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Summary. A suitably protected dipeptide of configuration L-D, ¢.g. Z-L-Ala-D-Ala is coupled
with an all L alanine peptide, e.g. L-Ala-L-Ala-ONb3). The blocking groups are removed and the
free peptide hydrolyzed by leucine amino peptidase (E.C. 3.4.1.1). This enzyme shows absolute
L-specificity for the penultimate peptide bond from the amino end and therefore cleaves only the
all L peptide formed through racemization. The amount of frec alanine determined by amino acid
analysis gives a multiple of the degree of racemization. The sensitivity of the test allows 0.19,
of (L-Ala), to be detected in the synthesis of 1-Ala-D-Ala-L-Ala-L-Ala. Coupling of Z-L-Ala-D-Ala
and Z-L-Ala-D-Phe with di- and trialanine peptides has been studied using DCCI and DCCI +
1-hydroxybenzotriazole as coupling reagents. The degree of racemization was around 809, for the
coupling by DCCI in DMF but was reduced to 0.2-0.4% in the presence of 2 equivalents of 1-hydro-
xybenzotriazole. Coupling using the succinimide esters Z-L-Ala-p-Ala-ONSu and Z-L-Ala-p-Phe-
ONSu resulted in 0.8 to 109, racemization, depending on the solvent and base used.

Racemization is a dominating problem in the chemical synthesis of peptides.
Unequivocal and sensitive methods for the detection of racemization are prerequisites
for the synthesis of peptides which are to be used in biological studies. One approach
to the problem is the physical separation of diastereomeric peptides formed during
a racemization prone coupling reaction. Procedures which have been utilized include
fractional recrystallization [1] and its combination with isotope dilution (2], gas-
liquid chromatography [3], paper chromatography (4], thin layer chromatography
[5], and ion-exchange chromatography [6]. Another possibility for differentiating
asymmetric centers in peptides is the acidic hydrolsyis of the peptide and analysis of
the optical purity of the free amino acids either by enzymic degradation (e.g. [7]), by
gas-liquid chromatography on an asymmetric phase [8] or by ion-exchange chromato-
graphy after derivation of the free amino acids [9]. NMR.-analysis of diastereomeric
mixtures [10] and proton-tritium exchange on the asymmetric C, [11] have also been
used successfully in recent years. Many of the physical separation methods rely on
model amino acids and peptides which satisfy the special needs of the individual
techniques. Analysis after acid hydrolysis [8] [9], isotope exchange [11] and enzymic
degradation are more generally applicable. With few exceptions (e.g. (2] and [11])
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718 Herverica CHimica Acrta — Vol. 56, Fasc. 2 (1973) — Nr. 70

the sensitivities of the cited methods are rather low; usually racemization below 19,
goes undetected.

We report a highly sensitive enzymic method. It is based on the generally low
side chain selectivity [12] and absolute L-specificity [13] which is found under certain
conditions for LAP3). Peptides of the structure L-Ala-D-Ala-L-Ala-L-Ala ... in which
the next to last amino acid residue from the amino end is of the p-configuration resist
enzymic attack completely [13]. The principle of the procedure is depicted in the
scheme.

Scheme

Z-1-Ala-p-Ala-OH + H-1L-Ala-1.-Ala-ONb

coupling step,
partially changes configuration
at second alanine rcsidue

Z-i-Ala-p-Ala-1-Ala-L-Ala-ONb,  Z-(1-Ala),-OND
l deprotection

L-Ala-D-Ala-L-Ala-L-Ala, (r-Ala),

LAP hydrolysis,
amino acid analysis

amount of free alanine corresponds to 4 x (r-Ala),

A dipeptide of configuration L-D is coupled with an all L alanine peptide, the
blocking groups are removed and the free peptide assayed with LAP. Any racemiza-
tion during the coupling?) leads to a peptide with all L configuration which conse-
quently is split into free alanine residues on digestion by LAP. The peptide with
unchanged configuration resists LAP hydrolysis completely. The amount of alanine
freed enzymically corresponds to a multiple of the degree of racemization occurred
during the coupling step. The alanine is readily determined quantitatively by amino
acid analysis. The sensitivity of the method depends on the amplification factor intro-
duced by the amino fragment, the resolving power of the amino acid analysis and
the optical purity of the D-amino acid used for the synthesis of the carboxyl frag-
ment®). Under some of the reported conditions as little as 0.2%, racemization could
be detected.

4)  Only racemization via azlactone formation in the carboxyl fragment is conéidered. Racemiza-
tion through proton abstraction at any other asymmetric C, would result in different diaste-
reometric products which consequently would obscure the result of the LAP hydrolysis.
However, racemization of alanine residues via base catalyzcd proton abstraction is extremely
unlikely under the conditions employed here.

