g, 26.5 mmol) and the mixture was stirred 
for 11 h a t  120 'C. After an inorganic solid was filtered off, the filtrate 
was concentrated in vacuo. The residue was diluted with water and 
extracted with ether. The extract was washed with diluted HC1, sat- 
urated NaHC03 solution, and water, dried (MgSOd), and concen- 
trated. The residue was distilled to give 1.52 g of 32 (82% yield): bp 
133-136 'c (6 mm); [Cf]"D -20.9' (c 0.510, EtOH); IR (neat film) 
2300,1180,1100,1050,1016,853 cm-'. 

Anal. Calcd for CllH1502N: C, 68.37; H, 7.82, N, 7.25. Found: C, 
68.04; H, 7.82; N, 7.29. 

(-)-Methyl (5,5-Ethylenedioxy-endo-2-bicyclo[2.2.1]- 
hepty1)acetate (34). A mixture of (-)-32, [a']15D -20.9' (1.48 g, 7.66 
mmol), KOH (1.20 g, 21.4 mmol), and ethylene glycol (13 mL) was 
heated for 4.5 h at 150-160 "C. The reaction mixture was diluted with 
ice-water and washed with ether to remove neutral substances. After 
being made acidic with HCl, the mixture was extracted with ether. 
Washing with water and drying (MgS04) followed by condensation 
gave 1.39 g of 33, which was esterified with CHzNd without further 
purification. Distillation of the crude product gave 1.27 g of 34 (73% 
yield): bp 112-115 'C (6 mm); [a']"D -6.0" (c 0.493, EtOH); IR (neat 
film) 1733,1172,1100, 1018,851 cm-I. 

Anal. Calcd for C12H1804: C, 63.70: H, 8.02. Found: C, 63.45; H, 
8.22. 

(+) -2- (5,5-Ethylenedioxy- endo-2-bicyclo[ 2.2.llheptyl)ethanol 
(35). Reduction of 34, [.]15D -6.0' (1.24 g, 5.48 mmol), with LiAlH4 
was carried out as described for the preparation of 29. The crude 
product was distilled to give 1.06 g of 35 (97% yield): bp 136-140 "C 
(6 mm); [.]15D +3.5' ( c  0.450, EtOH); IR (neat film) 3400,1100,1070, 
1015,852 cm-'. 

Anal. Calcd for C11Hla03: C, 66.64; H, 9.15. Found: C, 66.25; H, 
9.34. 
2-(5-0xo-endo-2-bicyclo[2.2.l]heptyl)ethyl Methanesulfonate 

(38). Treatment of 35, [c?]15D t3.5' (1.02 g, 5.14 mmol), with meth- 
anesulfonyl chloride (1.20 g, 10.5 mmol) followed by hydrolysis as 
described for the preparation of 37 gave 1.15 g of 38 (88% yield), which 
was converted into 12 without further purification (vide infra): IR 
(neat film) 1735, 1350, 1175,975,945 cm-l. 

(+)-2-Brendanone [ (+)-Tricycl0[4.2.1.0~*~]nonan-2-one] (12). 
Intramolecular alkylation of 38 (1.05 g, 4.53 mmol) was carried out 
by the same procedure described for the preparation of 14. The crude 
product was chromatographed on neutral alumina (Woelm, activity 
II), and elution with pentane-ether (9:l v/v) gave a white solid, which 
was sublimed a t  60-70 "C (30 mm) to afford 224 mg of 12 (36% yield): 
mp 116.5-118 "C (in a sealed tube) (racemic modification, mp 
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118.5-119.5 'C);6 [CY]I6D +31.3' (c 0.457, EtOH); IR (Nujol) 1745, 
1168,1022,901 cm-I; UV Xmaxiswcme 282 nm (sh) ( c  16), 272 (22), 307 
(sh) (21), 318 (sh), (13); MS mle 136 (M+). 

Anal. Calcd for CgH12O: C, 79.37; H, 8.88. Found: C, 79.07; H, 
8.81. 

(+)-Methyl endo-5-Bicyclo[2.2.2]octene-2-carboxylate (44). 
Esterification of (+)-endo-5-bicyclo[2.2.2]octene-2-carboxylic acid 
(43),20 [CY]"D +48.2" (optical purity 95%)2b (8.80 g, 0.0578 mol), with 
CHzN:! afforded 9.25 g of 44 (96% yield): bp 112-114 'C (20 mm); 
[ n ] l 4 ~  +46.9" ( c  0.526, EtOH); IR (neat film) 1730,1197,1175,1056, 
889,700 cm-'. 

