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Ayrrlb_‘lhe synthesis of I& seven isom&c methyl chk~ocun0un is nprfui. in most cases for the lirst tirm. 
uxf lb&r rpcanl CbrrrcfuistiEJ UC described and Wdii. Hypofhcsc3 arl! dvlnced fr2 erplain flu! abnmrl 

~pcfnl behrviour of some of them. The mars spectra show scrarnMing of hydro#cn/ckkxin and/or fbc chain 
arbonr, 85 veil ax low &it&y IO uadqo fk McLa!krfy rumngcmenf, in sane casts. A compkfc set of “C 
NMR pararracrs is presented. in&&$ s&fif,tirlwnf tilecfs for ail positions. which 1~c found to be txctplionafly 
co&rent wifbin the 5&S. cxcrpf fOr lhnt WkS. 

Tk UK of spcctros43pic cools for identification and 
quad ansfyses has become routine amongQ 
organic chemists, because of the avaikbihty or data on 
series of structurahy Maled compounds. usually for a 
given type of spectroscopy. Thus. a wealth of tabks for 
“substituent &Tests” have been published in the fields of 
UV, JR, ‘H NMR and “C NMR, whik mau-spec- 
trometric correlations are also usual. On the other hand, 
diiunctioual compounds are generally difhcult to fit in 
these substituent effect tabks, lhe additivity of recorded 
effects not being the common case. 

tn the present paper we wish to report our results on 
the IR. MS, ‘H NMR and ‘% NMR spectra of a whok 
series of difunctional compounds for which individual 
substituent effects have been corn&d. namely the seven 
isomeric methyf ~~r~~~es (Z.&i, 3.6, 7 and I, 
respectively), as well as the parent unsubstituted methyl 
octanoate, 1. 

Methyl octanostc f was ebbed by cstcriikation from corn- 
tuc&al acid. Methyt 2shkrooctanoate 2 was obbined by 
malook ester synthesis from l-bromohcx~~. followed by 
saponification to the d&i, chbrimttion by suffuryl chlaidc, 
&euiroxyi*Goa and csfcrilicrtion by diazomethm. 

Mcfhyt khfaroocum~ft 3 was prtpsrpd by Win@ reaction 
between hexanal and mcthoxycarbo+ylmethyknc~ 
triphcnylphorphorm. followed by addition of dry HCI across 
the double bond d rhc o&umriurrfed ester. 

Methyl 4-chlorooctrooalc 4 wu obfaincd throu& a rcqucnce 
rtaairk~ with ?-~~oxyc~y~~~~yi chloride (from stc- 
cink anhydride) and n-butykdmium. rrponifkmion of the 
result@ t*toester and reduction of the ketoacid by sodium 
tcuahydr&boae the lufonc n&r than Ibt hydroxywid 
beiq obtained up& acidic work up. Rin( openiog of I& ketone 
by HCI in ether-MeOH a&r&d 4. 

Methyl %&broocanoate 5 was simifarly prepared from C 
me&oxycarboayIbutsnoyt &bride (from dutaric anhydride) and 
r-propykadmium in the initbl sfcp of the rcquencc. 

Methyl &cbkroocwr0ltc 4 was prepared from Icthykycb 
hexrne {from rycbhcxmon mod EtM&Brt by a scpucncc in- 
~olvi* permmqansrc oxidation to thr ketoacid. crteri%ation, 
sodium fctrahydkirckrafc reduction IO the hydroxytofer and 
rcpfaccmcnt of the OH goup by means of thionyl chloride 10 

$lVC 4. 

Methyl ftbbrw~c 7 was best prcpuod by RF, 
catalyzed ocetyktion d cyckbcxrnoar 80 2-mykycldrxanont. 
fofbwed by &afine ring open@ (ntnAdo0 to tiw ketoecid. 
c5meri64oa. rcduclioa to fk hydroxycsn and tcpbW#at of 
the OH mup by means of tbionyl cbbridr u above. 