5 The stereochemical purity of the commercial D-amino acids was not checked. The amount
of L-amino acid in the preparations used here must be below 0.19%, since a configurational
change of 1f;040 could be detected. If greater accuracy is required or if commercial preparations
arc less pure, treatment by r-amino acid oxidase may provide adequate starting material.
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Table 1. Nanomoles of alanine freed enzymically from 2000 nanomoles each of 1-Ala-p-Ala-1-Ala-1-
Ala and L-Ala-D- Phe-L-Ala-L-Ala and from 50 nanomoles of L-Ala-L-Ala-1-Ala-L-Ala duving a 24 h
incubation with LA P

The two L-D-L-L peptides contained 0.59% and 0.49%,, respectively of the all L diastereomers.

Peptide nanomoles of free alanine

0.1h 0.5h 1h 3h 24 h
L-Ala-D-Ala-L-Ala-L-Ala 18 36 34 40 44
L-Ala-D-Phe-L-Ala-L-Ala 12 22 26 24 28
L-Ala-L-Ala-L-Ala-1-Ala 90 220 195 215

To test the method, the peptides Z-L-Ala-p-Ala-L-Ala-L-Ala-ONb, Z-r-Ala-p-Ala-L-Ala-L-
Ala-1-Ala~-ONb and Z-r-Ala-p-Phe-L-Ala-L-Ala-ONb werc synthesized by fragment condensation
as outlined in the scheme. Any unwanted separation of diastereomers by recrystallization was
avoided. The crude peptides were hydrogenated and the free peptides collected by acetone precipi-
tation. Hydrolysis by LAP was performed at pH 8.6 and 37° for at least 3 h. The substrate was
15 mMol and the enzyme concentration 0.025 mg per ml. The all L peptides were completely
hydrolyzed within 30 to 60 min. under these conditions. Peptides containing the single p-residue
in the second position remained intact over a 24 h incubation period. This was evident from the
experiment summarized in Table 1. The small amount of alanine freed from the slightly ‘racemized’
L-D-L-L peptides appeared within the first hour of hydrolysis, this was the time necessary to degrade
completely a L-r-L-L peptide. Furthermore, it has been shown earlier [13] that a great excess of
L-D-L-L peptides does not inhibit the LAP hydrolysis of the all L peptides.

The products of the enzymic hydrolysis were qualitatively analyzed by high voltage paper
clectrophoresis at pH 1.4 where alanine peptides are separated according to their size [14], The
percentage of racemization was calculated from the amount of free alanine which was determined
independently by amino acid analysis on the whole hydrolysis mixture. Samples from the hydro-
lysis of up to 2 umol of original peptide were chromatographed on the long column of the amino
acid analyzer [15]. Except for the peptide L-Ala-D-Ala-L-Ala-L-Ala-L-Ala, all hydrolysis resistant
peptides were eluted after the alanine peak. The separation of the frec amino acids from the
intact peptides was in every case sufficient to allow heavy overloading of the column and detec-
tion of at least 1 part in 1000.

Table 2. Racemization during the synthesis of Z-L-Ala-D-Ala-L-Ala-L-Ala-ONb and Z-L-Ala-D- Phe-L-
Ala-L-Ala-ONb
Succinimide esters were reacted in DMF (except where mentioned otherwise) overnight at ambient
temperature; in all other cases reaction times were 1 h at —10° followed by 15 to 20 h at room
temperature. Reaction mixtures were 0.2M each in amino and carboxyl component; equivalents
of other reagents are given in parenthesis. HOBt = l-hydroxybenzotriazole, Et;N = triethyl-
amine, NMM = N-methylmorpholine.

o .
% racemization

Z-r-Ala-p-Ala + HBr - H-L-Ala-L-Ala-ONb DCCI (1.1), Et;N (1) 80

Z-L-Ala-p-Phe + HBr - H-L-Ala-L-Ala-ONb DCCI (1.1), Et,N (1) 90

Z-r-Ala-p-Ala + HBr - H-L-Ala-L-Ala-ONb DCCI (1.1), HOBt (2), NMM (2) 0.2
Z-L-Ala-p-Phe + HBr - H-L-Ala-L-Ala-ONb DCCI (1.1), HOBt (2), NMM (2) 0.4
Z-L-Ala-D-Ala-ONSu + HBr - H-L-Ala-L-Ala-ONb NMM (2} 1.0
same reaction but active ester not recrystallized 2.1
Z-1-Ala-p-Ala-ONSu + HBr - H-L-Ala-L-Ala-L-Ala-ONb NMM (2) 0.8
Z-1-Ala-D-Phe-ONSu + HBr - H-L-Ala-1~Ala-ONb NMM (2) 0.8
same reaction but Et,N (1) 0.9
same reaction but EtyN (2) 1.2

