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Abscrwt- The mass spectra of a variety of propiolate. aatykncdicarboxylate, maleate. Rnnarate 
and cyanoaatatc aters have been measured. The formation of ions via the elimination of carbon 
dioxide (with or without the associated loss of other groups) is quite common in these esters. The 
prevalence of such fragmentation proccmcs. which are of obvious impom with respect to the 
clement-mapping technique, is probably associated with the presence of doubk or triple bonds (in 
the vicinity of the ater function) which may be ionized by removal of an electron and thus provide 
an electron deficient site to which a group (alkyl, alkcnyl. etc.) may migrate. 

OF OHVIOUS relevance to the technique of element mapping,’ is the rigorous evaluation 
of those processes occurring upon electron impact which involve the migration of 
atoms other than hydrogen. With reference to this problem, recent publications from 
our owr? and other laboratories H have been concerned with (or have noted) the 
elimination of carbon dioxide from esters upon electron impact. In our own studiesa*’ 
only methyl and ethyl esters were examined, but processes involving the elimination 
ofcarbon dioxide with consequent skeletal rearrangement seemed particularly prevalent 
in those esters containing unsaturated linkages (e.g., C-C’ and C =NJ*’ bonds) in 
the vicinity of the ester function . We have now synthesized and examined a variety of 
propiolates (HCc CCOOR), acetylenedicarboxylates (ROOCC=CCOOR), maleatcs 
and fumarates(ROOCCH:-CHCOOR, cis or rrcms), cyanoacetates (N2XHpCOOR) 
and isopropylcyanoacetates [(Me),CHCH(CN)COOR] in the hope of evaluating the 
general scope of COP elimination with or without associated loss of other groups) 
in these esters and the influence of the alkyl group (R). 

1 Part XVI. J. H. Bowic, S.-O. Lawcsson. J. 0. Madsen. G. S&roll and D. H. Williams, Acru Glum. 
Scund. in press. 
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Methyl (I), ethyl (II), II-propyl (III), isobutyl (IV), s-butyl (V), ally1 (VI) and benzyl 
(VII) propiolates were synthesized and their mass spectra determined. In each case 
the compositions of the M-44 and M-45 ions were determined by high resolution 
measurements. All the esters afforded M40, and M--HCO* ions, whose relative 
abundances are summarked in Table 1; it is emphasized that none of the hydrocarbon 
fragments quoted in the Table are present as intact units in the various esters prior to 
electron impact. 

0 I. R = Me V. R - s-Bu 
*I If+R-Et VI, R - CH,--CH-CH, 

H-K-OR III, R = n-R VII, R = CH,-C& 
IV, R-iSo-BU 

TABLB 1. REIATMS ABUNDANCISOP M--CO, AND M-CQH 
IONS FROM ~ROPK)LAT~ eneru (HOSCGGR) 

R 
--. 

Me 

Et 

R 

iso-Bu 

s-Bu 

CH,-CH=CH, 

CYC.H, 

R.A. (“A of 
M-CO, ion. 

20 GH3 

<l GW 
2 GW 

< 1 GHd’ 
1 GH,.Y 
4 (C,HaY 

34 (C.Hd 

R.A. (“4 of 
M--HCO, ion. 

1s (Cs4) 

10 (C,H,Y 

8 (C,H,) 

3 (GH.Y 

3 (C.H,Y 

8 (C,H3 

67 (Cd,) 

l R.A. - relative abundance, the base peak arbitruily 
being taken as 100: the compositiona of the ion.9 uc given 
in parcnthaa. 

b The peaka in the rpcctn. uxrcsponding to tbae 
ink@ massa m larger baause of their doublct MM 
(U atablishcd by high raolution). 