Methyl 8-chbrooctanoatc I wu prcpaad from cycbocuwnr 
by a sequence iavdving Tkeyer-Vi&i oxidation. r&g opmin( 
of tk rcsultiq lrfaiu to tbt bydroxyacr and repkemcnt d 
fhc primary OH voup by mrans of PC&. dvinf t. 

Products 1-I were pu&d by preparative & on t E m. 318 in. 
20% DEXS on Chromosorb W cdumn. at 130”. ovn a Perk&- 
Elmer F-21 insuumea~. 

tR spectra wcw nconkd ia CCi, soin fO. t mm path kqth) on 
a P&n-Elmer fafraxrd 720 instruaent. 

Proton NMR spctra were &t&d in CCL sdn on I Perk+ 
Elmer R-12 instrument. at 60 MHz aad with an internal reference 
of TMS. 

Mass xpcc?.ra wcrc rear&$ in a Hcwkrt-Prkard 5330X 
~pcCtrOm?tu, II Nlcv. 

Proton noise dccoupkd FF “C NMR spectra were record& at 
H~~ilks. in dcu~criochbrofarm Solution and with an iatcmal 
nference of TMS. on a Vtin fF7 20 in5frumcnf. I 20 MHz. 

tR rpecfm. Tabk t shows the l;R spectra of 
compounds l-8, together with rhe spectrum of octanoyi 
chloride. included for comparison. 

No condusions can be drawn from the smah intensity 
and frequency variations observed in the C-H stretching 
region. 

In the CO stretching r&on, the onfy notieeabk feature 
is the absence af a doubkt of bands in the spectrum of t. 
This doubkt is IO be expected in the solution spectra of 
a-baloestcrs, since ibe two possible rotational “isomers” 
of these compounds (the synperipknar and the sync&al 
rotamen) give rise to separate nbsorptions. eclipsing 
between the halogen atom and the CO oxy*n in the 
synperipknar conformer resulting in a shift of the band 
to upper frquencks, whik the synclinal rotamenrs show 
unmodi&d CO absorption bands. This effect is not 
obsmd, lmvtvcf. in compound f. and we must con- 
clude that the more polar synperiplanar rotamer Za is 
much kss populated than the synclinal rotamen 2h and 
Zr in the noa-polar solvent wed. carbon terrachloride. 

791 



T
aM

t 
I. 

T
?s

 IR
 s

pe
m

t o
f x

vm
l 

oc
tm

oy
l 

de
riv

rii
vt

s.
 

C
o
s
o
U
l
l
6
 

B
a
n
&
 

(
c
m
S
1
)
,
 
i
n
t
e
m
i
t
r
'
 

29
?5

S
h

 

29
80

sh
 

2
9
8
O
s
h
 

2
9
7
5
s
h
 

2
9
7
5
b
 

2
9
e
o
b
 

2
9
&
h
 

2
9
8
&
h
 

2
9
&
&
h
 

29
5o

b 

29
50

1,
 

29
5o

b 

29
50

b 

29
M

sh
 

29
53

sh
 

29
60

b 

;9
55

b 

29
55

b 

28
70

s~
 

28
75

sp
 

28
75

sp
 

28
8o

sp
 

28
85

S
P

 

28
9Q

sp
 

28
85

sp
 

28
ao

sp
 

28
75

s~
 

18
00

5 

17
40

s 

17
40

5 

17
40

s 

17
4O

S
 

17
40

3 

17
40

s 

17
40

5 

17
40

s 

1
4
6
O
s
h
 

14
65

s~
 

14
60

6 

14
6o

b 

14
6a

b 

W
&

h
 

14
60

sh
 

14
6O

sp
 

14
-h

 

14
6o

w
 

-_
 

14
4o

sp
 

14
4o

sp
 

14
4&

p 

IU
O

sp
 

1u
or

p 

14
4o

sp
 

14
4o

S
p 

14
4o

S
p 

14
O

S
sp

 

14
lS

sh
 

_.
 

