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l-HOTOCHEMICkL REfi,OTE OXliI~TlUN llF OLEYL Eb'l'J:.H 

OF p-BliHZOYLllJ:;NZOIC "CID 

by 

Se nd.abn Gerba 

Research advisor : Bcrhanu ~begaz 

Ol eyl es ter of p-benzoylbenzoic acid (I) was 

irradi ated in c Drbonte trechloride . The triplet stat e of 

benzophenone servod to HbstrRct hydrogen , intramol ecular 

to , but structurally r emot e from the excited c arbonyl . 
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The photolysis IJr oduced B diradical which cyclized 

predominantly at t he ketyl pos ition to yie l d the l actone 

(II) • 
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Compound II 'im s dehydrat ed t o III , which wus the n 

ozonized t o IV Hnd V. 
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'C02(CH2)8C02H 

The di stribution of oxi dation s ites WtlS determined 

by gas l iquid chromB togrnphic analys is of IV . He t ention 

t i I!le WfiS 
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co~par~d wi th thooe of stantlBrd ke to Rcids . Oxidat i on 

WHS di stributed ov~r s~ven c Hrbons with 88 . 6~ ov~r • 0 

t hree centers C-12 , C- 14 , C- 15 , and a maximum oxidat ion 

of 37 . 7% at ca rbon C-12 ., 
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r IHTIWJlUCTION 

In 1969 Breslow and ~/inDikl re]Jorted a chemical 

method for functionalizing unactivated methyl enes i n 

l ong chain fatty a lcohols . ',(Ibis wns accompl ished by 

photolysis of compounds of type l~ 

2 

However , these attempts l ed to indi scriminate 

attack on methyl ene Br oups giving sever al prouucts . 

The main reason for tbis apne nrs to be the lack of 

rigi dity of saturated side- chai n . In the work 

described in this thesis an attempt was made for the 

first time to functionalize the methylene groups of 

a compound containing cis - double bond in t he alkyl 

chain of type I by irradiating in carbon tetrachloride . 

- 1 -
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I 

I t was expected that the double bond woul d 

incr ease t he r i gidity of the alkyl chain resulting 

in a mor e discrete functionalization t han that of 

saturat ed long chain f atty alcohol s . 

~ . / .. 
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II. BACKG RUUND 

It is apparent that in biogenesis sev~ral se l ective 

stereospecific react i ons fire observed that appear to 

be very difficult to perform in l aboratories . l!'or 

example , nature can convert stearic into oleic ac id , by 

introducing a double bond into the middle of a homo­

geneous chain of c arbon atoms Ir/lthout activating 

these carbons by particular functional groups . 

Similarly, in steroi d metabol i sm it is quite simple for 

nature to introduce doubl e bonds or oxygen a t oms at 

particular s ites . 

The mechanism of desaturatlon is not completely 

understood . K. Bloch2 suggests that an appropriate ly 

placed iron in the f orm of reduced ferredoxin might 

de liver molecul ar oxygen to the specific carbon 

attacked , followed by the specific removal of an 

adjacent hydrogen to form 8 double bond . 

The superiority of natural enzymatic reactions 

over common synthetiC reactions is due to their 

selectivity and high vel ocitYi high speed being less 

important than high selectivity . If one could achieve 

high speed and selectivity i n the laboratory , one 

would have the possibility of carrying out similar 

react ions which nature does by the use of enzymes . 

- 3 -
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Chemists have worked for many years on the 

imitBtion of na t ural pat hways . These at tempt s have 

r esulted in the dvvelopment of a nelr' branch of chemistry , 

biomi met i c chemistry , providing additional power to 

or ganic chemi cal synthetic procedures . 

Any i ntrins i c reactivity of the substrate , which 

is dict ated by its own f unctiona l gr oups , can be 

overridden by combin i ng the substrate wi th 8 reagent 

( i . e . , the enzyme) whose selectivity is dominant . In 

particular , even a s ingl e w1Bct i vated CH2 group of a 

cha in can be attacked selectivel y within an enzyme-

s ubs trat e compl ex by s teric approximation to the 

at t acki ng atom. This chapter treats some of the 

chemical exampl es of the application of this principl e . 

1 . Remote Oxidation 

New methods of organic synthesis have been 

developed by 'i;he ut ilization of int r amolecular , 

free - radical decomposition of certain alcohol 

derivatives . Lead tetraacetate oxidation of 

a l cohol s' , photolysis of nitrites4 , and thermo­

lysis or pyrolysis of hypohalites~ have permitted 

f W1ctional ization of 8uturated hydroc arbon centers 

i n close proximity to the original hydroxy function . 

All involve the production of a reactive hetroatom 

.. / .. 
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r Hu icHl in a mol ecul e Vlhich then , by intramolecul ar 

Attack on a hydr ogen a t om , initiat~s f unctionallzation 

of a position which i s not chemi cally activated in t he 

us ua l sense • 

~he i deR of remote oxidation sees its precedence 

i n t he r~act ions of young6 (scheme 1) end Barton4 

( scheme 2 ) . I n t hese r eoctiollS , ~ hydr ogen on a carbon 

y t o an excited car bonyl or al koxy r adical ~s abstract ed 

s pecifical l y . The fo r~8tion of a s ix- me mber ed r i ng 

transition state af f or ds the pr oper orient a tion of only 

t hHt hydr ogen. 

OH 

/~ 
/ 
~ OH 

U 
Scheme 1 

OH 
I 

• 

o 
A 

+ 

OH ON OH II 

. NO- - >U -~!!Q_> U ~ V 
Schp.mp 2 
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The extension of such a stereospecific oxidation 

to more complex systems would al l ow hydrogen abstraction 

to take place at larger diHtances than six atoms . For 

example an alkoxy radical locuted at a position 

structurally remote from a hydrocarbon chain might , if 

appropriately oriented , prefer to abstract hydroBen in 

a se l ective fashion . 

2 . Oxidizing Agents and Substrates 

Any alkoxy radicAl is capable of abstracting a 

hydrogen from a sa turated C- H bond . Ho"ever t 

directed hydrogen abs traction is likely to be an 

inef'ficient process . \/i th alkoxy radicals . oxidAtion 

has to compete with ~-scisSion? 

The ideal oxidizing agent to attack an un­

act i vated CH2 group would be the triplet state of 

benzophenone . In the cnse of the benzophenone 

triplet , competition is between ~bstraction of H 

and r eturn t o the ground stateB , the former being 

the dominant reaction. 

The substr ates could be long chain fatty 

alcohol s or ster oid \/ith a - OH at C- 3 · The sub­

strate and the oxidizing agent are attached by a 

covalent bond or alternatively simple complexing 

forces (i. e " hydrogen bonding) may be emeloyed 

to alli gn them9 , 
.. / .. 
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3 . Remote Oxidation of UnactivfJted Methylene 

It has proved pOHsi bl e to convert the CH2 

group of long chain fatty al c ohols to C=Q groups 

even if t hey are Dot near any functional groupsl . 

The sequence for such reaction is as follows : 

esterification of the alcohol with p- be nzoy lbe nzoic 

acid , photolysis , dehydrat ion , ozono l ysis , and 

hydrolysis (scheme 3) . 

