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troduction 

A 0 ,10 l . ~ / Octa -1-one is a roposed intermed i ate i nt e s n-

t hesi s of p-~opell a e . 

be "'un in 19 by ere 

,ark on t es nt es i s of propell ane was 

r avens1 o a sug est ·.on from Oo 

of · ,orthwes tern University . Cr avens , t _1e11 an undergr aduate of 

a.m sey 

· e shi n ton and ee niversit , undertoo~ a intensive inve ctifa-

tion of t e literature to determine t 1e best possible way to syn

thesize prope l ane . 

rope ane, Tricyc o [4. 4. 4.0] tetr sdecane , consi s t s of t hree 

cyc lo 1exane rings , al l of w ich have t wo car on atoms and one bond 

in comiron . wo !) os s i ble route s to , repe l l ane ap eared i mrr;e i 2.tely 

to ravens: a rin closure from a / , 10- substituted ecalin, and 

a Diels- l de r re action with an octalin riv ative and a butadiene 

derivative . 

~d els seem to su - e s t t hat t ere would be extreme steric 

)ro lems involved with the r in - closure from a 9 , 10-substituted 

dec alin , so Cr avens under took to ma e a substitut d ec alin, and 

a substituted butad iene . Th1e ~proposed butad iene was 1-acetoxy

but diene . Tis woul be made by the condensation of {etene and 

crotonaldehy e: 



he 1- acetoxybutadiene has several advanta es over utadiene fo r 

our purposes: it , too, will unde1go a Diels-Alder reaction; it 

i s a l i quid at room te~perature and easy to handle; and t e ace toxy 

roup can e easily hydrolysed fr om our product . Te proposed 

octal i n der i vative was ~9 , 10-oc tal i ndione-1, 5 . The synthesis 

of d 9 ' 10 - octalind ione-1 , 5 was di scontinued i n 19 5 by 

F. cott ' ennedy , due to r oblems in worki n wi t t e reagents 

and re actions . (ennedy dec i ded to wo r k on t he :9 reparation of 

D, 9 ' lO Oct al-1-one . Thi s wo r k was carr i ed on by illiam 

Ri l ey . 2 i dl ey di a urther searc h o t 1e literatur e , and dis-

covered a way of ~"' reparing me t hyl- o -( cyc lo exeny - a -oxo utrate, 

an intermediate i n t e pr epar ation of 6. 9 ,lO .0c t al-l-one, which 

i nvo lves using methyl ene chloride as the solvent and a short 

r eaction time . ennedy 1 s method i nvolved distillation of t he 

keto ester through a heat ed column . Te me t he lene chloride me t 10 

of prep8ration yielded hi gher pe rcent ages of t he eto ester and 

a one ste , rel ative ly simple procedure . 
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Discussion 

The mai n object oft _is work was to carry on t e work of 

1.lilliarn i dley from t he summer of 1968 . Ri dley was working 

on t he synt hesis of D.9 , l O ctal-1-one by t he fol owi ng me t 1od : 

I 

MeOII > HY"<.0 
o- 0/Vle 

Ir 

AICI~ > 
CH,.c.i2.. 

c6 

soc/:A.>cl~o 
// ~ 

o '-ol'1c. -_jjJ_ 

0 

NNa.CNHl'IH/c~
N'A OAc: 

(') ✓P 
~OJI 

:y[. 

"'~u.o ~ ::: Octal-1-one 

idley had prepared comp ounds I , II, I , and Vin small 

quantiti es . It was necessary to repeat hi s work in l ar er quan

tities t o et I i n wo r kabl e amounts, so that t e wo r_ could con-

tinue to VI 

The pr eparation of I and III pr oceede smoot ly in accor-

dance with t he literat ure . 3 

pounds easily purified . 

e yi el s we re hi gh , and t he com-
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It was fo und in the prepar ation of IV , that t e Frie e -

