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T H E  M A S S  S P E C T R A  O F  A L K Y L  

2 - D I E T H Y L P H O S P H O N O A L K A N  O A T E S  

DAVID G. CHASIN* and EDWARD G. PERKINS t 
The Burnsides Research Laboratory, University o f  Illinois, Urbana, lllino& 61801 

The mass spectra of five alkyl 2-diethylphosphonoalkanoates 
[(EtO)2P(O) CH(CH2 R)--CO2R', where R ' - -CHa or C2H~, and R- -H,  n-CTH15, 
n-CllH23, and (CH2)~-CO2CH3] were investigated. A unique, prominent fragment 
[M R] + is proposed to result from fission of the bond y-to both the carboxylic ester and 
the phosphonate ester. Loss of a C2H3' radical from the McLafferty rearrangement 
fragment ion 

OH OH 
I - c 2 . 3 .  J 

[(EtO)2P(O) CH C O- -R ' ]+ - - - - - - - - - - -~ IC2H50  P(OH)2 CH--C O R'] + 

was an important secondary fragmentation process, although loss of this radical from 
the molecular ion itself was not a very significant process. The NMR spectra of these 
compounds are discussed. 

Introduction 

Al though  series o f  a variety o f  organic  phosphorus  compounds  including 

alkyl  and aryl phosphines  l, 2), phosphites3) ,  phosphates4,5 ,  6) and  several 

phosphonic  acid derivatives 7-11) have recently been investigated,  a s tudy of  

the mass spectra  o f  a par t ia l  homologous  series of  methyl  and /o r  ethyl 

2 -d ie thy lphosphonoa lkanoa tes  (CH 3 C H 2 - - O ) 2 - - P ( O )  C H - - C O 2 R ' h a s  
I 

C H 2 - - R  
not  been described.  I t  was o f  interest  to examine (a) the relative preference 

for cleavage of  a bond  to a phosphona te  ester versus a carboxyl ic  ester, (b) 

McLaffer ty  rear rangement  processes concerning t ransfer  o f  ~,-hydrogen 

a toms  (when available,  depending on R) to either or bo th  the C =  O and /o r  

P =  O oxygen atoms,  and (c) preference for cleavage ~, fl, or  7-to these two 

functionali t ies.  

Tr ia lkyl  phospha tes  4 6) such as tr iethyl  phospha te  show a rear rangement -  

f ragmenta t ion  sequence ana logous  to that  observed with alkyl phosphi tes  and  

alkyl phosphona tes .  The first step is e l iminat ion  of  one alkyl subst i tuent  

* Abstracted in part from the dissertation submitted to the University of Illinois 
Graduate College, September, 1969 in partial fulfillment of the requirements for the 
Ph. D. degree. 
* Author to whom inquiries should be addressed. 
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with back-transfer of two hydrogen atoms: 

- e -  O H  + 

O P ( - - O - - C 2 H s )  3 --~ H O - -  - - O - - C 2 H  5 ; 
-CEH3. P CzH 5 

this process yields the base peak in this compound. Consecutive eliminations 
of two ethylene molecules then follow from this primary fragmentation ion 
to give significant secondary and tertiary fragmentation ions. The importance 
of these fragmentation modes in alkyl 2-phosphonoalkanoates was studied. 

E x p e r i m e n t a l  

Mass spectra were determined with a Perkin Elmer Hitachi RM U 6E single 
focusing mass spectrometer coupled with a gas chromatographic inlet system. 
The helium separator was maintained at 300°C as was the ion source and 
the heated transfer line from the GLC. The ionizing current was 55 /~a. 
Spectra were recorded in 4-10 seconds to role 450 or 600, according to the 
compound analyzed, at the apex of the GLC peak (1-50/~g of material) as 
determined by the continuous record produced by the total ion monitor. 
The Varian Aerograph Series 1200 gas chromatograph employed a 4 ft × ~ in. 
stainless steel column packed with 3~  SE-30 coated on 60-80 mesh acid- 
washed Chromosorb W, with a flow rate of helium of 25 ml/min. Approx- 
imately 80-85~o of the GLC effluent was diverted to the mass spectrometer. 
Elution of individual compounds was achieved by programming the column 
temperature from t 50 ° to 250°C or from 200°C to 340°C at 10°/rain depend- 
ing upon the compound analyzed. Injector temperature was at 300°C, and 
detector at 350°C. N M R  spectra were obtained on a Varian Associates 
Model A 60 instrument. Samples of 50-100 mg were run in DCCI 3 with 
TMS added as an internal reference. Melting and boiling points were un- 
corrected. Microanalyses were performed by the Clark Microanalytical La- 
boratories, Urbana, Illinois. Barber Colman Model 10 and Beckman GC-5  
gas chromatographs were employed for analytical work. Both instruments 
were equipped with programmable column baths and flame ionization detec- 
tors. 