14
15

sh
 

14
15

sh
 

14
15

sh
 

14
15

sh
 

14
15

sh
 

14
15

sh
 

13
8O

SP
 

13
8O

S
h

 

13
8O

sh
 

1-
h

 

13
8O

sh
 

13
8O

sh
 

13
8O

sh
 

13
aO

sp
 

- 

1
3
4
%

 

1
3
6
O
b
 

13
6O

b 

1M
S

b 

13
65

b 

13
6S

sp
 

13
6O

=
b 

13
60

b 

- 

11
6O

sp
 

1 M
&

p 

11
6O

sp
 

11
6o

sp
 

11
6O

sp
 

11
60

b 

ll
6O

b 

11
60

s~
 

A
s
s
i
g
m
e
n
t
 

N
o
t
e
 
b
 

N
o
t
e
 
b
 

n
o
t
e
 
b
 

N
o
t
e
 
c
 

N
o
t
e
 
6
 

n
o
t
e
 t

 
N

ot
e 

f 
N

ot
e 

g 
- 

W
e 

h
 

‘C
-h

it
rb

yl
u

ym
m

ct
ri

c 
b
c
n
d
i
a
(
l
d
s
c
i
r
s
o
r
i
n
(
o
f
m
c
t
b
y
k
r
m
.
 

‘W
kt

by
l 

sy
m

m
et

ri
c b

en
d&

 
(R

d.
 

2)
. 

‘C
&

co
- 

sc
i5

so
fi

n
g 

(R
ef

. 
3)

. 
T

-M
tt

by
l 

sy
m

iw
u

ic
 

be
ad

&
 

‘C
-o

 
st

r&
li

t&
 

_~
 

--
--

. 
- 

_-
--

._
- 

- 
_ 



2c 

in Ihe i&XI cm-’ region three main bands arc observed 
snd can be easily iusigncd. At tS60cm-’ the C-Me 
asymmetric bending and the wthykne scissorin PTC: 
shown in ail cases. This band appe&rs as a broad, weak 
or poorly defined absorption in all the isomers except 6, 
in which it appears as a sharp band With tbc SIlllt 

intensity titan the 144Ocm-’ abunption. fatC5CStinglYs 

the Same effect is found in the case of o&t1 bsubstituted 
methyl octanoatcs.t such as the 6-bromo- and the 6 
t~~~-~*su~~ny~x~ derivatives. Assuming the pit- 
ferred co~o~a~n for these compuunds to k 4e 0% 
2}, we tcntativtly assign this eftcct to an incw in the 
extinction coci%cient of the terminal methyl ruymwti 
bending mode due to the bulkness curdlot pdarity of the 
bsubstitucnt. 

(R - -ccti2~-ca2cn,l 

The band at 144Ocm”. not present in OcuvIoyl 
chkxidc, is due to the O-CH, symmetric bending mode 
in all methyl esters.’ 

The ba8d at I4Scm ‘, shown as a shot&&r in ail 
cases except compound 2, is due (*, the scissoring of the 
mcthyknc protons u to the CO group.’ 

The terminal C-MC tymmetiut bending absorption is 
3hown as a shoulder at 1380 cm-’ in cornpout& I-4, and 

is &Sent, of course, in 8. In 7. however. this absorption 
appears as a sharp, ckanly defined band. because the 
presence of the wn on the C atom bearing the He 
group promotes ekctrical andfor steric changes on the 
polar&b&y of the kttcr.S 

As rxpcctcd, the stron#!st of the c-0 stretching at>- 
sorption bands due to tk ester grouping appears in all 
cases at 1160 cm-‘, irrcspcctive of the presence or pusi- 
tion of the hsiogen.” 

The C-Cl stretching and the CHI rockir~ absorptionr 
could not be observed under I!K recording conditions 
used* 

?%ron NhfR The 6OMHr ‘H NMR spectra of 
compounds 1-8 are given in Tabk 2. We shaR brieBy 
comment on the more prominent features. 