Schema 3 

.. / .. 

! 
v 

CH3 (CH2)y~(CH2)x 

0lI[)) 
\I 
o 



.-~.~-- -- ..... 

f • - t 

". 
" 

• 

/ 

- 8 -

The chemistry involved is the oxy~en atom of the 

benzophenone tri plet attacks a pRrticular bydrogen or 

set of hydrogens in the substrute to form a dirbdical . 

This diradical can then either collapse to form a neVI 

carbon-carbon bond , or under~o hydrogen trRnsfer to 

form a double bond in the substrate and a reduced 

carbonyl group in the benzophenone . In studies Bofur 

done on flexibl e substrates such as satura ted long 

chain fatty alcohols no appreciable amount of olefin 

has been detected . In principle hydrogen transfer could 

a l so occur to rege erate the starting materials . The 

geometry of the ester does Dot permit Noriah Type II 

reaction10 , thus ~-e11m1nation uoes not take pl ace . 

The re action was not completely regiospecific . 

The r esulting carbonyl groups are distributed over 

sever al carbon atoms due to lack of rigidity of the 

substrate . The results for carbon chains of 12 , 14 , 

16 , 18 and 20 are shown in Table 1 . 

. .. / .. 
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Table 1 Percent Oxidationl 

Number of Carbons in Ester Alkyl Chain 

Oxidation Site C-12 0-14 0-16 U-18 0 - 20 

0- 8 1 0 0 0 0 

0 - 9 6 1. 4 1.1 0 . 1 <2 

U-l0 28 3 7 . 8 8 5 

0-11 65 11 12 17 15 

0- 12 0 49 13 21 20 

0-13 22 10 18 19 

0- 14 0 56 12 19 

G- 15 7 ;, 13 

0-16 0 13 8 

0-17 6 0 · 7 

G-18 0 0 

0- 19 0 

0- 20 

As can be seen from Tabl e 1 the reaction was less 

regiospecific for l onger chains end better selectivity 

was achieved with rel atively short chains . No function­

alization closer t haD 0- 8 was observed presumably due 

to geometric restrictions or inaccessibllty . The 

termi nal methyl groups are not attacked . The absence of 

attack on the methyl is apparently the result of the 

.. / .. 
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chemical selectivity of the benzo)Jhenone triplet11 , 

since the methyl hydrogens ,lre less reactive than 

methylene hydrogens. The penultimate carbon also shows 

a decreased reactivity. 

with steroids , in contrast to long chain fatty 

alcohols remote oxidation affords high selectivity of 

functiona llzation . This is mainly due to the rigidity 

of the substrate ana the limited number of accessible 

axial hydrogens on the bottom of the steroid . 

The sequence followed is identical with that of 

long chain fatty alcohols : e8~erificat ion , photolyais , 

oxidation and hydrolysis . The chemistry involved is 

the attack by the excited carbonyl of benzophenone on 

the steroid substrate to produce a diradical . This 

diradical can then either collapse to form a new carbon-

c~rbon bond , or it may undergo a direct hydrogen 

trans fer to form a double bond in the substrate . 

The ease and also tbe svecificity of the steroid 

functionalization mainly depends on the geometry of 

the ester . One can then achieve regiospecific 

functiona lization by constructinB a reagent substrate 

combination of the right geometry. 

Photolysis of benzophenone-4acet1c ester of 3«­

cholestanol ( 3) gives a14- cholesten- 3a- ol (4) as the 

.. / .. 
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only steroidal product detectabl e in 3'~ yield 

(scheme 4) ~2, 13 

0 · 

I 
Y 

hi) OH-
------> ----> 

!l0 ' 

.Gcheme 4 

4 

Irradiation of benzophenone - 4-propi onic acid ester 

of 3a- cho1estanol ( 5 )12 , 13 , 14 gives 3'6 of s t er oido1 

olefin (4) by hydrogen tr!Ulsf er and 50% of ( 6) i n which 

new carbon- c arbon bonds have been formed by coupling of 

the intermedie t e diradi cal. \Ihen (6 ) is dehydr ated and 

the resulting olefin is oxidntively cleaved 12- ket o­

cllo1estan- 30:- ol , ( 7 ) and 7- keto- cho1est an- 30:- 01 ( 8 ) are 

produced. 12 , 13, 14 Le ad tetraacetate c l eavage of (6) 

g ives a mi xture of t hree olefines A8( 14) _cho l esten_ 

.. / .. . 
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3a- ol (9 ) , a6- cho1est en-3a- o (10) and 6 7- cho1esten-

3a- ol (11 )12 , 13. 1~ (scheme » • 

.oY1+HO J, 
ao 0/ 

10 

1. l?b(OAC) ~ 
2 , on-

HO 

HO 

11 

5dheme 5 

2 + 
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Photolysis of benzophenone- 4-pentanoir. acid ester 

of 3a- cholesLanol gives a ~3% direct yield of olefin 

and 25/. yield of lactone. The olefin is a mixture of 

d
14- chol esten- 3a_ol and d

16-cholesten_3a_ol . 12 • 13 . 15 

Gteroid functionaliz ation by photolysis of 

attached benzophenone esters is not only limited to 

the attachement of the benzophenone th.rough its para 

position to 3a.- position of the steroid . }'unctioo-

iilization of steroid in which benzophenone "'BS attached 

to steroid through its meta Position12 and in which it 

is attached a t ring D of s t eroid16 has also been 

reported . Other free - radicul processes have e1so been 

used to introduce functionAlity in ster oids . 17- 22 

In the method so far described , the reaction 

takes place because one l)Ortion of a molecule ( the 

benzophenone moiety) abstracts hydrogen from ano ther 

~ortion of the same molecule ; t hat is , t he two portions 

are connected by a series of COVAlent bonds ~ However , 

the re action can a lso be cnrried out ~bere the two 

r eacting cente rs are actually in different molecules , 

providing the two mol ecules are held together by 

hydrogen bonding . 9 

It is clepr from the forgoing survey that this 

approach leads to potentially useful synthesis in 

fun ctional ization of specific sites in the steroid 

. . / .. 
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f i e l de However ~ it is seen that saturated fatty 

alcohol s gi ve a variety of products . It was therefore 

of interest to use alcohols derived from na turally 

occuring ci s - unsaturated fHtty acids as substr ates 

and examine if better se l ectl.vity coul d be achieved • 



= 

III . RESULTS AlID DlGGUl:,,,I0N 

1 . Synthes i s of Ester 

The Sandmeyer reaction wns used to prepare 

p:..bromotoluene f rom p-toludine (12)23 which was 

conver ted to the corre~ponding Grignard reagent 

and r eact ed wit h benzaldehyde to {', i ve pbenyl- p­

tolylcar bi nol (14) . This intermediate elcohol 

was oxidi zed with cro3
24 and p- benzoylbenzoic 

a cid (15) was obt ained in good yield . Compound 

( 15 ) was conver t ed t o the acid chloride (16) with 

thionyl chlor ide which was then reacted with Oleyl 

Bl eoh a l to g i ve ester (I) . 

