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Am-The coavcmon of 6,6d~mcthylbqclo(3. I. I jhcpun-3-one into 3.6.6trim~hylbicyxlo(3. I .l]- 

hcptcnc-2 (“orthodcnc”). formerly consldcrcd to be a naturally occumog isomer of qnncnc. IS described. 

THE bicyclic hydrocarbon “orthodcne” (1). a little known isomer of a-pinene (2). 
was first reported by Fujita in 1933’ as a constituent of the essential oil of Orthodon 
lonceolotum, Kudo (Labiarae). Subsequently, the same author recorded the occurrence 
of the compound in the leaf oil of camphor seedlings and in mature plants of the genus 
Orthodon.’ As evidence for structure 1. Fujita described2 an oxidation product which 
he formulated as 3. Later, Guha and Rao4 synthesized racemic (supposedly tram) 
3and found that it had different properties. 

In this paper we describe a number of synthetic routes to the racemic form of 1, 
the b. p, refractive index, and density of which were found to differ from those 
recorded for “orthodene”. After completion of our work we learned that Klein and 
Rojahn’*. have recently synthesized 1 by a pathway similar to one employed by us. 
These authors note that the m. p. of 3 as obtained by permanganatc oxidation of 
racemic 1 differs significantly from that of the acid described by Fujita. They also 
report that according to Professor S. saito of Meiji University, Tokyo, “orthodene” 
has now been identified as B-pinene (4):. 

In our approaches to 1, a route involving the bicyclic ketone 7, isoaopinonc, 
proved to be the most satisfactory. Originally, we set out to prepare 7 from cis-sym- 
homopinic acid (66). The fatter was synthesized in pure form from norpinic an- 
hydride (5) via the diol6r. and thence the bismethanesulfonate 6). and the dinitrile 

l We thank Dr. Kkin for kindly mformmg us d hu work prior IO publication 

l * We are indcbtcd IO Prdasor !Gfo for funher corrapondencz on this mat~a. According to Fujita.’ 

z-pincnc (2) was also prcxnt m the “orlhodcnc” fraction. 
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6c. Alternatively, a 70:30 mixture of cis- and rrans-sym-homopinic acid0 was 
obtained from the monoethyl ester &‘** of a similar mixture of racemic cis- and 
rrm-pinic acid by Amdt-Eistert homologation and from race& cis-pinonic acid 
(8b)* by the Kindler modification of the Willgerodt reaction.” Unfortunately, 
Dieckmann cycltition of the dimethyl ester of ~2.~4 could be made to yield 7 in 
only trace amounts. By contrast, the related Dieckmano cyclizations leading to 
pinocamphone (9) and thujone (10) have been reported to proceed in about 20% 
yield.’ 
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In view of these unsatisfactory results, an alternative route to 7 was sought from 
nopinone (118). an ozonization product of g-pinent (4). The benzyhdene derivative 
lib” was reduced with LAH to the corresponding allylic alcohol lh, which on 
ozonolysis of the acetate gave the solid a-acetoxyketone 12b, mp 95.596.5”. How- 
ever, even under the best conditions that could be found, 12b was obtained in only 
7% yield. Deacetoxylation of 121 could not be effected by reaction with zinc in hot 
acetic anhydride but was achieved with calcium in liquid ammonia.” Oxidation of 
the crude product then afforded isonopinone (7) in reasonably pure form. The overall 
yield of isonopinone from nopinone, however, was far from satisfactory. 

P 
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lb: R - H, lt:R-H;R’=CH@ 13a:R-CHO 

b: R - CHQ b:R-Ac;R’-0 b:R -H 
c: R - CHOH 

@CH, -A - @ . 8” GR 

I&:R-H I 15 Iti:R-H 
b R = 35DNB b. R = 35DNB 

l We thank Dr. Hcdrick for pnaous g&s of compounds & and llh 
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Fortunately. during the course of these studies a new, more direct route to iso- 
aopinone became available. The oxidation of a-pinene (2) to myrtenal (Wr) by 
seknium dioxide proceeds in fair yield,” and decarbonylation of the aldchyde to 
apopinene (13b) over Pd-Z&SO* has been described.’ 3 Hydroboration of apopincnt, 
followed by oxidation of the resulting alcohols, has been reported’. to yield mainly 
isonopinone (7) plus some nopinone (118). In our hands this procedure afforded a 
68 % yield of a 7:l mixture of 7 and 118 from apopincne. Fractional distillation 
gave 7 in better than 98% purity. Very recently the preparation of 7 in 40% yield 
from apopinent oxide by basecatalyzcd rearrangement with lithium ethylamide has 
been described. ’ ’ 

