
Tetrahedron Vol. 43. No. 4. pp. 679 to 692. 1987 
Printed in Greal Britain. 

0040-4020/87 13 oO+ 40 
0 1987 Pcrgamon Journals Ltd. 

lfa4DcHIRAL 

DIASTEREOSELECTIVE 

KETALS IN UiGANIC SYNTHESIS. 

CYCLOPRDPAMTION OF a,B-UNSATURATED 

KETALS DERIVED FROM 1.4-Di-T&BENZYL-L-THREITOLl 

Eugene A. Bash* and Keith A. Nelson 

Department of Chemistry, University of Arizona 
Tucson, Arizona 85721 

(Received in USA 14 Ocrober 1986) 

Abstract. E-Cycloalken-l-one 1.4-di-O-benzyl-L-threftol ketals undergo 
efficient and diastereoselective cyclFpropanation when treated with an 
excess of the Simmons-Smith reagent. For example, 2-cyclohexen-l-one 
1,4-di-g-benzyl-L-threitol ketal gave in 90-98s yield a 
dia;tereaneric cyclopropanes as established by 62.9 Hiz 

I$ Gture of 

sPe,:troscopy and by hydrolysis of the mixture to (lR,6S)-bfcyclo[4.1.D] 
heptan-e-one. Sixteen other examples are presentebtiifch demonstrate 
the generality and predictability of the process for 2-cyaloalken-l-one 
ketals, as ~11 as an unfortunate lack of diastereoselectivity for 
a&unsaturated 1,4-di-O-benzyl-L-threitol acetals. 

Time and again, cyclopropyl ketones have proven useful as synthetic intermediates.2 Angle 

strain associated with the cyclopropane ring and polarization by the carbonyl impart special 

reactivity to these molecules. Reductive ring opening is rrell-knoun,2d-e*3 as are ring opening 

reactions by both electrophilic 2fv4 and nucleophilic 2i.5 reagents. Ready conversion of the 

carbonyl to alcoholic functionality by reduction or by 1,2-addition makes olefins of defined 

geometry accessible via stereocontrolled cyclopropylcarbinol rearrangements.2a'C*6 Wittig-type 

olefination provides vinyl-cyclopropanes, Mch rearrange thennally to cyclopentenes.2j-k.7 

Despite their synthetic versatility. general preparations of cyclopropyl ketones are few in 

number. These include: direct cyclopropanation of a,&unsaturated ketones;8*9m1D cyclopropana- 

tlon of allyllc alcohols, followed by oxidatlon;2d-4s8*9*11 and decomposition of diazoketones in 

the presence of alkenes.2b.g*i.k*12 F ewer still are general methods for enantioselective produc- 

tion of cyclopropyl ketones.13*14 These include: cyclopropanation of achiral a,&unsaturated 

ketones with chirally modified cyclopropanating reagents;l5*16 and cyclopropanation of non-racemic 

allylic alcohols. followed by oxidation.11*17 While the former processes are straightforward, 

they generally suffer from low enantioselectivities. The latter process can, in principle, provide 

cyclopropyl ketones possessing very high enantiomeric excesses, but depends upon prior resolution 

of the allylic alcohol -- an inefficient and laborious task at best! Since modern synthetic them- 

ists frequently seek to produce a single enantiomer of a complex target structure, an efficient 

enantfoselective synthesis of cyclopropyl ketones would render them all the more attractive as 

synthetic intermediates. Toward this end, w have examined the Sitneons-Smith cyclopropanationB 

of a series of homochiral ene ketals and ene acetals derived from readily available 1.4-di-g- 

benzyl-L-threitoll8 and report herein a general, efficient, enantioselective synthesis of bicyclo- 

[m.l.D]alkanones and tricyclo[m.n.l.D]-alkanones. 

RESULTS 

preparations of Ene Ketals and Ene Acetals. Excepting compounds 13, 15, 17, and 27 (Table I), 

all required ene ketals and ene acetals wre prepared by direct ketalization of the corresponding 

enones under standard conditions (0.5-0.9 equivalents of 1,4-di-g-benzyl-L-threitol, e-toluenesul- 

fonfc acid or pyridinum e-toluenesulfonate catalyst, benzene, reflux with azeotropic removal of 

water under argon). Ketalizations were generally slow but clean reactions. In most cases. double 

bond migration during ketalization ws minimal. However. ketalization of 3-[(l-methyl)ethyl]-2- 

cyclopenten-l-one produced a 2:5 mixture of ketal 5 and an isomer, 3-[(l-methyl)ethylidine]cyclo- 

pentan-l-one 1,4-di-g-benzyl-L-threltol ketal 5a, rhlch ras separated chromatographically. Ketali- 
zation of t-cyclnhepten-l-one also produced a mixture (9:l) of the desired ketal 25 and its A3 

isomer 25a rhich were separable by chromatography. To ensure positioning of the double bond, 
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EomPounds 13, 17, and 27 we prepared via the Corresponding a-bromoketones by a trro-step process: 

ketalfration, fofottomtd by e~~minat~on.19 ~~o~~ 15 WBS prepared by ketatizatfon of P-tosyfoxy- 

C~~o~e~ano~e~ foTTorred by e~~rn~~atlon~ Yfefds appear to Table I, 
. 

Qiastereorelecttve ~~~~~npanat~~ns. Standard Simmons-SmSth ~yc~o~r~anat~~~~ t~~-~U~) mg 

tfnc-Copper couplezaltnnol en@ ketal, 3 equivalents ditodomethane, lodine catalyst, dlethyl ether, 

reflux under argan) of the ene ketals'and ene acetals listed In Table I resulted in diastereose- 

T@Ctfvittes rang*ng from approximately 2&l, the llmft af detectabitity, to i:t as determtned from 

62.9-HIir I35 tJMR spectra of the product mfxtures.21 Ches&al y*elds Were ~n~ra~~y good to excel- 

lent on scales ridging from W&35,3 mmot, In severaf reactfons fentrfes 3-5, 10, and 23), anhy- 

drous potassium Carbonate was included in the reaction mixture to neutralize devetapfng acidity, 

Uiastereoselection was uniformly good for a,&unsaturated cycloalkenone ketals 1, 3, 5, 7, 9, 

11, 13. I?, X9, 25 and 27, but poor for s,v-unsaturated cyclaalkenone ketat 15. R~dstereoselectio~ 

Was unfformly poor for a,~-unsaturated aldehyde acetals 23, 31, and 33, but better for ketats Of 

the corresponding methy'l ketones (campare El and 23, 29 and 31).22 
HJ%frofyses of ~y~~QFro~ff~ I&tats. Results of the ~~~~-~~~a~yz~ ~ydroTys~s of setacted CyCfo- 

propane ketals are sumnarized fn Table II. Under the conditions employed (hydroCh1oric acid, 

methanol, water, room temperature), hydrolysis WBS rapid and clean, providing the product cycle- 

propyi ketones 35-45 in good to exCelTent yields, In most cases the chiral auxiliary wss also 

recovered in good to exCe?ienr @?ld. 

The absatute stere~bam~stri~s assigned tsr ~~~u~ro~~~ ketones 35, 36, 40, and &!3 fo3Tow from 

their measured optfcal rotatfons and assignments prevfously omde in the literature (Table If). 

The absolute stereochemistries assigned to cyclopropyl ketones 37, 38, 39, and 42 w-e based UPQfi 

appltcatlon of the Reversed O&ant Rule to the CO spectra of these molecules, all of rhfcb exhfbl- 

ted posttfve ~~tton'~ffe~t* [Table rTZ).'fb ~~th~~~ the absolute stereocb~~str~~s of C~~~o~ro~y~ 

ketones 41, 43, and 44 remain ~~~~ove~~ ster~C~em~str~~s for 41 and 44 w-e ~eff~a~~~~~y =sfwd 

in accord with the previous ass~~~eots. 

