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I be[; J.n my research as a cont i nuc1tion of th e sumr:1e r research 

of i'-i:i.ss Julie Ku; el of ;"Jorthwestern University . She worked unc.er 

a National 0cience Founc.iation e;r,mt . She hc.1d begun Hork on 
2~ 1, 

synthesizing Tricyclo (2.1.l.0') octe1ne (fo) or Tricyclo (2.l.1.0 ) 

, .. 4~ 
octane (lb) or Tricyclo ( 2 . 2 .0' .O' J oct,me (Ic) or a mixture of 

all. 

cb 
Ia Ic 

Hiss Kuge l worked on the synth es i 3 of the des ired starting 

product of Bicyclo (J .2.1) -4- octo~ c ( [I ). These t wo structures 

are 

n 

· · .,_ · s 1-Ier =,. ethoa.·· of :;ynthesis was as follows. mirr or imago . enanu:..omer • "' 

-----
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She h,'/dro .q;ronat ed Bicyclo (2 . 2 .1) he pt -5-ene- 2 methano l ( III ) 

catal yti c2lly '.·ith hydrogen 2.nd platnum ':rh i c h yielded Jicyclo 

( 2 .2 .1 ) he~t - 2- methanol . (IV) . She then proc eeded to react 

the r..:roduct (IV) ,dth Phosphoric acid he cjt ed to 160° C. Thi s 

g ctv e a mixture of products of ,vhich l:3icycl o (J . 2 .1 ) - 2- octene· 

(V) was one. 

~~H 10I{ 

H,./p-1; 
> 

~c..",oH 

][ N 

l H,Po, · 
[to oc. 

~~ 
~ 

NBS p 
HJ.. 0 / A c. E.TotJE. 

yr ~ 

l H,/pi 

~ij CH Rom IC- ~ AC-ID 

YI[ JI 
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After she h<:J.d sepa rut ed the proc.lucts by ciistillation, s he fol­

lowed the c1bo ve rectction with the audition of bromin e by using 

NBS to the number t wo carbon c:. nd followed this by hydration 

with a water unu acetone mixture to form Bicyclo (J , 2 .1) - 2-

octene-4-:-ol (VI). Jhe then attempted to catalytica lly hydro­

genite the c:iouble bond to obL.in I3icyclo (J.2.1) octane-4-ol 

(VII). She was going to fellow by oxidizing this reaction with 
1 

chromic acid to forrn the desired oct ane ( II) o It was at this 

point I begctn my r esec\rch 0 
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;,1y rese,:,, rch vras m:J.inly done in t wo areas . The first was ex-

perimenting wi t h how to get the :3icyclo ( J . 2 .1) -4-octone (II) to 

the desired tricyclic compounds (Ia, I9Jc)if and when the bicyclic 

octone vra s i solated. The second cJ.rea of r esearch wus to find a 

suitable synthesis for the s tart i ng material (II). 

In the first area, I worked with camphor (VIII) which has a 

similar structure to the bicyclic octone (II). The purpose of 

the followins; reaction was t o produce a third ring in the bicy­

clic octcne an d to ;ive carrrphene (X) in this c a se. The reaction 

is d esc ribed as follows. 9.09 g . of camphor was reacted with 

11.5g of p-toluenesulfonh;ydrdzide.;. This was Cc.i rried out by re-

fluxing the c 2mphor and p-toluen es>J. lfonhydraz ide in an equivalent 

quantity of one percent HCl/1':tOH solution .for one ha lf hour o This 

will form the tosylhydra zone of cc:.mpho r (IX). This produced a 

tota l product of 6 .Jg. This ,,,~s followed by a degredation by 

progressively heating t he t osylhydr,~zone progressively with 25 ml 

of a 1. 5 normal solution of sodium in ethylene glycol. This was 

s ur-:r=osed to pr oduce camy:hene (Z) hhich boils at 158-160° C. and 

l .J.. t 46°c. me L, S a Howev er, t h i s reaction did not work b e cause the 

0 0 2 
resulta nt product boiled a t 115 -:124 C. The mech cJ.n1sms of this 

reaction will be discussed l a tero 
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In the second area , consisted of a literuture search followed 