Fig. 1 
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Repmscntative spectra are reported in detail in Figs. 1-3. The ion which formally 
corresponds to H-C=C--GzO+ (m/e 53) either gives rise to the base peak or is 
>90”/, of the base peak abundance io the spectra of I-VI (see Fig. 1 aod Fig. 2). 
The spectrum (Fig. 2) of ally1 propiolatc (VI) is also noteworthy for the presence of an 
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MKO ion [m/e 82, C,H,O+, high resolution (H.R)) which decomposes by loss of a 
hydrogen radical to m/e 81 (CsHsO+, H.R.) as established by an appropriate mctastable 
pcakatm/e804. Aportioo(100~oft.hem/e53bascpcakofFig.2isalsoduetoa 
rearrangement ion (C,H,,+); a mctastable peak at m/e 34.8 suggests that this ion can 
arise from the M-HCO species (m/e 81) by the elimination of carbon monoxide 
(calculated value, m/e 34.7). 10 the spectrum (Fig. 3) of the bcnzyl ester (VII), a 
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metastable peak at m/e 114.0 establishes that the M-IiCO, ion (m/e 115) arises, at 
least in part, from the M-CO, ion by loss of a hydrogen radical. 

? P 
VIII. R - Me Xn, R = n-Bu 

IX. R = Et XIII, R=iw-BU 
RmCOR X. R -. n-R XIV, R 3 s-Ru 

XI, R -1 iw_Pr XV, R = CH,--CH CH, 

111 59 

r-t-- 

? P 
CM30 cc=c COW) 

111 

I (YIII) 

I -co, 

I I 
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Q 

z 
a 

Fig. 5 
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Since the spectrum (Fig. 4) of dimethyl acetyleaedicarboxylate (VIII) contains a 
M-CO, species? it was of interest to study the prevalence of related ions from ethyl 
(IX), n-propyl (X). iso-propyl (Xl), n-butyl (XII), isobutyl (XIII). s-butyl (XIV) and 
ally1 (XV) esters. In the spectra of the esters (VIII-XIV) containing saturated alkyl 
groups, significant M-CO, ions appear only when R = CH, (Fig. 4) and R = GH, 
(Fig. 5). Other ions of unusual composition in the spectrum (Fig. 4) of the dimethyl 
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ester (VIII) are m/e 80 (C,O,+, formally u) and m/e 52 (GO+, formally b). Scheme 1 
summarises some of the decomposition modes of diethyl acetylenedicarboxylatc (IX) 
which involve skeletal rearrangement processes and are established by high resolution 
measurements and appropriate metastable peaks.s 

&.c-c~&o &G-C=& 
0. m/c 80 b 

Scheme I 

(EtO,CC=CCO,Et]t ?!+ C,H,,O,t 

1X m/r 126 (50%) 

. 
5 

- C,11‘ 

C;HO+ 
-cH’,I?, 

c--- C&HeO,? . 
m/e 53 (75 %) m/r 98 (70 %) 

WI+ 
- 

m/e 53 (25 %) 

It is appropriate to consider possible mechanisms by which carbon dioxide may be 
eliminated from propiolates (I-Vii) and dimethyl (VIII) and diethyl (IX) acetylcncdi- 
carboxylates. lo the propiolate esters (I-VII), the alkyl group must migrate to one of 
the two acetylcnic carbon aroms; a four-centre mechanism (e.g., I 3 c, m/e 40) 
appears most plausible and is analogous to tbe four-ceatre mechanism proposed by 
Brown and Djerass? to account for the loss of carbon dioxide from some organic 
carbonates. A similar mechanism (VIII - d, m/e 98) probably operates in the dccom- 
position of dimethyl acetylenedicarboxylate (WI), since the spectrum (Fig. 4) con- 
tains an abundant ion at m/e 39 (CSHS+), which may arise by elimination of a carbo- 
methoxyl radical from d. 