Although isonopinone has a strong tendency to enolize in the presence of mcthyl- 
magnesium iodide (but apparently not in the presence of MeMgB?), it reacted 
smoothly with methyllithium at low temperature 10 give the expected alcohol, 149 
which was readily purified through the 3,Sdinitrobenzoate (lib), obtained in 38 Y0 
yield from 7 after crystallization to constant melting point of 137” (dcc). In order to 
verify that this derivative was formed from the ketone 7 and not from nopinone 
(llr). the 3.5.dinitrobcnzoate (16d) of alcohol 161. was prepared from nopinone and 
found to melt at 84” (de@. Gas chromatographic analysis of the volatik material 
produczd during the melting of 16b showed that 34% of a-pinene (2) and 43% of 
bpinene (4) were formed. At 140” a-pinene was obtained in 10% yield. and no 
kpinene could be detected. Apparently products of rearrangement predominated at 
the higher decomposition temperature. 

When heated at 14O-180” under reduced pressure,‘6 lib furnished an equimoiar 
mixture of 1 and the exocyclic isomer IS in quantitative yield. The two okfms were 
isolated in pure state by preparative gas chromatography. Spectral data and the 
direct synthesis of 15 from 7 by the Wittig reaction confirmed the structural assign- 
ments. Treatment of 15 with N-~ithi~thylen~iamine” gave 1 in 92% yield under 
conditions that convert &pinene quantitatively into a-pinene. As already noted. the 
hp.. refractive index, and density of 1 as prepared by synthesis do not agree with the 
corresponding data recorded’ for “orthodene”. 

Before concluding, one other approach to 1 deserves brief mention. Catalytic 
hydrogenation of the hydroxymethylene derivative llc of nopinone (118) to yield 
2-methylnopinone (17) has been described. ” Reduction of 17 with LAH furnished a 

b: R = pBrBS0, 

liquid alcohol whose probable configuration (l&) renders it unsuitable for de- 
hydration via ester pyrolysis. Attempted dehydration by basccatalyzd elimination 
of the pbromobenzeneaulfooate ester 18b did not prove feasible, since rearrange- 
ment lo the brosylate 19 appeared to be favored in the preparation of l8b.‘9 In view 
of this sensitivity of the bicyclo[3.l.l]heptan-2-ol system to rearrangement under 

l For evidcna on stcrcochcmtstty. see D V. Banthorpe and D. Whittaker. C)um. Revs. 66.643 (1966). 
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acidic conditions, our inability to obtain 1 from l& by dehydration is not surprising. 
A further attempt to prepare 1 via reduction of the isopropyl ether of Ilc, followed 
by hydrolysis to the A’-3-formyl derivative and then Wolff-Kishner reduction, was 
also unsuccessful. 

EXPERIMENTAL 

M.prwcfedctenninedinapiuuytubuandarccorraed; bps arc uncorrcctei UV spectra WQC 
mcuurcd in 95% EtOH. NMR spectra were recorded oa a Variw AdO instrument with TMS aa itcnml 
standard. Pctrokum ctha rcfet~ IO the fraction with b.p. 3-f. 

Acolnd7~7g(005mok)ol5*0in125ml~byderhawu~dropwirtorrtirradrlurry~l9g 
(005 mole) LAH in 2OOml ether under dry N,. After 9 hr. an additional I9g LAH was rddal md the 
mixture allowed to stir overnight. After autiow addition d sat N+SO,4 (10 ml) and that anbyd 
Na,SO, (25 J the mixture was filtered and tbc filtrate co0oxltr8tedtordampsolid.llliswudinolvtd 
in CH,Cl, and the water rrmoval by azrotropic distillation Enpontioa d tbc ~IVCUI pve 44 8 (65 YJ 
dsmall white phta whict~ oa sublimation (45O.007 mm) flordaI pure diol&, mp. 60-61.5’; IR (CHQ,) 
absorption at 2.37 and 2.87 )r; NMR (CH,Cl,) rignab at 640 (4H. d, I - 7 c/c). 8.80 and 895 r (6H. a). 