Craft s reaction could only be r un in smal quantities , hich 

could e l ater com i ed for distil ation . ombining many r uns 

of the riede l-Cre.fts ci..:t do m on os s of nroduct due t o or i n 

wit small quantities, n voided tee pense n ot er of 

ringing i n r y ice more t han once . _e sm _ 1 quantities were 

nec es s ary to insure ro )er mi xing of t he r eactan s n cut own 

on t he s i de pr o 1ucts, whic are c .a racteristic of t_e riedel-

Or ts re action. 

or 1e r educ tio n oft e <eto e s t er IV to the acid IV, t here 

we re sever 1 oss i i _ities . i l ey an ~enneuy ~c<l ruled out 

t he tra itiona 1olff- Ki srner reduction , even with t 1e n6difi

catio ns of Ruan ·- Ianlon an Cram . The use of hydrazine i n t 10 

: resence of an ester wil co1vert t e ester to 1e hyd r azide 

alon wi t t he ke tone: 

~rJHNH• 
ii II 
/ti 0 

N/.1>.. 

The y rolys is of t his roup i n t 1e resence of the unsatur a-

tion i nt e eye ohe ene ring ,~ul d prove too i ff"cult . ne use 

oft e semicarbazones and t e sulfony ydrazones i n a Huang- ~i l on 

mo ific&tion as considere to ea excellent _ossibility for 

t he reduc tion . Semicerbazones and sulfonyl hydrazones will m e 

only t e derivative oft e etone and leave t he ester untouc1e : 
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~o 
II O/llh:. 

0 

0 ,, 
NJ/.a. C AINNlla't:I) 

N't40i'Jc 

se of a mo ified ~ang- t~nlon reduction a so has an a vantage 

i n t ~at i t hydrolyses the es ter as it y rolyses the semic arbaz one 

or sulfonylhydr azone erivative ~ 

study of t he use of the semicarbaz one derivative on aldehydes 

and ketones , many with unse.turation , was undertake n . Then a 

stud of the use of the thioserric ar bazone was done on three of 

t he same comp ounds t ha.t were used int e semic arbazone study and 

t he results we re compar ed . Two steps were involved in this s tudy . 

e t wo steps tere: 

1. r repar ation of t he derivatives . 

2. The bas e cat al zed re lacement of the derivative grou: 

y two ydrogens . 

The ~repar ation of t he semicar azone der iv atives were simp ler, 

urer, an in highe r yiel ds th~n the t hiosemicar bizones . ne 

yie lds for t 1e semicarb azones r anged from 60 - 90 -'o, while the yiel s 

~or t he t hiosemicarbazones raged from 55- 5%. mi nor comry lication 



in obtainin melting points a ro se wi t h t he semicarbazone s and 

thiosemic arbazone s in t hat they he,ve syn and anti isome r s . It 

was fond that t he syn form in all cases mad e up t he greater 

portion . Both forms 10re used since t he deriv ative was only an 

intermediate . 

The repl acement of the derivative by t wo h drogens was 

bro ght about by placing the com ound in a strong solution of 

potassium hy roxide in triethylene glycol and refluxing . In his 

wor, Ridley found the best re sults we re obtained by refluxing 

bet een 20 and 24 hours . ess t han 20 hours of refluxing cut 

down his yie l ds ; more than 24 hours of refluxing had no effect. 

The reduction of the semicarbazones nroved to be better tan the 

reduction of the thiosemicarbazones . The yield from the semi 

c arbazones ranged from 39-5910 . Te yield from the thiosemi

car ba~ones r 0 nged from 6. 8- 280. Purific ation of the hydro

c arbons prepared by way oft e thiosemic arbazone was comr licated 

by the presence of byproducts cont ainin sulfur , which were dif

ficult t o wo rk with and difficult to i solate from the products . 

The overall yi ~l ds from the ketone or aldehydes to t he corres

pond in hydroc arbons were 26-48 o for the semicarbazone and 5- 18 a 

for t he thiosemi carbazone . The better overall yields and the 

sin:ro ler purification indic ate t hat the semicar bazone met od 

should be used for the reduction of methyl - ( a - cyclohexenyl -

D - oxobutyrate . 
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xperimental 

Vethyl Hyd r ogen Succinate 

Mcof/ 
) Ho~o 

// '-0 01'1t:. 