-co, 
__t rH-G=cCH,l! 

c. m/e 40 

i 

-+ 
0 ,’ 

~C--(-ZI~:-_CO<)CH, j -co* 

I’/ I 
- [CH,-Ab--OOCH,]! =% C,H,- 

L 
o--(‘H, I d. m/r 98 m/c 39 

Skeletal rearrangement is very prevelant when diallyl acetylenedicarboxylate (XV) 
fragments under electron impact (the formation of most of the major ions between 
m/e 53 and m/e 97 involves the migration of groups other than hydrogen). The 
compositions of some ion which must arise via skeletal rearrangement in the spectrum 
(Fig. 6) are listed in Table 2. For purposes of clarity, the formal derivation of each 
rearrangement ion is indicated in the Table. 

l The C,H.O,’ ion may, of course. arise also in part via a pathway which does not involve skeletal 
rearmngancn~ and hence C;HO* does not ncca~rUy arise via a skektal rcqanisation pathway. 
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m/e 
FIG. 6 

TABLE 2. SKFlJTAL REARKA!WFNEhT IONS pI1OU DIAUYL A-- 

DICANMXYIATE ON) 

Ion (m/c) Composition Formal derivation 
- --_ 

125 C&O, (l~%.l M - CO - CH,XH=-CH, 

97 CA0 05 %I M-OOCOaCCO-H 

93 CA0 (90 74) M - CO, - OCH4kbCH. 

0 
II 

a2 Cd&O (90 %I M-CO-COCHXH4, 
0 
:I 

81 CA0 NoA h4 - CO - COCH,<H=CH, 

0 
II 

66 CA (l~:C) M - CO, - COCH4=CH, 

0 
I 

65 CA (100 %I M - co, - &H,~H-.-cH, 

53 CA (35 %I C,H,O - CO 

It is noteworthy that all the rearrangement ions (with the exception of C,,H,O+) 
can formally be generated by a simple cleavage process coupled either with the climina- 
tion of CO or CO, (necessitating the migration of allyloxy and ally1 groups, rcspco 
tively). The complement to C,H,O+ to account for m/e 97 is made up of C,HO,+ 
(60 %) and C,H,O,+ (5 %); a strong me&stable peak at m/e 75.4 suggests that these 
ions may arise, at least in part, from m/e 125 (Table 1) by the loss of C,H, or CO, 
respectively (calculated metastable at m/e 75.3). Some other transitions established by 
the high resolution measurements and appropriate metastablc peaks are summarized 
in Fig. 6. The most remarkable ions are &.H,+ (m/e 65) and C,H,+ (m/e 66) which 
formally consist of the carbon atoms of the acetylenic linkage and one ally1 group. 
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HW,R 
II 

HCSC0.R 

Xv8. R - Me 
XVLR-Et 

XVII; R - n-R 
XVIILR-isd’r 

XDC; R - n-WI 
XX, R-i.9CbBU 

XXI. R - s-Bu 
XXII. R - CH,-CH-CH, 

HCC0.R 

RO,C&H 

XXIIJ.R-MCJ 
XXIV, R-Et 
XXV, R = n-R 

XXM. R-iseR 
XXVII. R a n-b 

XXVIII, R - iso-Bu 
XXIX. R .. s-Bu 
XXX; R 7 CH,-CH=CH, 

65 113 

-4aJ3 
113 c”302c” 

- co2 

..L. 
lLC(U-J 

m/t 
no. 7 

The malcates and fumaratcs which have been syothcsizcd and examined are 
summarized by the formulae XVa-XXX. Of the esters (XVa-XXI and XXIII-XXIX) 
containing saturated aIky1 groups, only the methyl esters (XVa and XXIII) contain 
M-CO, ions (1% and 4 % relative abundance, respectively), and M-CO,H ions 
(0.3 7: and 2 % relative abundance, respectively-see Fig. 7 for the spectrum of the 
trans-ester XXIII). In the spectrum (Fig. 7) of the frant-cster XXIII, m/c 99 is a singlet 
(M-COsH), but in the spectrum of the &isomer XVa is a doublet [M-COsH (10 %) 
and C,H,O, (90’%)]. The latter composition corresponds to the ion c, the analogue 
(J m/e 149) f h’ h o w IC is well authenticated in the spectra of phthalatc tsters.U*u 
However, an ion corresponding to/is of low abundance (0.5 %) in the spectrum of 
dimethyl phthalatc, although it is abundant in the spectra of higher csters.lO*u 
Similarly, although the m/e 99 ion (e) is of very low relative abundance from dimcthyl 
malcate (XV), it corresponds to the base peak from all the remaining dialkyl malcatcs 
[with the exception of the spectrum of di-iso-butyl malcate in which m/e 57 (C,H,+) 
is the base peak and m/e 99 the second most abundant ion (65%)]. In addition the 
m/e 99 ion is abundant bur nor rhe base peuk from all the corresponding fumaratcs 
(XXIV-XXIX). The relative abundances of m/e 99 are summarized for the two series 
in Table 3. 