(Fouad:C.66~82;H.Il~UC,H,,O,nquira:C.6663;Y11~18~) 

To an iaxold solo of 144 g (001 mole) crude diol & in 10 ml CH,Cl, and 2 ml dry pyridinc wad added. 
with swirling 2.5 g (0022 mok) wthu#uKonyl chloride After chilling at 0” for 6 hr. the mixture wan 
allowed IO rtrnd at room tcmp ovcmigbt. It was lbco waled witb two IO-ml portions dcold water and 
tbc organic layer drial (Na,SO,). An oil. which ayrt~llized rudily 00 aceding. yu iaol~tal on enpontioa 
of tbc solvent. The crude product. wbcn wasbed with pc~ ether. collated. and dried, amounted IO 2% 8 

(99’:). Pure dimcsylatc 6) crystall~ud from a mixture of EtOAc ,%I. ether as small. white prlsmr m.p 
7>76‘ ; IR (CHCl,) absorption at 740,750 and 8.52 )r; NMR (CH,CI,) ugnals at 5.82 (4H. d, I - 7 c/r), 
701 (6H. a), 8.79 and 890 T (6H. s) (Found: C 3998; H. 686; S. 2140. C,oH,oOISI rsquircs: C 3998; 
H, 6.71; S. 21.35?*) 

cis-sym-Howwpin& acid (64) 

A mixture containing 30 g (001 mok) of 6b. 4Q g (008 mok) of dry, reapat-gradc NKN and 85 ml 
anbyd DMSO vu stirred. under dry N,. for 72 br at W. The raction mixture wu diluted with 150 ml 
sat NaCIaq. Just coougb water was tbcn added to dissolve tbc ppd olts, uxl Ibc mixture vu extracted 

with four 50-ml portio~ dCH,Cl,. Tbc combined organic layers were wubad with IWO 5&d portions of 

MI NaCIaq aod dried (Na,SO3 Removal of the solvent gave crude dinltrllc 6~; IR (CHCl,) absorption 
al 446 )r 

A soln of this product and 3 g NaOH in 10 ml water and 5 ml EtOH was rdluxcd for 8 hr. The ~ln was 
a&lifted and evaporated to dryness. The crude diacid U was extractal with ctber. the soln dried (Na,SO.J. 

and the solvent evaporated IO yield I.57 g (79 Q. Rccrysulliz~tion from benzene afforded white amorphous 
crystal& m.p. 11901205’; IR (CHCI,) absorption a~ 5.83 )L 

The dianilidc of U cryrull&d from 4 EtOH as small. white noalla. m.p. 231.5 232.5’. (Found: 
C. 75.35; H. 7.39; N. 801. CaIH,,N,OI roquim: C. 75-39; H. 748; N. SGOo%.) 

Treatment d 61 with ctberal diazomethanc gave tbc dimethyl C&T ; IR (CHCl,) absorption at 5.79 TV ; 
NMR (Ccl.) signals at 6.38 (6H. s). 892 and 9.10 r (6H. s). GLC on a IO-foot PDEAS column (20% on 
Cbromosorb W. 1W) showed only one componcnr (2.20 min). 

.Hc IIUII of rat-cw and trans.s~rn-homopini~. clrrd t6bl 
(a) Oulyl chlondc (16 8) was added IO a soln d 107 g (005 mole) d&’ m 100 ml rnhyd ether contatnlng 

2 dropa dry pyridinc. After 3 hr. the mixture was tiltcral and the solvent and cxcen rapnt were removed 
at the aspimtor. Tbc residue was then added IO an icecold soln (300 ml) of diazomctlunc in tuba. w 
from 26 g N-aitrosomcthyluru. Cooantntion of tbc soln (afta 3 br) gave a yellow oil; IR (CHCl,) 
absorption at 4.72.5.80 and 6 I I )L 

Wolfl tvarmn8ancn1 of tbc diazokctonc. dissolved m 50 ml EIOH. was performed with the aid d a 
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silver barzorcttrietbykmine catalyst.” Dirti)ktiott dtbc ruulting uudc oil gave 84 8 (66 “/3 of the dktbyl 

eater of racunic 6& b.p. 84-85’ (00s mm); IR (CC&) absorption at 5.77 p 

Amirt~~~~~l~(2mmok)~tbc~ylatadroc~~l~~OHin#)ml~~4EtOH 

wurrlluradlorIhr.dilutadwitb~Omlwrlcr~dscidifiedwithcoacHaAntrdditionolexorclNaa. 