Triethyl 2-phosphonotetradecanoate (I1) was prepared by the Michaelis- 
Arbuzov reaction between triethyl phosphite and ethyl 2-bromotetradecanoate 
according to the procedure of Wolinsky and Erickson18). Fractional distillation 

20° 1.4495. IR showed afforded 55% yield of  product bp 205-210 °C/2.0 mm ; no 
1 7 4 0 c m - l ( e s t e r C ~ O ) ,  1265cm - I ( P  O) ,and  1163cm - I ( P - O - C 2 H S ) .  
P N M R  showed z5.84 [-complicated resonance for 6 H from a quartet for 
2 H o f - - C O 2 C H 2 - - C H 3  overlapping a doublet of quartets (JpH2~_8 
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1 2 

cps and J.z~l=7.0 cps, respectively) for 4 H of (CI-[3--C _H2--O--)2-- 
P(O)--], 7. l I ~triplet of doublets JH3H4 = 7.0 cps and JPn3 = 21.6 cps, respect- 
ively, for l methinyl H a-to both the carboxylic ester and the phosphonate 

ester P(O)--CH--CHz--  ), 8.14 (m, 2, P(O)--CH--CO/Et) ,  8.77 It, 6, 

Oq2 
I 

(CH 3 CH2--O--)2P(O)--; and t, 3, CO2CH2CH3], 8.73 Is, 20, 
--(CH2)1o ], and 9.13 (t, 3, --CH3). Mass, highest, 392=M +" 347= 
[M-45] +. 

Anal. Calcd. for C20H4tOsP: C, 61.20~o; H, I0.53~o; P, 7.90~. Found: 
C, 61.27~; H, 10.42~; P, 7.82~. 

Triethyl 2-phosphonopropionate (I). 85~ yield based on ethyl 2-bromo- 
propionate; bp 142-144°C/8.5 mm; n~ °° 1.4312. IR showed 1737 cm -1 
(ester C=O) ,  1260 cm -1 (P=O), and 1165 cm -1 (P--O--C2Hs). Mass, 
highest, 238 = M +. 

Anal. Calcd. for C9H1905P: C, 45.38~" H, 8.04~; P, 13.00~/o. Found C, 
45.43~ ; H, 7.98~o ; P, 13.19~. 

Methyl 2-diethylphosphonodecanoate (IV) was prepared by the Michaelis- 
Arbuzov reaction between triethyl phosphite and methyl 2-bromodecanoate 
[prepared by c~-bromination of decanoyl chloride with bromine in thionyl 
chloride according to the procedure of Schwenk and Papal9)]. 70.5~ yield 

2°° 1.4421 Mass, highest 322=M +. of product bp 195-196°C/7.5 mm; nD 
Anal. Calcd. for CIsH31OsP: C, 55.89~; H, 9.70~" P, 9.69~. Found: C, 

55.81~o; H, 9.52~; P, 9.68~o. 
Dimethyl 2-diethylphosphonononane-l,9-dioate (11") was prepared by reac- 

tion between triethyl phosphite and dimethyl 2-bromononane-l,9-dioate 
[prepared by c~-bromination of 8-carbethoxyotanoyl chloride with bromine 
in thionyl chloride19)]. 72~o yield of product bp 200-203°C/1.5 mm; n2D °° 
1.4491. PNMR showed r 5.86 [complicated resonance for 4 H from 

1 2 

(CH3CH2--O--)2--P(O)--consisting of a quintet with the three innermost 
components further split JH:H,=7.0 cps and Jp.~-~8 cpsla)], r 6.26 Is, 3, 
(EtO)zP(O)--CH--COzCH3], 6.35 (s, 3, --(CH2)6--CO2CHa), 7.07 (triplet 

I 

of doublet J,~,4=7.0 cps and JPH~ =22.6 cps, respectively, for 1 methinyl H 

) 3 4 
c~-to both the carboxylic and the phosphonate ester P(O)--CH--CH2--) .  

