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camphor oxlme uIth WA affords. besides the knom fra+tation products 

and 6-ca~holenonltrllc (13). four Isom?rlc ketones Cl0lil40 resulting fma 

Intraclolccular acylation of the lntcruedlate a-calrpho1cnonltrlle (3). The ketones have been 

identified as S-ketocwhene (6). 6-ketocarphene (6). tricyclenone (9). and endo-2,4-dlrthylbi- 

cyclo[3.2.l]oct-2-ene-7-one (14). The latter results trorr a novel ring expansion, probably 

by way of a protonated cyclopropane. 

The fiecknann rearrangement of ketoxllas (eq. 1) is frequently corpllcated by the incursion 

of vabnomal' Bcckvnn react1ons.l In particular, when one of the alkyl groups attached to 

the oxlma carbon Is capable of stabilizing a positive charge, a tra~ntatlon reaction leading 

to a carboni- Ion and a nltrlle (eq. 2) corpctes effectively with nornal rearmngemnt. The 

choice betrtn these c-tin9 patfnmys In such cases depends especially on the reagent and 

l xperl~tel conditions. Frawnktlon is favored by magents such as KlS. SOC12, and strong 

acids, while arylsulfonyl chlorides In pyrldlm or aqueous alkali often encourage rearrangement 

over tra*ntatlon.2 

Eq. 1. Eecknann narranpcrnt: 

R1, + 
R/.NW __* RZC=N-Rl % R2-CO-NW-R1 

Eq. 2. Bccbrnn tra~ntation: 

:>= N_,,,,& R2-CN + Rf 

Of particular 1nUnrt to us am those cases in which a carbonlu ion pcnemted by oxI= 

tra~tatlon in a rdlrr In which It has an appreciable lifetins. such as cacentretid sulfuric 

acid or polyphosphoric acid (PPA), lntencts dth its nitrile partner to tom secondery recall- 

nation products. Recodlnatlon nay take ttm forr of capture of the carbocatlon by the unshared 

electrons of the nltrilo (Ritter reaction). as l mqlitied in the marranglllntS of cls+acetyl- - 
decalin oxlr (eq. 3). or alternatively the alkene to' by proton loss tm the cerbonl~ 

ion ry be acylated by the nltrlle. as has been observed 4 in the rearranmt of various rplro- 

oxlrs (eq. 4). 
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Camphor oxlac (1) Is representative of the structurrl type which frsgrnts easily to a 

tertiary c8rbocrtlon. rnd Its frr*nUtion to a-cangholenonftrlle (3) ulth e variety of reagents 

was reported in the last century. 5 Even wlth p-tolutnesulfonyl chloride In aqueous WaOH, camphor 

oxime gives only frr*ntrtion products,6 and Schmidt rearrangement of crqhor rffords less 

than 1X of la~tam.~ The only other reported case of folrrtion of a lrctrm fma crPphor under 

Reckmnn- llkc condltlonr Is the synthesis of o-cughldone by treatrnt with hydroxylsnlne 

0-sulfonic acid.* Me now report that when camhor oxllr 1s heated In PPA. secondary rractlons 

of crrbocatton 2 lerd to an array of novel products, Including four lsorrlc ketones contrinlng 

two hydmgens less thtn camphor. 

bi]cN 
1 

3 

Results -* Heating cmhor oxlr In PPAg at 125-130. for periods of lo-30 nlnuter gave 

8 mixture of products, sopamble by chrowtogrrphy. Colran chromatography over alulna fur- 

nished, In 45% yield, a solid base, erg 38.5-W. ldentlfled as lroamlnocalqhor (4) by hydrolysis 

to dlhydmcaqholenolrctone (5) and by dtrect cocprrlson ulth an authentic sample syntheslred 

by acid cycllratlon of a-crrpholenrmide (12). The inlnolrctone (4) has been prevlously observed 