UISCUSSION 

The activatfng and directfng effects of allyttc and homoally\iC oxygen at&s upan the course 

of the Sit~~ns4mit.h cy~~~pro~a~at~on are ~l~-d~~u~nted. %X7J3 Chetat$on of tfnc by oxygen ciln 

result tn ~~e~erI~~t~a~ ~e~jv~r~ of the reagent to the closest of several double bands andfor te a 

speC%ffc faCe of one doebie bond, Thfs fatter resuit #s ~s~e&~a~~y true for ~y~~~a~kany~ alco- 

hols,3 ethers,g*?4 and acttates.Z5 

In search of a direct and general route to onantiomerically pure c,~~lopropyl ketones, VQ pre- 

pared a series of Z-cyclo.?lken-l-me ~,4-di-~*benEyt.-C-threital ketals and subjected them tb 

~~~~s-~~t~ C~Clo~Fo~ana~j~~" We hoped that the ~iss~tr~e po~~tjon#n9 of oxygen atom5 in the 

v(cin%ty of the double bond might result in some measure of diast~r~~~~e~t~vit~~ Me wre mOSt 

pleased to abtafn, for all t-cycloalken-l-one 1,4-di-O_bentyl-L-threftot ketals examined, good 

(8:l) to excellent (20:1) diastereoselection and goad to excellent chemical yields (Table 1). 

Unsubstttuted ketals 1, 13, and 25 exhibited comparable diastereoselectivlties (8-9~1). Alkyd 

substftution on the double bond had little or no effect on the d'iastereoselectfvity exhfbfted by 

the 2-~y~~o~ente~~~-o~e system (ketafs 3 and 9), but an ~-metb~l sMbst~tue#t 9reatTy unmanned the 

d~astereose~e~tiv~ty exhlblted by the 2-~y~~o-h~x~#-~-on~ system fketaf If). The greater dia- 

stereoselectfvity exhibited by k&al 17 may have been due to sterfc destabifizatfon of one of 

several possible zlne chelate structures. 3-Cyclahexen-l-one k&al 15 exhlbited substantially iess 

d~astereose~e~t~vity than 2-~y~~ohexeo-~-one k&al 13, presumably due to the hweased distance 

of the double band from the sttags) of rim chefat~on, 

k&t r~arkab~e was the d~ast~r~ose~e~~~vit~ observed for Bc~ClopttntadeCen-i-ane k&al 27, 

Although we anticipated less dfastereoseleCt%vity for 27 than that observed far the smaller r~%l 

2-cycloalken-l-ones, a single cyclopropane diastereomer. 28a, ws produced from 27. 2U This dta- 

stereoselectivfty may be due to a conformationally-controlled exposure of one face of the Oleffn 

to the ring exterior.27 
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TABLE 1. Dlrstereosclect~ve Simons-Saith Cycloprqmrtim of t!mxhirrl Em Ketrls end Ene Acetals 
Dertved fnm ~.4-fJ&Menzyl-L-threhtcltol.= 

entry en tat& cyclo~roprne kebls 
yield, dlrste-r 
ro ratio/ 

1 66 

2 

5 

5 

x ,x 
h f 

0 

b I 
8 

6 
t% 

UI.23 
(4.28) 

-0:97 
(2.38) 

ta.70 
(3.42) 

4213 
(0.65) 

t4.3 
(3.W 

t2.3 
(1.71) 

x ,! f 
k 0% ,# 00 9:l 

4a 4b 

x x 

L f 
0 0 

% 

% 

me 

(La 
Ha 

CH, 

X 

b f 0 

43 ‘, 
.,,b 

10a 

x t 
h $ 

0 0 

cr) 24 

12a 

2b 

72 9:l 

x f 
h F 

0 0 

h 
54 9:l 

(b '% 

f" 

", 

Ha 

x x 
a 

: 6 0 

Q3 
ab 

70 9:l 

90 7:l 

9:l 

%eectlm condltlons: 400-700 m9 of couple/m~l of ene ketal, 3 aqulv of CH212, 0.5 t4 In refhmi119 

dhthyl ether, l-24 h. bX - CH20W2C6Hr 
hid based on tmmcourrrd dlol In psrentheses. 

111 yields refer to Isolated and puriffed _. 

'In CHCl,. fDetemlnd by 62.9J))r "C Im. 
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TABLE 1, continued. 

cyclopIYJpalm btalr 

x x i b 
4 93 

I 

x F p h 
@ 

7 t9.31 
(4.16) 

-9.66 
(3.05) 

ill.7 
(1.92) 

-3.41 
(3.23) 

t3.63 
(2.7) 

90-96 9:l 

13 14b 

x ,x i 6 0 

0 
86 

/ 

x ?! 
r 6 0 

Q 
16b 

66 2:l 6 

15 

x 5 

h p 
99 2o:l =% 63 9 

18b 

x x x x f k 
0 0 

08 
. 

J-7 z 
0 0 

92 7:l co $9 

20b 16 208 

66 14:l 

x x f 
l-k 

H 

% 

24b 

70 2:l 
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cycloprapane ketalr 
yield. diaste-r 

P ratiof 

x x 
2 

13 
6 0 
0 

25 

15 

X ,x 
z hi 

CHa x I 
CH, CH, 

42 

41 

66 

29 3oa 3Ob 

16 

17 40 

r1.69 
(3.02) 

-2.10 
(3.04) 

-2.46 
(3.17) 

to.05 
(5.18) 

t5.47 
(3.W 

26a 20b 

28a 28b 

X’ F i k 
0 0 

H 

32a 32b 

x x 

L f 
00’ 

H 

“s WOC 

8 

34b 

90 8:l 

94 2O:l 

56 2:l 

94 1:l 

62 1:l 
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TABLE 2. Hydrolysis Products of Selected Cyclopropam 1.CdiQbenzyl-1-threltol Ketrls. 

cyclopropane product 
entry kttel CY~~~~Yl 9'* 

ra1p l eentimertc recwcred 

de9 (0) 
conffguretion 

MCCSS diol. 
5 

0 
1 2 6 75 t12.2 lR,ss9 

$ (0.81) 
,111 

35 

0 

6 ", 

% 

lllk 

3s Y 

CY 

0 

8 

31 

51 89 

2 80 427.3 1R,5s6 80 
(2.34) 

3 78 t15.2 
(1.06) 

319,Sah’ 

90 

92 

4 10 91 GS.4 
(2.80) 

3as,?ciR 91 

5 12 64 -26.9 Jls,w -_ 
(2.59) 

64 

6 14 63 +12.v lR,tisO 83 
(3.40) 

76 

7 18 81 -19.4 lR,hS __ 
(0.W 

92 415.0 w,0M 
(2.01) 

56 

42 

9 66 -6iLtl 
(0.31) -- 

ssd 65 

‘hf. lVbJ6. %ef. 37 %f. 17r.c. dRef, 17r 
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TA6l.E 2. cwtttnued. 

cycloprapme prodect 
entry 

keta 1 CY~~~~Yi yif’d 
[4;5 cnentiawric recovered 

de9 (01 
coafi*uratloe excess dial, 

t 

15 t25.7 
(0.53) 

lR,?S 

88 s.0 
0.33) 

l&16@ 95 

85 

8fJ 

*Ref. 26 

1hSt.E III. CO Spectral Data far Cycloprepyl Matones 37, 38, 39. end 42. 

cycloprepyl CeeCtntretianp A. 
b 

%r 
ketone rgw n de9 C61 

37 2.06 269 +t.27 +a320 
297 t1.27 l 8320 
308 +0.78 rS110 

36 1.96 286 ,1.26 +9660 
293 t1.27 t9730 
304 +O.?O +5360 

39 1.97 266 to. 75 +6250 

:?i 
to. 78 t6500 
to.52 +4380 

42 1.82 296 a.30 l 266lJ 
305 

::::‘: 
+2530 

317 +1530 

“In pentme. *At dtmt teqmtu~. 



686 E. A. MASH and K. A. NEMON 

A number of natural products contain anyularly methylated hydropentalene. hydroindene. hydro- 

azulene, and hydronaphthalene ring systems. Since these systems might be derived enantiosetec- 

tively froa appropriate tricyclo[m.n.l.O]alkanones,~,4 w prepared bicyclic ketals 7, 9, 11, and 

ig and subjected them to Simnons-Smith cycTopropanatfon,lb The diastereoselectivities observed 

(T-9:1) were in keeping with our previous results with monocyclic ketals. 

Hydrolyses of cyclopropane ketals 2. 6, 8, 10, 12, 14, 18, 20, 26 and 2826 proceeded smoothly, 

providing the corresponding enantiomerically enriched cyclopropyl ketones fn good to very good 

chemical yields, along with recovered 1.4-di-g-benzyl-L-threitol (Table 2). From the assigned 

stereochemistries of the product cyclopropyl ketones, it can be inferred that a comnon nude of 

reagent delivery is operative (Figure if. 

more disappointing here the diastereoselectivities obtained for acetals 23 (2:1). 31 (l:I), 

and 33 (1:l). most interesting MS the report by Yamamoto and co-wrkers describing asymnetrfc 

cyclopropanations of related tartrate acetals under alkylidene-transfer condftfonsz8 at low tern- 

