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by sdgration of & hydrogen from the esrhon of the ayolopropant
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quently shown o resch with & 11 m of soetyl obloride-slvsdsm
shloride to give e:’a% of mxmwmmm. No othar chloros

mmawwwmwwmwmwmmmwsamu
rether oonvenisut synthetis route to severs) previonsly Lnascessibls
I~substituted sortricyslonse. The strecture of l-scetylnorbricy

was proved by conversisn to the known lewethylnortricyolene.

rod snd nesr-infrazed epecta sindied for pussible correlations.

A1l of the lesubstituted norlkrioyolence examined sbooxbad in the 11.7




and 12.7 u vagions. The band ab 12,75 £ 0.05 n was found to be
partionlarly charsoteristis for sortriayslenes substituted only et
eyuloprepane riag. The msar-lnfrired spsctrs conteined bande #t 1.669 2
a,mnmxmm.@mnmmmmaxwwmmmw.
The W&W& of I-emdnonortricyele:
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speotra shown to be Ldmstissl with the scetete obtained from the nitrous
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peaparetive and infvarsd tecinigmes s belng cosposed of 1925 lenertri-
cydylearbiny) ssetate (the uavesrvanged scotate), sbout 55 of e sostate
with su ewooyalio methylene group (probebly i-scetaxymorosmphions), and
less then 5% of an urknown unsatureted scetete with infrered Lends st
6010 nd 359 5.

The sechanisns of the scylation snd of the enmive-nitrous asid
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INTRODUCTION

The soylation of cyclopropene (1,2) axd certain substituted cyclo-
propesies (3,4) led %o sn ummeuel resrrengsment, giving predominantly
pechloroketones sod their relsted c,f-unsatarsted kebones rather than
the anticipated ~chlorcketones. Tims, when Hert snd Curtis (1,2)
trested & chloroform solution of the sl complex of propionyl chloride
o slvmioes chlordde with syelopropene, they obtained lechloro-2-metiyl=
Jepeantencne (1) end Gechlove~j-henanons (1I) in s 211 retto.

0 0
D + CligeCligeGe0l ~AMla, w&,v&ﬁg-gﬂg(aﬁ,)-m.m )
* Gl w0l gw0Gl Ol =Gl 401, (I1)

The resrrengad produot, I;'fw foraelly produced by migration of &
hydrogen from the carbon of the cyclopropene ring to which the acyl
group becomes atteched to ong of the two remsining ring carbons, the
chlorine becoming bound to the thixd.

Bacsuse both planss of the thregwmwsbered ring night be necessary
for thia resrrengessot of bonds, perhepes in e "sandwich-iype aggregate”
consiating of a ¢yelopropane ring botween the ions of the acyl chloride~
alunimum chloride complex (L),
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it eoenad desirable to acylate a cyclopropens

ring, one side of which
vas bhlocoked by & osge.

Nortrdoyelans (IIX) 48 woll suited to this purpose, and in addition,
s acyletion might give some insight into the steracchemistry of
sdditdons to threevmmbered rings, & probles which bad not baen luvesti~
gated.,

A ‘
dy= A7 dy

Thue, if ecetylation of nortricyclens (III) procosded @8 in the atyletion
of othwer cyclopropsnss, nornel sddition would give Z-chloro-Geacetyis
nanee (V).
chavecberisetion of the resction prodact. Ib happened that the acetyw
lation led to the previcusly unkuown leacetylnortricyclene, thus
providing & rather convenlent starting meterial for the prepsrstion of
soversl previously imsccessible lesubstituted nort nes, auong
them the hydrochlorides of lwamino snd lesuinomethylnortricyclens.
Correlation of the infraved and nexy-infraved spectra of theso lesubmtie
tuted nortricyclenss and the rescbtions of l-amine and l-eminomethyl-
nortrioyelens with nitrous scdd cowprise & significent portion of this
thesisn .




The procedure of Roberts, Trusbell, Bernett, aud Armstrong wes
followed (5).

In & oneeliter flssk, eguipped with "Dmbore® stirrer and an
offictent condenswr was placed 50.0 g. (0.53 mole) of norbornene, 95.0
8+ (053 mole) of Hedp srosuesindnide, 1.0 g. of bessoyl peroxide, and
250 ml. of carbon Setrachloride. The adxture wee refluxed, stirred,
snd frradisted with & “UE Punlamp,® 275 W., for spproximstely one houx,
after which tise & vigorous reschion ceamended mud the mixbure quickly
darkened. It wes refiuwed, stirred, sad frredisted for & total of
foar hours, cooled, &nd filtersd. The residus remsining afber removal
of the carbon tetrachioride wee distilled (no column, Claisen hesd) to
Eive 330 g. (40.0F) of Ivbromonortricyslens, b.p. 6768° (16 ma.),
a5 1.5275.

B. Hortrdoveisns (5)

In 8 500-m)., threo-npckod Clssk, oaquipped with *Irabore? stirrer,
ulb condeanser, addition firmel, sod under an stuosphors of dry nitrogen,
wiks placed 6.0 g. (0.25 mole) of megnssdnm twrnings, snd 100 ml. of
snbydrous other. A solution of 30.0 g. (0.17 mole) of 3-bromonortri-

eyclene and 6.5 g. (0.06 mols) of ethyl bromide 4n 100 ml. snhydrous



sther was sdded over 15 nimtes, snd the sixtave refiuxed for two
bours aftur compiotion of the sdditdon. It wes then cooled, hydrolymed
with an exoess of 3 N hydrochlorde seid snd allowed to stand overnight.
e layers ware soperated, the other layer washed with two 50 mi.
porticos of water, end drded over anhydrous megnesium sulfate. Aftar
ronoval of the ether, using & glsssvholioss packed column, distillistion
of the remsining vesidee geve 10.4 g. (&%) of novdrisyclons, b.p.
59+100% (mtm.).

ActRyiation of Soprtrisyeiany

To 100 ml. of methylens shioride contadned in & 500-nl., three-
noiced fignk, equipped with "Trubore® stirrer, sddition fanmel, end
pavnllel adspter £itted with thermometer and csledum chloride drying
tube, wes added 40 .2 g. {(0.30 mole) of adydrons alumionn chlordde.
The flask wes eooled to 5°, end 31 g. (0.10 mle) of scetyd chloride
in 50 md. of methylens chloride sdded over 1.5 bhours. The aixture was
allowed to etir ovewnight, or uwubil a clser ysllow solution wes obtained.
To this solution, meinteined et 5°, was sdded 23.5 g. (0.25 mole) of
nortrioyelens (L) in 70 ml. of metiyleve chloyide (1.5 houre). The
solution wes stirred for 1¥ mimtes st 5° sfter eddition wes conplete,
s for 1.25 bours while weraing to room temperdlura. The reaction
sixture wes cooled to 07 sud hydrolywed by dropwise sddition of 200 ml.
of 208 hydrochlorie sedd. The leywrs were seprrated, end the water
layor extracted with two S0-ml. portions of methylene chloride. The
conbined orgenic luyers were then successively washed twice with




50 ml. of weter, twios with 50 ml. of sodium bicsvbonste, omoe with 50
#ls of water and drisd over suhydrous sodium melfete. Altemmate pro-
muummmm, depuniing upon whother Dee

The methylens chloride wes rawoved fn yams st voonm {eupersture
o below, and the meddue distilled (no colium) under reduced pressure
) yield 3.1 g (@pﬁﬁ) of Deshlovowireas tyinorbornens, b.p. 7&"330

(0.8 ma.), nﬁ” 14963, infraved csrbonyl band st 5.85 n with & shovlder
ab 5.95 p. In addition Yo Zechloro-fescetyinorbornane, & residue of
ebout 7 g., Wudch bodled sbevo 325”7 (0.8 ms.), wes obtained. Ite
Aual. Caletd for Ogi,,0Chr OL, X.6.
Pouxis ©1, 18.9.

To & plurry of 3.7 g« (u.m mla) of lthius slomimas hydride in
250 sl. of sahydroun ether, in & one-iitar, Shreswnscked flask, eguipped
with "Trabord® stirrer, condeussr, sand addition funnel (Colly tubes),
there wor added over 2 hours, & solution of 26.0 g. (0.15 mole) of cwude
oyelans, in 250 ml. of snlydrous ether. Aftey and hour of reflux, the
mixture was coolad in an ioe bath and hydrolysed with Hy) snd didute
hypdrochlords seid. %“Celite® was mdded, thoe alxture stirred vigorously,




fA%ered, and ebher wxbrects of fhe "celitef-hydroxide residue coubined
with the organic layer snd deled over suhydrons sodiuas sulfate. The
othor was distilled, and the vestdusl oll fractionsted to give two madn
products, 6.8 g. (268) of Ie(I-tydrozyetdyl)nortricyclens, b.p. 55-57°
(0.9 m-), 2fS 14858~ 864 end 13.8 g. (53K) of 2wshlore-&~

, cayettiy) norbornang, bep. 7277 (0.4 mm.) af® 1.5006-1.5010.

charaotaristic hydrosyl sheorption (2.75 end 2.95 n),
harvaeteristis nortricyelans bande ot 11.7 and

2.9 n An snalytical seapde (b.p. 101° st 1.8 mu., nl® 1.5047) geve

m-n Celotd for ﬁ.ﬂmam;li ﬁ, 51«833 E‘, Bnm’ 31, E)dﬁ).
Pounds C, 62.003 B, 8.833 1, 20.38.

ket flask, egiipped with *Trobore® stirrer,
eondenier, mad Erleamayer flesh srranged for addition of = solid (i3),
wos plsead & solntion of 7.5 g« (DL mole) of chlorohydrin in 100 al.
of sxhydrous ether. Fowdored potevsicn hydroxide, 22.45 g. (0.4 mole),
way then added overr 30 atamtes, snd the sdxture refluxed and vigerously
stirped for 4.5 sdditionald hours. The mixture was filtered, ether
distilled, sui the residue fyectionsted. Infrered examinstion of the




ddetillates showed andy 2.0 g. (0.015 mole) of i={i~hydroxyethyl)=
novtrioyclene (B.p. 55577 66 0.9 ma.) s 2.5 g. (0.0) melp) of
recovered ohlorohydrin (b.p. 72«77° ot L ma.), sccounting for 68% of
the starting chlarckyirdin.

nortricyclens resstion mixture in yemo, the residue was sdded (30 minutes)
0 & refinxing solution of £0.0 g. sodiam omrbonsde monohydrate Sa 300
ul. of waher conbatuad in & S00-ml., thvas-nscked flask, equipped with
stiveer, reflox condemesre, and sdditdon fumnel. The mixture wae
stirred snd yefluxed for 15 minotes after cospletion of eddition, sooled,
Jayers mepurated, snd tho whbter layer actrected with two SO-ul. portions
mifate. Afber removel of the ether (dietillation), the residue wes
distdilied under peduced pressurs to yleld 13.5-17.0 g. (LO-50%8) of
Imscotyinortricyslans, b.p. 50-52° (2 mn.) nB® 1.4926, carbonyl band &t
595 ne

nal. Cmlotd for Ogliygds ©, 79.37 H, 8.89.