[ 

Mass, highest, 352= M ÷. 
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Anal. Calcd. for ClsH29OvP: C, 51.13~o; H, 8.29~o; P, 8.79,%. Found: C, 
51.32~o; H, 8.27~o; P, 8.69~. 

Resu l t s  and d i scuss ion  

The integrated PNMR spectra of the four trialkyl 2-phosphonoalkanoates 
(compounds I, 11, IV, and V in Table 1) 

O O 

i N 3 II 
[ C  H 3 - -  C H 2 - -  O - - ) 2  P - -  C a - -  C - -  O - -  R ' ] ,  w h i c h  w e r e  prepared a s  i n t e r -  

L 
C H  2 

I 
CH2 

R 
mediates for subsequent carbonyl olefination reactions showed two distinc- 
tive and characteristic resonances owing to long-range 31p--IH spin-spin 
couplings. A complicated resonance, centered at Z- (range for~-~V) 5.84--5.86, 
consisted of a quintet with the three innermost components further split and 
was assigned to the 4 methylene protons of the diethyl phosphonate ester 

O 

1 2 11 
(CH3--CHz--O--)z--P-- .  This resonance, actually a doublet of quartets 1,)) 
with J .2 . ,=7 .0  cps and Jpn~_8 cps, respectively, was found to be present 
identically in each of I-IV. The JP.2 value is to be compared with that of 
8.3 cps accurately measured for the P - -O- -CH 2 couplings in bis-(diethoxy- 
phosphonyl)-methane 13). A second resonance, centered at Z'(rang e for J-iv) 6-97- 
7.11, consisted of a doublet of a multiplet and was assigned to the methinyl 
proton a-to both the carboxylic ester and the phosphonate ester 

O 
3 ]L 

P(O)- -CH--C--O--R ' .  The constants of the doublets coupling Jp.~ 
I 

C H z - - R  
4 

(range for I-IV) 21.5-22.6 cps, are to be compared with that of 23.0 cps 
\ 

reported for the P(O)--CH/--  couplings in diethoxyphosphonylacetylme- 
/ 

thane13). The multiplets were triplets with J.~H,=7.0cps in compounds 
II-IV [R --(CHz)x--] and a quartet with J.~H,=7.5 cps in compound I 



T
A

B
L

E
 

1 

N
or

m
al

iz
ed

 i
nt

en
si

tie
s 

of
 k

ey
 f

ra
gm

en
ts

 i
n 

th
e 

m
as

s 
sp

ec
tr

a 
of

 t
ri

al
ky

l 
2-

ph
os

ph
on

oa
lk

an
oa

te
s 

R
 

, 
C

H
z 

C
H

 H
/B

1
 

\E
 

D
*~

 

O
 

O
 

I 
I 

c/
 

C
,2

H
~ 

C
2H

a 

-t
 

t-
 

O
 

C
m

pd
. 

II 
N

o.
 

(C
2H

5 
O

 
)2

P
--

C
H

 
C

02
R

" 
F

ra
gm

en
t:

 m
/e

 
R

el
at

iv
e 

in
te

ns
ity

 ~
Jo 

/ 
I 

/ 
C

H
2R

 

M
et

as
ta

bl
es

 m
*o

us
. 

(F
_~

[F
 

C
2H

a'
] +

) 
"0

 
Z

: 

R
 

R
' 

A
**

 
B

 
C

**
* 

D
 

E
 

F 
G

 
H

 

13
7/

90
 

23
8/

16
 

I 
H

 
- 

C
eH

.~
 

2
3

8
/1

6
 

1
9

3
/9

7
 

2
1

1
/2

 
13

8/
57

 
1

0
2

/5
8

 
22

3/
0 

G
 -

- 
A

 
16

5/
10

0 
11

 
(C

H
2)

Io
--

C
H

~ 
--

C
el

ls
 

3
9

2
/1

 
3

4
7

/1
5

 
3

6
5

/0
 

13
8/

11
 

2
5

5
/3

 
2

2
4

/1
0

0
 

2
3

7
/5

7
 

31
9/

13
 

II
1 

--
(C

H
2)