peratures,22 For a&-unsaturated acetals, single bond rotations are permitted between the aCeta1. 

and oleffn. At lower temperatures, rotameric conformational freedom may be reduced, allowing for 

greater diastereoselection. This contention is supported by the increased diastereoselectivitY 

observed for 21 (14:l) and 29 (2:l). since replacement of hydrogen by methyl rould be expected to 

reduce the rotameric conformational freedom of 21 and 29 relative to 23 and 31. 

Conclusion 

59Fi+k Facial Selectivity for 
- yc oa ene-l-one 1,4-Di-O-benzyl- 
L-threitol Ketals (X = CH2@H2C6H5). 

Described in this article is a general, 

straightforward synthetic approach for the enantio- 

selective construction of bicyclo[n.l.O‘Jaikan-if- 

ones and tricyclo[m.n.l.D~alkanones which employs a 

novel dfastereoselective cyclopropanation process. 

The chemical yields and diastereoselectivities ob- 

tained thus far are generally wall into the syn- 

thetically useful range, and the sense of the dia- 

X stereoselection is predictable. The ready avail- 

ability of both L- and D- forms of 1,4-di-g-benzyi- 

threitol from natural and unnatural tartaric acfds, 

respectively, makes access to either product enan- 

tiomer possible. The chiral auxilllary is also 

readily recoverable. 

EXPERIMENTS SECTION2s 

General Ketaif ration Procedure 

To a wll-stirred solution of the enone (1-2 equiv) in dry benzene (4-20 mL/mnol) were added 
1,4-di-D-benzyl-L-threitol (1 equiv) and pyridinium e-toluenesulfonate (5-10 mol X). The mixture 
was heaxed to reflux under argon and water was removed azeotropically using a Dean-Stark trap. 
Progress of the reaction was monitored by TLC. Ketalization vies terminated by coolfng the mixture, 
which was then diluted with ether, washed with water, saturated sodium bicarbonate solution, 
saturated sodium chloride solution, dried (RgSOq), and filtered. Volatiles were removed and the 
residue chr~atographed to provide product and in some cases recovered starting materials. 

general Cyclopropanation Procedure 

To a well-stirred suspension of freshly prepared Zn-Cu couple (400-700 mg/mnol en@-ketal) with or 
without anhydrous potassium carbonate (3 molar equivalents) in freshly distilled (from P205) diethyl 
ether (1.7 mL/mmol ene-ketal) under argon were added a small crystal of iodine and diiodomethane (3 
equivalents). After 30 min at reflux (external heating), the olefin-acetal IBS added as a solutton 
in dfethyl ether. Proyress of the reaction was monitored by TLC and/or by HPLC. Uhen reaction wiis 
complete, the mixture ues cooled to 0°C and quenched with rater or with saturated aqueous potassium 
carbonate (0.2 mL/nknol olefin-acetal). After stirring at room temperature for 30 min. the gray-biack 
precipitate was removed by centrifuyation or filtration and washed well with diethyl ether. The 
combined oryanic'extracts were washed with saturated aqueous atmnonium chloride solution, saturated 
aqueous sodium bicarbonate solution. saturated aqueous sodium chloride solution, dried (mgSO4)r ffl- 
tered, and concentrated to give the crude product. Column chromatography afforded the pure product. 
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6enerrl ~~f@~ysis Procedure 

fo a stirred SdlutiOn.of tha cyClopropane acetal In methanol (4.9 nrl/a#tl acetal) at room 
temperature w.s added 2.7 R hydrochloric acid fl mL/smoY acetal), Progress of the reaction was 
mooftored by TLC. When reactfon ms complete, the sot&Ion was poured into saturated aqueous 
sodium bicarbonate solution. 
wtth diothyl ether. 

.The aqueous mtxture was extracted several times vdth pentane, then 
The comb~ned pentane extracts vawe dried (klgSO4), filtered, aria concentrated 

to afford a ~ixtUr@ OF ketone and 1,4-di-O-benzyl-~-threitol. 
Pure ketone as wail as the dlol. 

Column chromatography afforded the 
MdtttoTial dtol vats obtained from the combined diethyl ether 

@XtPBCtS after drying (YgSO49, filtration. and concentration. 

2-f&ctoPenten-l-one Cyclic (1~,2~~-1,2-BfsCfbenzyloxyftRathyilethyten+ Acetal 1, 

IR (CHCt31 3019, 2920, 2865, 1497, 1454, 1363, 1135, 1079, and 700 cm-l; ltt t#R (CDCl3f 2.10- 
-2.16 (2.m). 2.36~2.40 IZ,mI, 3.60-3.64 (4,n), 4.00-4.15 (2,mft 4.57 (4,br s), 5,7f-5.75 (l.m), 
6904-6.09 (Lmt, and 7.24-7.34 P~II (10,mf; exact mass talc, for C23H2604. 366.18311, observed 
366.f8301. 

(1~.5Sf-8lcycloC3.1.Olftexan-2-one Cyclic (lS,2S~-l,2-8isC(ben~y~oxy~~thyllethy~ene Acetat 
1% (CRC1 1 3012, 2931, 2865, 1604, 1451; 1764, 1217, 1210, 1037, 1080, 307, and 697 cm* 

Rm (CO&i 
and 7.25- $ 

1 3.42-0.61 (2,ml 

fa.lH 

.40 ppm (10,m); 
1.18-2.00 f&m), 3.51-3.71 (4,mf, 3.97-4.14 (2,~). 4.53-4.60 (4im) 

% Rl4R (COC13) minor dfasteraomer 7.0 (CH2). 16.2 (CW), 23.4 (CH), 2i.4 

(CHP and 138 1 Pm (C)* major diastereaser 7 0 CH ) X6 1 (CH) 23 1 (CHI 24 5 (CR 1 31 4 
(CH 1, 31.5 (CH21, 70.5 (CH2)r 73.5 (CH2). 77.1 (CH), 77.3 (CH), 119.8 (C), 127.6 (CH), 128.3 

(CH2f, 70.5 (&2!, 73.5'(CH2), 77.1 (CH), 77:3 I&119:8 (C),'127:6 (CH): 128.3 (Cii,: ad 
138.1 pp~ (C); exact mass talc, for C24H2804, 380.19876, observed 380.20059. 

P-Methyl-2-cyctopenten-l-one Cyclic (lS,22)-1,2-8ls[(benzyloxy)methyl]ethylene Acetal 3. 
IR (neat) 3100, 3075, 3040, 2980-2F20 (br), 1960 (w). 1880 (w), 1819 (w), 1744 (wf* 1610 (~1. 

1591 (w), 1500, 1455, 1367. 1345, 1300, 1270, 1218. 1100 (br), 925, 842, 799, 730, and 691 cm‘ ; 
lH NM (CDCl3) 1.68 (3,mf, 2.04-2.11 (2,~)~ 2.22-2.31 f&m), 3.60-3.66 (4,m). 3.99-4.11 (2,@), 
4.57 (B.s), 5.69 (l,m), and 7.25-7.35 ppm (lO,m); exact mass calculated for ~24n2804, 380.1988, 
observed 380.1985. 

l-~thyl-blcycloC3.l.Olhexan-2-one Cyclic ~iS,2S)-l~2-8is[~ben~~oxy~~thyl]ethy~enn Acetal 4, 

'3 

IR (neat) 3080, 304% 3020, 2940. 2879, %OT& 1456, 1378 1335, 1300, 1216, 1185, 
90, 942, 800, 734, and 695 cm-l; 1 

11 0, 
s 

103% 
J-52, 

J-5Hz1, 
H RMR {COCt3) 0.39 (l,dd,eJ-5Hz,3J-7Hr). 0.68 (l,dd, 

1.14-X.21 (l,m, obscured), 1.16 (3iS), 1.40-2.00 (4,m), 3,55-3.70 (4,mf, 3~Q4-4.0~4~~,m~* 
4.54-4.60 (4.m). and 7.i!5-7.35 ppm (1O.n); C NNR (COC13) minor dfastereomer 14.0 (CH), 
(CH ), 22.8 (Wjf, 23.", (C), 27.2 (CH ), 32.8 (CH ), 70.4 (CH ), 
(CHf 78.1 (CH' 120 1 (OH) 127 4 (CH! 127 5 (CHij 128 2 (CHP 

70.6 (CH2), 73.3 (CH 1, 77:8 
and 137.9 ppm (C); ma or 5 

dfaslerecmar lb:0 (Ci ). 14:3 (C& 22.6 (CH') 24.6 (C)' 26.8 [CH ) 32.1 (CH ), 70.2 (CH ) 
70.6 (CH2). 73.3 (CH2 f 76.8 (CH);77.8 (CH): i19.9 (C);127.4 (C"j,'127.5 (CHlf. 128.2 (CHj,'and e 
137.9 ppn (C); exact mass calculated for C25H3004, 394,2144, observed 094.2142. 