8s a product of treating csmhor 0x1~ with sulfuric .scid.k*lO 

Early fractions from colra, chroutography furnished ketonlc Nterial. shown by 6LC to 

be a mixture. Consequently in subsequent runs the crude product ~IIS dlstllled and the dlstlllrte 

wes separated into four volatile fractions by preparative 6LC. In order of l lutfon these four 

ketones m-e chrracterlzed 8s follows: 

(a) Ketone 6 displayed a strong carbonyl band at 1750 CD-~, along wlth bands at 1670 and 

895 cm-3 suggestfve of &n l xoaethylene group. The proton RMR spectra shovd trD rthyl ringlets 

and two one-proton singlets In the vlnyl region, slailar In rpPe&rrnce to the rpectrm of cam- 

phene. The 14-1~ spectrum confimcd the presence of two ethyls. the carbonyl function. 

and the RIR$=CH~ rolety. These spectra, along with the NSS spectrca. were consistent with 

the formula C1OH140, and Indicated that one of the methyl groups of crqhor hrd been converted 

to an l xorthylene group in 6. Wolff-Kirhner reduction of 6 afforded cwhene (7). Asslrlng 

thet thlr reduction occurs wlthout skeletal rrarranpmnt. only two structures 8re in egmclbnt 

wlth the crrbonyl stretching frequency: 5-ketocrrphene (6) or 6-ketocarphene (8). An ruthentic 

sample of 9 LLIS prrprrrd by the procedure of Wanetkln and Z&brodln.ll Its IR spectrrr was 

distinctly dlffemnt from that of 6, and consequently ketone 6 Is 8sslgned the structure of 

5-ketocrmphene. Its IR, II+-IWR, and L%mR spectra are in good l grecrnt with those reported 

for thlr ketone by Uerrtluk et al.32 

(b) Ketone 9 CBS a solid. purlfled by subllnstion to give I crrghor- like substance, q 

100-103~. with strong IR absorption at 1755 ax-l. The RHR spectru showed three distinct rthyl 
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singlets and tntcgrated for 14 protons. whllc the 13C-IOtlt spectrum l xhibtted ten signals, so 

ketone 9 shams the fomula ClOH140, conffrrd by the YSS spectral parent peak at 150. The 

abwnce of vinyl hydm9ens and olefinlc carbons in the IH and 14-MR spectra rhord It to 

be a saturated. avid thus trlcyclfc, ketone. It YS not fdawtlcal ulth th wll-Cnornt3 cyclocaa- 

phaaonr (11). 

iblff-l(lshner mductlon of 9 pow a solld hydrocarbon ulth only seven signals In Its 34-m 

spectra, rvtdenclng a structure posusrlng LOI s-try elmt. Tha hydrocarbon ms qufckly 

fdentlfled as trlcyclenr (10) by coqrrlson ulth an authentic saqle. thus demnstrattng that 

ketone 9 Ant be trlcyxlenonr.14 

(c) Ketone 0 had carbpnyl absorption 8t 1750 c~-l , with bands at 1655. 1670. and 990 cm-1 

characterlstlc of an exonthylene double bond. The proton MJR specttu shov& tw rthyl 

singlets as ~1) as tw sharp singlets In the vinyl mglon. The 9enrral sla~larlty of the 

smctra of 9 and 6 sugwrtxtd that 8 uas Ckrtoc~Mnr (q-cuphenw).15 and thls ns conflrrd 

by spectroscopic cmrlson uith a synthtlc SaWIe. 

(d) A fourth ketona lsorr of CtOW140 *IS lsolatad In low yleld. further l xperlrntatfon 

showd that the aamunt of this capound Incmased ulth longer mactton tlrs; after one hour 

fn PPA at 130.. thls 1-r (14) constituted 241 of th volatile rtertal. and could ba isolated 

In quantity via the rccllcarbaxono. Ketone 14 obtalned In this wy was St111 only 90-951 pure, 

but could be further purlfled by pmparatfve 6X. colrrr chroaatography. and dtsttllatlon. 

lbtonr 14 showd strong lnframd absorption bt 1747 ca-1 , charactertstlc of a cyclopentanone 

carbalyl. A rak band at 1660 a-3 suggested the presence of a double bond, not conjugated 

ulth the carbonyl proup. The NSS spectm shovad the olecular (on at WI 150. consistent 

alth the forwla ClOH140. 