Founds ©, 79.26) H, 8.92.

b Barmel Delgdrobslogangtien of e-Uhloro-Oeagetyinosrborians

After distilletion of the methylene chlowide from the scetylstion
resction mixture st stavspheris pressure, the residue wes destmuctively
distilled st 1 2m. uming & water aspirstor. Distillste collected



betwesn 85-95° was refractionsted through s 1 by 30 cm. glass-helices
pecked colusmm giviag 13.5 g. (10%) of leacetylnortricyo
50-52° (2 m.) nB® 1.926.
Two derivatives, the 2,l~dlaltrophenylh
I~scetylnortricyolane were propured. Tha 2,4-dinttrephenyliydresons,
cbtadned s 7ed plates from 955 ethanol contmining m 1ittle etbyl acetste,
wos convarted by recryetallisstion from caxbon disulfide or isooctans
to arsuge nesdles. Both orystelline forms welted et 169.5-171° and
showad A 30 95% ethanol &b 378 me (log € , 4.36), 260 m (log € ,
be00), 2.38 ma (Jog €, 4.35). Thelr infraved spectrs (ahlorofors
sslvent) wers identicsd.
Aoal. Celetc for Oygliydigfet ©, 56.953 H, 5.33s ¥, 17.72.
Pound (ved)s C, 56.933 H, 4.9 M, 17.84.
(ovenge)s ©, 56.803 H, 5.153 ¥, 17.61.
The oxtme, white plstes from 955 ethanol, melted st 122.5-123.5°.
Aoa). Oslotd for Cgliygd0: ©, TA.uBs H, 8.673 N, 9.26.
Founds ©, 71.575 B, 8.653 B, 9.20.

Into & 500-ml., three-nscked flask, equipped as anfl‘g"dﬁfs acetylation
of nortrisyclene, wes placed 53.4 g. (0.10 mole) of/ alumbnum chloride
and 12 ml. of methylens chloride. 4 solution of 31.4 g. (0.40 mole)
of acetyl ohloxdda in 60 wl. of metiylene chloride wue aided over 1.5
hours, keepng the tempersture below 10°. The mixture wae sllowed to

stir overnight, o until & clear yellow solution wes cbtadned. To tuis



solntdon, ocoled in fce, was added s sodutdon of 35.3 g. (0.375 mole)
of porbornane (previmasly distilled fvom sodium) in 80 ml. of methylane
chloride, at such & rete ss to muintain the tempersture below 10°
(sbout 1.5 hoors). The solution wes sbirred for 15 mimtes, the ice
beth removed, snd stirring contimued for 1.25 hoars. The reaction
mixture was hydrolysed by pouring 3% slowly, with stirring, onto a
mixture of ice and 75 ml. of ords aoid. The lmyers

wore separated, and tie weter leyer weehed witk two SU-ml. portions of
metiylane chlovride. The sombined wetixylena chloride leyers were then
washed successively with thres H0-ml. portions of woter, two S0-al.
portione of 10K sodivm esrboonete polubion, ong 50-ml. portion of weter,
s dried over snhydrona sodism scifste. The residee remsining after
distiliation of the metihylane chlordde was fractionated to give 26.0 g.
(10%) of praduct, b.p. 70+71° (1 mm.) BB 1.Lgese1.L9k3.

yeml., thres-necked £lssk, fitted with “Trubore" etirrer,
condenmer, end edditdon fumnel, wes pleced a soludion of &0 g. (D.48
was hested to reflux and 15.0 g. (0.087 mole) of chlovoketons from the
acetylation of norbornens {froshly distilled) wes added over 0.5 hours.
The mixture wes stirred and refiuxed for 15 mimtes after sddition was
complete, cooled, extracted with four 50-ml. portions of ebier, and the
combined sther extracts dried over enydrouve sodium sulfate. Fraction
shion (Vigrenx column) of tue resicue ressining sfter the ether hed




bom dinstiliad, sfforded sn 80% recovery of starting meteriel (b.p.
T0-71° ob mm.) 085 1.4929<1.4903). Ho dshydrenalogensted product was
dbtadned .

B. Fxapsradion of Eaudlibeian Mixtere of Nomtwieyelsne sod Horboroens
The mwthod of Schleyer wae agloyed (6).
A Jeliter distilling flssk, equipped with an sir condenser and
thornametey, wer charged with 500 g. of norbornmne (previouely distilled
from soddum), end 10 g. of powdered Howdry syntbetis eilics-alunine
cabalyst, type S+90. The eywten wes {Iushed with dry nitrogen, end o
Selloon £410e4 with dry nitvopen was fitted to the top of the condenser.
Toe pob Senpersture wee sdjusted to usictels gentle reflux (ususlly
9ie95°). Centle veflux wo msiutedusd, with cconsionel ewirling, for
2.5 bours, snd the aixture dlstdilled from the cetalyst (approximetely
1.5 hours), into an isewsooled recelwar to give 450 g. of bydrocarbon
mixture. Comperison of the infrared spoactrun of this materisl, between
1.0 ad 135 i, with spectes of miztures of known nordricyclene conbent,
move for 2.5 hours, keaping the pot vemperature below 100°. Distillstion
provided 375 g. of matarial of T0-75% nortricycless content.

Pe

dootylation of the Nowtricovelenpefiorbornens Boolilibebsm sMrtare (8
To 300 ml. of methyless cbloride occutadund in & l-liter, threee

nocked £lusk, egmippsd as for the scetylation of yure nortricyclens,

wne added 77k g (0.58 mole) of slaminom chlowide. A solntion of



1

508 g« (0.64 mole) of scetyl chloride fu 50 nl. of asthylens chlaride
wie added () bour), and the mixture allowsd to sbir until a clear,
yellow solution wes chiained. T solotion was cooded in an ice deth,
snd 5h.5 g+ of wortrigyelmesuorbomesns egailibrien atxture fa 150 =,
of mthyluns chloride added while wsinteining toe yesction tempersturs
balow 7°, Workwup s in the scetylstion of mortricyslens, follewsd by
destructive dlstillation vt sepirator jwessure snd radrecticnstion
through & 1 by 30 om. glasswheliser packed columa, geve 23.6-26.6 g.
(Lo=iSE) of Ieacetylnartricyelens, b.p. S0+52° (2 m.) Sogether with
110 go (lS) of ehloroketons, b.p. 83+85° (2 mn.), nS® 1.4950, cbteined
fros addition of scetyl ahloride to novhornene. Since the egilibriun
' 7o ot e is obtadued 4n adout 75% yleld fyom
M(mmmammmmmmfhm),
overall yield of leacetylusrteicyolens from norboynens is ebout 30-35%.

IX. Proof of Stracturs of Isdcebylnortrisye

™ 5.0 g« (o&;ﬂ mole) wmwmmmmm ine
300emd. Fiesk equipped with stirrer and additicn funnel end cooled in
an ice bath, wer added (1.5 houre) 2 solotion of eodium hypobrozits
propared by sdding 17.8 g. (911 mole) of browine to en ime cold solutisn
of 15 g. of sodium hydroxide in 100 ml. of water. A smll amount of
detargent wes edded snd the nixture vigorously stirred st 0° until the
coler dissppesred (umally 0.5 hours afder completion of additicn) and



then for thrws houre st Youm tepareture. The browoform layer was
ssparated, and the aguecas layer oxtrected with two 50-ml. portions of
stlr. The mpesus Jayer wes then soidified with hypdroshlorde sodd,
axoeus browine destrayed with sodivm bisifite, and extrsvted with
sverul. pordicns of ethar. Tue conblined ether layers were axtrected
with saversl portions of ¢old J0F sodive hydvoxide, the sikelios layers
sidified with hydrochloric modd, and the vrude seki removed by Filtes-

hecryetsllitsation fram water or mbliumation at 0% (1 m.) geve
Lo g (195) ot Lane yite sold, m.p. A9«320°, nemtreld~
mww.s {$hocrwtioal, 138.2).

Apa). Oalo'd for OgliygOgt ©, 69.533 B, 7.30.
Found: €, 9455 B, 7.37~

fon mmm umm prepered from 20,8 g. (0.12 mole) of I~bromoe
nortricyelene, and 3.64 g. (0.15 mols) of meguseiem Wurnings end coolad
in an ise-selt bekh, vee added geseous carbon diexide for a peried of
two hoors. The resction mixture was hydvolysed with 3 N hydrochlorde
susll portions of sther, sod the conbiaed sther layers extracted with
five Yowal. portions of DK sodivm carbonate solutisn. The cozbined
sodfan esrbonste extyecte ware scldified with hydroshlorie scid, extrected
with weveral small portions of ether und the sombiaed other axtracts
wae distdilied st § ma. (trep Yo trap) aud recrystullised from pemtans,
to give 8.5 g. (50%) of J~csxboxyx




mamuaam m&m)ammw
umm#mm,mnmummnma
A5 g {00907 mle) of lenartrioyelenssarbaxylic seid in 100 ml. of
snhydous ohhans mmmmmwmm
sopmaviad, sad e Bgueows laysr extrscted with $wo SO-ml. portions of
108 woddnn cerbonnte, water, snd dided over solydvous magnesivn sulfste.
After distillation of sclvent, there was obtadned 8.81 g. (78.7%) of

Ry rigyolans, b.p. $0-54° (0.8 ms.), nf® Lokl

Aapd Oaletd for Collygd Gy T1373 B, §.75.
Yourds ©, 17483 U, 9.81.
st 137.5+228°.
Amml. Calotd for CygligliOg C, Th.053 B, 7.04) 5, 5.76.
Fowss €, 7h.083 K, 7.24 N, 5.78.