cbc 4 mixture wu extracted witb c&r. and the cotnbti or@ layen waz dried (M&O.) Evaporation 

of the solvent pvc 023 g (58 ‘/3 da waxy solid after trituration witb bor pet etbcr. Racunic Ycfysulliml 

from ether-hgrotn as dumps of amorphous crystals. m.p I I50 I 15.5’. 
Treatment of racdl with ethereal diazowtbanc gw the dimethyl ester; NMR (CCl.) U@ at 640 

(6H. 0. 892 899 and 9.10 r (6H. I) The mtcnstty of the s~grtalr at 8.92 and 9.10 was cx 2-l t~mcs that 
of the signal at 8 99 

(b) ln the manner prevtous)y descnbcd.’ 9.2 8 (MS mole) of M’ was allowed to react wtth 8.7 8 morpho- 

line and 3.2 g xulfur. Pure rnc diacid 6d separated from ether-ligrout in clustm of l lmoxt white o&dks, 
mp. 1152- ll6ep; yield 3.1 g(3l 7’ 

The dianilidc uyxtallizrd from 4 EtOH as small. white aeedlu, mp. 22&227” (lit’ mp. 221.223’). 

Treatment of ?oc61 wttb ctbertll diazowthaoe gave the dimetbyl cxter ; I R (CS,) absorption a.1577 u ; 

NMR (CQ.) ugnah at 638 (6H. sin&t). 891.899 and 909 T (6H. s) The intensity d the signals at 891 

and 909 was a. 2.3 times that of the signal at 899. GLC on PDEAS (I@foot column. 20% on Chromosorb 

W. 192 1 gave two overlapput peaks (210 and 22 3 mm) ol approximate relative tntmstty 2.2 IO 1~). 

3-&Nyl~d.6dLrwlhy~6~yc~3. I. I]hprun-2-d (lza) 
A~olnoll3~8~(0lmok)ofllra*~dl~~(0lmok)d~ldehyde~~OlO~~OHaq~d 

IO0 ml 95 % EtOH was allowed IO stand at room tctnp ror 2 days The mixture was diluted with 400 ml 

water and the mlid that uzpanted was cc&c&d by fihntion. One recrystallization from 95y0 EtOH 

(100 ml) gave I91 g (85%) of Ilh mp. 105~~106~5’ (lit” mp. loblOP), [a]:’ - 33.8” (CHCI,). 

To an icecold soln of I I 3 g (005 mole) d I lb in 500 ml dry ether was added 3.8 8 LAH. After the mixture 

had sttrrcd al 0 for 8 hr. the excess LAH and alumtnum compkxcs were destroyed by cauttotu addttton 

of sat Na,SO,. anhyd Na,SO, was added. and tbc tnixrurc filtered. Removal of rbc solvent from the dry 

(M8SO.) filtn~c gave I09 8 (WY’ of crude It; IR (CHCI,) absorption at 2.70.2% and 626 u; UV i, 

254 mu (c 16.500). 260 mu (c 17.000) and 268 rm, (shoulder. c ILOOO). 

Tbc 3.5-dinirroberuourc of It crystalltrrd from aatone as xmall, almost colorks3 dka m.p. 137’ 

dec. (wbcn plaid in an oil bath at 135” whor tcmp was allowed to nsc a. 5’ per nun); [xl: -356’ 

(CHCl,). (Found: C. 6529; H. 5.29; N. 675. CIJH,IN108 requires: C. 6S-39; H. 5.25; N. 6637;) 

2-Aceroxyd.6dumrrhylbicyclo[ 3. I. I *porn-3-oar (12)) 

A soln d 456 g (002 mok) of crude It and 2.3 g Ac,G in IO ml dry pyridtnc was hated (steam bath) 

for 2 hr. EnougJt ia-water was added to the cooled rnixrurc to form an emulsion which wax uirral for I hr 

at 0’. An equal vol of water STU added and the mixture extracted with CH,Cl,. The combinai organic 

laym were wubod with cold 5% HCl. cold sat. NaHCO,aq. and that water. dried (Na,SOJ, sod the 

solvent removed. Diatillatton d Ihe r&due gave 3.47 g (64%) of the acetate of I2a. b.p. 116” (006 mm). 

[x]? -68.8” (CHCI,); IR (CHCI,) absorption at 5.80 and 6.25 u; UV A, 2S3 tnp (c lS.700). 260 mu 

(c 16.OOO).and 267 mp(shoulder. c 11.200); NMR (Ccl,) signalsat 264(SH. m). 3-39(IH. m). 4,IZ(IH. m). 
7 96 t3H. s). X 74 and 8 95 r t6)t. I). 