The pmton IMR spectr(l shovad only tw rthyl groups; one of thesa (d. 4 0.97) Is attached 

to a saturated tertfary carbon, uhf10 the othr (t. 6 1.71) Is attached to an oleflnlc carbon 

and shows long- range coupling uith tw protons. A stnglr proton appeamd In the vfnyl region 

(q. a 5.21). The ramlnlng wwn protons rppobnd 8s coglex owrlapplng ultlplets bet- 

1.8 and 2.7 D~I. The 13~~ spectra conflnsd the pmunce of tw ethyls and a trlsubstltuUd 

double bond; off-resonance decoupling as rll as a DEPT spectra- SW. In l ddltlon. tw mthy- 

lme and three ~thlne groups. One of the ~thlnrs. fra Its chemical shift of 51.5, Is likely 

to be a bridgehead carbon JdJacrnt to the kotone (cf. C-l In norcrphor at 50.1 ppa).l6 

These data am already sufflclmt to shou that ketone 14 1s an unusual rearrangement pm- 

duct. Unlike Its lsorcrs. uhlch contain either thme ethyls or tw rthyls plus an l xocycllc 

rthylene group, 14 has only tw rthyls; one of the thme orlglnal methyl groups of camhor 

has been conwrted into a saturated rthylmr or mathlnr. )(omover. ulth only tw methyls, 

the rcvlnlng l tght carbons of 14 must be Incorporated Into a blcycllc skeleton, and consequently 

14 cannot contain the blcyclo[2.2.l]heptan fraaewrk of 6, 9. and 9. 

Only four efght-carbon blcyllc skeletons uhlch possess at least one ftw-eembemd ring 

are possible: cyclopropylcyclopentanr, blcyclo[3.2.l]octane. blcyclo[3.3.0]octane. and sptm- 

(4.3)OCtJfW. Thr latter Is ruled out by the absence of saturated quaternary carbons In the 

%-mR spectrta, and the ftrst seems a highly unlikely stratned mactlon product, but constdera- 

tion of posslblc structures CoMJtning the maainlng tw skeletons sttl) left at least tanty 

plauslble candfdaks. 

AdditIonal eleanents of connectlvlty ore established by 1111, 3H] and [33~, 1~1 cormlatlon 

MM9 spectra. The 13~ rthfne stpnrl at 35.3 ptm is coupled to the onr- proton aultiplet at 

2.67 ppa, uhlch Is In turn coupled ulth the upfleld rthyl group, tndtcatlng that thls rthyl 

occupies a posltlon either allylic to the double bond or adjacmt to the ketone. The rthylene 

carbon at 34.5 ppu Is coupled to wfteld protons at 1.93 and 2.05 w. uhlle the other lsthylene 

(37.7 pm) Is coupled to dolnflrld protons at 2.14 and 2.41 pp. suggesting that this lrthylene 

ry be neat to the ketone function. 

Lven ulth thts spectmscoplc lnforutlon, half a doren possible structums remlnad In 

conslderatfon, and consequently chntcal tnformtlon IS sought. kductton of the ketone vas 

effected by tmatlnt of the p-tolwnerulfonylhydraronr with n-butyllfthlu. The blcycllc 
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diem 15 filch -S fomW shore three dirtfnct sign8lr In the vfnyl reglon of the proton N)(R 

spectrua: J broth slnplct rt 64.65. correspondIn to the vinyl proton plsscnt in ketone (14). 

and two new one-pwton slgnrls at 6 5.55 and 6.25, each a doublet of doublets. These drtr 

stmngly su99est that the MU double bond In 15 1s located on the tuwxrbon brldpc of 8 bfcjxlo- 

[3.2. lloctrnr, and that ketone (14) conseqwntly has the unlt -C$CO- 8s the t--carbon brldpr 

of 4 blcyclo[3.2.l]octane. 