CH? CH3 

(;] 
1 . 
~ 

- ) llf l - -)- ) 

NH2 Br 
12 13 

o 

d~Ct9~ 
!2 

16 

- 15 -
, .. / .. 
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The molecular ion pe ak of ester I appe ared at 

476 ~/hich is consistent wit h the molecular formulfl of 

2 . Photolysis of };ster I 

A solution of est er I ( . 7 x lO-~M) in CC1~ 

'nas irradiated f or 10 hr5~ Jl.t this dil ute 

concentration it i s expected t hat intermolecular 

reactions would not compete with intramolecular 

reactions . The re l ative amount of intermol ecular 

reaction varies linearly with concentration while 

the r e l ative amount of intram olecular reaction is 

not concentration dependant . 

I hJ 
v H 

/~/ H 
CH,( CH2l xCH(CH2 ) y I 

HO (CH ) d 2 8 

II 

. . / . . 
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Irradition r esulted in the di s s spper ence of t he 

ketone carbonyl at 1670 cm- 1 in t he ir . ~odium 

chloride cavity cells (path l ength 2. ;, mm ) permitted 

us to f ollow the dis appear ance of the cerbonyl absorption 

band without concentra t i ng the soluti on. The ketone 

waS completely photoreduced ufter 10 hra of i rradiat i on . 

~he solution was then concentr at ed t o yield compound II , 

a dirty red-br own oil. Compound II s h ovled str ong 

- 1 f ausorption at 3500 em indicat i nB t he pr esence 0 an 

a lcohol . 

J . Dehydration of II 

Comp ound II wa s dehydrated with a trace of 

iodine in aceti c acid to give r ed- brown oil I I I • 

'llhe colour of t h e comyound was very little changed . 

12 
II - --- ---> 

HOAO 

. . / . " 

o 

III x + Y =- 6 
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~he disapperance of the alcohol absorption at 

3~OO cm- l indicated that II had undergone dehydration 

to g ive III . 

~ . Ozonolysis of III 

III 

,-
:J . 

A solution of III in CH2C12 and CH30H was 
o treated wit h excess ozone at - 35 . Ater oxidative 

work- up with H202 , a mixture of IV and V WRB 

obtained . 

° ° II n 

CH ( CH ) C(CH2) COH 
3 2 x Y 

IV 

+ 

V 

Distribution of oxidation ~it es 

The method developed by Breslow Bnd winnik1 

for the photolysis of Lhe saturated fatty alcohol 

.. / .. 
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~ sters involves Baeyer - Villager oxi dat i on of t he mixture 

fo llowed by saponification and gas l iquid chromatogr aphic 

( glc) analysis of the siml)l e H.lcohol s produced ( s cheme 

6 ) 

o + 
" 

Scheme 6 

The as sumption here i s thnt t he amount of CH3 (CH2) x- OH 

i s directly proportional t o the amount of IV which 

ha s its new c arbonyl group on CH, CCH2 )x+1 ' 

This method has a uraw- back s ince Daeyer - Vil l ager 

r e actions are bel ieved t o be governed by elec tronic 

factors in the mi gr Ation t o e l ec tro pos itive oxygen . 25 

For example , methyl and ethyl groups show r educed 

tendency for migration . However, one may obt ain a 

reasonable result by usinB triflouroper acetic ac i d as 

the oxidizing agent , since it is the leas t di s ­

criminating Baeyer- Vill ager reagent known . 26 

An alternative method , whi ch can be used to l ocate 

the position of funct ionali ~ation i nvol ves t he conversi on 

of the resulting car bo nyl i nto thioketsl \,Iith ethylene 

dithiol f ollowed by examinat i on of t he masS Sl ectr um 

.. / .. 
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of t he r es ul t ing product mlxture . 9 At a low ionizing 

vo l tage mess spectr um f ragmnntatloD occurs very largely 

at t he carbon carryi ng the sulphurs (scheme 7) . 

scheme ? 

~he method chaasan to detormine the site of oxidation 

invo l ved the identif ication o£ mixture IV obtained by 

ozonolys i s of III . The entire oznnol ysis product (IV 

and V) was me t hyl ated Wi~l diazomethane , Bnd wae sub­

ject ed t o gl c anal ysis . It VlRS assumed that IV contains 

a mixtur e of ke t ononaDoi c acids with the keto group 

at diff e r ent pos i tions . \/ith this assumption , 8- ke t o , 

7- keto , 6 - keto , and 5- ketoDonanolc acids were 

synthes ized . The keto- Acids synthesized Vlere me hylated 

with CH~2 and injected into 61c . The peaks of the 

rue t hylated standard keto acids were then corre l at ed with 

those of the peaks obtained for the me hylated ozono­

lysis vr oduct . 

.. / .. 
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5 · 1 Methyl ation of the Ozonolysis Product 

The ent i re ozonolys is product of III , (IV and 

V) , was tre~ted with excess tli azomethane generated 

at ~o from N- nitrosomethyl ure~ and aque ous 

potassium hydroxide in eth~r~7 Ethereal liiazo­

methane soluti on was added dropwis e unt i l the 

r eaction mi>"'1;ure deve loped II pt::rsistent yellow 

colour . ~~ft \.: r the r e movFll of the solvent the product 

obtained was a mixture of VI and VII. 
o 0 
" fI 

IV and V ----------> VH3(CH2)x- C- (CH2)y- C- OCIl3 (VI) 

+ 

o 

5 . 2 . 1 8-Ketononanoic ,Hei d 

Oxi dAtion of cyclooctRDol (17) with 

cr0
3

28 gave cyclooctRno ne (18) IIhicb was tben 

reacted wi~h methylmagncsium iodi de to yield 

I_methylcyclooctaDol (19) . ~hydratioD of (19) 

waS attempted wi th ~Ofo aqueous s ulphuric aci d
29 

as wel l as wi th thionyl chloride . The 
. 0 . 

treat ment of al coho l (19) ''11th 50/0 sulpbunc 

acid proceeded sotisfHctorily t o g1v~ the 

des i r ed ol efin (20) • 

. . / .. 
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Compound (20) was ozonized oxidatively with hydrogen 

peroxide to yield 8-k~tononon8no ic ~cid ( 21) . 

18 

o 
" 

5. 2. 2 7- Ketonononanoic Acid30 

11 mixture of cyclohexanone (22 ) , morpholine 

(23) and p- toluenesulphonic acid in toluene was 

r efluxed in a Dean-3t~rk appar atus until water 

was completely removed . J\ftcr cooling , washing , 

and r e moval of the solvent the re sidue was 

distilled under reduced pres sure to give 

morpholinocyclohexene (24) . Treatement of tbe 

enamine (2~) with propionyl chloride in the 

presence of (V2H5 ) 311 Bav. , aft er work- up , a 

~-dike tone (25) which upon treatement with 

.. / .. 
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base gave ?- ketononanoic ac id (26) . 

o 

!~ C' I,,) + NJ ~=~~2~§~~~~2~_> 
H toluone 

22 n 

CH3CH2n(CH2)5CO~ 
H+ OH-

<----- <-----

o 
26 

5. 2. 3 6_Ket ononanoic Acid30 

o 

r 0'1 
'- N/ 

I 

C') 
24-

" o 

CH
3

CH2COCl 

(C2H5)3N 

Cyclope ntanone ( 27) waS prepared fr om adipic 

acid and barium hydroxide31 and reac ted with 

morpho line (23) as described for (22) above to 

yield morphol inocyclopentene (28) . Reaction of 

(28) with butyryl chloride (29) (prepared f r om 

butyric acid and thionyl chloride) produced a 

~-diketone (30) which upon treatement with base 

~ave 6_ketononanoic acid (31) . 