‘* F. W. Mcbffaty and R. S. Gohlkc. Amlyf. Glum. 31,2076 (1959). 
I’ C. Djcnusi and C. Fcnwhu. J. Amer. Chem. Sot. 87.5756 (1965). 
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e, m/c 99 /. m/c 149 

TABU 3. RELATIVE A~JLVLMNCTS OP m/c 99 IOM (c) FROM 

DIALKYL MALEAll AND DIALKYL PUMAlUllS 

Alkyl group 
_~. 

MC 
EI 
II-F? 
iso-R 
n-h 
iso-Bu 
s-Bu 

Rel. Ab. m/e 99 (e) 
(Mahates) 

Rel. Ab. m/c 99 (e) 
(Fumarares) 

3 0 
100 27 
100 36 
100 65 
100 43 
65 38 

100 62 

The situation summarized in Table 3 is u priori quite reasonable because the 
formation of e from a fumaratc ester could require additional energy to cause iso- 
merisation about the double bond. However, an attempt to illustrate the requirement 
of extra energy to form e from diethyl fumarate (XXIV) did not give an unambiguous 
result. Utilising the doublet nature of the m/e 99 peak [50 % of C,HIOs+ (e) and 50 % 
of M-COO&H,] from diethyl fumarate (XXIV) at 70 cV to monitor the disappear- 
ance of e on decreasing the energy of the electron beam, it was observed that m/e 99 
corresponded to e (35 %) and M-COOEt (65 %) at 20 eV, e (25 %) and M-COOEt 
(75%) at approximately 15 cV, and solely to M-COOEt in the region of 13 eV. 
When dicthyl maleate (XVI) was then added to the system as the lowest of these 
electron beam energies, the contribution from e, which reappeared on the oscilloscope, 
was barely significant. 

Although the spectra of propyl and butyl maleatcs and fumarates appear to be free 
of skeletal rearrangement ions, two additional differences between the spectra of these 
closely related compounds merit comment. First, for any pair of esters (maleate and 
corresponding fumarate) of the formula (CHCOOR)Z, the ratio of the abundances of 
R+ to (R-H)’ ions is always greatest for the malcates (see Table 4). The formation 
of R’ may be relatively more favourable from the cis-estcrs because of stabilization of the 
departing radical (formally R) as h. Second, the relative abundance of RO+ fragments is 
always greater when the alkyl group R is (z-branched (R - iso-propyl or s-butyl-- 
Table 4). 

HCCOOR 
II 

HO. 

R 
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TABLE 4. ~PAIUWN OF RLLA~~VE ABUhDANCES OF R+. (R-H)- 
AND RO’ IONS PROM PROPYL AND BLTYL MALEATF.9 (CiJ) AND 

FlJMAI1ATE.S (MW) 

Relative abundances 

R R’ (R-H). R’/(R-H)’ RO’ 

n-R “’ I 37 6 
ffam 29 15 

6.2 
1.9 

n-Bu (Frtm z ii 
3.5 I 
O-56 1 

iso-Bu 1 Cic 100 24 4.2 1 
lrans 55 58 095 1 

s-Bu (;& 4; ;; 3.5 6 
0.71 6 

< 

- J Fig. 8 
:, 

a 63 

1 

100 120 140 160 190 200 220 IO 

m/s 
i’K;. 8 

Some of the general features discussed above may be seen on comparison of the 
spectra of s-butyl maleate (XXI. Fig. 8) and s-butyl fumarate (XXIX, Fig. 9). which 
are reported as representative spectra. 