Ozone-rich oxygen was passed tnto a chtlkd (u - 78’) soln d 6.4 g of the above ICCUIC tn 20 ml Me 

unttl the blue color ddissolvcd 0, just appeamd The mixture was flushed badly wtth N, and was hydro- 

eenatcd ow IO”. Pd-C wth external cooltng. After tiltratton of the catalyst. the solvent was evaporated 

and the rcsduc dtsttlkd The dtsttllatc. b.p. 72 77’ (004 mm). was chilled and a sohd ~sotated. When 

ro?~talltr~ from pet. ether II gave 033 8 (7”“) of rhombotds Subltmatton (45 . 005 mm) afforded IU. 
m.p. 95 5 96.5 ; IR (CHCI,) absorptton at 5.75 and 5.79 )L (Found : C. 66.59; H. 8.24. C, ,H,,O, rcqutrcs: 
C. 67-32; H. 8.22.) 

lsorwpirwne (6,6-&mrrLylbicycb[ 3. I. I]-hrpron-)-oar. 7) 
(a) A mixture containing the dimethyl ester of cis-Jym4, fortned by the action of dmz.omthoc on 

400 w of tbe dtacrd. 50 w of Na xhot. and 6 ml of m-xyknc wax bated at 195” (se&d tube) lor 40 hr 
under N,. The solvm~ was removed and the raiduc waabcd with ctbcr. Aciditiation of cbc resulting 

tan solid rnrh 2N HCI alTorded 020 g da vixcour yellow oil which turned red with F&l,. Hydrolyxis of 
the oil in a rcfluxing tnix~urc of EtOH (OS ml) and 5% H,SO,aq (2 ml) gave a yellow liquid tba~ formal 
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a minute amount of a deep yellow 2,4-&nitrophcnylbydrazonc. TLC d the denvative on whca gel (I : I 
EtOAccyclohcxanc as the elutant) showed a siogk spot (R, 080). 

(b) By the method of Chapman et al.. ” 98 mg of 12b. dissolved tn 5 ml anhyd THF. was allowed to 

react with a soln of 06 g G metal tn 50 ml liq NH,. An excess EtOH was used to consume the &dual 

calcium. The crude product (25 ma). which exhibited IR (CHCI,) absorption at 2.81 and 2.W p. was oxidixcd 

by the dropwtsc addition of0045 ml d standardixcd GO, HISO, rugcnt” to an icciold. sttncd soln 

m 5 ml acetone. Recovery of the neutral organlc product by extractton wtth ether gave a ckar. yellow 

Iqutd. IR (CHCI,) absorptton at 5.86 )L The 2.4dmttrophcnylhydr~one of thts preparatton of 7 crystal- 

lucd from dtlutc EIOH as deep yellow plates. m p 161 5 162 5 1111” m.p I62 ). TLC of the dcrtvattvc on 

SIIKX gel (I : I EtOAc-cyclohcxanc as the clutant) gave a smglc spot (R, 078). 

(c) The previously desertbed procedure” for the deurbonytation d 1JI’r was modtfrcd by the use of 

commcKial5 9; Pd-BaSO, m plaa of Pd(OH)I-BaSO, to give pure 13b in 34% yrcld. Hydntron of 13) 

(24 4g.02mok) by the hydroborattonmcthod wasconductcdasdcscrtbcdfora-pmcnc(2).~~Thccombmcd 

ether extracts (I 50 ml) contrinmg the crude l kohols were evaporated to a. 50 ml and the soln was allowed 

to react. in the manner dwibcd.” with a chromic l ctd soln prepared from 200 g d sodnun drchromatc 

dihydratc and I5 ml %Sd HIS04 diluted to IO0 ml. After tbc combined organic layers (100 ml) mn dried 

(MgSO,). the solvent was atefully removed Distillation of the residue gave 189 g (68%) da whi& sea& 

cryst~llinc material. b.p. 76 77’ (IO mm); IR (CHCI,) absorption at 5.83 )r GLC on an 8-foot DEGS 

column (20 7; on Chromosorb W. 158”) gave two puks (6.2 and 8.1 mitt) of approximate relative intensity 

7.2 to 19 (an authentic aampk d Ilr gave I rctcnttoo time of 8.4 min). Two rulistillatioos through an 

Ill-inch Nester and Faust wmimicro Ipinning-tid column aflordod 794 g of white uystallinc 7. b.p. 75-5” 

(IO mm) [(lit” b. p. 85‘ (10 mm)]. mp. 36s37.5 (lit” m.p. ml”), which was 98% pure by GLC uy 

a.s per above. Tbc U-dinitrophcnylhydrnc crystallixcd from aqueous EtOH as deep yellow platu. 

m.p. 162-163’ (lit” mp. 162’). and gave an undcpmscd mixture m.p. with the 24DNPH of7. prepared 

from Izb. 