AM#&-&;..(@MM} o »
in 100 sl. of dxy ether wap yhaoed in & 300-ml. flask, L£itted with &
*Prabore® stirrer and condenser (Cally tube), snd tresbted with 0.L8 g.
(0,020 mola) of soddun hydride. The white Liveculast slicoxide wes
avident after sbout 1.5 hours and etimring wee contimed for a totel of
#ix hours. A solutdon of k) g. (0000 mola) of Sewyl chloride in




i

5 m.. of dry ohhar was 2dded over 10 ndmtes to the slkexide suspsmeion
of the remsining oll shiowed no hydroxyl bauds (2.75 or 3.0 p) end wes
presunshly the tosyiste.

Ammwmwmwmmmm.wmm
sthar vas added %0 & suspanston of 2.0 g. (0.053 mole) of 1ithimm simmimmn
hydedde 40 100 ml. of suhpdrcos other and allowed to stir overndght.

The mbxture was hydrolysed with weter snd bese (7), end the ethereel
sodukion dried over smhypdrous magaesinn sulfete. Distillstion of the
mwnﬁmwmmummwmw

mmmmwmwwmmmw
of trieyolsd (8).

A wolution of 8.0 g. (0.0k mede) of 1o sty rioye
m;mﬂ‘wmwmwmmmmmm)wm
2.9 g« (0,043 mole) of chromic cxide. 7The mixture wes heated on the
steen bath for 30 mimites, mde alksline with potessiua casbonate, snd
sbeam distilled. The distiliate lsyors were separeted, and the sguecus
inyer extyscted with two ssll perbions of sther. 7The orgenic lxyer
and ether extructs ware conbinad and dried over enhydrous magnesium




sulfete, end the solvent removed through & six=insh Vigreux colwmm.
mmmmmwmﬁwa),ma.sg.(m)

witinitroshenyliydrascns, recvywtallised myss ethonsl

ammmmm,nm;mmmamm.ﬂ

Anile« Cnlndd for CagdigJig0et C, 55.623 H, L.6T3 N, 18.50.
Pounds C, S5.713 K, L.Y7s ¥, 18.6k.

dhylemegiyool, 1.9 g. of erade sddelyds,
Bmﬁaﬁﬁhwmhwuaﬂl&s.MWMWW

yefinked for one houwr, Shen distilled wntil he pot Sempersture resched
177°. The crgmds lsyer of the distillate; afber drying over eulydrous

magwsion mlfete, gave & single poskk in & Perkine-Eluer Vapor Fractomster,

properetive solmm with didecyl pthalate on fivew
76°, sn sthentic seuple” showed identicsl retention tims, and ssmplos
tims purified had identicsl infrared spectre, exsopt for & band ab 12.5 p
in the suthentic sample, previowsly stiributed o an impurity (9).
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The method of Hobewrte, Trvnball, Bamwtt, snd Armstrong wes
wed (5).

%o & solublon of $0.0 go (1.0 mole) of methyl scrylste (etabilised

il pinone) in 90 ml. of ankydrous ether contsined in &
S00end ., three-nacked fissk, fitted with "Trubore® stirrer, condenser,
sddition fureal, end conteined in en ice bath, wes sdded (1.75 hours)
660 g (1.0 made) of freshly distillad cyolopentediens. 7The mixtere
was stirred for sn additionnd 30 mizutos in an Sve bath, the ios bath
renoved, s smal) smownt of bydroquinene sdded, and sllowsd to stand

The residue remniuing sfber resoval of the ether wes distilled to
give 12,3 g. (625) of the desired ester, b.p. 60-&° &t 3.3 mm.

Into & S00-ml. fluek, egaipped with & buld condenser (CaCly, tube)
we pleced 63.7 g. (0.42 mole) of ester, 150 wl. of hexsne (washed with
sulfuris acdd snd distdlled fvom sodium), and one gram of powdeved
Houdry synthetic silics-slunine catelyst, type S~90. The mixture wes
gently refimxed (83%) dn an oil bath for 12 howrs, cooled, end filtered.
The residue remaining after removal of the hexene was distilled to give
908 rwoovery of ester, b.p. 2-63° (2 ms.). he infrered spectren of
the distiliste was identical with the sterting ester.



e Ssonwrinstion ves atienpbed onoe more, under move vigorous
conditions .

Into & J3Ownl. flssk, squipped with "Trubore® stirrer end condenser
(Cally tubw), was placed 57.3 g. (0.38 mole) of ester e one grem of
powdered oatalyst. The mixture wss hesded in an oil bath (100°) and
stirred for 15 hours, coolad, sad filteved. Distdllation affonded 50%
recovery of maberisl which again showsd no ehsuge in the infvared

mummaza.a g {ammyﬂmm:wmmwm
50 ml. of snhydrous ether in & 300-ml., thres-nocked flask, fitted with
m,mmm&,mmw,mm (15 adimtes) & solo-
tion of 8.0 go (009 mole) Iessetyincetrioyelens in 100 ml. of suhydrous
other. The mixtbare wes stivred for two additional hounrs aé room
tenperature, sooled, snd hydreolysed with waber and 20% sodium hydrosxide
sseording to Gaylord (7). The mixture wes £iltered and dried over
anhydrous megoesiung sulfste. After vemovel of solvent, distillsbion
(Vigreux colunn) sfforded 6.6 g. (828) of 1=(d~hypdraxyetiy
bepe 6364 (3 mm.), %“ XL838 .

AnSl. Oalotd for Gelig0s C, 7821 H, 10.21.

Foundt ©, 78.0Ls H, 10.21.

ﬂ'l SO PTITAC YRR L S e .J..’.’n."ﬁ" R

To 35 go (0.22 mole) of Jenortricyclenssarboxyliic acdd in a 100-ml.
ik $itted with an addition formel, eondensar, and magnetic stirrer,




19

war sdded (10 mizotee) 2.4 x.. (0,033 mole) of thiouyl ehlordde. After
the Anitinl eundothwemic resction hed subeided (LS mismtes), the mixbure
was stirved for two additional hours &b Yoon tamperature, snd finally
for 30 nimutes ou the shemn Dath. After cooling, LS ml. of auhydrous
othar wos added end then suhydyous smments was introduced over tue
fvon beoseus geve 2.7 g. (90F) of white, Justvous needles, ®.p. N9-222°
(devonposttdon) .

Al Cadetd for GuHygNr O, &.991 H, 8.08; N, 10.26.

Pound: 0, 1001 K, 8.2y B, 10.19.

%o the methiod used by Roberde mxd Chasbers to jrepere ayclopropyl methyl
ketcxime (10).

num..mmm, egdpped vith a condenser, wes placed
2.0 go (0018 mola) of I-scebyinorteisyelsne, 1.5 g. (0.019 mole) of
hydroxylauing hydrochloride, 0.8 g. (0.0075 mole) of sodium carbonats,
8 md. of waber and L4 ml, of 95% ethanol. The mixture wves refluxed for
one hour snd then allowed to sool to precipitete the oxime, whioh wos




The resrengsomt wee o fogted by placing Snto & SO-ml. flask,
oquipped with condepser, -iditten fannel, snd msgnetic stdrrer, 1.35 g.
(0.009 mole) of oxime, 2.3 g. of sodinm carbonste, 8 ml. of water and
Iy ml. of dlomane. The xdxture wvas heated to gentle refux, 1.8 g. benzene-
sulfoqyl chloride added over 20-25 mbmtes, med refluxed for 10 sdditionsl
miauten. The {lsek was oooled, whereupon the amide mixture crystallised.
The mixture was filtered and the solid washed with cold water and cold
108 sodtun carbonste soluddon. ‘The yisld of smide mixture wes 1.10 g.
{828}, mep. Ww” .
in weberstiylone glycol salvent gave anly & oily solid with sn infrered
oxrbonyl sheorption st 5.68 n, mobsbly noresmphor (11).

eydylanine hydvoohlordde (11).

Ioto & 28-ml. $inak, ogiipped with condenser, addition fumnel, sl
mgnatic stirver, wes jlsced 1.0 g. (0.0073 mile) of l-nortriayclsne-
carboxenide snd 3 al. of suhydrons metbanol. A sodium mthylate solution
prepared fyom 0.2h g. (0011 mole) of sodium end 7 mi. of snhydrous
mothancl wes sdded S0 the Sog-ovoled suspension over 15 mimutes. To this
mixtare 0.77 g. (0.0048 mois) of bromine wes added mnd the mixture
refiuxed for cne howr. The methancl wes evaporated and the urethen
saken up in hot puntens. (ke patene-insoluble portion, unrescted amids,
saunted 4o 230 ng. The pentens was evaparated So yleld 580 ag. (75%



based on unvesovered amide) of muthyl wrethan, m.p. 86.5+87.5°.

Anl. Calotd for Ogliy,Oit O, GGk H, 7.893 N, B.37.

Pounds O, 6h.803 H, 7.T73 N, 8.4,

The wrethen thne cbtuined (580 mg., 0.0035 mols) was mixed with
1.2 g+ (0.021 mole) of powdered potassiun Mydroxide, heated for appwroxis
mtaly sight mimbes fn an ofl bath 8 160°, and Lmedistely stean
yielded sbout 100 mg. (A9%) of smine hydrochlordds, u.p. sbove 250°
{decompoeition) .