(I
 C

H
a 

--
C

2
H

,~
 3

3
6

/2
 

2
9

1
/1

8
 

30
9/

2 
13

8/
45

 
1

9
9

/1
1

 
2

2
4

/1
0

0
 

2
3

7
/7

7
 

26
3/

56
 

IV
 

(C
H

z)
~

 C
H

:~
 

-C
H

:~
 

3
2

2
/0

.5
 

2
9

1
/1

0
 

29
5/

1 
13

8/
25

 
18

5/
4 

2
1

0
/1

0
0

 
2

2
3

/7
2

 
26

3/
17

 
V

 
(C

H
2

)~
 C

O
2C

H
:~

 -
-C

H
a 

3
5

2
/7

 
3

2
1

/4
4

 
3

2
5

/0
.5

 
1

3
8

/4
7

 
2

1
5

/1
1

 
2

1
0

/1
0

0
 

2
2

3
/9

8
 

29
3/

21
 

7~
 

Z O
 

17
3.

4 
(2

24
--

>
 19

7)
 

17
3.

4 
(2

24
-+

 1
97

) 
15

9.
5 

(2
10

-+
18

3)
 

15
9.

5 
(2

10
-+

18
3)

 

• ~ 
W

ith
 a

dd
iti

on
 o

f 
pr

ot
on

; 
**

A
 =

 [
M

]~
; 

**
*C

=
 [

M
--

C
2H

3"
] +

. 



316 DAVID G. CHASIN AND EDWARD G. PERKINS 

(R=H) .  In all cases, the observed chemical shifts, peak multiplicities, coup- 
ling constants, and integrated intensities were consistent with the postulated 
structures. 

The mass spectra of the five trialkyl 2-phosphonoalkanoates studied ate 
given in Figures l, 2, 3a and 3b and 4. Figure 5 illustrates schematically the 
key fragmentations of methyl 2-diethylphosphonodecanoate (IV) and triethyl 
2-phosphonodecanoate (Ill, the ethyl ester of compound IV). The normalized 
intensities of the key fragments in the mass spectra of I, |I, III, IV, and V are 
listed in Table 1. The molecular ion, fragment A, was of quite low (0.5 2%) 
intensity in the three compounds having long, normal alkyl branches 
(R=(CH2)6 or10 CH3) but of somewhat greater intensity in the compounds 
having a very short branch (R-- H, A = 16~o) and having an ~o-carbomethoxy 
substituted branch [R -(CH2)5--CO2CH3], A=7%. Similarly, fragment 
B, the [M-alkoxy] + ion, was of moderately low (10-18%) intensity in the 
three compounds having the long alkyl branches and of rather higher 
intensity in the R = H (97~) and R =  (CH2)5--COzCH3 (44%) compounds. 
Fragment C, due to elimination of" one ethyl substituent from the phospho- 
nate ester with "back-transfer" of two hydrogen atoms and a net elimination 

w 
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a 
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. I h  , 
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M-73] Mass Spectrum of 
165 193 Triethyl 2 - Phosphonopropionote 

13~ 'i , o 
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~5~' CH3 

i 
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0)2 - I~- CH- CH 3 

OH 

C2H5 - O- ~)- CH- C02C2H 5 

III / OH CH 3 
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h, M 
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of a CzH 3" radical from the molecular ion 4,5,7),was a very weak intensity 
(0 2~)  fragment ion in all the spectra. Fragment 

O 
LI 

D=[(C2HsO-- )2P  - + H I + =  138, due to fission of the bond to the phos- 
phonate ester and transfer of a hydrogen atom z4), was a weak-to-moderate 
intensity (t 1-57~) ion in the spectra. The fragment 

O 

11 
m/e 137= [ ( C z H s O - - ) z P - -  ] + was of 90~o relative intensity in triethyl 2-phos- 
phonopropionate, the compound with R = H .  In this latter compound the 
lack of y-hydrogen atoms available for transfer to the phosphonate moiety 12) 
was expected to limit the resulting fragment ion to the 137 ion radical 
exclusively; nevertheless, the 138 ion was present at 57~o relative intensity. 
Furthermore, in all but this "short branched" (R= H) compound, a frag- 
ment ion of m/e 139, which was attributed to fission of the bond to the 
phosphonate ester and transfer of two hydrogen atoms giving 

OH 

[ (C2H50-- )2P--H]  +, was also present in moderate intensity (12-69~o). 
Fragment E, also resulting from fission of the bond to the phosphonate ester, 
was a weak intensity ion (3-11~o) except in the case of the "short branched" 
(R=H) member which was a relatively abundant 58~o. 