.. . / .. .. 
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toluene 

o 
" H+ 

GH~CH2CH2C(CH2)4C02H~-----

21 

5 . 2 . 4 5- Ketononanoic llcid 

o 

I o 
28 

I 
" o 

OH~CH2CH2COCl 

(C~5)~N 

<_Q!(~ 
2Q 

Tr eatmont of cyclopontanone (27) with 

butylmagnesium bromide (~2) gave I-butyl cycl o­

pentanol (~3) . Dehydr~t ion of (33) wi th 50% 
aqueous sulphuric flc i d29 followed by ozono l ysis 

of t he int0rm~diRte olefin (34) result ed in 

5- ketononanoic ~cid (3,) · 

.. / .. 
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5. 3. Methylat i on of the ot andHrd Keto- acids 

The four keto-acids , a- keto , 6- keto and 

5- ketononanoic acid synthesized were methyl a t ed 

\"1'i th CH2N2 in B way similAr to tha t explained above 

to their cor responding methylketo es t ers . 

~ . 4 . Gas Chromatographic hnalysis of Synthetic Mutbyl 

Ket ononanoates and Methylated Mixtures of IV 

itO attempt WClS made to develop a gas chromato­

graphic sepa.r Ation Hethed for the synthetic kc t o­

nonanoat es (S ,6 , 7.end B- ket ononalloic aci d methyl 

esters) . It was found that best separRtlons were 

" obtained using 5 ft stainless steel ( V8 ) column 
o 

pa cked with 10/0 car bowax 20 M t t! r minated with 

terphtha1ic acid (10~) on 100/120 Gaschrom Q. 

<..: a rbowax 20 M glwc poor ly resolved peaks . The 

retention time s of 'the isomeric methylketononanoatcs 

a r e given in t abl e II . It is noted thRt the 

retention time increases with incr~ascd dist ance of 

keto group from the cfl rboxyl cArbon . This l ed us 

to speculate whether 8 linear retention time plot 

~ay be obtRi ned by plot ting l OB HT vs position of 
, 

carbonyl group. Indeed a str aight line wne 

obtained as shown in FiB' I . It wos , therefore , 

conside r ed re ~ sonable to use this Vlot to 

.. / .. 



.:.------- _._-- - -. 

, 

• 

• 

• 

,' " .. . 

-

• • 

• • 

- 26 -

identify the other is omeric methyl- ketononanoates 

(i . e ., 4 , 3, and 2 ketononanoic acid methyl ester s ) . 

Even though retention time plots h~ve been used to 

characterize homologus ser ies of f lltty acid methyl 

esters , 32 , 33 \ve are not fiilare of the use of such 

plots to cha r a cteri ze isomeric keto esters . The 

str a ight line obtained for theue compounds encouraged 

us to use the pl ot for detecting the presence of the 

ket;o ac ids vlhich were not avai labl e for our work • 

• 

. . / .. 
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TABLE II 

Hetention times of the isomeric methyl ketononanoates 

and methyl ated mixtures of IV . 

Mdthy1 keto Ret ention Identified 
Log H,., % distribution 

time (sec) 
, 

esters as 

.otandR rd 

Sample 

8- keto 554. 40 2. 74 

7- keto 477 . 6 2.68 

6- ke to 410 . 4 2. 61 

5- keto 357 . 6 2· 55 

4- keto 302 2 . 48 

3- keto 263 . 01 2. 42 

2- keto 223 . 87 2. 37 

!~ixtures 

of IV 

Unknotm A 225. 6 2. 35 2- keto 7. 5% 

Unknot.rm B 254 . 4 2. 41 3-keto 37. 7% 

Unknown C 295. 2 2. 47 4- keto 1. 3".6 

Unknown D 338. 4 2. 53 5-keto 28 . 3% 

Unkno\-m E 410. 4 2.61 6- keto 22 . 6% 

Unknown F 487 . 2 2.69 7- keto 1. 3% 

Unknown G 561 . 6 2. 75 8- keto 1.f.b 
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FIQ.2· Dstnbutlon of oXidation sUes 

\ 

L-_~_-:-:--~- -
II 12 13 14 

Si1eS of oxidation 
15 16 

-~ 
17 
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As can be seen from table II the r etention times 

of the unkno\7n methylketo€s t e r s of I., B ,C, D, E, F and G 

correlate with those of 2- keto , , - keto , 4-keto , 5-keto , 

6- keto , 7- keto and 8- ketononaDoate esters respectively . 

The oxidation was distributed over seven carbone 

with 88 . 6% over three center s . Maximum oxidation 

appeered at C-12 ( 37 . f£), 'lith the second and third 

maximum at C- 15 ( 28 . 3~~ and G- 16 (22 .6%) (Figure III) . 

6 . Bummary of Results 

The object of this report is to determine the 

influence of unsaturation on the photochemical 

r emote oxidation of a fatty alcohol such DB oleyl 

alcohol . .5 s hown by the \'Iork of Breslow and c o-

workers l such oxidation pr oceeds by abstraction 

of hydrogen radicals fr om several carbons . These 

same worke rs have , using different fatty alcohol 

esters of varying length c- chains clearly 

demonstrated that abstr action does not occur from 

any of the first eight carbons of the alcohol chain 

indicating that t he ke t ocarbonyl does not attack 

any of these sites . 

The eff ect of introducinG 8 double bond in the 

f atty alcohol may be seen from B comparison of the 

.. / .. 
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r e l ative di stribution of photochemi cal oxidation s ites 

in s tearly and ol eyl alcohol (Tabl e III) . 

Re l at ive distribution of Photochemical Oxidation in 

s t earyl and Ol eyl Est t: rs of p- Benz,oayl benz.oic Jicid 

Carbon 
Uu. 

9 
10 
11 

12 

13 
14 

15 
16 

17 
18 

btearyl 
es ter 

0 .1 

8 

17 
21 
18 

12 

5 
13 
6 

Ol eyl 
e ste r 

7. 5 
37 ·7 
1.3 

28 . 3 
22 .6 
1. 3 
1. 3 

ma'nly at the 12th carbon in both 
Oxi dation occurs ~ ~ 

higher yie l dS are observed f or 
instances even though , 

l It may thus be possi ble 
oleyl than for stoaryl aleoha • . 
to conclude that t he conformation of bo th Qol ecules 

. . / .. 
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under the irradi at i on condit i ons , 18 such that h • 

curbon spends more time in th i • v cinity ot .he cArbonyl 

group t han do any othe r s. 