Eualnrtlon of the lltrrrture rarrrled that sever&l Iromrs of a dlrthylbfcyclo[3.2.l]octr- 

dlenr rtructum WV knom. rnd Indeed. the mR rpectrw of the Shrplro product IS pr~nd to 

be ldentlcul ulth that reported 17 for endo-2,4-dllrthylblcyclo[3.2.l]octa-2.6-dlehe. Con- 

sequeatly the structure of krtone 14 1s nrrro& to t*o pos~lbl~tler: 14 or 16. 

Fin&l proof of structure ns rstllzed by a rlnglr-crytal X-r&y anrlyslr of th p-tolwm- 

sulfonyl hydrazone 17. The structun. rrftmd to cn R-v~lw of 6.3%. rhoned that the k&me 

has the rtructurr rndo-2,4- dlrthylblcyclo[3.2.l]oct-2-mr-7-onr (14); thr ORTEP drar(n9 of 

the p-tolwnrsulfonylhydraronr 1s shorn in Ffpure I. The X-rry rnrlyrlr shows clearly tht 

both nthyls are attached to the thm-carbon brld9o. the -thy1 01pq rt C-4 beIn ondo. 

Details of bond len9thr and rnplrs. dlhodral rnplrs. 8nd the-1 parrrters my be found in 

the Supplrrntal kterlrl. With thr rtructum secumly detrmtnod. tha proton and l3c-m 

spectra could be fully rsrlpmd (saa Exprrlrntal kctlon) and WV in full apmmt ulth 

structure 14. 

Flnrlly. several frrctlonr fm chratogt#phy of thr Becbrnn mlxtum showed nltrlle 

abwrptlm at 2260 cm-l. md It ros posslblr to lsolrtr l roll wunt of a ltquld nitrile 

by dlstfllrtlon and preparrtlve CLC. Its spectra WV dlffrrcnt from those of 3, but the sfx- 

proton sIn9lrt and lack of vinyl pwtons In the RMR rllord Its Idrntiflcrtton 8s B-crrpholrnonl- 

trtlr (13). conflrrcd by cacprrlson with on ruthentlc --le. rnds nttrtle has pmrlousl~ 

been obtrlned fra caqhor oxlr by trcrtmnt ulth hydrlodlc ocld.16 

01scurs1on. A Icchanlsm rhtch accounts for the novel array of products fror crnphor orlr 

1s presented in Schcrc 2. FraQrnUtlon of the proton&ted oxlr leads to crtlon 2. the fntatne- 

dlrte to prevlourly observed frcwtatlon products. In PPA. this crtlon has sufflclent llfstlr 

to equlllbrcte ulth a-crapholenonltrlle (3) and also to recrrang, by rthyl Illgratlon. lrrdln9 

to O-cr~holenonltrlle (13). Parttsl hydrolysis of 13 to the ulde 12. follond by rcld-cata- 

lyred cycllratlon. leads to lsormlnocrrghor (4). as could be conflmd by herrtIn 13 rlth PPR. 

Scheme 1 



BcskmAM frBgmenuuo0 of amphor oximc 3409 

Th double bond fn o-crepholenonitrllc (3) 1s suitably situated to pemit intmrolcculrr 

rcylrtlon by the prutonrted nitrllc. a rtrction type r* haw obserwd' In mrctlons of other 

oxirrs in PPA. The blcycllc crrbocation 19 so produced can lead dtmctly to 6-tetounghene 

(8) by cltmlnctlon of a pmton and hyxlrolyttc workup. C@tlon 19 cm also Wrgo rrpld rthyl 

l lgmtlorr lradfq to l coqrmbly stable txrtirry crrbocatfon 19, th pmcursor of 6-ketocrrphccu 

(6). Altemrtlwly, crtfon 19 my cyclfrr to 22. the iW(ate pmcuraor of trlcyclenone (9). 

either vlr a protonrted cyclopropanr Intrrrdfate or by intrUOhCUlar Upturn of the CJt%f~fm 

loo by the double bond of the trutorrlc enulnr. The rcld-catalyzed rqulllbrrtlon of crrphene 

(7) rnd trlcylene (10) fs rll-mcognfzod.19 

The rrpid rquflibrlrr ktrcn the isomrlc crqholenonltr~lrr 3 and 13 under the mactlon 

condltlons cm be wrlfled by showlng that the saae set of frrwntatlon products obtalned 

froa crmhor oxM Is obtaIned I)rn elthr 3 or 13 fs heated ulth PPA. Arcowr, all the pm- 

ducts obtrlmd fnm d-urphor am rrcalc. Bppamntly 8 conmncr of the rrpfd equilibrrtlon 

of 3 with 13. 

