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Anhydrous HF-containing anisole is being used for 
the removal of the resin and side-chain blocking groups 
in the final step of Merrifield solid-phase peptide syn- 
t h e ~ i s , ’ ~ , ~ , ~  and HC1 hydrolysis is being used for the 
preparation of samples for amino acid analysis during 
the course of Merrifield solid-phase peptide synthe- 
sis.1cs3-5 We have performed some experiments in 
order to determine the optimal conditions for these two 
reactions. The determined conditions have been used 
routinely in our laboratory for the past 2 years during 
several hundred cycles of Merrifield solid-phase pep tide 
synthesis with good results. 

HF Reaction.-For it we use 5000 pmol of anisole in 5 
ml of anhydrous H F  at 0” for 0.50 hr. Trifluoroacetic 
acid or toluene decreases the overall recovery of the 
single amino acids, and the use of only 500 pmol of 
anisole in 5 ml of anhydrous H F  decreases the recovery 
of the amino acids even if the total amino acids to be 
recovered in the reaction mixture is less than 20 pmol. 
The resin itself serves as a scavenger for blocking groups 
but is not usually present in high enough concentration 
to prevent attack on the amino acid side chains them- 
selves. Recoveries without any anisole are about two- 
thirds complete for most amino acids but are very low 
for Tyr, Trp, Phe, and Met. 

AsN and GIN are deamidated in some peptides dur- 
ing this procedure.6 

HCl Reaction.-For it we use an “anaerobic” mixture 
of 0.5 ml of 6 N HCl in H20 and 0.5 ml of propionic acid 
at 130” for 2 hr (see Table I). We use 10-50 mg of 
resin-peptide. This mixture gives more clean, con- 
sistent, and complete recoveries of the 20 amino acids 
than do similar mixtures in which propionic acid has 
been substituted by HzO, dioxane, dimethyl sulfoxide, 
dimethylformsmide, formic acid, or acetic acid. 
Valeric acid and propionic acid give the same results, 
but propionic acid is more pleasant. This procedure has 
been used extensively in our laboratory with resin- 
peptides with good results. 

In  addition, our rate experiments have shown that 
the effect of improper solvation of the Merrifield resin 
is to close off completely the less accessible sites on the 
resin, rather than generally to decrease rates of reaction 
at  all the sites by similar amounts. This is illustrated 
by Figure 1, which shows the rates of cleavage of e- 
CBZ-t-BOC-lysine from Merrifield resin in the mixture 
reacted with HC1-HzO-acetic acid and HCI-H20- 
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Figure 1.-Recovery of L-lysine from the hydrolysis mixture 
us. time. Variations in solvent change the total accessible resin 
sites. 

TABLE I 
RECOVERY OF AMINO ACIDS BY HCl AND H F  

-“Anaerobic” HC1- 
HzO-propionic acid, 

mmol/g 5 ml of 
Maximum HF-5000, rmol 

2 hr at recovery at  of anisole, 30 
Compd 13Oo5 130° (hr) min at  O o  

BOC-L- Ala-resin 0.48 0.48 (2) 0.48 
BOC-nitro-L-Arg-resin 0.25b 0.26 (12) 0.16 
BOC-p-BZL-L-Asp-resin + BOC-L-AsN-resin 0.41 0.41 (2) 0.43 
BOC-S-p-methoxybenzyl- 

L-Cys-resin 0.11 0.13 (1) 0.07 
BOC--+-Glu-resin + 

BOC-L-GIN-resin 0.47 0.47 (2) 0.43 
BOC-Gly-resin 0.45 0.45 (2) 0.38 
BOC-L-Lleu-resin 0.48 0.48 (2) 0.53 
BOC-L-Leu-resin 0.47 0.47 (2) 0.44 
BOC-6-CBZ-L-Lys-resin 0.32 0.39 (12) 0.43 
BOC-L-Met-resin 0.29 0.29 (2) 0.28 
BOC-L-Phe-resin 0.47 0.47 (2) 0.44 
BOC-L-Pro-resin 0.48 0.50 (1) (0.7 & 0.3)c 
BOC-0-BZL-L-Ser-resin 0.35 0.39 (1) 0.50 
BOC-0-BZL-L-Thr-resin 0.44 0.44 (2) 0.46 

BOC-0-BZL-L-Tyr-resin 0 I 34 0.35 (1 ) 0.34 
BOC-L-Val-resin 0.46 0.47 (12) 0.49 

0 Each value in the table is an average for ten rate experiments 
like that illustrated in Figure 1. Error of each analysis was 
1 7 % ,  hence the table values are &3%. * Recovery is of Arg. 
Very little ornithine and nitroarginine are observed with the 
propionic acid hydrolysis procedure. c The modified amino 
acid analyses (K. Dus and R. Smith) used for these experiments 
gave very poor analysis of Pro. Trp is destroyed by hydrolysis, 
Probably a few drops of some reducing agent would prevent 
this. 