'-./·~~/'--/I 

~) ~ (CH2 )S 

I/'" II II" I I 
l.:::y- ........ ::;;-''f( 0 

o 

otcaryl ester of 
p- benzoyl benzoic acid 

H 

010J'1 .stor ot 
p- ben.oy1bonzoic acid 

One of the mos t i mpor t.ant factors het. rAcl11 at. 

the ease of hydrogen abstraction in free radical 

reactions i s the inhere:l.t stability of tht: resulting 

radica It was rHtber surprizing , theret ord , to B~ 

8 low leve l of abst r action from t he elevench Clrbon 

in view of the f ~ct that the rodical [01'= d would be ~ 

allylic one . One exvlaoation for this could b the 

s radica l of t his type , beC8U8~ ot the adj8cen ouLlo 

bond , may have two p08~ible situs for torm ft t10
D 

or • 

C- C bond with the kety1 rndicol . If thiS indo d bop no, 

. . I · · 
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the product Rrising by coupling of C-9 \li th the ke tyl 

radical would reaul t in the formHtion of octanoic 

~c i cl . HowevGr , tha glc RnA-lysis of IV di d not show 

the presence of octAnoic ac i d when compar ed with standard 

octanoic aci J us ed for this purpose . Therefore the reason 

for t 'he observed hiC;h deBree of oxidation a t C- 12 which 

SU[mes ts tha t there i s a ptl rticulCir l:Hl vantRge in t he 

ketyl r adi cal abstracting A. hydrogen from this corbon 

rather thfm. from the a llyic one i s not Eldequately cloAr . 

Electronic influences exerteu by th~ double bond may 

hav~ some influence but we cannot argue this f actor 

would exceed the rel atively grevter ease with which an 

al lyic hydrogen is ?bstracted over 8 regul~r methylene 

hydrogen. 

~1 furthe r difference in the two systems is that in 

the case of ol ey l a lcohol ntH-lr l y 90~o of the oxidati on 

tak es place among the three cHrboo::; 12 , 14 eod 15 whi l o 

for stearly c erbons 80% of the oxid6ti oo takes place 

awong the five carbons 11 , 12 , 13, 14 , and 16 • 

• 1· thO work does lJ:he method of an fl lys is el!lployeu 1.n 1.5 

- . h t-"en p l ace on C- 18 . not show whether oX1.d<lt l.on flS uz. . . 

B low end co- workers However , in the work done by r es 

On d if1'erent f atty <'llcoho1s IlttBck on the CH} group 

1 

d Th's W"s expl~ i ned by the fact thAt 
WHS not observe . ~ ~ 

.. / .. 
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benzophenone triplet sleets strongly against primary 

hydr ogens. Because of this no further analytical 

methods which would enable detection of the amount of 

oxidation on C-18 were uttempted~ 

The amount of oxidation on C- IO was also not 

determined due to the l imitations of our analytical 

procedure , since the at t ack at this particular carbon 

leads to t he fo r mation of a lactone which could not be 

dehydrated and cleaved by ozone . However ,' t he abs traction 

of hydrogen from this carbon is less likely due to thu 

relHti ve ly large bond dissociation energy of vinylic 

hydroeen and some elect r onic infl uences expected t o 

be exerted by t he doubl e bond. 

The percentage distribution of the oxidation 

sites reported here are re l ative values since they 

compare only component s \'/hich were identified , 

normali&ed to 100. 

. . / .. 
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I V. EXl'LRIMElIT • .r, 

"II the sol vents used were r edistilled . Me lting 

points wer e de termined in a capillRry tube on a Hoover 

cApillary me lting poi nt appar Htus and er e uncorrect ed . 

Infr ared spectra were obtained on Perkin- Elmer 727B 

gr f:i ting instrument . Nucl enr magnetic r es onance spectra 

were obta ined in CC14 on H Vnri~n T- 60A spectr ometer . 

Values a r e g iven in 6(p . p oro) dOnn fie l d from tetra­

methyls11one . Mass spect r v. \19 1'e de t e r mined on Finnignn 

IJlouel 32()OF GC/Md spectromoter attached \'lith Finn igan 

t.lo11el 6 100 da t a system. Col umn chromatography ... 188 

perfor med us ing s ilica Bel 60 C70- 23CJ mesh) . G •• 

chromatogra.ms '110re obt tl ined on B. Htwl ett pockard Mode l 

57101; Bas chroma t ogr aph equipped with fl Ame ioniza tion 

detector (:InD) . Nitr ogen 'fI fl S used as carri er gAS . 

- 35 -
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1 . Preparation of p-Bromotolu~ne23 

n solution of coppe r (I) brocidc W~B prep9r~d 

in a 2 . 5 1 thre e necked flask by hoating under 

reflux 31. ;; g (0 . 124 I!lol) copper sulphat e , 10 g 

(0 . 158 mo l ) copper turninBs , 77 g (0 . 55 mol) 8o~ium 

bromide , 15 g (8 . 2 ml) COIlC . H2S04 and :'00 ml WAter . 

In a sepRrate flask ~3 . 3 g (0 . , mol) p- t oludine , 

400 ml H20 , 98 g (:'3 . 5 I!ll) conc . H2S04 were mixod and 

cool ed in an ice b~lth to ,,0 . To the contents of the 

flask sodium nitrite solution (35 g/60 ml H20) was 

adued slowly with frequent shaking te ping the 

temper ature be low 10° . 

The flask containing CuBr solution was then 

equipped for steam distillation and he~ ted so that 

the solution boil ed . \Ihiltl stt:! ~lm waS pas s ing r api dly 

tlu~ough the mixture the t oluene- p- di az onium sulphate 

soluti on prepar ed as described 8bovc was odde during 

30 min from a septtrRtory funnel fitted with 8 tube 

leuding al most to the bottom of t he flask through the 

side neck . The steam distillat i on w~s continued until 

no more organic matter distilled . The distillate 
o 

was r e nde r ed alkaline 'l'/i th 2010 NaOH "nd tbt! crude 

p- bromotoluene separoted WHS 'l'lf'sbtHl successivdly 

IIith concentrated H
2
S04 ( ;;0 ml) , 1120 ' NoOH solution 

.. / .. 
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emu fina lly with \7a t e r . Jlfte r dryi ng oVe r CaC12 t ho 

product was filt e r ed fi nd di s tilled throue:h an air cool ed 

condens er t o yield 32 g C37~) ; lOp 25- 26° (lit 2325_260) • 

2 . Pr e pa r a t i on of Fhenyl-ptolylcarbinol 

Magnesium turnings (7 . 1 g) wer e we shed with 

sod ium dried e ther , dried in an oven a t 100- 1100
• 

and a llowed t o cool in H dess i cat or . 11 s olution of 

42 . 75 g p- bromoto1ucne in 300 nl dry e t her wes poured 

into a pressure equa lizinB sepAr~t ory funn 1 and 15 ml 

of t h e p - bromoto1uene s olut ion WAS introduced into 

t h e f l ask which cont a ined 7.1 g of magnesi um and B 

cryst a l of i odine . It was war med in the l,Hl t Qr both 

t o s "t a rt the r e action . The e ther r efluxed when t he 

r e Hction commenced. ~lhe wll t~r bath WAS r emoved and 

50 ml of dry 0ther was Eldded t o cover the magnis i um . 

The rema ining e therf1 l solution of p- bro[!lo t oluenc 

WHS added dropwise durinB 40 minutes Hith s t i rring . 