I.8 Hz)~ and 7-307.34 ppm (10,m); exact mass catc. for C2683204 408.2302, observed 408.2304. 

(lR,5S)-5-Cfl-Hethyl)ethyt]bicycio~3.1.O]hexan-2-one Cyclic (1~,2~)-1,2-6is[(benzy~oxy)~thyi]- 
etEylZne ketat 6a, 

IR (CHCl 1 3012, 2952, 2925, 2865 145f, 1384, 1364, 1347, 1317, 1100, 943, and 697 cm-l; 
N&t (CijCl31 a.48 (l,dd, 2J 

ltI 
- 5.3 Hz, % = 8.4 Hz), 0.57 (l,dd, 2J = 5.3 Hz, 3J = 3.7 HE). 0.85 

(3,d, J * 6.8 Hz), 0,95 (3,d, J a 6.8 Hz). 1.21-1.26 (l,m)131.38-l.84 (S,m), 3.54-3.72 (4,m), 
3.95-4.12 (2,m), 4.55-4.63 (4,m), and 7.20-7.39 ppm flO,mf; C NMR (CDCl ) minor diastereomer 
12 1 (CH ), 19.3 (CH 1, 19.7 (CH ) 25.3 (C) 29.2 (CH) 31.9 (CH), 33.1 i)CH2), 33.3 (CH29, 70.5 
(&2), 75.4 (CH2), 7?,2 (CH) 77:3'(CH), 11915 (C), 12715 (CH), 128.2 (CH), and 138.1 ppm (C); 
major dlasterecmer 12.2 (CH21, 19.3 (CH39, 19.6 (CH 9, 25.0 (C), 28.8 (CH), 32.0 (CH), 32.8 
(CH ) 33.3 (CH2), 70.5 (CH2) 73.4 (CH2) 77.2 (CHj 77.3 (Cti) 119.5 (C) 127.5 (CH), 128.2 
(CHi,'and 138.0 ppm (C); exacg mass calculated for Ci6H3404 422:2457. observed 422.2456, . 

2,~,5,6-Tetrahydro-lH~4~-pent8~en-~-one Cycttc (1~,2S)-~,2-Ejs[(benxy~oxy~~thy~lethy~ene ketai 7. 
1[R (neat) 3190 3 65 3132, 2920, 2860, 1495, 14%, 1370, 1301, 1170, 1105, 1029, 996, 955, 

922, 737, and 699 <s-i+ 1 H MtR (COCI 2 f 2.15-2.28 f&m)* 2.48-2.56 (2,ma), 3.58-3.63 (4,m), 3.96- 
4.08 (2,@). 4,55-4.59 j4,,"f, and 7.2 -7.34 PPm (lO,mf; exact RWiS calculated for c26H3004, 
406.2142, observed 406.2144. 

13aS,6aR]-2.3,5,6-letreh~ro-3a,6a_Aetts~en-l-one Cycffc frS,2~~-1,2-8fsE(benlyloxy)- 
ratTivtthyTene Acetal 8a. 

699 and 668 cn~-~ 
IR fCHCl3f 3 11 2930, 2865, 1454, 1366, 1303, 1296, 1270, 1155. 1996, 1080, 1062, 1028, 951, 

i 
flO:m), 3.48-3.783(4,m), 3.84-4,lO (&RI). 4.48-4.70 (i&j, and 7.19-7.55 ppn (10,nf; 

H HMR (COCl39 0.70 (l.d, 25 = 5.9 Ht), 0.90 (l,d, -J * 5.9 Ht), 11$-2~0 

(COC'i3) minor dtasteremr 15.i. 23.7, 27.7, 28.2, 31.1, XL?, 40.6, 41.2, 70.7, 70.9, 73.4, 
78.4, 118.2, 127.6. 128.3,and 138.0 ppm; major diastereomr 15.1, 23.5, 28.0, 28.3, 31.0, 38.1, 
40.0, 40.7. 70.3, 70.4, 73.4, 77.3. 77.4, 117.8, 127.6. 128.3, and 138.0 ppm; exact mass caicu- ‘ 
tated for C27H32O4 420,2300, observed 420.2308. 
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&3.4,5 6,?-Hexahydro-lH-inden-l-one IR [neat) 3062, 3029, 2924, Cyclic 
2865 . 1084, 1026, 999, 922, 737, and 698 ca" pgj. 

(lS,2S)-1,2-Bis[benryloxy)methyl]cthylenc 
1452,-1385, 1365. 1304, 1295, 1245, 1205, 

Aceta? 9. 
1186, 1151, 

H NHR (CDCI ) 1.59-1.67 (4.n), 1.93-2.03 (4 n) 2.08 
(2,&r t, J-CHx), 2.19-2.28 (2,m), 3.60-5.65 (4,m), 3.&-4.11 (2 m) 4.57 (4 s), and 712517.34 
pj!m (l&m); eXaCt mass calculated for C27R3204 420.2300. observ;d i20,230?.* 

~3aS~7aR~-2,3,4,5,6,7-Hexahydro-3a,ta-nethano-lH-inden-l-ons Cyclic {l~,2~)-1,2-Bi~[(bm~loxy)- 
met~yll%ylene ketal Loa. 

IK (CHCl3) 3012 2931, 2868, 1451, 1364, 1314, 1219, 1100, 1027, 950, and 696 cm-l; 1H stir 
(CUC? ) 0.40 fled, pJ = 5 2 Hz) 0 76 (1 d 
3.43-3.78 (4,m), 3.92-4.16 (P,mj, i.50-416; (4 a) and 7'21-7 52'ppm (16 rni 

*J - 5.1 Hz) 0.91-l 96 (11 m) 2134-2.28 (l.mf, 
C NMR (COCt3f 

minor diastereomer 18.1, 20.8, 21.9, 22.2, 25.4, iB.8, ti.9, 31.9, 33,3,'7016, 70.8, 73.3, 77.7, 
78.3, 120.9, 127.4, 128.2, and 138.1 ppm; major diasterecxaer 17.9, 20.8, 22.2, 25.8, 28.8, 29.8, 
31.9, 32.6, 70.1, 70.8, 73.3, 77.0, 77.6, 120.5, 127.4, 128.2, and 138.1 ppm; exact mass calcu- 
lated for C28h3404, 434.2457, observed 434.2457. 

2,3,6,6,7,8-~xahydro-lH,4H-Allen-l-one Cyclic (~S,2S)-1,2-Bis[(benzy?oxy~methyl]ethylene &eta? 11. 
IR (Neat) 3OB8, 3061, 3035, 2919, 2850, 1498. T&? 

i 9 1093, 1030, 1019, 978. 955, 940, 911, 738, and 700 cm' ; 
1 85, 1366, 1311, 1292, 1260, 1211, 1161, 
H Nl4R (COC13) 1.52-1.63 (4,m). 1.63-1.711 

(2,m), 2.04 (2,br t, J - 6.5 Hz), 2.06-2.18 (4&i), 2,23-2.32 (2,m). 3.59-3.68 (4,m), 3.95-4.12 
(2.m). 4.57 (2,s), 4.58 f2,s), and 7.25-7.37 ppm (10,mf; exact mass calculated for f&h3404 
434.2457, observed 434.2456. 

(3aS,BeR)-2,3,5,6,7,8-Hexah~ro-3a,8a_R1len-l-one Cyclic (lS.2~)-1,2-BlsE(benzy?oxy) 
met~yl$&hy?ene Acetal 12a. 

IR fCHC13) 3005, 2918, 2858, 1451, 1364, 1311, 1237, 1130, 1097, 1074, 977, 947, 907, and 696 
cm-l; 1H NRR (Cocl3) 0.52-0.69 (2 m), 1.03-2.17 (14,m), 3.50-3.78 (4,m). 3.90-4.10 (2.m). 4.50-4.65 
(4,m), and 7.20-7.55 ppm (10,m); 13~ NW (CDC?3) minor diastereomer 14.8, 26.8, 27.2, 27.3, 30.4, 
32.1, 32.2, 33.7, 33.8, 35.8, 70.4, 70.9, 73.3, 78,1, 121-9, 127.5, 128.2, and 138.0 ppn; major 
diastereomer 15.4, 26.4. 27.2, 27.3, 30.4, 32.1, 32.2, 33.0, 34.0, 35.5, 70.4, 70.9, 73.3, 77.1, 77.6. 
121.9, 127.5, 128.2, and 138.0 ppm; exact mass calculated for C29h3604 448.2613, observed 448.2621. 

Z-~yclohexen-l~one Cyclic flS, 2S)-1,2-BisCben~y?oxy)~thyllethy?ene Acetal 13. 
IR (c~C1~) 3058 3095, 2T32,-2865, 1646, 1491, 1451, 1394, 1364, 1231, 1174, 1127, 1104, 1074. 

940, and 697 cm-l; IH N $ (COC?) 1.71-1.91 (4,m), 1.96-2.03 (2,m), 3.59-3.69 (4,m), 4.03-4.17 (2.m), 
4.57 (4,s). 5.G3 (l,dt,'J -1 Hz,~J = 10.1 Hz), 5.93 (l,dt, J - 3.9 Hz, 3J * 10.1 Hz), and 7.24-7.38 
ypn (10,~); ex,ict mass calcu?ated for C24H2BU4 380.19876. observed ~30~1972% 

(l&, 6Sf-2-Norcaranone Cyc?ic (12, 2S)-l,2-B~s[~be~zyloxy~~thyl]ethylene fCe!al 14a. 
IR-(CHCl3) 3012, 2938, 2865, 14fl, 1364, 1210, 1137, 1094, and 697 cm- ; H R&R (COC13) 0.2% 

0.40 (l,m), O-62-0.79 (l,m), 1.00-1.72 (7,m 
4.50-4.70 f4,m). and 7.15-7.45 ppm (10,m); 

13 1.75-1.95 (l,m), 3.54-3.77 (4,m), 3.98-4.23 f2,m), 
C MR (CUCl ) major diastereomer 9.4 (CH2), 12.4 

(CH) 19 8 (CH) 19 9 (CH ) 22 4 (CH ) 32 7 (CH ), 70.2 (CH2), 70.7 (CH2), 73.4 (CH2), 77.2 
(CH): 77:4 (CH): 116.3 (&'127:6 (CHq,'l28:3 (CHP, and 138.1 ppm (C); exact mass calculated for 
C25R3004. 394.21441, observed 394.21228. 

3-C~?ohexen-l-one Cyclic (1% 2S)-1,2-Bis[(benzyloxy}methyl]ethy?ene Acetal 15. 
IR (CHCI f 3025, 3012, fl25;-2865, 1495, 1461, 1358. 1264, 1244, 1137, 1104, 1070, 1027, 907, 

857, 737, ana 697 cm-1. 1 H NMR (CDCl3) 1.72-1.90 {Z,m), 2.18-2.45 (4,m) 3.60-3.68 (Q,m), 4&3- 
4.20 (2.m). 4.57 (4,s): 5.54-5.64 (l,m), 5.66-5.76 (l,m), and 7.20-7.42 ppm (1O.m~; exact mass 
calculated for C24H2BO4, 380.19876, observed 380.19834. 

J-Norcaranone Cyclic (1s. 2S)-1,2-Bis~(benzyloxy)methyl]ethylene Acetal 16. 
IR (CHCl ) 3012, 2975, %65, 1495, 1451, 1361, 1137, 1090, 1027, 994, 696, and 667 ca-1; lH 

NMR (CDCl3) a .09-0.20 (l,m), 0.51-0.63 (l* m), 0.80-1.02 (2, m), 1.22-1.65 (2,m), 1.70-1.93 
~~~rn)~ 2192-2.38 I& m), 3.49-3.70 (4,m), 3.94-4.18 fP,m), 4.52-4.64 

