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SCHEME I 
R'OH mc + ZNHCHRCOOH - (>""rNG 

Z N H C H R ~  
I 

ZNHCHRCOOH 1 
0"FG 0 

+ 
(ZNHCHR00)zO 

ZNHCHRCOOR' + ZNHCHRCOOH 

R'OH- PCPOH, NPOH 
Z C&CH@CO- 

acetate (25 mi), diluted with petroleum ether (400 ml), and re- 
frigerated overnight. Filtration and washing three times with 
100-ml portions of petroleum ether-ethyl acetate (10: 1) and 
then cold ether (50 rnl) yielded 61.8% crude ester, mp 176-181'. 
Recrystallization from ethanol gave the raised mp 189-190°, 
yield 50%; another recrystallization from ethyl acetate gave 
the analytical sample, mp 191.5-192.5'. 
N-Carbobenzoxynitro-L-arginine PCPOH Ester.-To a solution 

of N-carbobenzoxynitro-L-argininea4 (2 .O g, 5.67 mmoles) and 
PCPOH (4.5 g, 17 mmoles) in dimethylformamide (10 ml), 
DCC (1.17 g, 5.67 mmoles) was added. Stirring was continued 
at  room temperature for 2 hr. The mixture was then cooled to 
-IOo, filtered, and the filtrate poured into water (300 ml). The 
resulting oil crystallized on trituration with water. The product 
was suspended in ether, diluted with petroleum ether, filtered, 
and washed with ether. Recrystallization from tetrahydrofuran- 
ether gave 2.50 g (73.5%), mp 102-105'. One more recrystalliza- 
tion from the same solvent gave the raised mp 109-111.5', yield 
68%. A sample WBE, recrystallized once more for analysis. 

Anal. Calcd for C20HlJV50&ls: C, 39.92; H, 3.02; N, 11.64; 
C1, 29.46. Found: C,40.09; H,3.44; N, 11.79; C1,29.44. 

When a crude sample was recrystallized from dimethylform- 
amide-ether the ester was solvated with 1 mole of dimethyl- 
formamide, mp 109.5-11l0. 

Anal. Calcd for CroH,sN~OOaCls.CsH,NO: C, 40.94; H, 3.73; 
N, 12.46; C1, 26.27. Found: C ,  40.41; H, 3.61; N, 12.21; 

. Ci, 26.48: ' 

The solvated dimethylformamide was removed by two pro- 
cedures: (a) trituration with water and then anhydrous ether, 
mp 105-110'. and (b)  recrystallization from tetrahydrofuran- 
ether, mp 10~.5-111".~ 
N-Carbobenzoxv-a-t-butvl-L-zlutamate PCPOH Ester.-To a 

cold (0') stirred solution -of G-carbobenzoxy-a-t-butyl-L-gluta- 
mates (7.0 g, 21 mmoles) in methylene chloride (140 ml), DCC 
(4.3 g, 21 mmoles) was added, followed after 5 min by PCPOH 
(5.6 g, 21 mmoles). Stirring was continued in the cold for 30 min 
and at room temperature for 5 hr. Glacial acetic acid (1 ml) 
was added and stirring continued for 30 min. The mixture was 
filtered, the precipitate (DCU) washed with methylene chloride 
(25 ml), and the filtrate concentrated under vacuum. The solid 
residue was recrystallized from methanol: yield 7.4 g (62%); 
mp 122-124'. 

Registry No.-PCPOH ester of Z-Leu, 13758-71-9; 
PCPOH ester of Z-Val, 4824-13-9; PCPOH ester of 
Z-Met, 4841-70-7; PCPOH ester of Z-Try, 13673-49-9; 
PCPOH ester of Z-Cys-Cys-Z, 13673-50-2; PCPOH 

(24) H. Gibian and E. Schroder, Ann.,  643, 145 (1961). 
(25) This compound was reported without experimental details in J. 