\.hen the r E::t Cl c tion be c Rme vigor ous , t h fl es k WRS 

coo l ed in RD. ice b a th . The r CClction .,.IUS comjJl c t ed in 

about 2 hrs . Thi s s ol ution of p- t olue ne ma gnesium 

wa s r eacted with benz ~ldehyde 0 5 outl ined be l ow. 

rl solution of 36. 77 B ( 35. 13 rol ) freshly 

.. / .. 
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prepar ed benz al dehyde (washed with NaHe03 , dried over 

lIa200
3 

and vacuum distilled ) i n dry e t her (200 ml) IIS S 

added during 30 min to n solution of p- OH
3

- G6H4- MgBr 

(Grignord Re agent) with s tirring . ~he mi xture WQS 

s tirred for an a<1ditionC'll 90 min. ?he mixture Vias t hen 

cooled by addi ng crushed ice ~nd vigorous l y s tirred t o 

c omplete the de composition . ~he s tirred solution was 

treat ed with s aturat ed solution of i:fH4Cl Elud t he t her 

l ayer separ ated wns washed succe~s iv~ly with NaHB04 And 

water . l o..D oil y pr oduct WAS rec overed from the ether 

\Jhich wa s then chromatogr aphed on s lice gel e l u t ed with 

et her/he xane solvent gr adi ent . The c ompound e l uted with 
, 0 

2510 ethe r/hexane g"ve a yield of 8 g ( 16 . 2/. ) which 

s ol i dified upon standi8~ ; b2. 3 ( s , 3H, Me) , 53 · 1 (s , l B, 

OH) , b5 . 53 ( 5 , lB , Ar- Cjj- J,r ) , 57 . 1 p. p. Jll ( m, 9H, ;IX ) ; ir 

(nea t) 3400 cm- l (OH) . 

3· Pr e par ation of i ' d24 p_Benzoylbenzo c 8C~ 

Phenyl_p_tolylcar binol (9 .8 g) was di ssolved in 

acetic acid ( 52 ml ) under r~ flux c ondenser . A 

solution of 19 g Cr03 in 43. 4 ml H20 , 52 ml acetic 

a ci d and 13 . 6 ml conc . H2b04 waS added slowly through 

t he c onde nse r keepinB the reCjction mi xture be low 

its boiling point . The r eact ion mixture was 
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J.- '0 ~on \ IRB t hen decant ed boild f or 45 mi n . mhe 11'qUl'd Pl t ' 

int o c ol d water t o give 800 ml solut.ion . The solid whi ch 

preciptat ed was c oll ect ed by filtrati on and was bed with 

c ol d w~ ter . It was di ssolved i n hot \l!' t er by Adding 

exce s s cone . He l . kf t er filtrHtion and washing \lith col d 

w~t e r , r e crys t allization from ethklnol gave 5 g ( 44% yiol sJ i 

mp 197- 200° ; (lit 24 197- 200° ) ; ml e 226 (M+) . 

4 . Pre pDration of Ol eyl Ester of p- Benzoylbc nzoic J.c l d ( Ester I) 

To 1 g (4. 4 mi l limol e) p_be nz oylbenzoi c aci d purified 

G001
2 

( 0 . 8 g , 6 mi llimol e ) " 8 6 added " ith stirring in 

wat e r b ath WlUt! I' refl ux condi t i ons . kef luxine wae 

continued f or about 3 hra . 

The e xce ss SOC12 waS remo ved under v~cuum nnd 

1.19 e; (4 . 4 millimol e ) ol eyl alcohol wuS added with 

stirr ing in a wat e r bft th under reflux conditions . nft l;; r 

3 hI'S r e f l uxing the solut i on was t~ken up i n be nzene 

(50 ml) ond was hed 5 ucceBS iv~ly "'lith sodiUI!l bic <U'bonat £: 

solution and wat~r . The benztlne l ayer wns concentrat e 

and chromat ogr aphed on s i lica g~ l Dnd eluted with 

benzene/hexane solvent 8r adi ent . The compound e luted 

wi th 30% benzcne/hexane BBve . 8 g ( 39 . 5~ yiel d ) of 

ester free of unreacted al cohol; ir (neat) 1670 cm-
l 

( ketone CoO) , 1720 cm- l (ester Cool , 1275 , 1110 cm-
l 

. . / .. 
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(he nzoate C- O) ; mle " 76 (M+); 60 .9 ( t , 3H, Me) , 61. 27 

(m , 2"H, aliphatic) , 61. 92 (m, "H, ol lyl ic ) , 0'> . 2 (t , 2H, 

CH20), 65 . 2 (t , 2H , vinylic ) , 67 . 2 p. p. m (m, 9H, • .r ) . 

5 . Photolys is of Ester (I) 

Ester I (0 .13" g) i n " 20 ml of r edis t i l l ed car bon­

t e trachlori de tn'as degassed vrith a stl'eom of nitr ogen 

f or 10 mi nutes . The solut i on VIas i r radi at ed f or 10 brs 

Hith Hanovia 450 y.;att hi Bh pres sure mercury l amp us ing 

a pyrex:filter . The l amp 'flU S s ituat ed i ns i de 8 doubl e ­

walled g l ass \v'e l1 throUGh whi ch cooling wat er WAS 

passed . 

Irr adi at i on was sani tared by the disapperance 

of ket one carbonyl at 1670 cm- l in t he ir by r unning 

spectra every 2 hours us ing !3odium chl oride 

cavity c ells , path l enBth of 2 . 5 mID , wi thout concen­

trating t he s olution. d.f t t:! r t t:!n hours the solution 

WHS conc~ntrated t o yiel d 0 . 19 g red- br own oil (II) ; 

i r (neat ) 3500 cm- 1 (OH ) , 1720 ( ""ter C.O) , 1280 , 110 

cm- 1 (henz oat e C-O) . 

6 . Dehydr ?t i on of II 

Ester I I ( 0 . 18) was dissolved in 6, ml of acet i c 

ac i d and vlhen br ought t o re f l ux 0 . 01 gm i odine cryst al s 

.. / .. 
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\rlere added . The reflux was continued for one hour . 

Concentration on r otatory evapor at or removed most of the 

iodine . .A benz.ene solution of the reaction product \185 

washed successively wi th sodium sulphite solution , water 

and saturated sodium sulphate solut ion , end dried (Coo04 ) . 

hfter the r emoval of the solvent 0 . 16 gm of III waS 

obtained , ir (neat) 1720 -1 (ester CoO) , 1280 , noo Cm- l em 

(benzoate C- O) • 

7 . Ozonolysis of III 

The entire dehydrated product (III) WaS dissol ved 

in 5 ml of CH
2

C1
2 

and 50 ml of methanol and cooled to 

- 350 Co Excess ozone was passed through the solution 

until potassium iodide trap placed behind the react i ng 

mixture changed colour fr om colourles s to intense red 

indicating that the reaction i8 complete . I~ter the 

removal of the solvent on rotatory evaporator 5 m1 

of 30% H
2

0
2 

was added and refluxed for 45 minutes . 