BOC-L-Trp-resin 0 .  06d 0.10 

propionic acid. This closing off is responsible for the 
fact that Merrifield synthesis itself yields such excellent 
products even when quantitative analysis during the 
synthesis is sometimes discouraging. During the syn- 
thesis, of course, the particular structure of the peptide 
being synthesized also has an important effect on solva- 
tion of the resin-peptide surface. 

Experimental Section 

Copolystyrene-2% divinylbenzene was obtained from Bio- 
Rad Laboratories and was washed and chloromethylated in the 
usual way.10 Volhard titration after boiling in pyridine for 1 hr 
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showed 1.15 mmol of chloride per gram of resin. BOC7 deriva- 
tives of I -Ala, nitro-L-Arg, P-BZL-L-AS~, S-p-methoxy-BZL-L- 
Cys, Y-BZL-L-G~U, ~ - G l y ,  L-Ileu, L-Leu, E-CBZ-L-LYS, L-Met, 
L-Phe, L-Pro, 0-BZL-L-Ser, 0-BZL-L-Thr, L-Trp, 0-BZL-L- 
Tyr, and L-Val were esterified to the resin by refluxing 20 g of 
chloromethylated resin, 20 mmol of derivative, 18 mmol of tri- 
ethylamine, and 50 ml of ethanol for 46 hr. An equal weight 
mixture of all of the resin-derivative preparations was treated with 
acetic acid-anhydrous HC1 (1 M )  for 30 min and washed ex- 
tensively and dried from ethanol. This mixture was used for all 
experiments, so that a representative collection of blocking groups 
was always present. The hydrolyses were performed in sealed 
glass tubes which were frozen by liquid nitrogen and thawed 
several times on a vacuum line before sealing. These “anaerobic” 
conditions seem to give higher recoveries of all of the amino 
acids. HF reactions were carried out in the apparatus described 
by Robinson and Kamens which is similar to that described by 
Sakakibara, et a1.9 

Registry No.-Hydrogen chloride, 7647-01-0; hy- 
drogen fluoride, 7664-39-3. 

Acknowledgment.--We are grateful to Paul Cary for 
the preparation of many of the amino acid derivatives 
and to Paul Cary and Professor R. B. Merrifield for 
their suggestions. Financial support for this research 
by U. S. Public Health Service, Grant No. T1-GM-1045 
to Professor M. D. Kamen, in whose laboratory the 
experiments were performed, is gratefully acknowl- 
edged. 

(7) Abbreviations: BOC = t-butyloxycarbonyl, CBZ - carbobenzyloxy, 

(8) A. B. Robinson and M .  D. Kamen, Symposium on Cytochromes, 

(9) 9. Sakakibara, Y .  Shimonishi, Y .  Kishida, M .  Okada, and H. Sugi- 

BZL = benzyl (ethers and esters). 

Osaka, Japan, 1967. 

hora, Bull. Chem. Soc. J a p . ,  40, 2164 (1967). 

Synthesis of trans-3,cis-5-Tetradecadienoic Acid 
(Megatomoic Acid), the Sex Attractant of the 

Black Carpet Beetle, and Its Geometric Isomers‘ 

J. 0. RODIN, M. A. LEAFFER, AND R. M. SILVER STEIN^ 

Life Sciences Research, Stanford Research Institute, 
Menlo Park, California 94085 

Received February 9, 1970 

The sex attractant of the black carpet beetle, 
Attagenus megatoma (Fabricius), was identified2 as 
trans-3,cis-5-tetradecadienoic acid (I), to which we 
assign the trivial name, megatomoic acid. The syn- 
thesis of megatomic acid and its geometric isomers, 
cis-3,cis-5- (11), cis-3,trans-5- (111) , and trans-3,trans-5- 
tetradecadienoic acid (IV) is described herein. 

CsHi?CH=CH-CH=CHCH&OOH 
trans-3,cis-5 (I) 

cis-3,trans-5 (111) 
trans-3,trans-5 (IV) 

Megatomic acid was synthesized by the sequence 
shown in Scheme I based on the procedure described by 
Celmer and Solomons.s The cis-3,cisd isomer (11) also 
resulted I 

cis-3,cis-5 (11) 

(1) (a) Supported by the U. S. Department of Agriculture under Contract 
(b) Department of Chemistry, State University 

(2) R. M. Silverstein, J. 0. Rodin, W. E. Burkholder, and J. E. Gorman, 

No. 12-14-100-7786(51). 
College of Forestry at Syracuse University, Syracuse, N. Y. 13210. 

Science, i67, 85 (1967). 

The sequence in Scheme I1 produced cis-3,cis-5-tetra- 
decadienoic acid (11) and cis-3,trans-5-tetradecadienoic 
acid (111). 
trans-3,trans-5-Tetradecadienoic acid (IV) was pre- 

pared by isomerization with iodine3 of the trans-3,cis- 
5- or cis-3,trans-5-methyl esters, followed by hydrolysis. 