Figure 1. 

Scheme 2 
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The aost l COnORica1 xWh&nfsI, to account for the novel rlng-expanded product 14 (s &n 

fntrrnolccular Insertfon rerctlon of l lther crrbocrtlon 18 or 19 to fom pmtonrt+d cyclopmpane 

20; Indeed. 20 s(y bc an lnterrrdlrte 20 In the InUrconverslon of 18 and 19. Opanlng of th 

strained bond betwem the quatemrry carbons In 10 can now lead to Ion 21. which Is conwrted 

by depmtonrtlon and hydmlysls to 14. The lncmrsr In yfeld of 14 ulth tlr pmbrbly reflects 

the nllcf of strafn fn openfng a to 21, although the fonutfon of a blcyclo[3.2.l)octanc 

as the apparently ll~re stable product of rcld-catalyzed rqulllbrlu contrasts with the IWrlzr- 

tlon of a vrrlety of blcycllc C6 substrates to tlm blcyclo[3.3.0]octyl catlon under long-lived 

lon condltlonr ln superacld rdlr.21 Schlryer et al.22 have shorn. on the other )und, that 

blcyclo[3.2.l]octane ts thr art stable of the blcyKlooctanes, due prlurlly to ~)m favorable 

entropy. The only precedent for the novel rerrrrnprrsclt of 20 to 21 of nhlch I am ~IQPI 

1s the AlClycrtrlyzed lsourlzrtlon of 2-~thylnorbomrne to blcyclo(3.2.1]octrne.23 

These results pmvlde an rddltlonal, and partlculrrly lntemstlng. exaqle of the dopmdmcy 

of th course of Lckmnn rrrrr@npnmt 8nd frr*ntrtlon on the reagent nployed, especially 

in those cases where the prlnary frapmtrtion products uy undergo on array of subsequent 

rcld-cltalyred cycllrrtlons rnd rerrrrnmts. 

Experlmtrl kctlon 

bnerrl. flolllng points rnd lllrltln 
P 

potnts (Pymx capillary) am uncorracted. Pmprratlve 
gas-llquldprrtltion chrwtogrrphy (UC IS perforwd on a Varlrn kmgraph 90-P3 98s chrouto- 

P 
1R spectra tare obtrlned on Perkln-Elrr Model 257 md 297 recording spectmphotouters. 

Edi spectra yre obtrlned the follwlng spectrorrkrs: Varlrn T-60, Varlrn EK390. JEOL 
FX-270. a d 

f 
llruter AH-500. 

20 [lH* 
~KWR spectm *cm run on JEOL FX-270 rnd PFT-100 spectmters. 

H] rnd [14, 1~1 cornlrted spoctn were obtrlned on the Bruker AM-500 Instant. 
Chemical shifts are expressed In ppa dornflcld from tetnrthylsilanc. 8nd coupling constants 
(J) art gtvm fn Hr. kss spectra rre acqulmd ok I Flnnlghn 4000 KM Instrunt. 

Substrates. 
v 

d-Caqhor IS purlfled by subliming trlce at 17 111. A Solution 
of 1S g cr+or an hydmxylulne hydmchlorlde In 75 l L of tbsolute ethanol and 76 
mL of pyrldlne was heated under reflux for 1 h and concentrrted at mduced ~NSSUW. The residue 
*IS trlturated wtth wter. air-dried. and rccrystrllfred t cc from CC14 or petmleu ether 
(bp W-70'). rffordln 16 g of 0x11~. ap 119.5lM*, ti [o]D -41.1. (c 2.90. abs. ethanol); 
11t.6 9 120.. [0]n2 -42.4. (ethanol). The fnframd spectm showd no trace of csrbonyl 
rbsorption. - _” 

g-Ca~holenonltrlle~ and 6-cupholenonltrllc6c*~* *cm pmp&red by publlskcd PmCedUmS 
by tmotant of ca@or oxtr wrlmS sulfuric rcfd and hydrlodlc rcld. mspectfwly. 