Kovacs. U. R. Ghatak, G. N. Schmit, F. Koide, J. W. Goodman, and D. E. 
Nitecki, Abstracts of 3rd International Symposium on the Chemistry of 
Natural Products, Kyoto, Japan, 1964. p 175. 

ester of Z-Glu-NH2, 13673-51-3; PCPOH ester of 
Z-Lys-Z, 13673-52-4; PCPOH ester of Z-Ileu, 13673- 
53-5; PCPOH ester of Z-Cys-BZL, 13673-54-6; 
PCPOH ester of Z-y-Abut, 13673-55-7; PCPOH ester 
of Z-Pro, 13673-56-8; PCPOH ester of Z-Ser, 13673- 
57-9; PCPOH ester of Z-Arg-NOz, 5165-16-2; PCPOH 
ester of 2-Glu-OBu-t, 6233-91-6. 
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Attempts to synthesize plasmalogens have been re- 
cently reported from several laboratorie~.~-~ An 
apparently convenient synthetic route to 1-alkenyl 
ethers of isopropylideneglycerol through the corre- 
sponding acetylenic ethers m intermediates was re- 
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ported by a group of Russian w ~ r k e r s . ~  This route 
would allow control over the configuration of the 
double bond formed from the partial hydrogenation of 
the triple bond. Furthermore, this would permit the 
preparation of plasmalogen derivatives of the desired 
optical configuration. In addition, these workers re- 
ported the preparatj on of 1-0-hept-1'-enyl-2,3-0- 
isoproplideneglycerol by partial hydrogenation of the 
product obtained by condensation of the sodio deriv- 
ative of isopropylideneglycerol with l-bromohept-1'- 
yne. In the present communication, results of studies 
directed toward the synthesis of plasmalogens using 
the above method are reported. 

Using the procedure reported for the synthesis of 1-0- 
hept-l'-ynyl-2,3-O-isopropylideneglycerol,g the prep- 
aration of l-O-hexadec-l'-ynyl-2,3-0-isopropylidene- 
glycerol was attempted by the condensation of 1- 
bromohexadec-1'-yne with the sodio derivative of 
2,3-0-isopropylideneglycerol. The l-bromohexadec-1'- 
yne was prepared from 1-hexadec-1 '-yne following the 
procedure reported for the synthesis of l-bromo- 
heptyne.l0 The infrared spectrum of the condensation 
product, the deacetonated glycerol ether, and its diacyl 
derivatives showed a fairly strong absorption at  
1965 cm-', generally ascribed to the allene chromo- 
phore," and did not show the anticipated character- 
istic absorption f(3r acetylenic ethefl in the region 
2100-2300 cm-'. Surlxisingly, when the 1-0-hept-l'- 
ynyl-2,3-0-isopropylideneglycerol was prepared ac- 
cording to the published procedure and its infrared 
spectrum determined, it also showed a strong absorp- 
tion band at 1965 cm-' and no peak in the expected 
region of 2100-2300 cjm-'. In order to compare the 
infrared absorption of acetylenic ethers, 1-methoxy-1 ' 
heptyne was synthesized according to the method of 
Nooi and Arens. l2 This authentic acetylenic ether 
showed absorption at  2300 cm-l for the triple bond and 
no absorption near 1965 cm-l. 

Furthermore, the condensation product of l-bromo- 
1 '-alkyne with the sodio derivative of isopropylidene- 
glycerol, presumably an allenic ether, was found to 
react with iodine in methanol to form an a,b-unsatu- 
rated a-iodoaldehyde (2-iodohept-2-enal in the pres- 
ent experiments) and not an iodo acetal which was re- 
ported to result from the reaction of iodine in methanol 
with vinylic ethers. l8 When l-O-hept-l'-2'-dienyl- 
2,3-O-isopropylideneglycerol in methanol was treated 
with iodine solution, it was found to react rapidly and 
produce an immiscible brown oily liquid, which was 
recovered by extraction with ether. The same prod- 
uct was found when the reaction was carried out in the 
absence of methanol, indicating that methanol was 
not a reagent as in the case of the reaction of iodine 
with vinyl ethers.13 'The infrared spectrum of the 
product had a strong carbonyl peak at  1710 cm-I and 
another strong peak at  1610 cm-l, presumably due to 
a conjugated double bond. There was also a peak at  

(9) M. V. Berezovskaya, I. K. Sarycheva, and N. A. Preobrashenskii, Zh. 

(10) P. .4. k1cCusker and R. R. Vogt, J. Am. Chem. SOC., 19, 1307 (1937). 
(11) L. J. Bellamy, "The Infrared Spectra of Complex Molecules," 2nd 

(12) J. R. Nooi and J. F. Arens, Rec. Two.  Chim., ?8, 284 (1959). 
(13) S. Siggia and R. L. Edsberg, A n d .  Chem.. 40, 762 (1948); M. M. 

Rapport and R. E. Franal, J .  Neurochem., 1, 303 (1967); E. L. Gottfried and 
Ivf. hl. Rapport, Biochemistry, 4 ,  646 (1963). 