A mixture of O g . \4 moles) of succinic anhydride and 

194 ml (4 .8 mole s of methyl alcoho l i s pl aced in a one liter 

flask and se t t o reflux on a steam t h . The mixture i s heated 

with constant swirling until a homogeneous , clear , colorless 

liquid is obtained , after about 35 minutes . Once the homogeneous 

mixture is obta ined , the flasc i s half i mm ersed in t he steam 

bath for 25- 30 minutes . It i s i mportant t o not heat longer , 

as t his leads to side pro ducts . The excess methanol is removed 

by a reduced pressure distillation over s te am . Suffic i ently l ow 

pressure is obtai ned f r om a wa er pump . The distillation shoul d 

be continued until all methanol is stri pped off . The pot contents 

a re then poured into an 18- 25 cm evaporating dish which is cooled 

by pl acing in an ice/s alt bath . As the half ester crystalizes , 

it i s neces sary to continuously stir and scrape t he sides and 

bottom of t he dish in order t o pr event the product from forming 

a so lid cake . The produc t is ground u with a mortar and pestle 

and dried i n a vaccum dessicator t o a constant eight (requiring 

at l eas t a 24 hour drying eriod J • The product i s a white, 
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powdery solid . Yie d 509 g , 96.5~, ~. F. 55-57° (lit . 57-58°0) , 

l •• 115 lit . 132 • 

,6'-oarbomethoxy ropionyl Chloride5 

C/~0 
) // (' 

o o/'1c 

A two 1i ter fl ask is fitted with a Olaissen-head with a reflux 

con enser nlaced in t he side branch and a thermometer, which a s 

been fitted in a bored cork , p l ace int e center pi ece and exten -

ing down into the pot . ie flask is filled with 509 g .86 mol es 

of methyl hydro en succinate and 334 ml 4. 63 moles of thionyl 

chloride and the solution i s warmed for 3 ours at 4o0 o in the 

hood . Hydrogen chloride gas i s given off a s the mixture becomes 

a homogeneo s liquid . The refl x con enser is removed from the 

Olaissen- head and a vacuum distillation is set up . The excess 

thionyl ch loride is removed (violent burn~ing ) on a steam bath 

at a
4

proximately 4 -50°0 4o mm , usin a rater pumk for the re uce 

p ressure . The excess t ionyl chlori e is dis·ca rded and t:J.e f ina l 

p roduct is distille over at 93-9 °c 2 mm or 9 °c 25 mm . Te 

iterat ure oiling point i s 92-93°0/18 mm and Ri ley6. r~potts 

95- 0 0 4 mm . Te r roduct is a c ear, colorless sol tion . 

Yiel d 5 
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ii!ethyl o-( 1-Cyclohexenyl )- n -oxo butyrate 7 

Ale/, 
C.l'2.Cl2.. 

) 