Tbc scmrcurbaronc of 7 crystall~xcd from EtOAc m small needler m.p. 187..188 (Found. C. 61.29; 
H. 890; N. 21.72. C,,H,,N,O requires: C. 61.51; H. 8-78; N. 21.52:~) 

3.6.6 Frimcrhylhicycl~3. I. I]hcpcun-3-01 3.5~dinirrobcnrwre (Mb) 
To a chtlkd (a. - 78”). stirred aoln d 0 I5 mok of M&I’s m 200 ml ether was added 5.52 g 001 mok) 

of 98 7. pure 7 dissolved in 5 ml anhyd ether. The Dry la-a&one bath waa removed after I5 mitt and tbc 

reaction mixture stirred for an additional 3 hr. Sat Na,S,O,aq (5 ml) was added dropwtac. with external 

cooling. and then IO ml water. Tbc organic layer wax wpuatcd. waahal with tbra 25-ml portions d sat 

NaClaq and dried over MgSO,. After artful distillmoon of tbc solvent. the raiduc vms tiea up its 20 ml 

anhyd THF and 8 ml dry pyridinc. To the cold (0‘) mixture was added a soln d 92 g d frably disulkd 

3.5dinitrobcnxoyl chloride in 20 ml dry THF. After 24 hr at room temp. the deporit d pyridioc hydro- 

chloride was scpantut, the filtrate poured into 200 ml ice-water. sod the rutthing ppt colbaod. Re- 

uystalltxation from EtOH gave 5.26 g (38 ?A pure 18. mp. 1365.137+T dac; IR (CHCl,) l baorpbon at 

580.649 and 7-46 )r; NMR (CDCI,) signals at 062 (3H. m), 8a7 (3H. s), 8.72 and 02 r (6H. a) (Found: 

C. 58.45; H. 5.78; N. 8.25. C,,H1,,N,O, rcqutrcs: C. 5861; H. 5.79; N. 804%) 

3.6.6rrimrrhylbicycloI3. I. l]hrpfan-3-ol(14) 

When 012 g LAH was added to a stirred soln of 348 mg (I mmolc) d IO in IO ml anhyd THF. an 

tmmcdtatc vtgorour rcactton occurred After 5 hr. the excess LAH and alummum compkxcs were destroyed 

(COUIIOW addition of a auntmal amount ol sag NaISO,ay). anhyd NaISO, was added. and the mtxturc 

filtered. The filtrate was passed through alualina (IO g woclm, ucut~l. grade I) and the solvart arcfully 

distilled from the collated fractions Sublimation (45’. 1 l tm) d tbc crude product (77 mg) fiorded pure 

Ma. m.p. 6w (se&d apilkry); IR (CCI,) l bsorptron at 2.75 and 2.87 )I; NMR (M,) signals at 8-57 

(3H. s). 8.76 and 895 r (6H. s) (Found: C, 77-76; H. 11.58. C,,H,,O rcqutra: C. 77.87; H, 11.76%) 

A Bask contamtng 34tJ g (M)I mok) of 14h was hem4 to I40 under reduced press (100 mm) for 45 mtn. 

Tbc liquid formed was flamed gently into a chilled rarivcr ( - 75”). During the next 45 mm the tcmp of the 

oil bath wu raired slowly to 180”. Tbc resulting ckar. colorless hqmd amounted to I.36 g (1007’; NMR 

(CC(,) signals at 407 (IH. m) and 508 r (2H. m) with a rctattvc mtensity of IO to 20. rapaztivcly. GLC 
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oo an 8-R diisodecyl pbthakte column (10% 00 Chromosorb W. 116’) &towed two paks (66 and 86 mm) 
of relative btatdty 10 to IO. 