Since none of the isomers (11-IV) nor the by-products 
resulting from the synthesis of megatomic acid masked 
its attractiveness, the crude mixture was submitted for 
large-scale field testing. Analytical samples of all the 
isomeric acids were prepared by mild alkaline hydroly- 
sis of the corresponding methyl esters, which were iso- 
lated by gas chromatography and shown to be homo- 
geneous on several substrates of different polarities. 
The acids were re-esterified with diazomethane to verify 
that only a negligible amount of isomerization occurred 
during the hydrolysis. 

Experimental Section 

The spectra were recorded on the following instruments unless 
otherwise noted: ir, Perkin-Elmer 137; uv, Perkin-Elmer 202; 
mass, CEC 103; nmr, Varian T 60 (60 Mc). The nmr spectra 
were obtained in CClr and the chemical shifts are in 7 values using 
TMS as an internal standard. The abbreviations “ 6 ,  d, q, and 
m” denote “singlet, doublet, quartet, and multiplet,” respec- 
tively. Gas chromatography (glc) was done on a Varian Aero- 
graph 205 equipped with a hydrogen flame detector; a 1:20 
splitter and NZ make-up gas were used for preparative runs. Glc 
substrates were obtained from Applied Science Laboratory, Inc., 
State College, Pa. 

1-n-Tridecen-4-yn-3-01 (V) .-This compound was prepared in 
56y0 yield from 1-decyne and acrolein according to the procedure 
of Celmer and sol om on^.^ The crude product was distilled at  
114-117” (0.9 mm). Ir (Xf i lm,  p) 3.0 (OH), 3.25 (olefinic CH) 
4.45 (C=C), 6.03 (C=C), 9.8 (C-OH), 10.1 and 10.8 (vinyl). 

Anal. Calcd for CiaHz20: C, 80.35; H, 11.4. Found: C, 
80.0; H,  11.5. 

1-Bromo-cis- and -trans-2-tridecen-4-yne (VI).-A mixture of 
3-bromo-1-tridecen-4-yne and l-bromo-2-tridecen-4-yne resulted 
from the reaction of V with phosphorus tribromide according to 
the procedure of Celmer and Solomons.3 Ir ( P m ,  p )  4.5 (C=C), 
10.15 and 10.8 (vinyl), 10.5 (trans -CH=CH-). 

The 3-bromo compound was converted to VI when the mixture 
was heated under nitrogen at  117’ for 75 min. Distillation 
though a Claisen head at 0.15 mm (bath temp 95-110’) afforded 
a 75 % yield of VI, 

Anal. Calcd for CiaHzlBr: C, 60.7; H, 8.2. Found: C, 
61.0; H,  8.5. 

The cis and trans isomers of VI were obtained in a ratio of 1 : 2 
by glc fractionation (SE 30, 4% on Chromosorb G, 60-80 mesh, 
0.9 m X 7 mm i.d. Pyrex, 160’, 50 cma He/min) with fractions 
collected: at 20 rnin ir ( X f i l m ,  p )  4.50 ( C s C ) ,  8.3, 13.1 (cis- 
CH=CH-); and 25 rnin ir (Xfllm, p) 4.50 ( C s C ) ,  8.3 and 10.5 
(trans -CH=CH-). 

1-Cyano-2-cis- and -trans-tridecen-4-yne (VII).-A solution of 
140 g (0.54 mol) of VI in 70 ml of dimethyl sulfoxide (dried over 
Linde 4X molecular sieves) was added dropwise over 20 rnin to a 
stirred suspension of 55.7 g (0.62 mol) of cuprous cyanide in 300 
ml of dimethyl sulfoxide. The reaction mixture was stirred 
without external heating for 1 hr, a t  40” for 1 hr, and finally at 
85” for 2 hr. After cooling, the mixture was diluted with water 
and extracted with hexane. The extract was washed with water, 
dried over sodium sulfate, and concentrated under reduced pres- 
sure. The residue was distilled through a Claisen head a t  0.1 
mm (bath temp 110-130°) to give 72 g (66% yield) of VII.  

Anal. Calcdfor CUHZIN: N,  6.9. Found: N, 6.9. 
The cis and trans isomers of VI1 were obtained in a ratio of 

1:2 by glc fractionation (Carbowax ~OLM, 10% on Gas Chrom Q, 
60-80mesh,0.6m X 8 mm i.d. Pyrex, 170”, 100 ,ma He/min) with 
fractions collected at  45 rnin and 100 min. The 45 rnin peak 
showed: ir ( P m ,  p )  4.44 and 4.51 (C=C) and 13.7 (broad. 
cis -CH=CH-); nmr 4.3 (m, CH=CH) and 6.7 (d, -CHZCN). 

(3) W. D. Celmer and I .  A. Solomona, J .  Amer. Chem. Soc., 76, 3430 
(1953). 