~fter cooling , the whole content was dissolved in 

100 ml of ethyl acetate and the aqueous l ayer was 

separ ated . The organ ic layer was washed with 25 ml 

of H
2

0 and dried (Na2S04)' bvaporat ion of the 

so lvent gave 0 . 15 gm of IV and V • 

. . / .. 
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8. Methyl ation of IV and V 

Dl a&omethane 

somethyl urea a nd 

generHted from 4. 12 gm of 
Q 

10 ml of 50/ 0 KOH solution 

N- nitro-

amI 40 

mi of ether cooled to 50 U wos added drop by drop to 

the co ol ed etheral solution of a mixture of IV and V 

unti l t he c ol our of the ffil.xture was changed to yttllow . 

J-.fte r drying (N82304) and r~movHl of the solvent 0 

Idixtur e of VI and VII was obtained . 

9 . Prepar~t i on of Cyclooctanone28 

In a 500 mi two n~cked r ound bottomed flask 

f i tted with mechanic~ l stirrer 21 . 3 em of cyclooctunol 

in 417 mi of ace tone WHS cool ed to 20°C . To the cooled 

solution 41 . 7 ml of H2Gr 207 (prepar.d by dissolving 

22 . 3 gm er0
3 

in 41 . 7 ml H20 and mixing with 19· } ml 

H
2

00
4

) wns added s l owly with vigor ous ar;itat lon unti l 

The mixture was neut-

rRlized with 21 gm NaHG0
3

, filtered aod the filtrat~ 

WflS concentrated to 37 ml. Sa turated NnCl solution 

( 167 ml ) was then added to th~ filtrate and the 

result ing mi >..-ture 'liDS extracted with ethet . The 

extr a ct was wC-' shed with wAtt::r and dried ( N82S04) · 

~ .. fte r r emova l of the sol vent , t he r esi due was 

d istilled under r educed }Jressure to give 12 gm 

.. / .. 
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(52 . ?~) of cycl ooctanone , mp 280 (lit28 28°) . 

10 .. Prepar ation of 1 methylcyclooc t anol 

I n a one liter three- necked flASk equipped with 

sea l ed stirrer , separ l1tory funn el , condense r tlnd 

water bath 2 gm of mElBnesium ( wllshed with dry e ther 

in 30 ml of dry ether) WAS t r nnsf erreu . J~ter 

addition of few crystal s of iodine 8 portion of a 

solut i on of 5 ml CH31 (0 . 08 mole ) in 50 ml of ry 

e ther f r om the funne l wAS i ntroduced . 118 he 

vigorous re action commences , the stirrer was set i n 

Eotion and the r emainder of th~ m~thyl iodide was 

added at such a rate that a s te ady refluxing of the 

re action was maintained . J.ft er complet i on of tho 

addition , r eful xing w~s continued in 8 hot wD t~r 

bath f or "5 minutes . " solution of 10 gm (0 . 08 

mol e) of cyclooc tanone in 70 ml of dry e ther was 

introduced drop by drop durioB 30 min and r~fluxing 

was continued for one hour . hfter cooling , the 

reaction mixture was transferred to 20C gm of cr ushed 

ice and treated with Sl:\ turat ed tiH4Cl solution and 

tbe organiC layer was extr8ct~d with ether . 

e ther extracts were combined , dried (K2C03) , 

The 

Rnd the 

so lvent r emoved . The rl;!sidue waS distilled under 

r educed pressure to yiel d 1 . 5 gm of pure 

. . / .. 
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I-me thylcyclooctanol ; ir (neat ) ,400 cm- l (OH ) . 

11. Dehydration of I-methylcyclo octanol 

I - methylcycl ooctanol (1 g) was dissolved in 

25 ml of cyclohexane to IIhich 10 ml of 5o"h H2 04 

\-:ras added . The mixture was stirred at room 

temperature for one hour. It wes then we shed with 

H20, NaHC0
3

, and agein with wa t er , dri ed over 

Na2S04 - J1fter removal of the s olvent 0 . 8 gm 

(92% yie l d) of I-methylcyclooctene was obtained ; 

i r (neat ) , 100 , 1680 cm- l (olefin ) , bl . 4 (m , 8ll , 

- (CH
2

)4- ) 01.66 (s , 3H, Me ) , 02 . 15 (m,4H, allylic) , 

050" p .p.m (t , l H, vinyl i c ) • 

12 ,. .Q_~olys iS of I_Methylcyclooct ene 

I _me thylcyclooctene (0 . 5 g) was dissolved in 

was 5 ml CH
2

C1
2 

and 50 ml CH, OH and exces S ozone 

passed through it . J\f t er t he removal of t he 

solvents , , ml ,0% H202 WDS added t o it and 

re f luxed for 45 minut es . The whol e content was 

dissol ved in hexane ( 50 ml ) and t he or ganic layer 

was separated . J.fter drying (Na2S04) and filtering 

t he solvent \/8 5 removed and the residue was re­

crystallized from ethano l t o give 0 . " g 

.. / .. 
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( 50 . 7~ yield) of B-ketononenoic acid . 

13- Prepar ation of MorpholinocYclohexene'O 

14. 

One mol e (98 gm) of cyclohexanone , 1 . 2 mol os 

( 104 . 4 g) of morpholine , 0 . 2 gm of p- toluenesulphon1c 

a c i d and 200 ml of toluene was token in a 500 ml 

round bottome d fl a sk equipped with 8 mechanica l 

st i rrer , a water separator (Dean- stork trap) and 8 

reflux condenser . The mixture wa s r efluxed on oil 

b ath until ab out 18 ml of wat e r WAG c ollect ed ; i t 

was then cool ed , washed with small Eleount of wat er , 

(to remove p_toluenesulphonic acid) dr i ed over 

Na2S04 and filtered . lifter the r emova l of t btl 

sol vent the r esidue 'rIAS di s tilled under vaCuum t o 

give 54 g ( 32. 3% yield) of morpholinocycl ohexene . 

rlcylati on of MorPhOlinOCyclOhexcne
30 

In " 500 ~l three necked fl ask equi pped wi th 

a dropping funnel , B r eflUX condenser oDd s t irrer t 

f t h enemine ( mor pholinOCycl ohe xene ) , 
0 . 2 mol es 0 0 

0 . 2 moles ( 24. 24 gm) triethyl amine and 300 ml of 

h t d to '5°C 
benzene was t aken . The mi xture N'8S e8 e / 

and 0 .12 mol es ( 22. 2 gillS) of pr opi onyl chlor ide 

wa s added dr op by drop keeping the t emperature a t 

. . / .. 
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- 70 f ? • .n te r t he addi t i on was comple t e , t he mixture was 

heated for one h k our eeping the t emper ature at 35° . 

~hen 108 ml of 20~ Hel .() was agded and t he mixture WAS 

refluxed f or 30 m- d ~n un er stirr' ng_ Th .... e aqueous l ayer 

HHS r e moved and t he . organl c l ayer was wushed with wuter 

until it was neutral~ The aqu\!ous port i on W88 br ought 

to pH 6 by addition of dilute NaOH and was extracted 

t wice with benzene 0 The benzene extrocts we r e combined 

and dr ied over Na280~ and f il t e r ed . Evapor ati on of t he 

sol vent gave a yiold of 16 . 9 g ( 55%) . 