Diallyl maleate does not contain pronounced skeletal rearrangement ions in its 
spectrum, since the formation of m/e 41 (CH,- .-CH-CH,*, base peak) and m/e 99 
(e) is so favourable (cf. data accumulated in Tables 3 and 4). However, the spectrum 
(Fig. 10) of diallyl fumarate is much more interesting and has been extensively 
investigated by exact mass measurements (Table 5). Once more it is gratifying that 
all the major skeletal rearrangement fragments are derived by a simple bond cleavage 
coupled with CO or CO, elimination and an associated allyloxy or ally1 migration. 
Where the origin of ions is not immediately obvious (CIH,+ and C,H,‘), metastable 
peaks establish that these fragmentsarise from C&H,+ andC,H,O+ by theelimination of 
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TABU S. SKSUTAL ~rnMRDuDlAu.YL n.m-n0009 

Ion (m/c) Composition Forud derivation 

lS1 GHllOl wwh M-Ofi 

0 
II 

83 C&O (90 ‘A M-CO-COC?&CH-CH. 
0 
II 

67 C,H, WW%I M-CO,- COCH,CH=XH, 
65 GH, WWA 
55 C,H, (=*X3 
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C==N CH, C=N 
, 

CH,’ 
\ / 

CH.-CH 

\ 
I \ 

COOR CH,’ COOR 

XxX1, R - n-R XL, R = II-R 
XXXII,R-iSR XLI. R = i.sePr 

XXXIII. R = n-b XLII. R = n-Bu 
XXXIV, R = iseBu XLIII. R = uo-Bu 
XXXV. R 2 s-BU XLIV. R - s-Bu 

XXXVI, R = I-Bu XLV, R = I-Bu 
XXXVII. R - CH,--CH=CH, 

XXXVIII, R - Ph 
XXXIX, R = CH,GH, 

H, and CO respectively. The driving force for the former reaction is perhaps the 
formation of a resonance stabilised cyclopentadienyl cation (C,H$). 

A series of alkyl cyanoacetates (XXXI-XXXIX) and of aIky1 isopropylcyanoace- 
tates o(GXLV) have been synthesized because methyl and ethyl cyanoacetates were 
previously observed to give M-CO,H ions, while ethyl isopropylcyanoacetate 
eliminates CO, with associated expulsion of a hydrogen atom or of a methyl group of 
the isopropyl substituent.’ High resolution measurements on the spectra of the simple 
cyanoaatates (N=CCH,COOR, XXXI-XXXIX) establish that analogous processes 
occur in the higher esters with the exception of t-butyl cyanoacetate (XXXVI) and 
phenyl cyanoaatate(XXXVII1); the tendency is particularly pronounad in the spectra 
of the ally1 and benzyl esters (Table 6 and also Fig. 11). The spectrum of the benzyl 
ester in which the active methylene hydrogens have been replaad by deuterium estab- 
lishes that the hydrogen expelled with CO1 is derived almost exclusively from 
the benzyl group. 

In the series of isopropykyanoaatates [(Me),CHCH(CN)COOR, XGXLV), the 
relative abundana of M-CO,-CH, ions decreases with increasing size and increas- 
ing branching of R as summarised in Table 7. It is quite feasible that the tendency of 
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T~el.e6. SOWE SKELETAL RFAERAWEMENT IONS FROM UHPL~ CYAW 

ACFTATFS (NM CH,COOK) 

R 
--- 

MC’ 
Et’ 
n-R 

iso-Pr 

n-Bu 
iso-Bu 

s-Bu 
t-BU 
CH,XH=CH, 
Ph 

CH,C.H, 

M CO,H (Rcl. Ab. “/,, Other (Rcl. Ab. %) 
-.- ._-.. - --- 

10 MXO, (14) 
10 
3 M- CO,-CH, (5) 

M-CO, (3) 
7 . . 
1 M- -CO,-XH, (5) 
1 M. CO,-Clf, (5) 

M-CO&H, (IO) 
1 

. . .- 

16 
- . . 
50 - 

TABU 7. REIATIVE AWNDANCB OP M--CO,-Me IOM FROM 
ALKYL UOPROP~ANOACFTAT [(Me),CHCH(CN)COOR] 

R Et. n-R is*Pr n-Bu 
---- -. -. . 