Z-1-Ala-p-Ala-ONSu + H-L—Ala-L-Aia dioxanefwater 1:1, NaHCO, (2) 10.0
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Results for a few coupling methods are given in Table 2. The high racemization
during activation of a peptide with DCCI is well known. Addition of two equivalents
of 1-hydroxybenzotriazole [16] avoided racemization almost completely. This is
additional proof for the usefulness of this new ‘additive’ [17]. Remarkably little
racemization was also observed when the carboxyl fragment was activated as a
succinimide ester and coupled in DMF. The active esters Z-1-Ala-p-Ala-ONSu and
Z-r-Ala-D-Phe-ONSu were synthesized by the DCCI method [18] in dioxanefethyl
acetate 1:1 using 2 equivalents of N-hydroxysuccinimide. The esters were once
recrystallized from Z-propanol prior to their use in the coupling experiments. Coupling
the crude active esters resulted in slightly higher quantities of the diastereomeric
peptides.

Usually fragment condensation wia the synthesis and isolation of an activated
carboxyl component is very much racemization prone. Racemization through azlac-
tone formation is possible during the activation step ~ usually an ester synthesis by
means of DCCI — as well as during the coupling step when the active ester is exposed
to bases and nucleophiles. Activation of peptides by succinimide ester formation and
isolation of the activated species was applied in some rare cases {¢.g. {19]) and was
shown to be almost free of racemization [17]. Moreover, opening of the optically active
azlactone 2-phenyl-L-4-benzyl-oxazolone by N-hydroxysuccinimide and other highly
nucleophilic hydroxylamine derivatives occurred with high retention of configuration
[20]. In our experiments racemic succinimide ester may have been formed during its
synthesis®) and during the peptide bond formation. The percentage of racemization
given in Table 2 is the sum of these two events. We have also considered the possibility
{see [21]) that racemization during the coupling step is dependent on the ratio of the
racemization rate of the succinimide ester vs. the rate of attack by the nucleophile
{amino component). The high degree of racemization observed in dioxane/water with
hydrogencarbonate as base can therefore not be unequivocally attributed to either
a faster racemization of the ester or a slower coupling rate.

In summary our procedure of analyzing racemization during peptide synthesis
has the following advantages: 1. Any coupling method as well as influences by sol-
vents and bases may be checked. 2. The configuration change is amplified through
the coupling with alanine peptides of varying length. This together with the high
resolution power of the amino acid analysis makes the test one of the most sensitive
known. 3. No manipulations which may lead to additional racemization (e.g. acid
hydrolysis) are necessary before the enzymic hydrolysis. 4. Due to the broad speci-
ficity of LAP [12] the method may be extended to an array of different peptides.

Experimental Part

Materials. Leucine aminopeptidase (hog kidney), lot LAPC 2 FA, was from Worthington,
TFreehold, New Jersey. D-Alanine and 1-hydroxybenzotriazole were products of Fluka, Buchs,
Switzerland; p-phenylalanine was from British Drug House and r-Ala-L-Ala from Miles-Yeda,
Rehovot, Isracl. Doubly distilled water was used for the enzymic assays.

Methods. Thin layer chromatography was performed on silicagel-coated alumina plates
(Riedel-DeHaen, Hannover, Germany) in the systems chloroform/methanol 9:1, ethyl acetate/
hexane 1:1 and diisopropyl ether/chloroform/acetone/2-propanol/water/formic acid 5:5:5:1:0.5:1.
Spots were detected by charring.
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Z-1-Ala-p-Ala. p-Ala (2.67 g, 30 mmol) and NaHCO; (5.05 g, 60 mmol) were dissolved in
75 ml of water, Z-L-Ala-ONSu [18] (8.9 g, 30 mmol) in 75 ml of dioxanc was added and the clear
solution allowed to stand at room temperaturc overnight. The mixture was concentrated to approx-
imatcly 50 ml, acidified to pH 1 with 6N HC] and extracted four times with totally 500 ml of
cthyl acetate. The organic cxtract was washed twice with 100 ml of water, with saturated NaCl-
solution and was dried over MgSO,. Evaporation left an oily residue which solidified in the presence
of a little diisopropyl ether. Recrystallization from ethyl acetate/diisopropyl ether 1:5 yielded
5.9 g (67%) of colorless dipeptide, m.p. 115-116° (lit. 116.5° {22]), titration equivalent®): calc.
294.3, found 295.

The following compounds were synthesized accordingly.