Frepar~ion of 7- Ket ononanoic 
30 

ll.c id 

To 0.19 moles of pr opi onylcycl ohexanone , ~ 

times mo l ar quant ity of hot 60% lIaOH at 100
0 

IVa. 

added under sti rring , end the mixture VlSS kept at 

the same t emperature f or further 15 minutes . The 

mixture was then cool ed , Bnd di ssolved in about 

200 ml of H
2

0, To t he solut i on concent rated HOI 

Via S added dr op by drop until i t become about pH 

of 8 and then i t \'/ 8 5 oxtracted wit.h ether . The 

aqueous phase WElS strongly acidified with concentrated 

HOI and was extracted H~t h chlor of orm. The extracts 

were combined and the solvents ~d re evaporated . 

The r es i due ",a8 then distilled under vacuum to 

give 100 5 g 02%> of ?_ketononanoic acid ; .,p 29°, 

. . / . ~ 
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( lit30 290
) ; ir (neat ) 3600- 2200 cm- l ( aci d OR) , J720 cm- l 

(ac i d and ketone CoO) ; 01. 02 ( t , 3H, MeJ , b1 . 4- (m, H, 
Q 

- CH
2

- ) , 62 . 35 ( m, 6H, - CH2G- ) , bl l . l p. p. ID (s , l H, OH) . 

16 . Synt hes i s of 6 - ketonommoi c Ac i <.l.30 

In proceuure identical t o that outlinod above , 

cyclopentanone ( 84- g) , morpholine (104- . 4 g) , 

p- t oluenesul phonic ac i d (0. 2 g) , i n t oluene ( 200 ml) 

wer e r eacted to give 9'+ g (61. 4-~0 yield) of mor ­

pholinocyclopontene . This i ntermediat e enamlne 

( 0 . 2 mol e) was then r eact ed >lith butyrylchloride 

( 0 . 24 mole) i n t he pr esence of 0. 2 mol es of (CH2) 311 

in benzene ( , 00 ml ) to pr oduce 16.3 II (5'~) of 

butyryl cycl opentanone . This ~-dike tone (0 . 1 mol e) 

when treat ed with three times ma l er quantity of 

6 0"1
0 

NaOH at 1000 gave 9., g (54 . 7/) of 6- ket o­

nonanoic acid ; mp 3) 0 (1it30 35
0

) ; i r (neat) 

3600- 2300 cm- l ( acid OHl , 1710 cm-
l 

(acid end 

ke tone CoO) ; bO . 87 (t , 3H, Me ) , 61· 57 (m , 6H, - CH2- ) , 

62 . 26 (m, 6H, - CH
2
-g-), b11 . l p. p. m. (s , lH , OH ) . 

17 . Pre paration of l _ButylCyclopentanol 

In a one 1it tlr t hree - necked flask equipped 

with s eal ed st irr~r , s epBr~ to~~ funnel aod oondenser , 

arr anged to be heat ed in the bath of hot water , 6 gm 

· . / . , 
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of IDA Bnes i um i n 48 ml of dry ether was transferrud . 

Afte r addition of few crystal s of iodine n portion of 

a solution of butyl bromide ( 34. 25 g) in dry ether 

(70 ml) from the funne l was introduced . As t be vigorous 

r eaction commences , the stirrer was s~t in motion and 

the r emainder of the butylbro~iue was etldeu at such n 

r~te that a steady re fluxinB of the reAction was main-

t Hined . Afte r compl et ion of the audi tion , ref1uxins: 

was continued f or 30 minut es , followed by addition of 

cyclo£ent a none (21 g) in 35 ml of dry other and he 

wixtUl'e was stirred f or a further ODe and half bours . 

'l'he mixture wa s then transferred to l~O g of crusbed 

ice and treated wi t h a sol ution of NH4Cl 00 g/ 41.6 ml 

H
2
0) and t he or ganic l ay er was extract(l(,l with e the r . 

The e t her extracts were tlried over K2C03 , filtered , and 

t he solvent was evaporated . ~he residuE:! WtlS di stilled 
o 

under reduced pressure to yield 7. 3 g (20 . 6~ of pure 

I - butyl cyclopent anol ; ir (neat ) 3400 cm-
l 

(OH) . 

18 . Dehydr ation I _butylcyclopentanol 

I_butylcyclopentanol (1 g) was di ssolved in 

cvcl ohexane ( 25 ml ) and 10 ml of 70% equeous 
" The mixturtt was sture 

a~ room temparature for ODe hour . 
It was then washed with 

. . / .. 
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NaHc.:03~ H20 9 and dried over NS2,S04 0 Hf ter removal of 

the solvent 0,8 g (927,) of l ··but ylcyclopentene was 

obtained ; ir (neat) 31CJ, 1670 cm- l (olefin); 50 . 95 

(t, 3H, 110 ),01"7 (m, ,,~ , .,CH
2

,·CH
2

- ) , 52 , 23 (m , 6H, 

allylic), 55, 17 p ,p.m.(t, IH , vinylic). 

I - butyl cyclopentene (O . ~ g) di ssolved in 5 ml 

CH
2

C1
2 

and 45 ml of CIl30H was treated with excess 

ozone at _350
• lStcr the removal of the solven t , 

3 ml of 30'10 H202 was added to it and r cfluxed f or 

45 minutes.. To the whole content 50 ml of hexane 

v. ~ s added and t he ore;anic l llycr waS separated from 

the aqueous l ayer. nf ter dry ing, filtering and 

eva,ora"i;ion of t he solvent, the residue was re­

crystaJ.l i zed from ethanol to give 0.47 g (68 . 1%) of 

'J-ketonona-:lo;.c aci l ; "''' 53
0

(Ut
30 7'i'J • 

Methylat ion of the st,mdp-Fd Ket~~cids 
. ~ -- -- ~---

itppr ox imately 30 mg of e ach of the keto acids 

in ethe r was treated with CH~2 as outlined above 

to give the corresponding m~thylkctononanoates • 

21 ~ ~Tas_.r:~9~a~.o15!~phi. r;~ln~l:YBi_~ 
" t 1 (1/8 ) column packed 

A 5 ft stainless s ee 

. .. J ~ .. 
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with 
o 

1010 carbowax 20 M ter~ in.ted with t erephthRlic 

acid ( lO~ on 100/ 120 Uaschrome ~ WAS used in this 

ana l ysis . The methylated unknown mixture Dnd synthesized 

s t andard compounds "" ~ r t:; chromutogrnphed on the column 

m~Iltioned above at i so- thtlrmRl oven t mperature under the 

follo 'Yfing condi t i ons . 

Col umn temperatur e --------- ------------ -

'Inl e t t empereture ---- - ----- - - --- ---- - - --

Detector t emperAture - --- - - ------ ------- -

Chart speed - - - ----- ------- --------------

Injector vol ume ------- - - - ---- - - ---- -----

The ret ent i on t imes of the standRrd compounds 

Wlknowll mi xture were cor relat ed . The ar eas of the 

15 in/hr 

and 

1 1 t d and the total ar eA was peaks identified were ca cu 0. t;l 

100 to ~<ve the j>ercentage di s tribution of norma l ized t o u'" 

the ox i dat i on s i t es . 

. . / .. 
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