Rel. Ab. % 21 5 2 1 
---- - - ..- .-. 

R iso-Bu s-Bu 1.Bu 
-.----.--- --.- . .._ 

Rcl. Ab. % 2 1 0 

these M-CO,-Me ions to decompose further may increase with increasing size and 
branching of R and hence their relative abundance is not a reliable measure of the 
preponderance of the rearrangement process. Unfortunately, the decomposition prod- 
ucts of M-CO,-Me species can have compositioos which may also arise via simple 
cleavage pathways and hence it is not possible to evaluate this effect in these cases. 
However, the absence of appropriate metastable peaks which might establish any such 
decompositions of M-CO,-- Me ions, coupled with the drastic reductions in intensity 
of the M-CO,-Me peaks, make it seem probable that the extent of the rearrange- 
ment does decrease with increasing size and branching of R. 

With all the information which has been gathered in the course of this study, 
some useful generalizations can probably now be made as to the tendency of esters 
to eliminate CO, or CO in ABC+ -AC’ reactions upon electron impact. First, 
there do not appear to be any reported examples of con@efe!v sururarcd esters 
(RCOOR’)” affording M-CO, M-CO1 or .M- -C02H ions, although butyl propio- 
nate” and nco-pcntyl este# expel formaldehyde. However, all those esters which 
have been reported lo undergo alkyl/aryl migrations with elimination of CO* (set 
Rcfs. 3-8 and the results reported in this paper) either contain double or triple bonds, 

** For details of the mass spectra of such esters see R. Ryhage and E. Stcnhagcn (Edited by F. W. 
McLalTcrty) Chap. 3. “Afuss Spectromcrr)- of Organic ions” Academic Press, New York (lW3); 
R. Ryhagc and E. Srcnhagcn. A&iv Kcmi 13, 523 (1959); A. G. Sharkcy. J. L. Shultz and R. A. 
Fricdcl, Anulyr. Glum. 31, 87 (1959); J. H. Bcynon, R. A. Saunders and A. E. Williams, Ibid. 
33, 221. (1961) and F. M. Trcnt. F. D. Miller and G. H. Brown, A@. Spccfrosrop?r 15.64 (1961). 
The elimination of CO from formata [D. Van Raaltc and A. G. Harrison, C& /. Chcm. 41. 
2054 (1963)) only of course requires hydrogen migration. 

18 D. R. Black, W. H. McFadden and J. W. Cone, 1. Phys. Chcm. 68, 1237 (1964). 
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or lone pair electrons (in addition to those associated with the -COO-portion of the 
ester). It is therefore proposed that CO, elimination with associated group migration 
(other than hydrogen) is in general facilitated by removal of a n-electron (from a double 
or triple bond-see XLVI and XLVII, respectively, which Y----C represents 1 or 2 
u-bonds) or of a lone pair electron to afford an electron deficient site to which the 
group can migrate. Particularly pertinent to this concept are the alkyl migrations 
recently found to occur in sutures dialkyl carbonates by Brown and Djerassi? the 
electron deficient site to which the R group can migrate is then located on oxygen6 
(see XLVIII). Depending on the nature of the groups R and R’ and the nature of 
groups attached to the atoms X and Y, additional atoms may of course be expelled 
in association with the COO elimination. 