Rerrrrnprrnt of caqhor oxlr in PPA.- The oxta (15 9) IS stlrred rfth 150 g of PPA 
and heated. An exothernfc nactfon occurmd at 105.; the mtxtum ns nlntalned at 125-130' 
for 10 nln. then cooled below 100' and slowly poumd into 1 L of 4N LOH rnd crushed Ice. A 
strong odor of ranir YS observed. The mIxturn was stlrmd untll hoogrneour and l xtncted 
ul th ffve 200-d portfons of chlomfom. The ertrrcts mm dried owr rgneslu sulfaU and 
concentratrd lcrvlng 12.5 g of 8 flllou semi-solid restdue ulth IR rbsorptlon rt 2257, 1750. 
and 1680 cWf. This crude mixture *IS wrked up by one of tha folloulng procedures: 

Pmcedum A: The resfdw IS chmmtographed on rlurlna. l lutlng lnltlrl1y with pentrne 
and gradually c&nglng to ether, taking 50-d frrctlons. Fractions l-26, l luted with pentane. 
mm concentrated to yleld 4.55 g of 8 pale yllou ofly solid. shorn by IR and m@CtlOn with 
2.4-dlnltmphonylhydnzlne to be 8 mixture of ketones. Frrctlons 26-32, l luted with pentane- 
l thr. paw no wterlal. Fractions 32-150, l luted with ether, afforded 6.75 g of a colorless. 
lot+raltln9 solid. Tn, dlstlllrtlons thmuph I vrll Vlgreux colrm gave pure lsoamlnoc~~hOr 
(4). Ip 38.540' (lft24 m 39.). 

Anal. Calc for ClOH17ND: C, 71.81; H, 10.25; I(. 8.38. Found: C. 71.97; H. 10.49; R, 
8.40. 

Pmcedum Cl: The crude product fma marran-t of 40 g of crqhor 0x1~~ for 30 mtn 
rt 1%. dlstllled at reduced pressum to give 21.3 9 of l llquld mlxtum, bp 113-120' (W 
II). T~~lstlllate was separrted Into tn, rough frrctlons by chmvtogrrphy on alulna wfth 
hexrne-benrene. Frrctlon 1 was shorn by KC analysis (IO' x t' colun of 101 CarbaVx M(1. 
160’. 40 aL/rln hellrp flor) to consist of four coqonmts with retention tlrs of 5.3 l ln 
(5ketocaqWne. 6). 6.2 mln (trlcyclenone. 9). 7.0 mfn (6-ketocrrphene. O), and 8.1 mln (endo- 
2.4-dl~thylblcyclo[3.2.l]oct-2-en-7-one. 14). Fnctlg &I,; ;ol!;l ketone, uhfch #s sub-d 
twice to glw pure trfcyclenone (9). xq NO-103 (lit 

Isoaalnocr hor (4).- The oxalrte. 9 149-150" d (lit24 up 148'). and the hydmchlorlde, 
mp 88-8s. (11th 69') did ny& depress the melting pofnts of ruthentlc Srrple A srrgle 
of 4 was hydrolyzed 8s reported to dlhydmcalgholenolrctone (5). up 35-37. (lit1 Ii l l* rp 35'; 
37-a'),_ Its hydrazlde. 110 154.5-166'. did not depress the rltlng point of an ruthentfc 
sample.1~ up 155-156'. 