Anal. Calcd for CioH1402: C, 72.26; H, 8.49. Found: C, 71.98; H, 
8.52. 

Methyl exo-5(6)-Hydroxy-endo-bicyclo[2.2.2]octane-2-car- 
boxylate (45). Treatment of a THF solution of 44, [Ct]14D +46.9' (9.12 
g, 0.0549 mol), with diborane as described for the preparation of 21 
gave 6.40 g of 45 (63% yield): bp 138-142 "c (8 mm); [CY]% -71.3' (c 
0.666, EtOH); IR (neat film) 3400,1725,1198,1175,1078,1029,1011 
cm-'. 

Methyl 5(6)-0xo-endo-bicyclo[2.2.2]octane-2-carboxylate 
(46). A solution of 45, [CY]16D -71.3' (6.36 g, 0.0345 mol), in acetone 
was treated with Jones' reagent by the same method described for the 
preparation of 22. Distillation of the product afforded 4.86 g of 46 (77% 
yield): bp 12%134 "C (8 mm); [CY]I4D -43.8' (c 0.512, EtOH); IR (neat 
film) 1725,1196,1172,1101,1072,1020cm-1; NMR (CC14) 6 3.60 and 
3.62 (ratio 1:l) (OCOCHd. 

Anal. Calcd for C10H1403: C, 65.91; H, 7.74. Found: C, 65.71; H, 
7.70. 

(-)-Methyl 5-Oxo-endo-bicyclo[2.2.2]octane-2-carboxylate 
(51). Reduction of 46, [LX]'~D -43.8' (4.76 g, 0.0261 mol), with sodium 
borohydride followed by saponification as described for 27 afforded 
1.02 g of 48 as a neutral fraction: mp 202.5-203.5 'C; [Ct]16D +8.4' (c 
0.484, EtOH); IR (KBr) 1759,1187,1150,1041,970,959 cm-'. 

Anal. Calcd for C9H12O2: C, 71.02; H, 7.95. Found: C, 71.08; H, 
7.87. 

The hydroxy acid 49 (2.86 g) isolated as an acidic fraction was es- 
terified with CHzN:! to provide the ester 50 which was treated with 
Jones' reagent to afford 2.30 g of 51: bp 130-134 "c (7 mm); [ a ] l 2 ~  
-42.8' (c 0.522, EtOH); IR (neat film) 1725,1196,1172,1101,1075, 
1022 cm-'; NMR,(CC14) 6 1.7-2.1 (m, 6 H), 2.10-2.31 (m, 3 H), 
2.35-2.55 (m, 2 H), 3.62 (s, 3 H). 

Anal. Calcd for Cl"H1403: C, 65.91; H, 7.74. Found: C, 65.61; H, 
7.68. 
(5-0xo-endo-2-bicyclo[2.2.2]octyl)methyl Methanesulfonate 

(54). Reduction of 51, [ c Y ] ' ~ D  -42.8' (2.20 g, 0.0121 mol), with LiAlH4 
by the similar procedure described for the preparation of 29 gave 1.84 
g of 52. Treatment of 52 (1.84 g, 11.8 mmol) with methanesulfonyl 
chloride (1.53 g, 11.8 mmol) as described for the preparation of 30 
afforded 1.77 g of 53. The monomesylate 53 (1.77 g) was oxidized with 
Jones' reagent by the same method described for 22 to give 1.65 g of 
54 as a pale yellow oil, which was converted into 16 without further 
purification (vide infra): IR (neat film) 1720,1350,1175,955 cm-l. 

(-)-2-Isobrendanone [ (-)-Tricycl0[3.3.1.O~~~]nonan-2-one] 
(16). Compound 16 was prepared from 54 (1.65 g, 7.11 mmol) by the 
procedure described for the preparation of 14. The product was 
chromatographed on neutral alumina (Woelm, activity 11) and elution 
with pentane-ether (9:l v/v) gave a white solid which was sublimed 
at 5040 "C (30 mm) to give 379 mg of 16 (39% yield): mp 146149 'C 
(in a sealed tube); [ a ] ' " ~  -199' (c 0.417, EtOH); IR (Nujol) 1722,1216, 
1125, 1062,1007 cm-'; UV XmaxiSooctane 291 nm ( c  23), 301 (sh) (201, 
312 (sh) (10); MS m/e 136 (M+). 