500 ml - neck round - bottom flask i s fitted wit a gro nd

glass mechanical stirrer , t 1ermometer , and a 500 ml ground-glass 

separ atory funnel . After t he set up is prepared , t he 500 ml lask 

i s cooled usin an ice s alt bat 1. i dley reports better coolin 

usin t e l ar ge aluminum pan, wr apped with towels , but it was 

decide not to use this met 10 since adequate tempe r atures can be 

obtained with the enamel pans and t he s 1 t i s harmful to t ne a_U- ·· 

minum pan . 30 . 1 ( . 20 moles oft e half acid chloride is weighed 

in a small be {er and taken into the hydrogenation room. There, 

4o .o g .30 moles) of finely powdered aluminum c _loride is weig ed 

out and quickly added to 160 ml of previously rie over calcil.lm 

chloride) methylene chloride . The half acid c loride i s added 

as quic ly as pos s ible to the et ylene c1lori e aluminum chlori e 

sus ension wit constant stirring . As the half ac id chlori e is 

added , there is a vio ent reac tion; t he solution releases gas and 

heat i s given off . The solution i s filtered t 1rough gl ass wool 

into t he 500 ml, cooled, round-bottom fl as . The stirrer is then 

sta rted in orde r to cool the solution to -5°0 . l • g . 20 moles, 

22.6 ml of rlry (over ca cium c loride cyclohexene i s di ssolved 

in methylene chloride and pl aced in the 500 ml gr ound- l ass sepa-

r atory funne ~ en t e temp era ture of t he solution in the 590 ml 



( 

round-bottom fl ask as reached -5°0, the add ition of the cyclo

hexene/meth lene chloride is egun and continued at such a r ate 

as to keep the temperatur e at between -5°0 and -4°0 . Te total 

add i tion t ake s between 1 and 12 hours. Then the solution i s 

stirred for 15 mi nutes and poured i nto a beaker containing 300 

of ice and 150 ml of 51~ HO l . The organic layer is separated , 

washed twi ce with 100 ml o water ~nd 4 times wi th 50 ml of 10~ 

sodium carbonate and set to dry over sodium sulfate int e refri 

gerat or . A t otal of six runs and two of 19 - t imes the above run 

we r e con. bined . T e set- ups and amounts below are l i sted for t e 

combine runs . 

Te combi ned products are pl aced i n a l arge round- botto 

f l as and t he me t ylene chlori de i s stripped off under reduced 

pressur e (from a water pump ) over a steam bath . App roxi mate l y 

250 ml of solut ion remained i n the pot . A reduce d pressure set

u:~ i s used wit t he pro uct being pl ace d in a ( 24/40 ) 500 ml 

r ound- bottom fl a sk . The receiv i ng uni t i n thi s di stillation was 

a (24/4o cow, wnich ad four small flasks attached . 254 g of 

anhydrous sodium car onate was place in t he 500 ml flas{ wit_. 

t e crude ro uct and distilled under a vacuum . After a sma~l 

fo rerun, t he product i s distille at 7 -1.34°0 .3 .5 mm , 170 g. 

The pro uct was redisti led from o.4 g of sodium carbonate i n a 

( 2 4 2 50 m 1 fl ask • Yi e 1 d 13 • 4 g , 39 • .3 1o, B. • 2 - I ° C 2 . 1 mm , 

./no= 1. 

y r unning the clesn-u , ith more cru e product , t he yiel 

was increased from 25 . 2_ o by idle , o 9. _3
1

0 . 



•.:et yl a'-( 1- Cyc ohexenyl )- ~ -oxo utyrote Semic arbazone 

0 
, I -Ni-la.C. NNNJI~ Cl) 

/VAOA<. 

A mixture of 16 . g of semic ar -azone a 24 . 2 g of soi 

acetate , dissolve in 51 . 0 ml of water , is nlaced i n a 500 ml 

,r enmeyer an placed over a magnet ic stir plate . Over ape io 

of one hour, .. Li le t he \T ter solution is vi gorousl stirred, a 

so ution of 10 . 0 g • 507 moles 1 of t .e me t ~yl e s ter , dissolve 

in _15 ml of meth 1 alcohol ~ is slowly add ed . The solution is 

refluxed for 1 3 hours, cored , and left in the refrigerator 

o ernight . Yield 5 .. 7 g, 4410, i,1 . • 120-l;S2°C. Ridle 

Prenar ation of Se .icarbazones 

All of the s emicarbazones were prepared int e following 

manne r . (mhe a.mou.ts of starting materi al were c .anged by 

ad justing t he r eactants i n mol ar pro portions .) 