Obshch. Khim., 84, 543 (1964). 

ed, John Wiley and Sons, Inc., New York, N. Y., 1962, p 61. 

2756 cm-l, the CH stretching vibration of an aldehyde 
group. 

The aldehyde nature of the product was further 
confirmed when treatment with Fuchsin aldehyde 
reagent l4 caused an immediate positive reaction. 
Furthermore, an immediate precipitation occurred 
with 2,4-dinitrophenylhydrazine (DNP) reagent and 
the DNP derivative melted sharply at  172-173" and 
had a Amax 372 mp (E,,, 28,OOO), a shift to higher wave- 
length when compared with the DNP derivative of a 
nonconjugated aldehyde. 

Under alkaline conditions, acetylenic compounds 
may isomerize to an equilibrium mixture of the cor- 
responding allenic derivatives. In the preparation of 
acetylenic ethers, this may occur either before or after 
the formation of the ether. To test these possibil- 
ities, 1-methoxy-1'-heptyne, prepared according to 
the method of Nooi and Arens,I2 was refluxed with 
sodium alkoxide for various intervals of time, a con- 
dition used for the attempted preparation of acetylenic 
ethers; the isolated product still retained the strong 
acetylenic ether peak in the infrared region and no 
allenic ether absorption appeared near 1965 cm-l. 
The most probable course of reaction thus seems t,o be 
the formation of l-bromo-l',2'-alkadiene by rearrange- 
ment of the 1-bromo-1'-alkyne. If we assume that 
the former reacts with alkoxide much faster than the 
latter, the final product would be predominantly an 
allenic ether rather than the expected acetylenic ether. 
Therefore, the results reported by Berezovskaya, 
et al.,¶ describing the synthesis of a vinyl ether of 
isopropylideneglycerol seem to be open to doubt. 

Experimental Section 

The infrared spectra were determined on a Beckman Model 7 
spectrophotometer. Melting and boiling points are not corrected. 
All indices of refraction were measured on a Zeiss refractometer. 
Microanalyses were carried out by the Clark Microanalytical 
Laboratories, Urbana, Ill. 

1-Bromohept-1 '-yne and 1-Bromohexadec-1 '-yne.-1-Bromo- 
hept-1'-yne (1) was prepared from 1-heptyne by the procedure 
of McCusker and Voit:l0 yield, 63%; bp 42-42.5' (4 mm) 
(lit.'" bp 69" (25 mm); 12% 1.4672 (lit.'o nazD 1.4678). 

Anal. Calcd for C7H11Br: C ,  48.00; H, 6.28; Br, 45.72. 
Found: C, 48.12; H, 6.23; Br, 45.66. 

1-Bromohexadec-1'-yne (2) was made from 1-hexadecyne in a 
manner similar to that of 1-bromohept-1'-yne except that a 
more dilute ethereal solution of alkynylmagnesium bromide was 
used. (1-Hexadecyne was made by dehydrobromination of 1,2- 
dibromohexadecane with sodium amide in anhydrous toluene.18) 
The yield of 2 w-66%: bp 118.5-119' (0.1 mm); n2% 1.4735. 

Anal. Calcd for C1eHZgBr: C, 63.80; H, 9.60; Br, 26.6. 
Found: C, 63.62; H, 9.74; Br, 26.7. 

Attempted Preparation of 1 -0-Hept-1 '-ynyl-2,3-0-isopropyl- 
ideneglycerol (3).-The preparation of 3 was attempted accord- 
ing to the procedure of Berezovskaya, et al.,9 and resulted in a 
product with the following characteristics: yield, 23%; bp 72- 
73" (0.25 mm); d 3 D  1.4585; vzsw 1960 cm-l (lit.9 bp 64-70' 
(0.5 mm); TPD 1.4580. 

Anal. Calcd for CI~HSZOZ: C, 69.02, H, 9.73. Found: C, 
68.90; H, 9.80. 

Attempted Preparation of 1-0 -Hexadec- 1 '-ynyl-2,3-0 -iso- 
propylideneglycerol (4).-Synthesis of 4 was attempted accord- 
ing to the procedure of Berezovskaya, et al.,g and a product 
similar to the above C7 analog was obtained in a yield of 13% 
after silicic acid column chromatography. 

(14) A. I. Vogel, "Practical Organic Chemistry," 3rd ed, John Wiley and 

(15) E. A. Braude and E. R. H. Jones, J .  Chem. SOC., 498 (1945). 
(16) M. Bourguel, Ann. Chim., 9 (IO), 191 (1925). 