A total d 40 9 (roo’/3 of mixed okhs was colkuui oa pyrolysis d 1002 g d la The mixture was 
separated by preparative GLC on a 15-R dideql phthhtc column (15 “/, on Cltromooorb W. l22? with mt 
omrUmwcrydS8”/Furifikdrwmic 1 bad the followinS properties: b.p. lSS+l56@ (746 mm). 
n$e I4672 do 14626; d:“@8S98; IR (CS,)absorption at 606.7~30.7~39.12~12 I250 and 1294 u; NMR 
(CCI,) mgnds at 403 (IH. m). 8.30 (3H, s), 8.72 and 915 r (6H. a) GLC on an 8-R diiaodeql pbtbalatc 
column(l0%onCbromoaorb W. l~)rhomdrrirr~~(7~8miP~(Fouad:C88~3;Y 1194.CioH,, 
requires: C, 8816; H. 11.840/,) For adatittodly impure natural “ortboda~e”. the following phyticpl 
constants were reported :* b.p. 16l&l70“ (757 mm). n&O 14670. [a]s + 3260”. die 08430. 

The isomeric oldm 15 was found to have the followio8 properties: b.p. 162O-162.y (746tttttt). nA” 
1.4754. rng 1.4709; die 08641 ; 1R (Cs,) absorption at 3.28. 6.14. 7.29. 7-38. II-30 and I14 p; NMR 
(CCI,) stgnals at 505 IZH. m). 8.76 and 9 I3 I (6ll, 3) GL(’ on an II-R dusodecyl phthalate column 
(109, on Cbromosorb W. I09 ) showed a smgle Peak (104mm). (Found: Cl 87.95; H, 1198. Ci,H,, 
rqlnra: c. 88.16; H. 11.84%). 

.il/rern~rur prepurorron crl3-mtrhyfm~d.6-dtmcrhy~b~~~rlo[ 3 1 I]hqronr (IS) 
By reactton wtth ~hy~t~ph~ylph~ho~~ -ted from 3.71 g(lfJ4 mmoks) mtbyltriphenyl- 

pbosphonium bromide sod @45 g NaH] in 200 ml DMSD” at 55’ for 24 br. 072 R (5.2 uurtoka) d 7 was 
convened to 032 R (45 “/,, d chromatograpbcd (IO 9. Woelm basic alumina) and diatilkd (bp. 8(r. SO nun) 
hydrocarbon. The 1R and NMR spectral properties and the GLC retention time showed the product to 
be identical with the vmpk of 15 prcpsnd above. 

lsonwizabon oJ oicjin 15 ?a rat-“onhadme” (1) 
Trcwmcnt of IO0 nq (074 mmok) of 15 witb excess N-litbioethyknediami in tlm manner described 

for the iromrintion of 4 to 2” fumiahcd a mixture of 1 and 15 which by GLC analyaia (8-R column, 
10% diisukcyl phthalate on Cbromosorb W. 110”) showed that the conversion to 1 had gone to 92% 
compktion (puks with retention umes of 7,9 and IO1 min and relative intensity I I.8 to IO. respectively). 

2.6.&Trimcrhylbicyc&(3. I. I ]-hcpran-24 3.S-dirurrobcnroatr (16L) and its pyvolyw 

In the manner deaaibai for the preparation d Mb. 2.76 g (002 mok) d lla WLI treatal with MeLi” 
(0075 mole) and the raulting 16n allowed to react with 46 g (fM2 molt) d freshly distilkd 3.S-dinitro- 
benzoyl chloride in 20 ml anbyd THF and 4 ml dry pyridine. Several recrystallizatioas d the product 
from pentane gave 063 8 (9*<) pure 18, np. 83.5840’ dec; IR (CHCI,) absorption at 5.80.646 and 
744 u; NMR (CDC‘I,) signals at (M7 (Ii. m). 8 25 (3li. 5). 867 and 8.97 I (6H. s) (Found <‘. SW-49; 
H. 5.98, N. 8-27. Cl,ll~oN,O~ requires: C, 5861; H. 5.79; N. 8000,6). 

Thermal decomposition of dry 16) was conducted as described for 16, ~IXI the voktik products were 
analyzed by GLC on diisodecyl phthalate (IO”.. on Chromosorb W. IOR I Pyrolysis at RS (IS mini gave 
a mixture contaming 34”, of 2 and 439, of 4; hePun at 140 (15 mm) resulted in a smalkr amount (IO”,) 
of 2 and no 4. The other volatile products were not idmtifted 
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