The sin&t of &c Me0 group appears in all cases 
near 3.6 8. except in the case of 2, when a small 

UspuMbhed ftsufrs fram our t8bormlory (&Urfemi. 
tWc have found the itme effect in &c IR spcctnrm d methyl 

‘I-bnnna~~tanoatc. which also shows I ckdy &f&d r&rp 
bd &:f lU#cm“ 

i 
I- 
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downkId shift due to the el~~~-wi~~wi~ halogen 
atom is apparent, lk signal appearing at 3.7 8. 

The agreement between observed and calculated 
ekmical shifts for tk mcthine protons in all isomers is 
poor, as shown in Tahk 3. except in the case of 2. More 

T&k 3. T%K &m&l shift of protons auached to chlorine- 
bring carbons in methyl chloraoctmnoates 

%wl 

obscrred cr1cut.tcdb 

t 4.1 b.2 

? 4.23 3.1 

4.7 3.9 3.5 -_ 

s_ 3.5 3.25 

‘Hi&at point in compkx buds. 
*Mod&cd Shookry ruks. wuming a value of -0.2 ppm for 

1& fi enect of Ibe lnctboxyca&oayl group. 

striking. however, is tk position of this proton in 
compound 3. The modified Sbookry rules predict this 
proton in 3 to appear upJMf from the corresponding 
proton in 2. while its observed position lies dowrtfiefd. 
This fact can k explained by vsuming that tk more 
populated conformers of 3, namely 3a and 3b (Fig. 3). 
force tk mcthine proton inlo tk dtshklding zone of tk 
anisotropy cone of tk ester CO group. 

Fii. 3. 

Mm sprcm. The 70eV ma3s spectra of compounds 
Id are given in Tahk 4. As expected, tk spectra of tk 
cbloroesters are quite different from that of tk parent 
compound, although the McLafferty rearrangement 
furnisks the base peak in most cases. 

The spectrum of 1 ilh~stratcs the fragmentation 
patterns to be expected in a ~i~ng chain 
carhoxyiic acid ester, i.e. two a-fission processes giving 
rise to peaks at in/c 129 and 59. the &fission or 
McLaffcrty rearrangement (mfr 74, hasc peak), and tk 
y-fission producing a peak at m/c 87 very characteristic 
of aliphatic methyl esters. We can also point out the 
presence of a very intense peak at m/t 88, undoubtedly 
corresponding to tk ionized form of methyl propanoate. 
although this peak is not present in tk spectra of other 
methyl n-alkanoatcs. Other peaks are found at M- 
C.Ht.r,. corresponding to the loss of alkyl groups 
which are known IO contain tk C atoms occupying tbc 
positions u, 8, y, . ., etc. with respect to the CO group’ 

+UnpuMirhcd rtsult~ from our loborrkxy ~Bellotma~. 

Ng~ther with a H atom from elsewkre in the mok- 
cule‘l ratkr than tk terminal C atoms of the pliphatic 
chain. 

The spectra of our cbtorocsters are quite distinct from 
tk spectrum of tk parent compound. although some 
characteristic fragmentations are retained. Thus, one a- 
fission process gives rise in 2-8 lo tJte peak a; n& 59, 
ICOXCH~‘. very intense in 3 and S. whik tk other 
a-fission process. loss of OMc. gives rise to the CL 
containing acyt cations at mlc 161-163 shown by UI. In 
tk case of 2 this peaks are not present because the 
electron withdrawing halogen atom in tk ax&on 
would destabilize tk acyl cation. 

The McLafferty rearrangement gives a very intense 
peak in ail cases, compound 2 giving mtr lOS_t 10 rather 
than 74 due to tk presence of cblorinc in the resuttin~ 
ion-radical. The peak due IO this process is tk base peak 
except in tk cases of 3 and 5. 

Tk y-fission process wbicb gives rise to the peak at 
m/c 87, tCHICH#IO$IH$. in most methyl es~crs, is 
also present in all our isomers, and is very intense in 3 
and S. although scramMing of H and Cl atoms, similar to 
what happens ktwccn protium and deuce&m’ (or, 
alternatively, scramhling of the chain carbons’) must he 
operative in the formation of this fragment, since this 8f 
peak is shown even by 2 and 3. Simpk y-cleavage would 
giVC in tksc two compounds a fragment, 
ICIHXICOICHd’, m/r IZI-123. not shown by 3; peaks 
at 121-123 arc found in tk spectrum of 2, and after 
allowing for tk contribution of peak 122-123. the in- 
tensity ratio 121-123 ckarly demonstrates that tky arc 
originated by this simple y-cleavage process. 