The concept is also useful in understanding the loss of formaldehyde from some 
saturated esters.11.13 because in these cases the electron deficient site may be provided 
by ionisation within thecarbonyl group. In addition, other esters which have been 
reported to lose CO, (neo-pcntyl bcnzoate,” phcnyl pivalatl and t-butyl bcnzoate5) 

f 
Y. ..Co;.*R 

ii 
Y- 

ka’ 
.R 

1 -co: 

i J 

1 -m 

contain unsaturation in aromatic rings. It is cmphasised that generation of an electron 
deficient site by removal of lone-pair or rr-elcctrons is not visualized as a prerequisite 
for skeletal rearrangement, since even saturated hydrocarbons may reorganise to some 
extent in this fashion upon clcctron impact, *’ but rather as a factor which will promote 
facile CO* elimination. 

Although the unsaturated esters which we have investigated vary widely in 
structure, some useful general grcnds are indicated. In many cases (but not all), 
the tendency is for the methyl and ethyl esters to indergo COP eliminations to a 
greater extent than propyl and butyl esters, probably because more alternative 
I4 P. N. Rylandcr and S. Meycrson, /. Amer. Chcm. Sot.. 78, 5799 (1956). 
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reactions are open to the latter groups. Also it is obvious that ally1 and benzyl 
esters studied are particularly prone to undergo ABC+ ---, AC+ reactions, which is 
understandable in terms of units of unsaturation present in both “acid” and “alcohol” 
portions of the ester. l’* Finally,although the composition of some ions initially suggest 
that their origins must be complex, simple cleavages with associated CO or CO, 
elimination from the ester group will usually account for their formation. Obviously, 
the possibility of analogous processes occurring must be borne in mind when natural 
products are examined by mass spectrometry. 

EXPERIMENTAL 

Mass speara: an A.E.I. MS 9 mass spectrometer with the heated inkt system, and source. at 
a tcmp of l5&180”. High resolution measurements were performed at a resolution of 15,000 (10% 
valley ddlnition). 

All compounds were frcahly distilled and their puritka routinely chcckcd by NMR and mass 
spaxromctry. If any doubt remained 8) to the purity of a compound, this was additionally checked 
by WC. 

Af&y/proplo/ares. The following compounds were prepared by literature methods: I,” II.” Iv’ 
and VI.” 

Compounds III. V and VII were synthcsixd by mixing propiolic acid with the corresponding 
akohol (using cone H$O, BS catalyst) and allowing the mixture to stand at room temp. for 1 week. 

Analysis (;@ 
Compound B.p. Yield C II 

_. _-- - ----.-.-- ----- 
111 65”/50 mm 23% Cak. 6427 7.19 

Found 63.70 6.92 
V 80e/66 mm 2% talc. 6664 799 

Found 66.78 8.63 
VII 122”/18 mm 25% Cak. 7499 5.03 

Found 74.54 5.51 

Dial&y1 ucery/en&curboxyla~es. The following compounds were prepared by litmtun methods: 
VIII.” IX.” X.” XI.” XII,” XIII” and XV.” Di-s-butyl aatyknedkarboxykta (XIV) weu 
synthcsizd by Mting ace~ylcncdicuboxylic acid and cbutyl alcohol in benzene (with cone H&O, 
as a catalyst) under rallux for 2 hr (using a water separator); b.p. RR’/@1 mm, yield 46%. (Found: 
C, 63.85; H. 8.04. Cak. C, 63.70; H. 8.020/,) 

Dhlkyf mdeuter. Diallyl makate (XXII) was a purified commcrcM sampk. The following 
compounds were prepared by literature methods: XV.yXVI.g* XVII,*‘XWg and XX.” Compounds 

Analysis ( l A 
Compound B.p. Yield C H 

--- 
XVIII 104”/9 mm 85% Cak. 59.98 845 

Found 59.98 8Q9 
XXI 130°/10 mm 79% Cak. 63.13 8.83 

Found 62.93 8.61 

IC In this respect. it is lomewht rurprising that phtoyl cyanouetate (XXXVIII) does not furnish a 
akcktal rarrmvt ion in its qxctrum. 