by the synthesis of a suit ci.ble starting material. ,\fter consulting 

the literature, a synthesis using cyclohexanone as start ing mat·erial 

was found a nd it wct s the method chosen. ,\ mixture of lOL, ml of 

cyclohexanone (XI) and 350 ml of toluene ~~~ of 400 ml 

of benzene a s a solvent mjxture, was refluxed v1ith 65g of zinc 

powder ( dectned ,·rith 100~~ H2S04) in a t hree necked flask with an 

electric stirrer, a dropping funnel, and a reflux condenser afixed 

with a drying tube. To this refluxins mh .. 'ture is added 85 ml of 

3 
ethyl-bromoacetate, 1:1hich had been :r::reviously pr epared. Extreme 

care sho11ld be taken in handling ethylbromoacetate , because it is 

a very powerful lacrymator. The ethylbromo2.ceta te is -added as 



-6-

f ast as the r <:;a ction will t ake ii., ,mu r enw. in a t ;_;_ gentle r eflux . 

Complet i on i s supposed to b e indic:.:.ted by a colorl e ssness of the 

r ea cting lic~uids . ilowever af t e r an hour a ,.:. it e milk iness a p­

peared . 1 allowed the {'euction ves .;el to r eflux for two more 

hou r s . Upon completion of th e reacti on, I added 100- 200 ml of 

dilute sul:'uric acid t o di :,solve the zinc hycti~oxide and then 

sepa.rc1.ted the benzene- toluene l ay er cJ.nd dried it ov er sodium sulfate . 

1\fter drying , th e b en zene-toluene mixture wa s va cl.J.m! dist illed 

over . The product 1ms nev er distilled over beca us e a suitable 

pressure could not b e obta.ined . The product( XII ) wa s to boil at 

86- 89°c . at 2 millimeters of pressure but I could only get about 

60 rrnn . ,.md Wd ~" afraid I might pyrolize the product . 

0 
c..H.l C. O.l Et. 

TI 

Following thi s , the p2·oduc t \-1as dehydra t ed by h eating it on a 

steam bath and passing dry hydro6 en ch l ori de z;as through the product 

( XII ) o 1-'hi s dehydration produc es cyclohexylideneacetic a cid ( XIII) 
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u.nd cy cl ohexyl-1-ene-l acetic <iCid ( XIV ) . The mixture was to be 

collect ed .fr o;n 159-160° a t 22 rmn . A rre s su r e of 26 mm . to 31 mm . 

was m,_;, intc.ined v1hile heating in a wood I s metal bath . The :product 

was collect ed up to 210° C. c1.s r ead on the thermometer in the 

wood I s meta l bu.th . ,1. yield of 28 ml of lic;uid was obtained along 

4 
with a consid erable amount of d;;;.rk brown 600 . 

C..H;. c..0.2.H 

Compound ( XIII) melts at 91 ° C. ctnd the ot her compound ( XIV) 

0 
melts at 38 C. The mixture is su rpos ed t o h-1 ve more of the lower 

melt ing compound . The n ext two p::i ges are copies of the LR . data 

r un on t he r esultin; liqui ti portion isol a t ed . 

If I h;;;.d h ad more time, I , rould h-'- vc r eacted ea ch of the 

i sol ated mat erials , the li~uid a nci the goo , ,,.,it h polJphosphoric 

a cid which hopefully would y i eld J icyclo (J . 2 . 1)-2- en e- 4- octone 

( XV ) . This 1,iould then be either ca t a lyticully hydrogenated i:l.11d 

• 
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r e - ox i d i ze<l to r:,roduce the bic~r c lic octane ( II) or vrou l d be 

'.lsed directly i n a r cdction t o try t o prori uce the tri c,yc lic 

c.,. H CD,1 \.\ 

I 

. £ 
I 

PPA ) 

• 

@ Ox /O'"l.£ 

\Y 

1r 



- , -

r 

• 



I 

I 
I 
I 

-~ 
l '~ 
? g 

... 

• 

---c:{ 
<:::J 

) 

a 
t) Ci·' 

..9 
\ 
0 
C'l 
a 

I....;:") 

~\ 

~ , 

""'-J 0 
c- ·· O · ..,,;;._ 

✓ - 0 
- .J. ~ 
0 s ~ 

. I 
~ ~ t/) <;) 

...... 

<:~ 
C 
\~ 

-~ -

. ,. 



DISCUSSION 

• 
1 



·-11-

The f o rr:1 :.ition of the t r i cy l ic c onr1::ounci or mix.tu.re of com-

r ound s fa , lb , Ic will be init i:.it eci throL1;.;h deg r edat i on of a 

to sJ hyd r .:.i.zo ne of t h e bicycl ic oct one (II) . 