SENENE _SSRPrRRaganat of A-hoririaye L anaotrDeotiricte

Baltwdy (i2).

0wal. flssk, equipped with condenser, thermomster, and
sugeatic stirver, wee tdaoed 6.0 g. (0.0LL mols) of enide, 72 wl. of
sodfus hypoohlorite solutien (12), sod 2l ml. of dioxans (previously
perified by vefluxing and distilling over sodium (12). The nmixture wes
gradusily hested (0.5 howr) wntdl the pot tempersture resched 50° at
which tine no solid resined. Stirring wes coutimed without beabing
for ane hour, the pot teuporature sdjusted to L5~50°, and the solution
stirred for 1.25 sdditionsl houre. The mixture wee immedistely stemns

Jomger besde (about 500 ml.). The distillste was carefully svaporsted
wmnm@m«:amm,mmﬁ&wmw
in suhydrous methenosl end £iltered. Tvestment of the filtrate with



adydrens wikar deposited white needleoe, L.O g. (61X), melting point
shove 2507 (desomposition). The yesidus fvom stesm distillation
deponidad 105 go of wresoted enmide, and the yisld of suine hydro
ahloride besed on uwnrecoversd smide wes 75%.
Ang)s Cade'd for CyliggiiCls ©, 57.735 H, 8.313 N, 9.82.
Found: G, 57.76 K, 8.323 N, 9.61.

by dvopuise adddtdon of cold 10% sodium Lytroxide solnidon. To this
solutdon was slowly added with vigoraus stirring 0.25 ul. o beasayl
chlovide. The mixture wes filteved, the reeidus washed with sedinm
biesrbonate solubion end rectywtelliss: from etiyl sloshol-weter o give
white needles, m.p. 223.5224°,

Agl. ©Cmdotd for Cyiygine  C, 78.843 H, 7093 N, 6.57.
w’ G# ?-3'?33 3: 'fglhj ﬁ-’ 6*5{34

o & siurry of Lo go (031 mole) of lithium alnadrum hydride in
500 ml. of snhydrous sthar in & two 1iter, three-nscked fissk, equipped
with *Trubore® shivrer, condemser, s Erlecmsyer flssk eyranged for

additdon of & soldd (13), was added, (1.5 hours) 5.0 g. (0.037 mole) of
peliuxed snd stirved for one additdonal howr, md then hydvolysed with

RSO IO 4 LA ROEE TR S AR



by

weter sxd 158 sediun hydvaxide avcomding to Gaylewd (7). The etber leyer
wie deseted snd drisd overaight (bertun exids), mud then freated with
Reorywtallinstion from 155 nepropanci~85% bensene afforded white needles,
5425 go ($0%), mip. 238423957 (decomposition).
Anale Cele'd for Ggllyi03: G, 60.393 ¥, 8.84 N, 8.77, €1, 22.27.
Younds O, 60.8) ¥, 8.76) N, 8.7us C1, 22.39.

m::ﬁo-m MWW«W (eatn,.m),-
aidition funnel, and megretic stivwer, wes plsced 2.0 g. (0.0 mole)
of amine hydrochlowide, 30 ml. of glaoisl soetin scid, snd 2 ml. of
sostis anhydride. The resulbing solubion was tresbed with 2.0 g. (0.30
nols) of sotiuk nitrite ever cns hous, stirred an additionel hour,
frestod simllerly with snother 2.0 g. of sodius nitrite, and stirred for

was neutrelised with & seiurated solution of sodium bicsrbonste
extrected with several smull porticus of pautsne. The pentene extrects
ware conkined end washed successively with water, sodium bicsrbonsts
solntion, wetar, dilute hydrochlovde seid, and finelly agein wit: water,
senorved (m), the residus wes distdlled to c&w 1.4 g. {55%)
of sostete, b.p. l0-i2® (2 mm.). Ao watdetified vesidue of appraximatels
mn‘mhmmmmwmnsmﬁmmm.
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Ib was 2ot further ixvestigated. Vapor chromstogrephis sualysis of the
distillste remlied in one lerge bend (didecyl phthalste on fivebelck

colum, 315°% 7 dbe. helium) after one hour. Meterial purified by ges

shronstograzhy (stldsonceolum, 113+11h°, 10 Ibe. nitrogen) showed bands
in the infraved at 11.52 and 12.51 u, ssrboayl sbeorption &b 5.68 » end
el abwowpbion sh 3.23 je

AR). Cale'd for Colig0t G, 73.083 H, 7.9h.
Younds C, 70.804 B, 7.80.

The proosdure ontlined in ¥. K. Petent Specificstion Mo. 717,010
wie followed (1L).

Tko & 500-ul. fissk £itted with & condenser, was combined 46.0 g.
(050 mols) of freshly distilied biaysicheptadieme, 120 g. (2.0 mole)
of gacial asetic sedd, and 1.6 nl. of 40X (volume) sxlfwarie ssid.
he aduture wes husted st 100° for three hours, poured over ice, and
axtractod severa)l thwe with pentens. The coxbined pentence layers were
mibydrous magnesinn sulfate. The pentane was evapoawted in & rotary
memmammwmmw. (67.28) ot

lane (together with scme wsatureted meterial), b.p.

mmmwmmm(wﬂm. Triflinoro=
soobio snbydride was prepaved socomdiing to Howrne and Stacey (17).
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To vepere the trifisorcecetic skydvide, 100 g. of trifineros
Septio sold wes added %o 87 g. of yhosphorus patoxide canteined in a
50wl Slaek ouipped vith on eight-dnch Vigreux colmm sd distdllation
heed. Omtle sppiicstion of hest afforded the suhydride, b.p. 38-11°
€ &har)

wrosatio smbydride, 2.3 g. (0018 mds), prepsred as sdove,
wmmhmmﬂﬂmmma&-hﬂ.am
Wmmmmsnsmﬁwmmwwmmmam
sk, sgipped with econdenser (CaB80, tube), dropping funnal, and
megoetdo stirver. The nixture wee sllowsd to waym to room texpersture,
mwmmm:wmmmmecmg.mm
mla) Iesostyinortrieyslons, 5.26 g. of dey disodium hydrogen ghosphate
mmmummwww,mam flask, fitted with cone
dewer (CaB0, tube), addition fumnul, end magnetis stirrer. After
addition whe couplebs, the mixture was stirred for 0.5 houss 1n the fos
tath, 3.5 boure while warming to roan tenpeveture, snd finelly reflumed
aad stivred for sn sdditiens) 1.5 howrw. IS wes then socled, decanted,
and the nixed salts weshed with severs) smell portione of nethylene
The methylens chlowide was whripped and the yesidue distilled st 13°
(2 mn.) %o give 300 ng. of neiady puve scetate. A residus of 250 mg.
wea shown by infreved to be & nixture of sostate and starting ketone,
Sograpty colwm, 113°%, 10 Jbe. nitroge), geve maberisl whoss infrered
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of eaninosatricyolacs.

Inho & 25=0. flask, emipped with & condsnsoy and asgnatic stirver,
was added » solntion of 200 mg. (0.0003 mols) of l~acetemynorbricyclene in
2 sl of earbon teteachloride and 30 ml. of 1OS hydrochloric sedd. The
ndxture wes yefluwed and stivred for 12 howrw, layere separated, sad the
‘water layer extrested with swversd susll portions of earbon Setrachloride.
negneslun slfete and then evaporated to give & eolid with an intence
emxbonyl sbeorption ab .05 n, premowbly noromghor. The 8,Ledinttvo-
thenylhydeaions, Rrepsred sosording to Ebriner snd Fuson (18) and
recrystallised fron 95% ethanol, melbed 129-130° Jitersture value (19),

R RSN ORI
The procedure of Alder sod Rickert was followed (20).

A 200m). stes) boub was charged with 45.0 (0.68 mods) of freshly
distillad cyclopantadiams sl 70.0 g. (0.81 mole) of vingl avetete. The
wixture was hested with csossicnal stirring et 185+190% for ten houwrs,
silowsd $0 cool, and dletillad to give L2.h g. (41.0%) of estex, b.p.
Te78° (2h mw.), 62 14672 (345, valne 73-77" at L ., nfS 14658 (5)).

5‘ R R N R R 4 et ud ¥

Tote & 250-nl. hydrogeostion bottle wes Flaced 25,0 g. (0.15 male)
of Pepsetoxynarbornane=S, 150 ml. of glaoisl acetic aoid, and 0.5 g. of
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oseied very quicidly, o stabls prwesure belng Pesched in shout 20 mizates.
e sbature wee £iltered, the filtrete poured dnto 500 ml. of waser,

ad the squeous solution sxtrected with five 75-ul. portions of pedens.
Stams with saell porticns of waber, tidos with 108 sodine ciabonsts
fabe. After the panteme uns stoipped, the colorless resiiue was distdlled
to give 22.5 g. (90F) of aoetate, bup. 76-78° (13 mm.) nf® 1USTR (M8,
WM"wm.m‘WiW)n The Infvered spectrun donfimed the
hydvogenwhion of the cavbonessrbon double boud.