1’ I. F. Grove. Ann. qpf. &I. X3, 38 (1948). 
I0 K. V. Auwexs, Ckcm. &r. 65, 146 (1932). 
Iv C. D. Hmton and C. R. Nolkr. /. Amrr. Chem. SM. 71.2948 (1949). 
10 E. H_ Huntress, T. E. Lostlie and J. Bornstein, Org. Synrlr. 32.55 (1952). 
I* G. H. JdTrey and A. I. Vogel. /. Glum. Sot. 674 (1948). 
u F. Adickcs. /. Prukr. Ckem. [2] 6, 275 (1943). 
*I V. M. Mitchovitch, &I/. Sot. Cltfm. Fr. 151.4.1667 (1937). 
** G. H. JetWy and A. I. Vogel, /. Ckm. Sot. 658 (1948). 
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XVIIl and XXI wae ryn- by bwing nuleic tid and the l ppropri~e rlcohol (with cone 
Ii&W, u atllyst) under retYux in benzene for 2 br using a s+fator to ranove the wata formed 
during the reaction. 

Did&y1 fhtnwutes. The following compounds were rynthuizd by literature mcthodr : XXIII,” 
XXIV;’ XXV,” XXVII,” XXVIII” and XXX.” 

CompoundsXXW~dXXIXwcmprcpucd in the same rmnncr aa tit outlined &ova for the 
m&Ma. 

Compound 

XXVI 

XXIX 

Analysis (‘/3 
B.p. Yield C H 

1 or/9 mm 71% CalC. 59.58 8.05 
Found 59.96 8.03 

127”/9 mm 67% Cak. 63.13 8.83 
Found 63.51 8.83 

Compound R.p. Yield 
-.------------__ 

XXXV lOO’/lO mm 58:: UC. 
Found 

XXXVII 101”/10mm 60% Cak. 
Found 

XXXVlll m.p. 41” 12% GdC. 

Found 

XXXIX 11 JO/O.05 mm 63% CalC. 

Found 

Analysis (%) 
C H N 

-----__ 
59.55 7.85 9.92 
59.45 7.67 1005 

57.59 5.64 11.20 
5740 5.80 11.38 

6707 4.38 8.69 
66.78 4.29 8.84 

6856 5.18 8.00 
68.65 5.12 8.21 

Me CN 
\ / 

CH-CH 
/ \ Analysis ( ‘4 

MC COOR B.p. Yield C H 
-------------_ -.----___ 

XL 103”/10 mm 63% Cak. 63.88 894 
Found 63.41 8.88 

XLI 93”/10 mm 63% C&. 63.88 894 
Found 6353 8.82 

XL11 115”/8 mm 58% Cak. 65.54 9.35 
Found 6566 9.32 

XL111 109”/10 mm 58% Cak. 6554 9.3s 
Found 6540 9.41 

XLIV 104o/9 mm 68% Cak. 6S.54 9.35 
Found 65.5s 9.41 

XLV %“/lO mm 60% C&k. 6S.U 9.35 
Found 65.42 9.18 

n R. Anschtlu, Chem. Brr. 12,2279 (1879). 
y V. P. Gokndcfew, J. Gem Chm.. U.S.S.R. 10. IS39 (1940). 
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Al&y1 and aryl cya~~erares. The following compounds were prepucd by litarture methoda: 
XXX&- XXXII.” XXXIII.” XXXIYU and XXXVI.” Corn pounds XXXV. XXXVII and XXXIX 
were synthcsii by heating cyanoacetic acid and the appropriate alcohol (in benzma, using axx. 
H,SO, u catalyst) undo rdux for 2 hr (using a mtn separator). Compound XXXVIII was prepared 
by the general method outlined in Ref. 27. 

Alkyd fsopropylcyonoocrrores. Compoun& XL, XLI, XLII. XLIII and XLIV were prepared by 
alkylation of the Na malt of the cyanoacetate ester with isopropyl iodide in the alcohol conuponding 
to the ester. Compound XLV was available by alkylation of the Na salt of I-butyl cyanoaatare 
(prepared using NaH) with isopropyl iodide in dioxan. 
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