C NMR (CDCl3) minor d~astere~r 8.9 (CH), 9.2 (CH), 10.6 
(CR'L; '34 9 (CR,) 70.8 (CH2). 70.9 (CH2), 73.3 (CH2), 73.5 (CH2). 
~~H~,'lO9:8 (C) i27.6 (CH) 128.3 
(CH), 10.3 (CH j, 21.7 (CH j, 30.3 

CH), and 138.1 ppm (C); major diastereomer, 8.9 (CH), 9.2 

(CH2). 76.9 (Ci;), 77.2 (CR!, 77.6 
34.8 (CH2), 70.6 fCH2), 70.7 (CH2), 73.3 (CH2)r 73.5 

(C), 127.6 (CH), 128.3 (CH), and 138.1 ppm (Cl; 
exact mass calculated for C25H3OO4 394.21441, observed 394.21265. 

P-&thy?-bcyclohexen-l-one Cyclic (lS, 2S~-1,2-Bis[(benzyloxy)~thy?]ethylene Aceta? 17. 
IR (CHC13) 3012, 2932, 2865, 149s; 1451, 

780, 767, 733, and 696 cm -1; 1~ NMR (CQC? ) 
1364, 1264, 1211, 1174, 1130, 1100, 1077, 1024, 950, 

4.09-4.19 (l,m), 4.56 (4,s). 5.68 (1,br s 3 , 
1.63-2.08 (9,m). 3.57-3.71 (4,m), 3.96-4.08 Il,m), 
and 7.20-7.40 ppm (10.m); exact mass calculated for 

C26H3OU4 394.21441, observed 394.21426. 

1-Methyl-2-norcaranone Cyclic (12, 2S)-1,2-BisC~benzyloxy)~thyl~ethy?ene keta? 180 