Tt & J00wnd., throeaocked fleak, fitted with condenser, ®Trubore”
stdever, ad sidbtdon Hunmd, wes pAsced 125 ml. of ahypdrous ether snd
2 g« (904055 mols) of Iithdws sinsdoun hydride. A solution of 5.k g.
{020 mile) of 2-sestoxynmbormene $n 50 ui. of sahydrous sthor woe then
mnmnmawuﬁmmm(wunamwn
(7), andd the ether solwtion deamsted. The yesidue waw thoroughly washed
over sshydwvous magueeiom sulfste. e ethor wes evsporeted to give an




e 0ot Darthar parified, but & porkion of 1% wes used in the following

A solntian of 1.2 g (am m} of cvnde 2+hydvoxyRorbarns ¥
ddsgolved in 5 ul. of glasial seeble medd. ummmm,
n smll portioo over 15 mtmbes, 0.6 g. (0.006 mode) of chremis
shydride 4o 5 ul. of 80% sostio wsid. 7The solution was hewbed for one

o sverted directly to dte 2,l-dinitroe

sthauol. This meberisl melted 129+237.5° (A6, value 130° (39)) and a4
mmmmmwmzmmmwwm

Tiko & SO-ul. Clask, equipped with selid sddition fwinel, pedenser
{(CaC1y tube), ond magwtic stivror, vas [leced 3.0 g. (0.039 mole) of
sodng hydrochloride, 30 wl. of glecial scetic seid snd £ nl. of asetio
wiyivide. e resnliing solukion wes trested over ans howr with 3.0
g« {0043 #ls) of sodian aftribe mod allowsd to stlr for aue additional



hours  AfSer efallse trestuent, with snether 3.0 g. of sedfun nitrite
ol further stiering for s hour, ges evolution had stopyed wnd the
wixture wes nentrelised Yy pouring 1t siody into exesss sodiwe bie
with waber, sodbem blessbonste solukion, water, 3 ¥ lydrochlovie soid,
peticne wis atvipped and the rewidus distilled to ylald 1.6 g. (52%) of
anetaten, b.p. 556" (2.2 ma.). mmwmarmm
Indlosted that it was mednly nvbrisyeyitsbingdacetate (bands et 11.73
and 12,73 n) WWWMMﬁmmﬁwlem com-
m(ﬁmwsmm&mﬁ,mwumm.mm
wassburated compound with & band &t &.:m;m Vapor chroustographds
anslysis of this wixbure oves & didecyl pithed

dad to inccwlusive results, the sdzture composition varylng cousidevebly
with verlstions An tempeveture end carvier gas pressure. The residues
venadrdng from his van and snother ¥un of 2.7 g. (0.017 male) weve
cobined snd distilled 4o give 1.2 g. of meterisd, b.p. 130%230° (0.7 m.)
with on fntense doublet b 5.97 and 6.02 n But zo bend &t 1130 u.
Appuremily this msberisl wes composed of highar moloculer weight acetetes
mothylone groups. IS waw 2ot further Lwestigated.

Tuto B 300wml. Llsad, egaipped with condenser, addition fuonel
(Caily i), snd magnetio vtirper wos added 100 ul. of mulipdrous ether
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st 150 go (0.085 pols) of sodius hydride. To tiis mspsneicn was
WWNM‘MMMQ-Q g+ (0,048 mols) of Irtydvesgy
thyAnerteioyelane dn 9 nl. of shydrous sther, and the xixtuve sllowsd

wmmmm. To the alloxide susponsion was thes aided (one
her) & solatien of 5.06 g. (0.065 moda) of ssetyl chierdde in 50 al.
of mihydvoss sther mnd the mixtmw sllowed to stir for 21 howrs. AfSer
£1%milon of the minture, fhe resiinal sadis ware washed thoveughly
with waber, three times with sodium blogvbenske solubion, cnes with
oihar, the Tesidus wes disdillad to give 8.3 g. (T7.5%) of sostate,
b.pe 58-60° (2 mes)s The Sufrered specbrum of this metecis) contained
nevtetoytiy). bands ot 11,73 s 1273 Be

AaBle Cole'd fow Gygly Oyt G, 72.253 H, 8.9,

Foadt G, Y2273 H, 3@6

A 025-ml. smgie of Ienorhricyclebingd scetate wis pessed
through & meperetive sesle silicons gas chrousbographis colum (132°3
7 2. Mg covrier). Infraved sudysis of the vesulbing meverdsl (band
from k3 40 60 mhmtes sftar injection of the swnple) showed almmet
conglete absence of the nortriaydyl hunds at 11.73 sud 12.73 u, mad
now Bands a% $.97, 652 sad 1030 p (very intense). This scetate is

Aptle Cade'd for Cagliagdyt Oy T2253 H, B0

Founds O, TR.093 H, B,
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mMmmwmxa.m (a).

A 246 go (0,002 mode) samglle of trifivorossstete was sidvred sb
¥oom Semperwtare with 10 xl. of 10% sodiun hydvoxide for 2l howrs,
magoente sultate. After miooved of Whe sther, the resiius wes distilled
%0 ghve 3.2 go (00%) of alochol, b.p. S3-55" (0.8 mm.). The infvared
spectaws of Wi aebevisd showed bands at 5.97, 6,02, wnd 31,30 u (vevy
W}Mmm \eyely m«mmammu.ﬁp

This sdsohol wes convartad to the cerrespunding
W&Mﬁ Linsk, Wm condonesr, sddition Suanl
(Catly tubes), and angetic stivve was ylsced 25 xd. of enigydvous ether

i 083 ge (0.0097 mole) of podium bhydvide. A solution of 1.20 g.
(040096 mole) of Koohol, ss cbtained ehove, in 25 ml. of muigdvous ether
wes sdded over ten mimbes sad the mixture slloved Yo stir for 2 houre.
A solartdon of 0.5 g (00097 mole) of sostyl chleride in 25 ul. of
thorenghly with ethar, the osbled ether extroste washed with weter end
Aftwr pemovel of the ethar, the wesidne wes distilled to give 0.9 g.
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(56%) of avetate, Bepe 53525 (1.5 mue). The infrsred spsctiun of
thie nebavisl was Jdentieon) with the W acetate obtained from

In & So=ull, flevk, soolad 1n sn foe buth, was pleoed & solotion
of 500 mg. of acetate mixture in § ml. of etber, 10 md. of 2% sgueous
potessiun povsmaginate, and & sael) st of detergent. During the
oorow of adght howre shiswing Sn the dce bath, an sdditionsl 15 al. of

siifsbe. Distilletion of the residus ressimdng afber removel of the
otiwe yeevlied in meberisl the infrered wpestiun of which ves dsmbionl

st 5973 ﬁ-ﬁ&, &mmawﬁmmhmm,
aixlave.

mmwwmm m),wm-m
dotermination of mell smowste of wwaturstes in lsrge quantitise of
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A 00055 B sodutdon of byontue in asebin acid was yrepared by
aXiuting 0.3 wk. «f brondns $6 cne Jber with glscial acetie acdd, snd
standedising 5% with 0.,0003% ¥ seften thicsulfate to & starch end
pofut. Assmrately weighed 0.1 g. wexgles were (laced Lsto one dyen
visis el s diswodved 4n 25 wl. of methyl slochol camdatned in SO0
an fow beth for 30 sioutes. Nach sswie wee then trusted with 10 ad.
of eNsnden Wrordne poluddon, sleed thovenghly, and repleced in the
$00 bkl for thyes Minbes. After ressvel from the ioe beth, and
dAutdon with 300 ml. of weter, 10 w1, of 308 pobessium SodSis wee
sdded, snd the solntdon dtveted with standund 0.01 N sodius thiosulfabe
%o & staonh ool podnd.

mmwmmmmw&%m

he infrared spoctrun of the ssetete mixture indicated a preponder-
snee of unvesrrengsd soetats, identifisd by nortricydyl bands st 11.73
and 12,73 n. Two unssturstes were also present (8.2-8.L%), sdentified
by weak bends ab 5.97, 6,02, 6.10, 8,90 end 11.30 u. Ome of these un~
saturates, which sooounts for the bends st 5.97, 6.02, 11.30 p and @
portion of the 8.90 u band, is prodadly G-scetoxynoresmphens (yids infre)
as cbhbained by isemsrinstion of l-nortrisycrlcerbinyl scetate (vapor
chromstogragh), snd from the alcohol resulting from hydrolysis of
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lenortrioydvionsbinyl triflucrossstate. Acsordingly, aixtures of known
were anklysed by infraved and compared with the mixture of scetetes

Lrom the nitrous scid resction of the hydrochloride of l-sminomethyle

: lone. The infrared spectrunm obtained by placing & carbon di-
sulfide solution of ssetate miztmrs in the "reference® beam aund a
mizture of identics) consentration composed of 5% S-scetoxynorosmphens
md 958 lenortvisydylostbingd scvetste iu the "ssmple™ beam, showed two
main dafiections due ¢o the mixtuwre from the nitrous scid resstion,

one ot 6,10 u and & second at 8.90 u, both apparently due to an ucknown
mwwmmw&m The bands at 5.97, 6.02, and 11.30
)zmwhbmu, indionting the presanse of & : :
to the extent of byt 5% in the acetete mixtore.

The method of Ushoafer (23) was used for the cilorins enslysis of
SeahlorosSegoatyinovhornsne, Two grew of sodium, out into four or
five pleces, wes [lsced in & 250-m). flask contsining 25 nl. of isopropyl
aloabol « Ao.sg,amemmemm
the mixture refiuxed for 2.5 hours. Ihe excess sodium was desomposed by
emtionsly sdding water through the condemser., After addition of 50 ml.
of water, the solution was noutralised to congo red paper with 6 N
nitede scdd. The chloride ion was titreted by the Volhard method.

The other suslysus were dons by Spang Microanalytical Leboratory,
Ann Avbor, Michigsn.

AL ol AN REE £ ALIUE




Melting points were determinged in & capillary in en efficiently
mmmmamm‘mumex
Btanderds thermometer. Stem sorrections were nod mads.
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DIBCUSBION
X+« Machanisn of the Acetylation

The scetylation of ayclopropsnes spperently prooseds through sn
slectropiiliic atbask by the saylonium ion an the cyclopropane ring.
The slestrophilie nesture of the sbtack in these acylsticms is pointed out
by the work of Levits (34) on subetituted oyclopropenss, whers the re~
aotion rete decressed markedly as eleotron withdrawing groups were plased
sn soebyladtion in refluxing chlorcform, monoshlorosyclopropane required
seversl hours st room tempsreture, while cyclopropane and dimethyloyclo-
propens recsted repidly st 0%. The unsuccessful attempte to scylats
oyelopropans end dimethybyclopropens using scetyl perchlorate as a source
of saylonium doms (3,4), indicstes thet & simple atdeck by the seylonium
. 4on s not an entirely satisfactory reyzresentstion of the resction,
Lovitt (L) propossd e "ssndwich type aggregate” consisting of & cyulo-
propans ring betwean the ions of the ascetyl chloride<alumimum chloride
complex 29 & possible explenstion for the acylation resction, and the
reerrengenent which accompinise it.
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Suuh 80 aggregate demands $hat both fases of the cyelopropans ring be
vadleble for compilaxation snd, henoe, that uortrioyclesce wonld not be
sxpuoted to remct. Sinee the ssetylstion of nortricyclens was found
40 proceed readily ab 0-7° to yleld 69% of 2-chloro-f

1% murt be concluded that much an sggregete is not necessary for reaction,
&% least in this cass.