Anal. Calcd for VgH120: C, 79.37; H, 8.88. Found: C, 79.06; H, 
8.71. 
(+)-Tricyclo[2.2.2.02~6]octan-3-one (18) and (-)- 

Bicyclo[2.2.2]oct-5-en-2-one (60). A mixture of partially resolved 
endo-5-bicyclo[2.2.2]octene-2-carboxylic acid (43), [Ct]"D -14.5' 
(optical purity 29%)2b (6.08 g, 40.0 mmol), lead tetraacetate (16.8 g, 
90% pure, 80.0 mmol), dry pyridine (4.74 g, 60.0 mmol), and dry 
bel zene (80 mL) was heated under reflux for 7 h under a nitrogen 
atmosphere. After cooling, the reaction mixture was filtered through 
a column of 100 g of neutral alumina (Woelm, activity 11). Eluats with 
benzene and with ether were combined, washed with 1 N NaOH so- 
lution, diluted HCI, and water, dried (MgSOd), and concentrated. 
Distillation gave 3.31 g of a mixture of 58 and 61, bp 114-120 'C (50 
mm). A solution of this mixture (3.11 g) in dry ether was added to a 
suspension of LiAlH4 (0.80 g) in dry ether (50 mL) and the mixture 

was refluxed for 4 h. After cooling with ice, saturated ammonium 
chloride solution was added to the chilled reaction mixture and an 
inorganic solid was filtered off. The filtrate was dried (MgS04) and 
concentrated to afford 2.66 g of a mixture of 59 and 62, which was 
dissolved in methylene chloride (10 mL). The solution was added to 
Collins' reagent2I prepared from 12.8 g of chromium trioxide, 20.5 of 
dry pyridine, and methylene chloride (320 mL), and the mixture was 
stirred for 20 min a t  room temperature. The organic phase was sep- 
arated and an inorganic residue was rinsed with methylene chloride. 
Combined organic solutions were washed with 5% NaOH solution, 
diluted HCl, and water, dried (MgS04), and concentrated. The residue 
was chromatographed on neutral alumina (Woelm, activity 111). 
Elutions with pentane gave a solid, which was sublimed at 45-50 'C 
(5 mm) to give 410 mg of 60: mp 89-91 'c (in a sealed tube); 
-70.1' (c 0.473, CHC13); IR (KBr) 3020,1725,1090,860 cm-'; NMR 
(CDC13)6 1.4-1.9(m,4H),2.0-2.1 (m,ZH),2.9-3.2(m,2H),3.1-3.3 
(m, 1 H), 3.4-3.6 (m, 1 H); CD (c 1.71 X lo-*, isooctane) [e] (nm) 
+1.18 X lo4 (196.5), -4.21 X lo3 (217.5), -2.54 X lo3 (sh) (278.51, 
-3.86 X lo3 (286.5), -5.00 X lo3 (295.5), -4.80 X lo3 (306.01, -2.43 
X lo3 (317.5), +7.31 X lo2 (324.0). 

Anal. Calcd for CaH100: C, 78.65; H, 8.25. Found: C, 78.35; H, 
8.20. 

Further elution with pentane-ether (1:l v/v) gave an oily product 
which was purified by distillation to yield 1.10 g of 18: bp 110-115 'C 
(35 mm); [CYIz7D +26.3' (c 0.638, CHC13); IR (neat film) 1724, 1320, 
1300,950,920,865,820,745 cm-'; MS m/e 122 (M+). 

Anal. Calcd for CgHloO: C, 78.65; H, 8.25. Found: C, 78.30; H, 
8.19. 

Registry No.-19, 20507-53-3; 20, 68069-49-8; 21 isomer 1, 
68024-13-5; 21 isomer 2,68024-14-6; 22,68069-50-1; 23,68069-51-2; 
24, 68035-53-0; 25, 68069-52-3; 26, 68069-53-4; 27,68069-54-5; 28, 
68024-15-7; 29, 68024-16-8; 30, 68024-17-9; 31, 68024-18-0; 32, 
68024-19-1; 33, 68024-20-4; 34, 68024-21-5; 35, 68024-22-6; 36, 
68024-23-7; 37,68024-24-8; 38,68024-25-9; (+)-43,20507-56-6; (-)-43, 
20507-57-7; 44, 68069-55-6; 45 isomer 1, 68024-26-0; 45 isomer 2, 
68069-56-7; 46, 68069-57-8; 47, 68069-58-9; 48, 68069-59-0; 49, 
68069-60-3; 50, 68069-61-4; 51, 68069-62-5; 52, 68024-27-1; 53, 
68024-28-2; 54,68024-29-3; endo- 58,68069-63-6; exo- 58,68069-64-7; 
endo- 59, 68069-65-8; exo- 59, 68069-66-9; 60, 68069-67-0; endo- 61, 
68024-30-6; exo-  61, 68069-68-1; endo- 62, 68069-69-2; exo- 62, 
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