A peak at m/e 88. ICH,CH&O+IH$. is present Only in 
tk spectrum of 5, and tk corresponding chlorine- 
containing fragment. ~2HICICOICH#. mlc 122-124. is 
shown by 2. In this case, however, part of the peak at 
m/c 124 must come from a different origin (see below). 
since it accounts for more than one third of tk intensity 
ofthe 122peak. 

Peaks at MCIHz,,, arc &own only by 2. which gives 
medium-intensity peaks at m/c 163-M and 121-123. 
corresponding to tk losses of GH,‘ and C$H,,‘. 
respectively. The relatively important loss of Et radical 
is also shown by methyl 2.hromooctanoalc,t and this 
seems to indicate a great stability of the resulting cation. 
Indeed, the mass spectrum of mctbyt t-hromokxanoatc 
ckarly contains the SpEM pcak,t corresponding to UK 
relatively unusual loss of a H atom from tk mokcular ion. 
Since this feature is not particularly important in the 
spectrum of 1, and is absent in 3d, tk presence and 
position of tk halogen must be decisive in tk formation 
of this fragment. 

Loss of HCI and subsequent (or simultaneous) loss of 
OMe from the molecular ion of 2-8 would give the 
unsaturated acyl cations, (C,H,,Cq’. m/t 125, sbown by 
most of our cblorocsters. More important, however, is 
tk loss of &OH from tk unsaturated esters (or HCt 
and McOH from tk cblorocstcrs), which gives the 124 
peak, very intense in 3 and S. 

Loss of a Cl atom from tk mokcular ion is appreci- 
able only in 2 and 3, giving a peak at m/r 157 wbicb, in 
the case of the latter. is even more intense than tk peak 
from the h&Lafferty rearrangement, as previously found 
for other methyl Ecblorooctanoates. 

Finally. tk mokcular ion is no1 shown by any of tk 
chbrocsters, as opposed to tk parent unsubstitutcd 
compound 1. This clearly shows that tk presence of tk 
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halogen atom opens a range of possibk fronds in 
2-g. 

As seen, the compounds in which the McLafTerty 
rearrangement does not give the base perk, namely 3 and 
5. give rise to many other fragments, and particuhuiy 
have their base peak at m/e S5 (C&‘, unsaturated). 
Why the McLafferty reanangement is so scarce in these 
two compounds is not apparent. In the case of some 
other 3chloroesters” the low feasibihty of the 
McLatTerty rearrangement has been explained in terms 
of a two-step mechanism* (~hy~~n transfer first, 
followed by CrC, bond breaking) by acepting thrt, after 
the hydrogen transfer. the presence of a Cl atom at the 
neighbour 3.position prevents G-CJ bond breaking,by 
allowing other easier fr~n~t~ patterns, pa&cukrly 
loss of the halogen. This, of course, is observed in the 
case of 3, where MCI (m/r IS?) is very intense. A 
similar argsiment can be invohed in the case of J, where 
the Cl atom atso &u&s the y-position from which 
hydrogen is transferred. However, in this case loss of Cl 
must not be the main t~n~~~ since there is no 
peak at In/I 157. 

“C NhfR. Tlte assigned proton-noise decoupkd FT “C 
NMR spectra, at 20 MHz of compounds 1-g are given in 
Tabk 5. Assignments have been made accordmg tQ the 

present, the inductive effect of the halogen atom 
destabiiixing the singly-bonded, dipolar term. A negative 
7 effect (-3.1 ppm) is also found on the CO carbon’ for 
compound 3, part of which can be amibuted to the same 
CpUst. 

As seen in Tabk 6. substituent effects are exception- 
ally coherent within the series. except in &roe cases 
(doubly underlined vahres), so the normal etTects will not 
be discussed further. 