‘fwo possible mechanisme oon bs proposed for the acetylation of
nordricyclane. Ihe firet, illnstreted in Chert I, involves & Tclsssicel
sazbonivm lon formed after Anitial attask by the acylonium fon.

Chart X

Q
D B
+*
» 0 ,ﬁO
Giig Ciip
. (w) ﬁ
N—
Jdma Ce0 1
Giiy a

/
CH

This carbonium jon can procsad direstly to product (path a) or can first
rexrrange (peth b), since both psths laad to the observed 2-chloro-6~
scetylnorborusne of unspecifisd sterecchemistry. Alternstely, the
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aoshylstion can procesd through a “noorclassicsl® carbondna dem (Chart II)
of the general type often proposed in this systen (5,2L).

Chart II

threo-nbered ring carbons, abtteck by the aluminum tetrschloride ion

on one of the two remaining csmabon stome wonld lead to the abserved
product, with gxo eonfigaretion of tue chlorine. The axo configirstion

is in sgresment with the ocbserved fecile dehydrohalogenstion of the ohloro-
m 40 l-acetylnortricyclene.

R ]
i - C1
H
-0 t&to ?-0
OHy 2 CH

'3
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ALWy removal of the d-hydrogen wder dehydrohalogsuation conditions ss
& proton, the o chloriss ia the comrest configurationto be displaced
by the lectron peir of the carbanion. It 4x not possidble to distingnish
betwosn these mechanisms with the informstion availshle st this writing.
II. Btructure of the Chlorcketons from the
Asstylation of Norbtricyclene

The chlovokebons from the scetylation of nortricyclens was cbtained,
me(immwasoﬁpmwﬂmS.BSpmi
band, mnd by the low chlorins malysis), by & careful, rapid distillstion
st & pressure less than ) mm. That this ketons s & Z-chloro-G-soetyl~

s (1) h

fecile debydrohalogenstion to

WWNW%WWWW(I&)%&
1ithium alwaioe hydride,




Several sxperimonte, including refiwxing the chlerchydrin in sn
sther suspenaion of powdered potassinm hydraxide, designed to cowert

o

; m—-—o

Gy

8
the seoly) group iz the chlovoketons is predoninsntly sxo.

IIX. Proof of Btrustures of lsdcetyloortricyclons

thouecarbion doubls bond in the infrared spectrum

. dehydrohalogensted ketons fvem the scetylstion of nartricysless,
togethar with cyclopropyl earbon~hydrogen stretch bauds &% 3.26 u (25,26),
and 1.666 n (27) and & cwbonyl sheorption &b 5.95 n indicated & cyelo-
oyl ring conjugated with & cardayd group. The 2,l-dintivorhenylbydre-
sone, obtained either sz red plates or orenge xeedles, bad & A max. ob
318 mp (10g € , 4:36), also charastaristic of cyolopropyl conjugetion
(28,29), The structwre wae proved chealoslly by conversion to the known
l-methyinortricyelese (Chart 1).
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axh soyelens (3I) (m-.w-m“zmmm Tais acid wee
differet from the only other known nartydoyolenscmdaxylic acid, the
I-isomer, m.p. 1§=50°, prepared sccording to Hoberte sud cowworkere (5).
Lithdun elusioem kydeide reduction of isesrboxyuortrisyolens
xymothylnortrdoyclens (III) in 518 yle)d. Attempls to reduce the
tosylate of this alochol with lithium slundrmun hydride resulted ooly ia
the resovery of the sterting alcchol. The conversion $o l-methylncstri~
cyclens wee then ssecmuplished hy cxidation to l-formplnortrigcyclams (IV)
(sarbeonyd sbecyphion at 5.95 u, ved 2,h-dinibrothenylhydrasons) which
mmmmmmwawmmmm
rioyclane obbtained in this wey was purified
hromstogrephy (silicone column), tod had a retention time
and iodrered spectnos identical with sn suthentic sanples, except for &
bend b 12.53 p previcusly sitributed to an laparity in the euthentio
neterial, snd sbeend in the materisl from the Volff-Kishner resction.




Noertrioyolens itedlf snd several J-substituted nortricyclienss
sheord in the 12.4+12.5 p region. Lippduoott (30) in his careful infres
rod snd Rumen work on the structre of nortvicyelens, sttributed this
band (doubllet in the J-substituted novirisyclense) to & doubly-degenerete
sage-bresthing frequency. Ancther corvelstion st sbous 11.7 ; hes been

i i i i 0 g S .:umm..a....mn_. -t R mecadhie: PO % e M il i i R

in an eavly sppiioebion of Uafvered wethaigues, used & biad A6 11.83 m*
mmwmmwmmmn uesd & band at 11.83 u

to Lallow the catulytin isomerization of cemphene (I) to tricyclene (II)

R

Notig Clip
X Iz

Schlayer snd O'Commor (33) heve painted out that & bend in the 11.7 n

region is charscteristic of l-substituted nortricyelanss, snd that thers
is no pesk of significant intensity in any nortrisyclene which does not
possess this structural festure. All of the l-substituted nortricyclence
nvestigsted in the preswnt work were found to have bands in the 11.7 p
rogion gnd in the 12.7 1 region (Tebls I). The band eb 12.75 u 2 .06
is guite constent and indepecdend of the l-pubstituent. This bend varies
wmm.inn.wmmm,mmmammmum
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constent (aniliyl) and other grouss are yplased elsevhiere (especislly in
the J-poeition) on the noytrisycdans ring system (33). It would ehem,
then, that the bend iu the 12.7 p region is particularly ehmwcteristic
for & Issubstituted nortricyolens which is otharwise unsubstituted.
The band 4n $he 11.7 & vegion is sommbiad sure intense aad 4s & bt more
vartaiile (11.60+11.95 ) whim the Iesubstituent is varisd, but remins
conwtant st sbeut 11.75 p shan the lesubstitusnt is constant (methyl) (33).
Its position is yelsbively independont of groups in the S~position of
of nopizdcyclienss substituted on fhe cyelopwopane wings the 11.7 u region
band is relatively independent of other substitusnts, but varies sowe-
what in position depending wpon the nsture of the lesubstituent, whereas
the 12.7 n region bemd is quite constent for nortricyolense substituted
Suly on the syclopropens ring, bub is quite varisble when wabetituasute
sre Jaoed in the 3eposition on the nertyicyclens ring system. In elosing
this disoussion 4% should be polnted out thed only nortricyelenss mono-
substituted on the thres-pezbaved ring have bean exemined. It is gquite
itation on the ayolopropans ring my alter

igar-Infrared Spectye
Cyslopropyl compounds exhibit o furdsnental carbon-hydrogen stretche
ing Lrequency st about 3.25 u (25,26). Two bends in the near infrared
at 163-1.65 and »2.ehpnmmmmmmmmaw
propyl componnds, when the preseuse of terminal methylewe gruups utish




o

8180 shecrd iu this veglon, ks be exaluded (27). The first of these
bands (1.43-1.65 u) has beon aitritated to an overtane of the cycloproRyl
suxbon-hiydrogen stretahing frequency, while the pecond band (2.24 n)
apperently is o cosbdnation baud.

Rordricyclons sy be vonsidered ss & 1,2,3trisubetituted cyolo~
propms. All of the ecapounds sxaained in he present work exhibited
the fundsmectel. carbon-hydrogin stretching frequency from 3.2k %0 3.26 B
(25,26) memmmwmaw:w
sorvelation of bands erising frem carbonhydrogen
tmmmmm:mmmmsmmspmmm«m
tone region from 1.10 %0 1.20 u (Table II). In the first ovartons
region the band from 1.66 to 167 n sesw to be charscteristis of the
m«mmiammmnu mw&mummum
mwun.a;xwm(m. mmmmmmww
probably su overtons of the 3.813.26 u fundemeatel. In the second over
tone region the band from 1.1 to 1.15 p alsc appess to be characteristic
of aytlopropsne ring in novtricyclens, its intensity diminishing upon
subetitution in the Jeposition.

It should be pointed out that these correlations for nortricyclens
are spplicabls oniy in the sbewnce of carboneosrbon double bonds.
Norbornsne sud norboynadiens, for instence, both exhibit bends in the
1663 .67 s 12325 0 Peglons. Fortunately, the pressnce of carbone
csrbon doubls bonds cen wsuslly be esteblished by exsminstion of the
2=15 p region.
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V. Axine Besctions with Kitsrous Acid

A« Qeonre)

The reaction of alishatic snd alinyclic anines with nitrous ecid
hee deng been knows 0 yiedd & vardety of gwoducts. The mechsnisn
usually given for the resotion (35,36) propeses that the dissondus ion
whioh is firved fored decosposes with lose of nitrogen to & oarbonisom
Aon whish oan subseguently Fesct with solvent, elininsts a jwotan, or
rearvange 40 sgoount for the products moed frequently found in this
fpe of resstion. A competing direst displacement (3,2 type) of the
dissontin salt by solvend socounts for pavtisl inversion cbserved in
the cose of ophiondly sstive sainee (37).

Streitwieser (38) hoe proposed theb the dissontum fon, vether than
the csvbonium ion, 3¢ the "brenshing podut? of the compebing reactions.
The dissonium fon could then Pesct eccoxding to the following schems.