O OH 

Fragment F = [ ( C z H s O - - ) z P - - C H - - C - - O - -  R'] +, resulting from fission 
of the bond /?-to both the carboxylic ester and the phosphonate ester with 
concomitant transfer of a y-hydrogen atom from the alkyl chain, i.e. 
McLafferty rearrangement15), was the base peak in all members of the 
series except the "short (methyl) branch" (R H) member where F was O~o. 
This exception was not considered to be an anomaly, however, since cleavage 
of a bond to a methyl substituted tertiary carbon atom and loss of methyl 
radical is known not be to a favored process 16) and lack of y-hydrogen 
atoms precluded the occurrence of a McLafferty rearrangement. 

A unique, prominent fragment ion, fragment G, is proposed to result 
from fission of the bond y-to both the carboxylic ester and the phosphonate 
ester. The relative intensity of this fragment ranged from 57-98~ in all but 
the "short (methyl) branch" (R= H) member of the series. Formation of 
fragment G from this latter compound ( R = H )  would involve loss of a lone, 
primary hydrogen atom from the methyl group, an unfavored fragmentation. 
The structure postulated for fragment G was advanced after comparison of 
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the fragmentation patterns of methyl 2-diethylphosphonodecanoate (I 1 I) and 
triethyl 2-phosphonodecanoate (Ill "ethyl"). Figure 5 illustrates the forma- 
tion of fragment G, m/e 223 and 237, respectively, from these compounds, 
That the transesterification reaction employed for the preparation of the 
ethyl ester merely converted Ill to Ill "ethyl" without other structural 
alterations is attested to by a comparison of the key fragment ions (as well as 
the total mass spectra of the two esters) in the spectra (cf. figs. 3a and 3b) of 
these compounds. Fragments B, D, and H, which do not contain the carbo- 
xylic ester alkoxy group, have identical m/e's. Fragments A, C, E, F, and G, 
however, which contain the carboxylic ester alkoxy group, differ by the 
expected 14 mass units increase in going from a methyl to an ethyl carboxylic 
ester. The increase from 210 to 224 in fragment F and from 223 to 237 in 
fragment G confirmed the presence of the carboxylic ester functionality in 
these fragment ions. The presence of these latter two fragment (G) ions in the 
spectra of dimethyl 2-diethylphosphonononane-I, 9-dioate (cf. fig. 4) and 
triethyl 2-phoshonotetradecanote (cf. fig. 2), respectively, also added support 
to the formation and structure of fragment G by fission of the bond ,,,-to 
both the phosphonate and the carboxylic ester with loss of an "aliphatic" 
radical [ R ' ] : G = [ M  R'] + where R- - - - (CHz)5- -COzCH 3 and 
- (CHz) lo - -CH3 ,  respectively. 

Fragment H, resulting from fission of the bond to the carboxylic ester and 

O 

loss of the carbalkoxy radical [ M - C - - O - - R ' ]  + t7), was a moderately in- 
tense (13-56~,,) fragment in all members of the series except the "short 
(methyl)branch" (R= H) compound, where it was the base peak. 

An additional prominent and distinguishing peak in the spectra of all but the 
"short (R = H) branch" compound resulted from a secondary fragmentation 
process. This fragment ion, m/e 183 and 

OH 

I 
1 9 7  = [ C z H 5 0 - - P ( O H ) z - - C H = C - - O - -  R'] + (cf. fig. 5), resulted from elimi- 
nation of one ethyl substituent from the phosphonate ester moiety of frag- 
ment F with "back-transfer" of two hydrogen atoms and a net elimination of 
a CzH 3" radical4, 5,v) from the fragment F : [ F - C E H 3 " ]  +. The relative in- 
tensity of this fragment ion ranged from 16-82% (mean average 48.7%). 
Metastable peaks observed for this secondary fragmentation process 
( F + ~  I F - C 2  H3'] + are tabulated in table 1. Both these metastables and the 
fragments [ F - C z H 3 " ]  + were necessary for the structure assignment of 
fragment F. 
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