. 083 moles of t he alde\yde or ketone was dissolved in 50-60 rr; l 

of et.1 1 al co Lo 1 . \ a ter i s added unti 1 t he so 1 ution be comes f aintly 

tur i d, and ten the turbi ' ity i s re oved with a minimum amount 

o ethyl a lcohol •• 089 moles of semic rbazone hyd r oc~loride and 

. 117 moles of sod i um acetate are added , t he solution i s sh rnn 

vi orousl , and ea ted on a steam bath . The solution is set to 
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rep ar ation of .iosemicer azones 

Al l of the t hio semicarbazones were pr epared int e fol lowi ng 

manner . e amount s of starting material we re changed by ad jus t-

i nithe re actant s in molar pr o~ortions • 

• 010 ole s of t he a l dehyde or ketone is dis solved in 25 ml 

of ethyl alcohol •• 010 mole s of t hiosemi car azide dissolved in 

75 ml of water i s add ed to the solution and .5 ml of glacial acetic 

acid is ad ed . The entire mixture i s pl aced on a ste8Ill bath and 

refluxe for one hour . The solution i s set to cool overnight . 

The crystal s a re fil t ered off , dried , and r ecrystalized from 

ethanol and water if necessary . 

e followi n is a t able of thiosemicarbazones pre~ared . 

uith p ys i ca l constants and yields . 

~raf"Y\S drarA~ 1f"drn1 % ~ie_\c\ 
# c"t ·h fY'o£S 

M.f. 
l ,+e.ca-\-u.Y-e 

CorY\fo~d of of' of "(e~t~-\-~ ~ "Led M-~-COYnfOu.nd ~K1CSNHNHFI f"'()<lu.e.t 
I 

en+; 

A ee+6f hen6n~ 15. a i \l.4' 55% ' 11(,-wte ~-11;°C 
l<t.l 1 ~.n 

qo.-5 

Ben-z..a \clehy<k 15.o 6 ,'3. b 6 lY.~ d 52>½ I l55- l 57 °C l5'Hto
0

c. 

C..,nnao.~ Ue.\.r lo.o d t.<L-~ lo .~ i b5 % 
' 

\3~- r3o0 C. l35- l3'-,'t 
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reparation of Hyd roc arbons from t heir Corresponding azones 

( or Thiosemicar bazones by a fod ified - uang- ,.inlon Reduction 

All of the following semi cerbazones and thiosemic arbazones 

were reduced to their corresponding 1ydrocarbons in t.e following 

manne r . The amounts of starting materials we r e changed by ad j st

i ng t he reactants in molar pro ortions • 

• 035 moles of 1 is dissolved in . 10 mole s of triethylene 

glycol by heating and stirring in a 250 ml rlenmeyer flask • 

. 010 moles oft e al ehyde or ketone i s ad ed to t he OH/triet ylene 

glycol mixture. The rlenmeyer flask i s then set on a hot plate 

and fitted with a cor into which a female ground-gl ass joint has 

been inserted. A reflux condenser is assembled wi t h t e fumes 

from the reaction being trapped in a beaker of 3 ~ sulfuri c acid . 

The solution i s refluxed for 20- 24 hours , and then allowed to cool . 

100 ml of mter is added , and ten the re sultin water solution is 

extracte 4 times with 25 1 of ether . T1e ether extract is set 

to dry over sodium sulfate overni t . The ether i s stripp ed off 

and the crude product i s istilled . 

The following is a t a le of the odifie Huang- Iinlon 

eductions run on semicarbazones , wit1 physical constants and 

yields . Fallo ring that i s a table of t he modified Huang- ,.inlon 

eductions run on t iosemicar azones with p ysical constants ad 

yields . 
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( ' 

ummary 

The synt esis of ~ 9 , lo ctal - 1- one has been begun in lar e 

quantities . The intermed i ate , methyl- o - ( 1-c clohexenyl - - a 

oxobut r ate has been obtai ned i n workable amounts . A stu y of the 

use of semi carbazones and t hiosemi carbazones in a modi fied uan -

-Cinlon reduction has been co pleted with t e followi ng results: 

t he seITicarbazones give t e higher yields , t e purer produc ts, 

w ic are easier to clean up . It is suggested that t_1e Huang-

1:i nl on eduction be continued on t he methyl ester semicarbazone , 

and t at i t be refl uxed wit t e : for t he full 24 hou s . 
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