Sons, Inc., New York, N. Y., 1962, p 331. 
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Anal. Calcd for CnH4oOa: C, 75.01; H, 11.3. Found: C, 
74.72; H, 11.1. 

l-O-Hexadec-l’,2:’-dienylglycerol (5).-Crude product 4 (4 g, 
11.3 mmoles) was hydrolyzed with” 6.2 g (40 mmoles) of finely 
powdered boric acid in 20 ml of methyl cellosolve in a boiling 
water bath for 1 hr. The residue was dissolved in Skellysolve F 
and cooled a t  -10°F overnight to yield a yellow precipitate. 
This was collected by filtration in the cold to obtain 0.357 g of 
5 in 10% yield: nz‘1*6D 1.4727; v L ; ~  1965 (OC=C=G), 3420 
cm-1 (OH). 

Anal. Calcd for CipHmOs: C, 73.08; H, 11.54. Found: C, 
72.93; H, 11.26. 

~-0-Hexadec-l’,2’-dienyl-2,3-di-0-palmitoylglycerol (6) wm 
prepared by acylation of 5 (0.4 g, 1.25 mmoles) with palmitoyl 
chloride (1.05 g, 3.8 mmoles) in the presnce of 8 ml of pyridine 
and in 20 ml of dry CHCls. The product (6) was obtained by 
recrystallization from acetone a t  0’: yield, 89%; mp 38-39”; 
V~;Y 1755 (ester C=zO), 1950 cm-l (OC=C=c). 

Anal. Calcd for C51HoaOs: C, 77.67; H,  12.18. Found: C, 
77.67, H, 12.32. 

1-0-Hexadec-1 ’,i!’-dienyl-2,3-di-0-oleylglycero1 was prepared 
as outlined above arid obtained as an oil in 60% yield: VFF 1760 
(ester C=O) ,  1970 om-’ (-OC=C=C). 

Anal. Calcd for CI&IlwO~: C, 78.56; H, 11.91. Found: 
C, 78.63; H, 11.90. 

Reaction of Iodine with l-O-Hept-1’,2’-dienyl-2,3-O-iso- 
propylideneglycero1.-To a solution of l-O-hept-l’,2’-dienyl- 
2,3-O-isopropylideneglycerol in methanol was added 0.1 N 
iodine solution until: there was a permanent yellow color. The 
immiscible yellow liquid which separated was recovered by ether 
extraction: v;: 1710 (aldehyde C=O), 1610 (conjugated 
C=C), 27.50 cm-’ (CH stretching of aldehyde); orange-red 
2,4dinitrophenylhydrazone derivative had mp 172-173” dec; 

Anal. Calcd for CiaH15N4041: C, 37.32; H, 3.59; N, 13.40; 
I, 30.3. Found: C, 37.30; H, 3.69; N, 13.26; I, 29.10. 

Registry No.-2,13866-75-6; 3,13866-76-7; 5,13866- 
77-8; 6, 13866-78-9; l-O-hexadec-l‘,2’dienyl-2,3di-O- 
oleylglycerol, 13970-35-9. 

XEtOA 
m.r 372 mp (ema 28,000). 

(17) L. Hartman, J. Chem. SOC., 4134 (1959). 
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The acid-catalyzed enolization of ketones has been 
studied by means of halogenation, racemization of op- 
tically active ketones, and deuteration experiments.2-9 
Of these methods, halogenation has been most com- 
monly used. 

In  1935, Bartlett and Stauffer studied the acid- 
catalyzed enolization of some secondary butyl ketones? 
From a comparison between the rate of racemization 
of the optically active ketones and their over-all rate 

(1) Part I and I1 of this series: A d a  CLm.  Scand., 10, 2236, 2305 (1966). 
(2) A. Lapworth, J .  Chem. Soc., 86, 30 (1904). 
(3) E. D. Hughes, H. B. Watson, and E. D. Yatas, ibid., 3318 (1931). 
(4) H. B. Watson and E. D. Yatea, ibid., 1207 (1932). 
(5) C. K. Ingold and C. L. Wilson, ibid., 773 (1934). 
(6) P. D. Bartlett and C. H. Stauffer, J .  Am.  CLm.  SOC., 67, 2580 (1935). 
(7) J. R. Catch, D. IF. Elliott, D. H. Hey, and E. R. H. Jones, J. Cham. 