An authentfc sample of 4 was prepared by rcfd cyclfzrtlon24 of 
B 

crqholenrrlde (12). 
while authentic 5 IS prepared by rcld cycllrrtion of @-crrpholenlc rcld.1 

The ketone shond IR (CC14) 1750. 1670. 1655. 890 cm-l; mR (CDCI ): 
6 ,.i%??%??2:"l;l M). 1.6-2.5 (m,, 9). 3.20 (m. 1H). 5.00 (s. IH), 5.24 (s. Iti). #he 
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dentical with those of an authentic saqlc prepared by the rthod of Rutkln 

((CCl*$K%;!;j: 
The solid ketone, 9 lOO-103*, had strong IR absorption at 1755 m-1 
6 1.02 (I. 3H). 1.04 (I. 3H). 1.18 (m. 1H). 1.22 (s, 

l.i-2.1 (B. 3M); ~3wo4R (COCl3): 4 10.2 (q). 19.3 (4). 21.3 (q). 27.9 
3). 1.48 (ai, 

1H). (d). 29.2 (d). 
29.3 (t). 38.7 (5). 43.8 (s). 51.6 (d), 213.4 (s). The IR and MR spectra wrc identical with 
those of authentic swles kindly Provided by Prof. J. K. Crandall and Or. 8. Furth. 

A nlxture of 370.mg of 9.~210 mg of 95s hydrazinc. and 500 ~9 of KOW in 15 mL of absolute 
ethanol was heated In a sealed bo& at 170-189 for 16 h. After cooling, the contents here 
poured Into 15 q L of water and extracted with two 15mL portlons of pcntane. The extracts 
ware drled over ugnesiu sulfate and concentrated, and the residue was purified by preparative 
CLC (10' x 3/B' coluwi of 201 OC-710. 170°) to give 75 mg (221) of tricyclen 
solld; lH-WIIR (003): 60.82 (I. 6H), 1.02 (I. 3R). 0.85-1.90 (m. IH); 1fc:;: (l;;$t? 

10.5 (q). 19.5 (d). 20.5 (q). 26.3 (s). 31.4 (t). 41.9 (d). 43.1 (s). Tha spectra uere identi- 
cal with those of an authentic sample of tricyclene prepared by the procadure of Reusch et 
al.25 

(6).- 
l.lo :;kt;;ocgy;* . -2.2 In. 

IR 
SH). 

(CCl4):1750. 1670. 885 cr-1; 1iMMR 
2.95 (B. 1H). 4.50 (s. lli), 4.10 (I, lli); 

;?5'6($j 28.2 (q), 36.3 (t). 41.1 (5). U.3 (t). 44.7 (d), 62.2 (d). (CC14):lq.~~~c~~)~H)~ 102.8 (t). 160. (8). 

Wolff-Rlshnar reduction of 6. as described above for tricyclenone, gave a 27X yield of 
camphenr, Identified by coqarison of IR and MfR spectra with those of autkcntic material. 

2968, 2935, 2876, 1747 

mass soectrux: m/r 
The 2.4-dlnltrophenylhydrazone. after two recrystallizations from 95% ethanol, gave orange- 

red flakes, ng 149-150’. 
the semicarbaxone, recrystalllred fra rthanol, gave tlny cvstals. nP 180’ d. 

The p-toluenesulfonylhydraxonc (17) first appeared as an oil. but crystallized uhen a 
methanol solution was kept in the freezer for several mks. Tr, recrystallirations from mtha- 
no1 gave colorless prisms, np 166' d. 

Large-scale isolation of II.- The crude product from a run of 40 g of camphor oxlr In 
400 g of PPA for 1 h at 130” was dfstllled, collecting the volatile material boiling up to 
105' at 20 m. The distillate (29.1 g) YS trcrted with a alxtun of 29.1 g of semlcarba- 
ride hydrochloride and 72.5 g of sodlux acetate trihydrate in 306 mL of 95s ethanol and 276 
aL of uater and kept In the mfripcrator for 2 wets. The pmclpitate was collected and mcrys- 
tallired twice from rthanol, glvlng 6.2 g of semicarbazone. Recovery of the ketone vms accom- 
pllshed by steam distllllng a q ixtum of the semlcarbazone and dilute HCl. 