Tc __ 

The me chuni sm a.ris e s from t he b ::J.s ic ab stra ction of the hydro-

g en on t h e n itrogen bond ed to the ring . ';"lhen t his hydrogen leo.ves , 

it l e :-, ves it I s el ect r on s b ehi nd ( 1) . As thi s har:rens , the tosyl 

.:sroup po ps off , l ezwini; t wo doubly b ondec. n it r og ens doubly bonded 

to t h e r ing ( 2 ) . Follo1r1in g this , the tc10 n i trog en l e,:.tVe as N2 and 

the ring is l e ft ,.Ji th c!. pc1 i r of e l ec t r ons l e ft by the leaving 

nitro5en (J) . ,~t t h i s point , it i s as sumed t ha t a hydrogen on 

cne of t he s econd ca r bon s awo.y from the el e ctron pos ::; essing ca rbon, 

migrat e s t o the c a r bon wit h t he pai r of el ect r on s . This caus es the 

ca rbon from wni ch the hydrog en miGrut e s , ele ctron cl.efficient (4) . 

3 . 
Now some how the carbon s p bond r eac hes out a nd ma na ges to sh.:J.re 

t h e ele ctron s tha.t a r e p r esent on t he carbon wh i c h ha s the f r ee 

electron pa ir ( 5) . Thus t he th ird bond i s formed (6) • 
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P. f------

(4) (3) 

(l,) 

Th e followi n~ is a proposed expl a n:,tion ,md mech2nism for 

the formation of t he I3icyclic (3 . 2 .1 ) - 2- ene- /+- oc t one ( IV). The 

ring cl osure is don e dith r:olyphos rhoric a cirl. . This i.:tc i d de -

hydra t e s the c:.irbo::-::ylic .::, cid l e9v i ng a positivel y charged Cc1rbon. 

At the same time, t he six membered ring i s broken bet ween 

Ci.:t rbons 1 and 2 . This f orms an intermediate ( XVI) • . irom this 

• 
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point the bicyclic co:npound (XV) i3 f cr!ned by c1 ccncert e d d,:)Uble 

ring c l osure . The carbcn nwnb er 2 forms c:1 tond with c a rbon 

nwnber 6 i..! D d the c.:.i rbonium fo r m from c: ehydrat ion of the a cid 

c l o ses on ca r b on numbe r 3. 

) 

Kf1l EL 

The mechanism for (XIV) mi ,;ht be as fo l lows . The po l ypho s -

phoric s i multa neous l y d ehydri:it es t h e Cctrboxylic a cid and breaks 

t h e double bond b,,twea'1 ca r bons on e and t wo . The el ectrons 

fr e ed mi6 r a.te t o f onn a doubl e bond b et we(jn carbo n s one and 

:'. "VeY1 ( ·, 1JII \; 0 m l . . f th . . t 1 . 17 1 "'" . ,. lhG msc 1anism . r em .ls poin on Hou u p cJ. r a _e 

the above . 

> 

IT 
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IS (JOT MACE , 

I n t he f ut ure , if the U S G of the above methoct hfor rroducing 

a st:.lrt ing i-Jicyclo (J . 2 . 1) - 2- octc.mol , another :·!ay may b e through 

5 
the us e of Bicyclo (J . 2 . 1) - 2- oc t ene ( XVIII) . The hydr,tt i on of 

(XVI.II ) vril l g ive the c.esired bicyclic alcohol. The hydration 

in question wa s carri ed cut by 60 per cent sulfuric a cid . The 

Bi cyclo (J . 2 . 1) - 2- oct ene can be made us ins Hi cyclo ( 2 . 2 . 2) - 2-

oct en e ( XIX) as a s tarting mat e rial. H0 ,1ever , it was c.1. l s o found 

thiit the alcohol Cdl1 be fo rmed directly from Dicyclo ( 2 . 2 . t::) - 2-

octene by u s ing fi fty perc ent sulfuric and shakinG at 20- 25°C . 

- 6 
Thi s [;dVe yields of 73~~, . Tds may be the best way of producing 

the des ired a lcchol ( VII) depe nding en the ava ilability of ( XIX) o 

~ ~ 
Q<t xJ (Xy111 ) 

ti, so, ( S'o '1.) t4,SD" (l o7,) 

o=>i4 ~H 

GZID (W) 
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