Soc.. 272 (1948); J. R. Catch, D. H. Hey, E. R. H. Jones, and W. Wilson, 
ibid., 276 (1948). 

(8) a. M. E. Csrdwt!U and A. H. E. Kilner, ibid., 2430 (1951). 
(9) C. Rsppe, Arkiu Kemi, 24, 321 (1965). 

of iodination, the rate of reaction at  each of the (Y 

carbons and the orientation of substitution were cal- 
culated. Bartlett and Stauffer found no general rules 
for the orientation of substitution.6 

In 1951, Cardwell and Kilner studied the orientation 
of the enolization of a number of ketones by halogena- 
tion experiments.* From a comparison with the rate 
of iodination for the same ketones determined by 
Dawson, lo the relative rate of halogenation of each of 
the two (Y carbons could be calculated. The orienta- 
tion was found to follow the Saytzeff rule and this in- 
vestigation has been considered as a classic investiga- 
tion of the orientation of enolization as well as of hyper- 
conj ugation.8, l1 

3-Methyl-2-pentanone (I) was studied in both in- 
vestigations. Bartlett and Stauffer reported a value 

CH,CH,, ,OH CHSCH,FH\ /H 
CH,CH,CHCOCH, ,c=c H,C c=c 

I CH, ‘CH, HO’ ‘H CH, 

I II I11 

for the orientation of enolization, “3-eno1”/“1-eno11’ 
= II/III = 0.22, while Cardwell and Kilner found 
the same ratio (II/III) to be 3.8.6e8 Cardwell and 
Kilner explained the large difference to be due to the 
use of very incompletely resolved ketone in the racemi- 
zation experiment.8 However, in our opinion it is dif- 
ficult to see how this could influence the rate of racemi- 
zation and therefore the reason for the discrepancy 
must be found elsewhere. 

In  the halogenation experiments, the separation of 
the two a-monohalo isomers and the polyhalo ketones 
was made by distillation and, as already pointed 
out by Cardwell and Kilner, it is difficult to estimate 
the accuracy of these analyses. Another objection 
that can be raised against these results is that rearrange- 
ments can occur during the syntheses and the long dis- 
tillations of the halogenated ketones.12 

Nmr spectroscopy has proven to be an excellent tool 
with which to follow the deuteration of ketones. Here 
the orientation and the rate of reaction can be esti- 
mated in the same e~periment.’~!’~ In a recent paper, 
one of us studied the orientation of deuteration in 2- 
butanone in both acid- and base-catalyzed reactions. 
In the case of acid-catalyzed reactions, the orientation 
of deuteration was found to be approximately the same 
as the orientation of h a l ~ g e n a t i o n . ’ ~ ~ ~ ~  

Later, Bothner-By and Sun, who used the same nmr 
technique, confirmed the orientation for the acid- and 
basecatalyzed deuteration of 2-b~tan0ne.l~ In addi- 
tion to 2-butanone1 these authors also studied the deu- 
teration of acetone, 3-pentanone1 and methoxyacetone. 
Since 3-pentanone was found to enolize more slowly 

(10) H. M. Dawson and R. Wheatley, J. Chem. Soc., 97, 2048 (1910); 
H. M. Dawson and H. Ark, ibid., SO, 1740 (1911). 

(11) (a) C. K. Ingold, “Structure and Mechanism in Organic Chemistry,” 
Cornell University Press, Ithaca, N. Y., 1953, pp 557-560; (b) E. Mtiller, 
“Neuere Anschauungen der Organischen Chemie,” Springer-Verlag. Berlin, 
1957, pp 420-422; (e) E. 9. Gould, “Mechanism and Structure in Organic 
Chemistry,” Holt, Rinehart and Winston, New York, N. Y., 1959, pp 382- 
384. 

(12) C. Rappe, Arkiu Kemi, 28, 81 (1964); C. Rappe, *bid., 24, 73 (1965). 
(13) C. Rappe, Acta Chsm. Scand., 20, 2236 (1966). 
(14) J. Hine, J. G .  Houston, J. H. Jensen, and J. Mulders, J .  Am. Chsm. 

(15) In  the caw of Zbutanone, KD has been determined as 2.7” and Khai 

(16) A. A. Bother-By and C. Sun, J. Ow. Chem., 89, 492 (1967). 

SOC., 87, 5050 (1965); J. Warkentin and 0. S. Tee, ibid., 88, 5540 (1966). 

aa 2.4-2.5: C. Rappe, Acta Chsm. Scand., in press. 