When compound 2 is considered as a Cl-substituted 
carboxyhc acid ester. an ably low vahte is 
obtained for the Q dkct of Cl on C2, namely 23.9ppm 
(Tabk 6). some 1t)ppm lower than the other a effects 
recorded within the series. Tbus, the deshklding ability 
of Cl appears to be much smalkr when adjacent to the 
CO carbon of the ester group. Compound 2, however, 
can r&o be considered as a ~~xy~nyl-~~ti~t~ 
chkroalhane. Substracting from the observed chemical 
shift of Cx in 2 (S7.2ppm) the chemical shift ot C, in 
lcMoroheptane (recorded in the literature.” 45.3ppm) 
yields the substituent effect tot the me~xy~nyl 
group, 1 I .9 ppm, which must be compared with the mean 
effect computed by Stothers’ for this group, 29.2 ppm.t 
As seen, the deshiihling ability of tbc methoxycarbonyt 
group is now anally low when attached to 8 Cl- 

Tabk 5. The proton-noise dccoupkd IT “C NMR sptcwn d tnttbyl cbbroocwtts 

1 14.2 22.9 32.1 29.3 29.3 25.3 34.2 173.7 51.2 

2_ 14.0 22.6 31.6 28.6 26.0 35.0 57.2 170.4 52.8 

1 13.9 22.5 31.2 26.0 38.1 51.9 43.5 170.6 51.9 

r 13.9 22.2 28.6 38.3 63.0 33,4 31.0 1?3.3 51.6 

I 13.6 19.8 40.7 62.9 37-9 22.1 33.5 173-6 51.4 

6 10.9 31.5 65.4 37.7 26.f 24.5 33.9 174.0 Jt.5 _. 

I 23.4 58.4 40.2 26.4 28.7 24.8 33.9 173.8 51<3 

e 45.0 32.6 26.7 28.6 29.0 24.8 34.t lT4.1 51.4 

values given by Stothers for substituted &ancs.* 
Experimental substituent effects for Cl on tbe sp’ 
carbons of compounds 2-g are given in Tabk 6, in which 
doubly undertined values correspond to abnormal effects 
(more than 19% deviation nlativc to the mean vahre). 
Mean substituent effects for Cl on sp’ carbons are given 
in fabk 7. together with corresponding values reported 
by Stothers. 

From Tabk 5 a negative ~3 efftct can be deduced over 
C1 for compound 2 (-3.3ppmL similar to the known 
effect (-3Appm) on the CO carbon of acetone upon C1 
monosubstitution.‘” This effect Ur&Ubtedly arises from 
the enhanced contribution of the I canonical form in the 
description of the CO group when an f3 Ct atom is 

Wtudtd u tbt d&rtnct between the chemti shifts d Cr ia 
metbyl hexanout and ~trar d C, in pentmae. 

t#oa-ddiiviry of Wbuirucat decu is aho tite rule. even It 
bqer diuraca, in the cut of dintas.” 

bearing carbon, aad this can be linked with the kw 
contribution of the singfy-bonded, dipokr form of the 
CO group in 2-haloesters referred to above. Possibly 
neither approach (low effect for only ooe of the substi- 
tuents) is correct, the real situation arising from 
dimiihed 0 effects ot both substituents, in other 
words, ~-~itiv~ty of tbe effects when the subs& 
tuents are too near.? 

The abmfmel value of the y effect in tbe case ot 8 is 
indicative of a more negative y effect for “primary” than 
for “secondary’” chkrine. A simiiw case has ken p&I- 
ted out for other substituents.” 

The high value of the #3 effect (on Gf in 7 is dimcult to 
account for, and it might be r&ted to the irrcrrrUe in the 
extinction coefhcient of the symmeuic bendii mode of 
the Me group in the IR spectrum tlU#)cm-’ band) 

‘referred to above. Both, “C chemical shifts and CX- 

tin&on coetWents in IR are dependent on ekctric 
charge and steric factors. However, we cannot furnish a 
precise relatioashi between both facts. 
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