cndo-2.4-Oirthylblcyclo[3.2.l]octa-2.6-diene (lS).- A suspension of tosylhydratone 17 
(1.50 g) in 44 nl of R N R' I'-tetrarthylethyfenedlarlne was cooled to -78' under nitrogen 
and treated with 9.4 d b; 2ti n-butylllthlcn In hexane. The mixtum was held at -78. for 10 
l ln, then allo*cd to warn to room te&raturC and magnetlcally stirred as thawing began. After 
19 h at 25'. the nlxtum uas cooled to 0.. treated with 110 ml of water. and extracted three 
times with ether. The extracts nem vmshed with cold 5X HCl and brine, dried over MgSO4. and 
concentrated below 25. on a rotary l vaPorator. The residue was distilled at 60. (20 am) to 
afford 236 ag of a yellow oil, which was chroartographed on slllca gel. l luting with hexane, 
to give 120 mg of 

P 
iene 15 as a colorless oil; IR (film) 3060. 3013, 2931. 2868, 1659. 1591, 

1448, 944, 732 cm- ; 
(n, a), 2.7 (m, 

1H-RMR (COCl3): 6 0.9 (d. 3H. 597). 1.7 (m. 3H), 1.8-2.2 (m, 2H), 2.3 
1H). 4.7 (m. 1H). 5.6 (dd. lH, J=6. 3) 6.3 (dd. In, J-6, 3). 

The19iene forwd an instantaneous pmcipltate with aqueous AgNO3 as described by Hoffnann and Vathke. 

Crystallographic 

A crystal of C17H2262O2S was wunted on a Syntex P3 rut-ted diffractater. Unit cell 
dlrnslons (Table I) uem detemlned by least squares mflnncnt of the best angular posltlons 
for fifteen independent reflections (29>15') durlng nomal allgnrnt proceduws using molybdenum 
radlatlon (lb&,~O.71069 A). Data (2302 points) nem collected at room tcqcrature using a 
variable scan rate, a O-28 scan wde and a scan rldth of 1.2. below i$, 
to a maxinn 29 value of 45.0'. Backgrounds were measured at each side o 1 

and 1.2" above i&2 
the scan for a com- 

blned tlr equal to the total scan time. The intensities of thm standard reflections were 
measured after every 97 reflections and, as the lntensitles of these reflections shovd less 
than 61 varfrtion. corrcctfons for decoqosltion uwe deeatd unnecessary. Oata were corrected 
for Lorentz, polariration and background effects. After removal of redundant data, observed 
dats (1625 points with (1>3.0 (I)) *cre used for solution and refinement. The 
solved for heavy ata oositions using dimct methods.26 

s ructure was 
Least souares reflnemnt b converoed 

with anfSOtmpfi the&l pararters. _ A dlffemnce Fourier synth&ls allow location of ;I1 
hydrogen posltions. Hydrogen positions were included In the final reflnrrnt with Isotropic 
thermal parameters but held invariant. A difference Fourler revealed no electron density of 
interpretable level. Scattering factors here taken from Croar and Mann.28 lhe final cycle 
of reflncant - function minimired 1 ( F, \ - 

x 100. \ A rig t 
\Fc\)2. led to flnal l greeemnt factor R-6.3X. 

equal to l/of IS introduced In the final cycles 
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$tno;led~ntr. Y Uunk Rlchrd B. Clutr for rrlublr prcllmfnrry rrprtrnts. and urn 
&um or obtrlnlnp uny of th RMR spctra. 

Swpleuntrry ktorfrl Avrfltblr. T&blrs of crystal 
oft tkrrl prrrrterr. bond rnplrs and dtrtancer. 

drtr. pos!tfonrl perrrtars. mfsotm- 
rnd observe0 and crlculrted structure factors 

(25 rIPI. Ordertn9 lnformtton Is 91~13 om my current ~sthea6 orgy. 

kafcetfon. TMr pIper Is dedlceted. 4th rffcctton and rd8lrrtlon. to Rmfessor E. C. 
Taylor on th occasfoa of hts 65th blrtM&y. 
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