696 cm-\; 
IR CH 13) 3005, 2938, 2865, 149T, 1451, 1364, 

F 
1250, 1217, 1191, 1144, 1091, 1027, 967, and 

H RMR (cuc?~) 0.42-0.50 (l,m), 0.51-0.60 (1.m). 0.92-1.05 (l,m), 1.07 (3.51, 1.14-1.72 
(S,m), 1.85-2.02 (l,m), 3.56-3.66 (2,mf. 3.p3 -3.76 (2.m). 3.94-4.06 (1,~). 4.11-4.21 (l,m), 
4.52-4.65 (S,m), and 7.20-7.40 ppm (10,m); c w (COc13) 19.4 (CH ), 19.9 (CH 1. 23.0 (ct. 21.6 
(CH) 22 2 (CH ) 22 3.(CH ) 31 6 (CH ), 70.4 @X2), 71.0 (CH2), 75.4 (CH2'Js 73.5 (CH ), 78.3 
(CH): lli.7 (&*127:5 (CH~;l28:3 (CH$, and 138.1 pprn (C); exact IMSS catcutated for E 26H3204 
408.23006, observed 408.22855. 



~~~~~obexe~e ~r~xa~~b~~ Cyclfc {IS, 2S)-f,2-%#tCfbant;ylaXy)fiurthyl3~b~”iene Acetat 23, 
IR (neat) 3090, 3065, 3035, 3006, T930: 2%60 1499, 1457, 1369, 1300t, 1190, 1136, 1095, l%SS* 

1046, 1030, 975, 925, 840, 882, 73%. and 699 cm-f* 1 U W4R (CDCI f 1.65-1.62 (4,m), 2.03-2.06 (4,r), 
3.58-3.66 (km), 3.99-4.16 (2,m), 4,57 {4,s), 5.24 (LIsft 5.91 tl, br a), and 7.25-1.35 ppm (1%~~)~ 
exact m8SS calculated for &26~30%4 394.2144, observed 394.2129, 

~-~~8rp~cur~~a~dah~e Cyc’ttc [IS, 2S)-1,2-Btsf(banrytoxy)aw?thyt3attiyrene k&al 24, 
M (CXCI ) 3-Q%, 2935, EM l‘T32”1454 1365 IIt7 1098 107%, 995, 919, and 700 cm-f; 18 

t#@ (CRG? 
2.10 (Q*m 3 

f a.31 fl,dd, 23 = 5.6 Hz, $5 - 5:6 Hz): 0~64*(~*dd~ J * 4.7 Wr, J = 9.4 Hz), O.%l- 
, 3,51-3,72 (4,m), 3~Q2*4~~~~~2,m~, 4.37 and 4.3% firs* ~fastareoto~f~ ~~t~~s), 4.55 

4.63 (4*m), and 3*2t-7.3* ppm (lO,m)* 
20*2 (C) 21.0 (CW ) 21x6 (CW ) 22’7 (CH ) 23 t ?C” ) 70 4 (CH ) 70 6 (CH ) 73 4 (CX ) 73.6 

C NFtR (COG1 f mfnor dfastareomar 13.7 (GH2), 14.4 (CH), 

(CH). 7719 (CH), tfl:O ((H), 157:s (<Ii), 1$8:4 ({li), aid’138:I ~~2(~)* lajor %ikta~wmer21~.8 
(CHg), 14.3 (CR), 20.2 (C), 21.0 (CH )t 21.6 (CH ), 22.8 (CH ), 23.1 (ttl ). 70.4 (CH ), 70.6 (Cl+), 
73, (CH2). 77.4 tCrt), 77.8 (CH), lXi;.Q (CH), 12$,6 (CH), 12il,4 (CM), an 8 13%.1 m T C); exact inasP 
ca~c~~at~~ for ~26~3204 4~.23~, ~s@rve~ ~%~22%3. 

2~~~feb~t~~~~ooa Cycffc 
KR (CHC13) 3012, 2931, 

ZSf-f,2-%Jsrfbenzytoxyf~ibyl]ct~~lene krtal 2p* 

1.57-1.69 (Z,m), 1*71-1.82 
I-494, 1451, 1364, 1230, 1097, 980, and 696 cm- ; IH NM (~%~~3) 

(2,m), 4.58 (4,s), 5,69 (1, 
a 1.86-1.96 (2,m), 2.13-2.23 [i?,m), 3.53-3.70 (4,m), 4AG4.11 
- 12 Hz), 5.79-5.90 fr,m), and 7.26-7.38 ppm (10.~1); exact mass 

calcu~ated for c26H3U04 3Y4.21441, observed 394.2~344, 

IR (~H~l3) 3020, 2930, 2370, 14?i5,-1370, 1135, 1096, 1010, 970, 917, QM), and $00 cm-l; IH HMR 
(GOCl 
3.72 7 

1 ~~~0.~ (Lm), 0*53-0*67 (l,sf, 0.~Q~0.Q~ (I.@, f.O%-I.67 (6*m$, 1.73-2.14 (3,n],3*5%- 
4,m), 3.92-4.12 fil,m), 4,53-4.64 (4,m), arrd 7.22-7.38 ppm (iO,m~; 1 C MR fC#Cl ) minor dfa- 

sterwmw 8.0 (Cii2), 14.0 (CHtS 24.0 (Ctr,), 24.7 (CM), 27.1 fcw2), 28.7 (cHz), J9.3 (2tt2), To.7 
(et+,), 70.9 (Ca23, 73.4 (&HZ)* 77.9 (CH), 78.4 (CH), 112.3 (C), 127.6 (CH), 127.7 (CH), 12828.3 (CH), 
and 138.2 ppm (C 
(GH2), 40.7 (CH2 3 

i major diastereomar 9.7 (CH~), 15.0 (CH), 24,3 (Ckf), 24.5 (CH 1, 27.8 fCtt2). 29.5 
70.7 (CH2), ?0,9 (CH f 73-4 (CH ) 77.9 (CH) 73.4 (CH) 117.7 (C), 127.6 (CH), 

12f.l (W, 12%=3*(&H), and 138.2 ppm (e,; exact ~~s~ca~co~ated~~o~ ~26~32~4 4~~23~6~ &sieved 
4~.2~~~. 

(I)-Eytlop~mtadecc2-en-l-o~~ Cyclfc (l~~ZS)-t,tE-Bfslbenqrtoxy)raet;byl?ethylene Acetali 2f.26 
IR (CWCl3) 3012, 2925, 21161, 1494, 1451, 1364, 1264, 1097, 977, 907 and 677 cm”l; Itf mR (COCl3) 

l,li-1.49 (ZO,m), I KS-f.71 (2,m) 1.98-2.12 (Z,m), 3-47-3 
(4,m), 5.42 (I,dt, -35 = 15”fi Hz, 4J * 1.1 Hz), 5.32 

8 (4,m), 3.92-4.06 (2,mft 4,52-4.62 

7.39 ppm (1O.m); exact mass calculated for C33H4604 5 
X,dt, *$J - EL6 Hz, 3J = 7,l Hz), and f.20- 
06-3396, observed 506.3386. 

f l~,l~)-BfcycfotU.r,Dlhexadecan-Z-one Cycifc if~,2S)-1,2-%fsff~orytaxy)8ethyilethylene ketat 
2%a* 

IR (CHU ) 3005, 825, 2853, 1461, 1361, 1137, 1087 and 691 cm-l* Gf 
(Lm), 0.588.62 (IA, 0.66-0.95 (2,n), I.f2-1.89 (24,m), 3.51-3 7 ‘(4 RI) 

(COU 33 O.f3-a*23 

3.95-4.08 fl,m), 4,53 (2,~)~ 4.57 (2,s) and 7.20-7.40 ppm (10.m); 
3 30-J 89 (1 m) 

16.4 f&I+), 22.3 (CW ). 25.6 (CH), 25.8 [CH ) 26.2 (CH 
’ y3C kR*fClkl ) “8.8 (:ti,i 

26.3 (CH2 26.4 (GH ), $6.6 (CH ), i7.1 
(CH2)r 27.3 (CH ) 97.4 (CH ), 29.1 (CH f *33.? (CH ) 2io*3 (GH f )70.% (CH 5 70,9 (CH f 73*4 
(Cl++)* 73.6 rw;t: 77.1 (CH?, 7%*% (CH)T ill*7 (c),2ti7.6 (~H)*z~~~*6 (Cti).*1~%.3 (Ctrt,2afrd 23%*f 
p#m (E); exact mass ca~c#~a~~ for G34~~0~ 6~.366~~ observed 620.3544. 

4-~tb~?-3a~te~-2~~e C@ec (u,2S)-1,2-efr~(&en~toxy)rmtb~l~Gtkylene kceta’f 2% 
IR (CHCI3) 3005 

910, and 696 cm-l; 
2965, 2925, 2ttri5, 1648, 1642, 1432, 

iH EWR (GOCl 
461, x36%, 13t?, 1238s f 34, 1096, 1021, 

s 
1 1.60 (3,r), 1.65 (3,d, d J - 1.4 Hz), 1.78 (3,d, It J = 1.7 Hz), 