ﬂ ‘ .
L Displacenent by solvent
i"‘f"s it tavereicn

?a&‘»: Eldmination

R

+ 8

Gwim Solvalywis, elimination, wto.
& |

K ]

bwgw Bolvelywis, eliminesion, ste.
* 2

K ¢

«::-?«» Bolvolyeis, eliminstion, ste.
R
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This propossl offere su sttrevtive explensticn for many of the ye-
sstions found in the litersture thet are diffiomltly explainsbls by o
tived® omrbontun fen intormediste.

B. s X

14pp sl Padharg have reported (11) that apotricygylamine hydro-
chloride (I), when treated with sodium nitrite and dilute hydroshloris
amid, afforded a S0-55% yiedd of apotricyelel (II).

BalD g
e )
R
Hilg"H0L

) 4 b4 4

o the known conphanilons (1XX).

Ho othay pwoducts were reyorted.
In the present work, the nitrous acid desmination resction of the

seid (yielding scetatos) rather then in dilute sguecus modis (which would
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give the cormweponding adcohols) for two main reasons. First, Lipp axd
Padborg reported that spotrisyelol (II) wes unstabls in sir snd could
bs kept b room tesperature only wder su atwosphers of hydrogmm. There
i mgm Yosson %0 expect any A-hydrectynord:

wmmmmmmuwwgmmmm
Secondly, the avetates fram this reacticn would be expectad to have
WW

ne was trested in glacisl
mmmmmmmmmm,umwum
bograth, was ocbtained. The infrared speotrum
rhonehydrogen stretch band &b 3.25 n (25,26)
snd no earbon-osrban double bond stretehing bend in the 6.0-6.3 p reglon.
Siis infraved evidence indiswbes & nortricyolens structure. If s carbonium
100 were formed in this resctien, although expected to be highly streined
dae to ita bridgehasd locetion and ite position on a thres-nmsbersd ring,
4t could lead %o two nortricycyl scetstes (Chart I).




Chart X
Fath (b) | Path (a)
v v
» OCOUHy
4 = é Q
—————l.
& ]
mmmmmmmmmmwmmmm

siderably lees otrained ombondun ion M thent to d=scetaxyriortricyclene.
Comparisen of the infraved spoetrum of suthentis I~sceboxymortricye

with the uwaknown soetate offered conclusive yroof that the scetste in
wmmmwmmwm«wmmwmu. By refinxing
the scetete in dilute hydrochlovis seld sud ellowing the solid tims pro-
duced S0 remot with 2,L-dinitrophenyhydrusine, a 2,i~dinitropheylyirascne,
2Po 129-130%, wes formed. This exparizest is snslogous to Lipp and
Padbergts sonvwreion of spotricyelsl (II) to esmsphenilone (III), ami

would be expected o result in nercemphor (IV).




dilute |
R
Hol
OH

noremphor, m.p. 129+130.5 , did not deprese the melting podad of the
cm was mW by the Baeywr-
chons (V).

v vi

The infraved spaeteun of meteriel synthenised
snd the fact the no 3-scetoxynortricyciene is formed, ib is doubtful
m;mmmummwmm
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A math mowe likely poth is svailshle divectly through the dlesonium ion.
In this cess the hydroguna on sarbon seven of the nortrisyclens melscule
ave jo & gchs confermation relative $o the disso linkage. Beosuse of
mmmaMtwﬂmmmmmmwxm
W-MMMM%)WWM e I~sostaxy-
mwmw&mmmmmma
& ddamcninmeacetide don peir.

*N'

OC0CH,

The poesiddlity of breskdown of this genersal type hes bee: suggested
for desnination resctions in nou-poler solvents (35). Another, though
perhaps unlikely, poseibility for the formstion of the l-oster 1s the
direot displasensnt of mitvogen by & asotic acid molacule.

o — L= A

Sush an atback would preswmbly coms from the Yeide®™ or “front."



Roberte and his ptudente (39) have reported that the resstion of
syeloprojyloarbinylanine with nitrous ssid leads to & mixtare of 568
eyolopropicarbinel, 4O ayelobutancl, md L allylemrbinol. Cyelobutyle
mcine lamis 40 & eimdlar mixbure composed of 5)S cyslopepyleartinel,
k5% eydichutancl, end LY sllylemtdnol. When syclopropylestinylsnine
Jsbeled with G gt the cerbon omrvying the smine group was treated
with xitrous eoid, the reenliing eyelopropylearbisel hed 53.2% of the
Jabel ab the carbon sarzying the aloohol group, 4B.3E st the two equi
valent wethylens carbous, and mo G4 ab the tartiory ocarbon. The cyelo~
bubenocl obteined had 218 of the O™ 8% Oy, 71.6% st Cy and G4, and no
C¥ ot Cye Severel suggestions have bedn made to sccount for these

resultn. A soguance of eguilibreting "olassical” curbondum ione
* *« + +
> cugag — >y — L= ez

D—sﬁm‘ :ﬁ '|>—cagm Ol

could socount for the isotopic trecer rewults, bub doee not sccount for
thw ssee of intcrconwersion of the lons nor for the sbnormel solvolybio
resotivitiss of the corresponding eilorides (oyeloprupylesrbinylohloride
63, ayclcbutyloidoride 3, and sllylcarbigylehlordde 0,005, all 4a 508  °
ethanol), resctions which lesd to approaximstely the same mixture of
aledhols. Another poweible Lnbermediste is the "nonclassical® trieyelow




but 4 this were the sole intarnediste, complete equivelence of the
mtiglene cxrbond in the cyclobutancl and cyelopropylearbinol would be
roquived. Sinte this is not cbeerved, other intermsdistes mst be
opsretive. A thivd suggestion involves & series of equilihria betwesn
*aonelassicsl® bAcyelobutoniun ions of the type

m{n’“';“fﬂa

N 1
~

~ |

“CH..

g

Lipp veported (8) st N ~swinotsdeyclens hydroochloride (I),

Cli ghlti g *HGL

) 4

shen treated in dilnte hydrochloric seid with sodiun nitrite geve en
unicnown mixture of products.



syelons hydrochloride, was treated

in glaodal scatic acdd with sodium niteite, a mfxture of scetates wves
obtadned in 525 yledd. 7The infrured spectrum of this material indioated
MMWMIWMW(M“R»”
snd 12,73 n), probably Je-noertedeydrlonrbin
of wosstureted meterisl wore slso evident from carbon-carbon stretch
bends st 5.97, 6.02 and 6.10 p, & band ab 8.50 n, md & terndnad
asthylens deformation band &b 11.30 u (k1). Severel attempts to snslyse
sapsration of bande could not be achisved, snd thelir relstive intensities
pressure. It seaned plmsibls that isomrisstion of the mixture wae
taking place on the sodwm, and to test this premise mthentic l-novtrie
cycyloarbinyl acetate wes Prepared snd pessed through a preparutive
sonlo vapor chromstographle colmmi. Ths infrared spectrun of the result-
mmmmm«mmamwmmasm

and 602 p and & very istense terminel methylene deforwstion bend &t




3230 p (b)e The short wavelength of the carbou-carbon doubls bond
streteh bands dv indiostive of an gEgoyolic doubls bond attsched to &
strained ring system (41) end the 11.30 u bend is very good evidence
that this double bond incorporetes

ring.
R & e,
>

Parther evidence for the wiructure of this asestete is afforded by eynthe-
sins of sn spperently identissl acotete from the alochol obtained by the
sclvolysds of d~portricydylessbinyl teifivoroscetate (Chart II).

Chavt IX
g
Haldli .
CHICOCPy Uiig ],
1. NaH
Y
2. CHZOOC1

Clig
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Alkyl axygen fiseion of the triflusroscetate mast occur lssding to the
curboudna fone indiceted sud sulwequently to the remrrangsd alschol.
™o infyaved spsctrvin of this slcchol had cexbenmoarbon dowble bond
stretch bands st 5.97 and 6.02 p, and & terminal iethylens deformetion
bend &8 11.30 1. The scetsbs syathesised from this alechol had sn
MWWWMWWWM
wnortricydyloarbiny] ssetate, exospt for s very wesk band around
m.vpmmmmm. probably due to a trece of unresrrengsd
I-nortrioydylomhingl scetate. Oxidetion of the scetats mixture with
eold dillute potassius permangsnate solution resulted in an acetats the
Snfreved spectum of which was Adeudesl with suthentie 1-nortricycyl-
cnbinyl sestato sxeept for bands, mach diminished in Aintensity when
compared with starting meterisl, attributable to treces of unsaturetes.
This mulss ont the possibility of sy fonreambered ring scstete,
anslogous to the formation of cyclobubencl from eyolopropylesrbinylamine,
since it would be expected to sarvive those nild oxidation oonditions.

gy = &L

Pitretion vith Womine in scotic asid (22) indicates the [vesence
MW%WMIwBMMhW~WW¢ That
sost of this unsstureted ssberis) (sbout 5% of the asetate mixture) was




Sechniques, using & inown gunceatretion of sostete mixturs and
mewmammmmm

In ey, the attrous ssid resstion of the hydrodhloride of
doowstiylucridayelens lasds to 92925 of I-mortriaydylearbinyl
sostate, the unremwanged scebats, sbout 5% of sn unssthwwted acetats,

manatogmoreanphens, snd less than 5% of sn unknown uwwsturated
oompound with nfrered sheorption bands st 6.10 and 8.50 j.
he acetetes obsexved in this demnbuation could erise directly
from the dissontun salt (Chert IIT).

Cherd IXX

B Wﬂ*-l'

e o ooy
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m(t)mmmmuaammmmmum

dwmamwm(%awmmmww

rearranged soetate. Pedh (¢) Lavelves s conoerted attsck by solvent

ot oxrdbon 2 or 6 snd eliminetion of nitrogen to form G-aoetaxynorcsmphens.
Alternately, formdion of the frewe carbonium lon could also lead

to tha obswrwed products by routes similer to peths (8) and {(¢) descrided
sbove (Chaxt 1IV).