3,46-3,6% (b,m), 3,92-4.0% (2,m t 4.08-4.66 (d,m), 5.30 f&q 4J - X.3 Hz), and 7.2X-7.40 ppaf 
(10,1); eXUCt mass calculated for c24~3~~4 382.2144, observed 382.2138. 
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*thy1 2.2~Otuthylcylopropyl Ret~e:Cycllc (IS 2f)-1~2-Bis~(~nfyloxy)~thyl]ephy~~~~~~~,~~ 
1R (CRC131 3006, 2931. 2865. 1494, 1451, 13511; 1237, 1090, 1023 and 907 cm' 

0.31-0.47 (2,m), 0.60-1.00 (1.m). 1.03 (3,s). 1.17 and 1.18 (3,s. diastereotopfc'~thyls). 1.4 11 
and 1.47 (3& diastereotoplc msthyls1133.53-3.69 (4,r), 3.85-3.96 (1,m). 3.99-4.12 (1.~). 4.51- 
4.63 (4.n), and 7.21-7.41 ppm (10,~); C RM (CDC13) minor dfastereomer 15.8 (CH2). 16.3 (C), 

127.6 (CH$, 127.7 (CHJ, 128 3 
28.2 (CM 1, 32.7 (CH ), 70.3 (CH ). 70.6 (CH2). 73.4 (CH ). 77.2 (CH) 

19.4 (CH), 27.4 (CH f. 28'0 
CHf, and 138 l pm (C). ma or diastereok 5 

110.3 (C), 127.6 &t), 12717 
(&I p 70 8*fCH ) 70 9 (CH ) 

396.2300, observed 396.2290. 
(CH~,'and'138.f2p& (E,; ex% 

3-Hcthylcrotonaldehyde Cyclic (I$%)-1.2-8ts~(benzyloxy)methyl)ethylene ketal 31. 
IR (CRC13) 3012, 2912, 2858, 16%. 1495, 1447, 1378, 1364, 1207, 1157. 1071, 1027. 960, and 

cm-l; lH NM (CDC13J 1.24 (6,hr sf, 
96 

3.56-3.70 (4.m). 3.99-4.17 (2,mf. 4.57 -(4,s), 5,25 (1,br d, fi J - 
,795 Hz). 5.70 Ll,d J - -2.5 Hz); and 7.24-7.34 ppm (lO.m); exact mass talc. for C23HmO4 368.19876, 
observed 368.19681. 

2,2-Ofwthylc 
f 

lopropane Carboxaldehyde Cyclic [lS,2S)-1,2-Bls[(bent;yloxy)methyl]ethylene Ac ta 32. 
3065, 3032 3012 2952 2925 2865- lm5 1451 1210 1127 1091 and 696 cm -I ! 

NHI ~~0~~"~'~.37-0,43 (1,;) 0.;6-0.6; (1 mj 0.7k0.91'(1,m): 1.06'and 1107 ( ‘5) 1.12 and i.1: 
(%s), 3.25-3.72 (4.m). 3.96-4.13 (2,H), k5k4.60 (4,m) s* * 
Hz}, and 7.22-7.38 ppm (10,m); 

4.64 and 4.67 (l,d, J = 7.9 Hz and 7.7 
C M (CRC1 ) 15.6 (CH j 17.5 and 17.7 (Cl 20.4 (CH) 26.3 26.5, 

and 27.0 (CH 1, 70.4 and 70.7 (CH ) 73.4 (Cd ) 77 4 aid*77 9 (CH) 106 7 aid 106 8 (&) 12; 4 
(CH), 127.5 ICH). 127.6 (CH), 12727'(CH), 125!3'(CHj, and 13&l ppm'(C);'exact mas; calcu;ated'for 
C24R3004 382r21441, observed 383.21243. 

Ethyl (El-6-Fonnyl-5-hrxenoate Cyclic (lS,22)-1,2-81sC(benzyloxy)~thylJethylene Acetal 33. 

967 and 97 cm 1. 'R ('Hc13) ao1g~H2YNfi~',~~:')171Z$j [2 
678 1491 1454 

Hz,'~J - g.6 Hz, dJ = 1.3 Hz) $,31'(2 t '3 
apparek qui&et 

14383Jl~6;,31~", , 1147, 1101 1967, #7, 
f 2.10 (t,ddt, J - 

(2,m),.4.57 (g&I, 5.36 (Lg. 
5.89 (1. dt, J * 15.5 Hz, 

'3J = 6.7'H;). 
J - 7.3 Hz), 3 5;-3.70 (i m) 5.65 (3 sf. 4.00-4.18 
5.51 (1,ddt. % = 15.5 H;, 35 = 6.7 riz, 4J = 1.3 Hz), 

J - 6.6 Hz), and 7.24-7.35 ppm (10, m); exact mass calculated for 
C26H3206 440.219891, observed 440.217896. 

(lg. 5~)-R1cyclo~3.1,O]hexan-2-one 35.17b*36 

820 cm-{ F 
lR CH 13) 3000, 2960, 2930, 2875, 1720, 1460, 1380, lj15, 1305, 1185, 1145, 1105, 990. 925, and 

; H ?WR (CoC13) 0.85-0.96 (1,m). 1.08-1.32 (2.m). 1.68-1.92 (1.m). and l.R8-2.25 ppm (4.m). 

(+)-Sabina Ketone 36,37 
IR 2676 

cm-'. 'R (CHC13) W? 3007, ) 0.94 2963, (3 d jJ 
1366 

1720. = 6.9 1466, 0.99 1386, (3,d?J 1296, = 6.8 1265, 1184, 1.07 
953, 

(l,dd.2J 1021, - 
907. an 650 

(COCI 
3.1 icz,, 1.18 (l,dae2J = 4,6'H;, 

Hz), Hz), 
3J - 9.0 Hz), 1.50-1.69 (L&m), 1.93-2.05 

4.6 Hz, 4 J - 
(2,m), and 2.08-2.25 

pPm (2,m); exact mass calculated for C9H140 138.1045, observed 138.1042. 

(W, 6aR)-2,3,5,6-Tetrahydro-3a,6a~thano-lH,4H-pentalen-l-one 37. 
IR (%I ) 3011, 2944, 2872, 1703, 1455, 1418, 1367. 1289, 1272, 1252, 1233, 1197, 1126, 1065, 

1055, 1038, $023, 984, 88p3 865, and 666 cm-l; 1 H NMR (Cocl ) 1.15-2.21 (lO,mf, 2.23-2.40 (1.m). 
and 2.45-2.65 ppm (1,m); C rR4R (CDCl ) 22 6 23 3 27 0 $1 1 39.0 43 8 46.7 and 212.8 ppm; 
mass spectrum (70 ev) m/z (rel. intensfty) i3+(3): i36(Gj, 1;1[2), 168(1;), 95(&j, 94(99). 93(24), 
91(13), 79(1~), 77(19); exact mass calculated for CgH120 136.0888, observed 136.0889. 

(3s, 7bR)-2,3,4,5,6,7-Hexahydro-3a,7a-lllethano-l~inden-l-one 3838, 
IR THCI ) 3013, 2937. 2867, 1706, 1454, 1416, 1379, 1312, 1260, 1184. 1152, 1132, 1104, 1079, 

1049, 1024, 8006. 862, 699. and 666 cm- 1; 1~ RR (COCI 0.96-1.30 (4.m), 1.31-1.55 (3,m). 1.59- 
1.91 (2,~). 1.96-2.27 (4.m), and 2.29-2.42 ppm (1,m); 13 c WR (COC13) 20.2, 21.7, 21.8, 24.9, 29.6, 
29.9, 32.9, 33.1, 36.4, and 215.4 ppm; mass spectrum (70 eV) m/r (rel. intensity} 151(4), 150(42), 
135(3), 122(5), 121(3), 108(100), 107(10), 93(73), 91(20), 80(20), 79658); exact mass calculated 

for ClOH140 150.1045, observed 150.1044. 

(3aS, 8bR)-2,3,5,6,7,8-Haxahydro-3a,8a~thano-l~,4H-arulen-l-one 39.38 
IRrHC13 

1~ NMR [$OCl3 
3015, 2925. 2851, 1706. 1455, 1373, 1234, 1077, 1056, 1029, 968, 833,and 668 Cm-l; 
1.14 (2,s). 1.18-1.36 (3,~). 1.38-1.75 (5.m). 1.83-2.25 (5,m) and 2.42-2.60 ppm 

~~~~~~rn (70 eV) m/z (rel. intensity) 165(10) 164(82) 149(g) 136(12) 
c NW (CoCl3) 26.2, 26.8, 27.1, 28.3, 32.4, 33.3, 35.2, 38.0, 42.6. and 215.6 ppn; mass 

121(16). 108(g), 107(67), 105(a), 94(52), 93(;0), 91(3i), 81(2i), 80(32j, 
123(10), 122(100), 

67(33); exact mass calculated for C11H160 164.1201, observed 164.1201. 

(l& 6S)-P-Rorcaranone 40.'17a*c 

823, 
IR-(CHCl3) 2938, 2858, 
and 663 cm' 39051 ; H t64R (COCl3) 

1681, 1474, 1448, 1347, 1321, 1244, 1214, 1067, 960, 930. 873, 
1.02-1.16 (1-m). 1.17-1.28 (1.m). 1.50-1.81 (4,m), 1.83-2.14 

(3,m) and 2.22-2.37 ppm (1.m). 
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(-)-1-Methyl-t-norcaranone 41. 
IR (CHC13)1 3012. 

and 666 cm 
2965, 2932, 2865, 1671, 1451, 1357, 1234, 1214, 1124, 1097, 907, 820, 723, 

H NM (COG? ) 0.79 (1, dd, J = 5.1 Hz, J 8 7.9 tit). 1.14 (3,s),,1.29 (l,.t, J - 
5.5 Hz), 11.4;:1.52 (l,m), !.56-1.68 (2,m), 1.80-2.08 (3,x1). and 2.23 ppm (1 dt 3J - 5.1 Hz 
18.0 Hz); mass spectfw (70 eV) m/z (rel. intensity) 124(g). 109(3), 96(11): 95ill). 83(3), 

*J - 

81(48), 79(g), 69(45), 68(78), 67(100); exact mass calculated for C8H120, 124.0888, observed 
62(23), 

124.0893. 

(4~,8~)-3,4,5,6,7,8-HexahJdro-4a,8a-methanonaphthatan-l(2H)-one 42.lb.39 

(-)-klethyi Norcaryl Ketone 43,17a 
IR (CHCt3) 3U12. 2932, 2859, 1675, 1447, 1384, 1354, 1274. 1238, 1211, 1164, 907, and 830 cm-l; 

1H WR (WC\ ) 0.71 (l,dd, J = 4.3 Hz, J 
(l,m), 2 03 13 ) 

- 6.8 Hz), 1.12-1.38 (5,m), 1.54-1.78 (3,m), 1.81-1.97 
,s , and 2.32-2.55 pm (l,m); mass spectrum (70 eV) m/z (rel. intensity) 139(g). 

138000); 137(7) 123(54), 109(23!. 95(19), 67(M) 
'observed 138.105~. 

; exact mass calculated for CgH140 138.1045, 

(+)-8lcyclo(L.l.O]octan-tone 44. 
IR (CHCl3) 3005.~2925. 2858, 1650, 1661, 1451, 1364. 1060, 1000, 868 and 706 cm-l; 1~ NOR 

(COC13) 0.97-1.32 (4.m), 1.36-1.79 (4,m), 1.82-1.98 (2,m). and 2.27-2.43 ppm (2,m); mass spectrum 
(70 eV) m/z (fel. intensity) 125(2). 124(32), 123(8 
99(g), 98(8), 97(36), 95(31), 91(34), 85(37), 84(13 

121(3), 113(6). lll(17). llO(6). 109(12). 
: 83(40), 82(20), 81(52), 80(57), 79(16). 

71(56), 70(25), 69(100), 68(35). 67(62); exact mass calculated for C;~Hl20 124.0888, observed 
124.0892. 

(12. 15~)-8~c~~o[l3.l~~]hexadecan-2-one 46.26 
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