L]




It is ot possible to decide from the facts evailable in the present
work snd in the litevsiure whether the dissonium salt or the casbenium
don sorves e the intermedisie in this reastion. It is sdively possidle



SWRARY

1+ Nortwdoyolens wae shown to resct with & 1:l complex of sostyl
@loride-abodmn chlovide to give % of 2 »ohloro-traoutylmorbornans .
Mo vtbher ahlorcicetons wae detected.

e afforded a

in this work absorbed in the 11,7 &nd 12.7.3eglons. The bend st 12.75 &
0.06, 88 founnd to be perticularly charectaristic for nertricyclence
showed! bands at 1.669 £ 0.007.end 1.1L9 % 0.003.charecteristio of the
noptricyelone sywten.

he The hydrockloride of l-sminonortricyclene rescted with sodiue
oitrite in declsl scetic soid to glve anly l-soebe o)
obtained in 558 yiald. The structure of this scetate wan proved YWy
degredation to noyesuphor 2,k-dindtrophmylhydrasone and somperison of
$t» meltiog polat end mixed medting podnt with m smuthentde suxple.

lene way synthosised by & Beayer-Villiger
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5. The nitrous acid resvtion of the hydrochloride of l-sminomethyl~-
navtrisyclans in gleolul ucetie seid gave s niwture of acetetes obtained
fn 528 yiedd. The nixturs was subsegqaendly chorasterised by preparetive
ond nfrared teciniques as being cosposed of 91=92%5 lenortricycylosrbinyl
soatate (e wresrranged sovtate), sbout SE of an scetate incarporating
. axoeycelic methylens group {probebly Seacetozynovcanghans), snd less
then 55 of an wicwown unestorated aowbate with Anfrared hands at 6.10
and 850 e



(3) B. liset and O« B. Curtds, Jr., Jo Am. Chon. Sco., 79, 931 (1957).
{2) 0. B Curtds, dr., Fh. D. Thesis, Mickigen Btate University, 1955.
(3) k. Hart and 0. Levitt, J. Org. Cham., 2L, 1261.(1959).

{4) Q. Lavitt, Ph. D, Thenis, Hickigan State University, 1957.

5) d. D. Boberts, B. R. Ir., Vo t .
”#m éﬂmn.WWﬁ Buuwtt and R. Armatrong,

{6) P vaa R. Sahleyer, J. Mm Choare Sotis, m, 3700 (1958).
(?) H D | "' "%k 2% ) \,;;:f,:ﬁ“\*.‘.:..' XY ‘

{8) P. Lipp, Ber., Eﬁ, %% {W).
(9) P. von R. Sehleyer, Private commnisstion.
{(10) J. D. Roberts st V. C. Chssbers, J. An, Cham. Soc., 73, 3176 (3951).
{11) P, 1ipy snd C. Padberg, Bavr., S48, 13156 (1921).
(12) E. Magnienand R. mwar, Jo Org. Chem., 23, 0% (ma;
(33) L.

(24) U. K« Patert Speeific

{m A+ Boaoyey s V. Villdgwr, Barey % ey (m)o

(35} Ve Do Boponis and G. B Intos, J. Am. Chea. 200., [T, 2289 (195%).
{17) B. x‘ﬂ %, Ha ﬁ%@t U« Tatlow, ad J. M. Todder,

L] £ 4

(18) ﬁo In m W R. ﬁé Awson, Ihe Systenstic tdentification of

(w) Re Ae 0gg, “Q M We ‘ﬂ Friont, J. An. Chem. Sov., &, 368 (3@38);
(20) x. Ader snd B, ¥. Rickers, Ann., 53, 1 (1939).



(21) Jwosw A. Wrede, M. D. Tweis, Mohigm Stete Univerwity, 1959.
(22) V. ¥, Retd and J. Do Beddard, AmaSyet, 79, LSS (3954).

(23) R. Unboater, Aad. Ohewm., 18, 303 (I93).

(24) A. Stredvwieeer, Chem. Rove., §, 5T1 (3956).

(25) 5. B. Wiberly snd 8. O, Sunoe, Auel. Chem., 34, 623 (1952).

(M’ Ce ’Uﬁam Te Jo Duvin, W, 4. Punphlott and D, W. Stemat
Je Onyg. Mofﬂ. 1291 (E@?L ’

(”) Ve He Veabbeom et H. 3, Mehoney, J. AR. Cham. m.,&, S0l (19%8).
(ﬂ) Be Vo mwy Ju m. ‘ 0, ﬂ’ 1523 ‘W)O

{30) B. B. Lippineots, J. dn. Chen. Soo., 73, 2001 (1951).
{31) J. Pessivirts, Buoms Hemdsbilendi, 231, 135 (1958).
(32) G. Swnon and P J. Cripweld, Ind. Chemist, 24, S73 (3918).

33) Y. v R. Scbluyer, mmnum wm igsé, snd
(3} Re Be O*Connar, A B, Theuls, f WW%WI- ’

(34) W. Kays, Speotroshin. Acth., .éa 297 (195L).

?ﬂw ¥. Blron, B, D. Bughes, C. K. Ingold, and P, A. D. B,
‘mm Heture, )66, 179 (3950).

(38) A. Btredtedeser, J. Org. Chese, % 88 (1957).

« Do Roburte, SixSesath WWW
(w)&kwwww Swettle, Washington, June, 1959.

‘m, JQ m Renanty & W M Compex "

Int.,







mm

wwm:&m.




I, TuPRAHGD SFIOTRA



71

(®sp) euerTodorairourdgeoy-T

(suoxoTH) yyBueTesmM

ot 6

8

.

]

_

3

|

0¢

05

ol

06

©OURQJTWEUBIY, JUS) Jod



72

(¥50) proe oTTAXOGIROSUSTALITARION~T
cr o1 (SuoIoTH) WyBueTeasy

_ | | _ _ _ I

0¢

0t

5OUBG JTUEUBY], U] J8J



3

(¥gn) sueTakopagrourAugaulxorply-T1

ot

(SucIOTH) UdueToAmM

6

8

L

N

|

|

]

02

ot

0s

oL

SOURYITUSUBI] U I8J



Th

(%sn) eueToLoTryrou(TAy3esxolply~T)~T
(suoxoti) UBueToABM

ot

é

8

2

!

1

_

|

e

06

ooURY 4 TSR], JUs) JIod



75

(TR wTolnNy) epTuexoqIBoeus TOLoTIYI0N-T

Ot

(suoroy) wpdueTasey

6

8

A

—

T

_

|

;

0c

of

oL

06

SOUBGTWEURL], JUD JI8J



7%

(Tt wTofnRy) SaTaLoTIYIOUTAYGeWOUTMY~T JO SPLIOTURCIpAY
(suoaoTi) yjBusTessy
Tt 0T 6 8 L 9

T T T T 1

ot

ot

0S

0L

06

SOUBYITUSURI] US) J8g



77

Tt

(TCWH yTofMNy) oueTakoTaIouUoUWY~T JO SPEIoTYo0Ipdy

Ot

(suoxoti) ypduaTedry

6

8

.

9

_

_

_

I

_

_

eouBljTUEURL], JUSD JI8d



s

e DAL




78

(Y100) eueToLotaxourLyeoy-T

(swoxoT) uyjsusTeABM

€2

12

0°2

61

——

0oURITUSUBL], JuUe) Jed



(®100) PRV oTTAXOGIB0SUSTOLOTIION~T
(suoadT) WPueTerem
L2 9°2 €2 1°2 61 LT 1 1% S S
g8°¢ 9°¢ e 2°e 02 8°1 o*1 T 2t 0°1
, | 1 1 I | | | | L L L LR

— 0T

— 0¢

. -1 ot

— of

— oS

-1 09

-1 0L

— 08

QOU¥qJUSUGIL], U8 J18d '



80

(*1T00) eueToLoTaqI0UT A} oUAROIPA~T

(suoaotH) uaSueTesey
€2

2g°e

T°¢

0°¢

6T

8T

LT

9°1

9T

LA

€T

T'T
¢'T

0°T

|

T

Vol

poUBqITWSURL] JUeD J2d



81

(*100) suweToLotagaou( TAyeLxorply~T )-T
(SuoXOTH ) yRSueTessy

L'z §°2 €z

A

91

61

€1

T

[N

T

0°1

U

I

— C¢

ooUB)4TUSTRL] jUSD) JOd



82

(Y100) eweToLoTajIouf0480Y~T

(swoaoT ) maBusTassM

L2 52 €e 1°¢ 61 LT o't €T T'T
9°¢ e 272 0°¢ 8T 9°T W't 2°T 0°T

g°¢

I P T T T T T T

ot

0¢

]9

oft

0S8

0l

08

06

soueqTHEURLL FUs) J0J



83

(*100) 892180y TANTIROTADAITIRION-T
(suoxoTy) uyySusTeaey
L2 52z €2 I'e 6T LT T €1 11

0°2 81 9°1 L T 0°1
L ol l r P 17 1T 1

e0tmqTHeURL], U6 Jed



8L

(P100) ewsToLaTasIoN
(swoxoTy) wBueTeseM

T2

61
0°¢

8°T

0°1

rr

|

ot
—oz
—o¢
.LO».N
~os
=09
7ol
— 08

=106

souBqlTUSTRY] Ue) J8d



85

g°¢

9°¢

(*100) POV OTTAX0QIE06USTOAOTIION ~E

g2

(suoxoTH) wqSusTorsM

€3

¢e

T2

02

6T

8°T

LT

ST
9T

T

€T

T°T
2°T

0°T

T

T

LI

©oUBq]TUBURL], JU8D JOd



86

(*100) sueToLoTaIoUTL}808~G~020TUD~C

A

(sucaoTR) yjBueTessM

€2

T°e

67T

0T

0¢

ot

of

0s

09

0L

08

06

souRALTUSURL] FUSD J8d



87

(*100) eusuxoqaoN

(swoxom) yzBueressy

£e

2°e

1°¢

0°¢

6T

8T

LT

9°T

ST

1

€T

¢'T

1

0°T

=1 0€

— of

—1 0l

— 06

eouwqqTWSUBRL], qUe) JI91