Z-L-Ala-1-Ala, m.p. 148-150° (lit. 152-153° [23]), titration cquivalent: calc. 294.3, found 285;
Z-L-Ala-L- Phe, m.p. 123-124° (lit. 122° [24]), titration equivalent: calc. 370.4, found 379; Z-L-4la-
D-Phe, m.p. 45—47° (lit. 49--51° [25]), titration cquivalent: calc. 370.4, found 372.

Z-L-Ala-D-Ala-ONSu. Z-L-Ala-D-Ala (1.47 g, 5 mmol) and N-hydroxysuccinimide (1.15 g,
10 mmol) were dissolved in 10 ml of dioxane and 5 ml of ethyl acetate and cooled in an ice-salt
bath to —10°, DCCI (1.13 g, 5.5 mmol) was added as a solid into the well stirred solution. Stirring
was continued overnight at 4°. The reaction mixture was filtercd, and the filtrate was evaporated
to dryness. The solid product was once recrystallized from 2-propanol. Yield 1.43 g (789}, m.p.
140-141°, [} = 12.8° (¢ = 4.53, dioxane).

CisHy, N3O, (391.4)  Cale. €55.24 H 540 N 10.73%  Found C 54.68 H 5.55 N 11.02%

The following active esters were prepared similarly: Z-L-A4la-L-Ala-ONSu, m.p. 145-146°
(lit. 146° [26]), (2]} = —46.4° (¢ = 3.76, dioxane).

CyH, N,0, (391.4)  Cale. C55.24 H 540 N 10.73%  Found C55.01 H 576 N 11.189%
Z-v-Ala-L-Phe-ON Su, m.p. 136°, [a]}} == —24.6° (¢ = 3.76, dioxane}.

Cy Hy;N,O, (467.5) Calc. C61.66 H 539 N 8.99%  Found C 61.27 H 560 N 9.30%
Z-1-Ala-D-Phe-ONSu, m.p. 146-147°, [a)} = 7.4° (¢ = 3.28, dioxane).

C, H,;N,0, (467.5) Calc. C 61.66 H 539 N 8.999%  Found C 61.67 H 550 N 9.209

HBy - H-1-Ala-1-Ala-ONb and HBy - H-L-Ala-L-Ala-L-Ala-ONb. Stepwise synthcsis of these
peptides has becn described earlier [14].

Fragment condensation by means of DCCI or DCCI + 7-hydvoxybenzotriazole, Z-L-Ala-p-Ala-L-
Ala-1-Ala-ONb. Z-r-Ala-p-Ala (295 mg, 1 mmol), HBr - H-L-Ala-L-Ala-ONb (395 mg, 1 mmol)
and, depending on the coupling method chosen, 1-hydroxybenzotriazole (270 mg, 2 mmol) were
dissolved in 6 ml of DMF. The hydrobromide was neutralized with 1 or 2 equivalents of a tertiary
amine (triethylamine or N-methylmorpholine), and the whole mixture was cooled in an ice-salt
bath to —10°, DCCI (206 mg, 1 mmol) was added as a solid into the well stirred solution and stirring
was continued at 4° overnight. The reaction mixture was filtered, and the protected tetrapeptide
was precipitated from the filtrate by adding 20 volumecs of 0.058 HCl. The crude product was
collected by filtration, washed with cold water and dried in vacuo over P,O;. Z-L-Ala-D-Phe-L-
Ala-1-Ala-ONb was prepared accordingly.

Fragment condensation via peptide succinimide esters. Z-L-Ala-D-Phe-L-Ala-L-Ala-ONb.
Z-L-Ala-D-Phe-ONSu (467 mg, 1 mmol) and HBr - H-r-Ala-1-Ala-ONb (395 mg, 1 mmol) were
dissolved in 6 ml of DMF. The hydrobromide was ncutralized with 1 or 2 equivalents of the desired
tertiary amine and the whole mixture sct aside at ambicnt temperature for 16 to 18 h. The reaction
mixture was filtercd, and the protected tetrapeptide was precipitated from the filtrate by adding
20 volumes of 0.058 HCL. The crude product was collected by filtration and dried iz vacuo over
P,0;.

Z-L-Ala-D-Ala-(L-Ala), 3-ONb and the various all L isomers were prepared in the same way.
Occasionally the reaction mixture got jelly-like and was therefore stirred vigorously to achieve
effective mixing.

Fragment condensationvia peptide succinimide ester in dioxane|watey. Z-L-Ala-D-Ala-1-Ala-L-Ala.
L-Ala-L-Ala (160 mg, 1 mmol) and NaHCO; (168 mg, 2 mmol) were dissolved in 2 ml of water.

§) Non-aqucous titration with sodium methoxide in DMF.
46
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The clear solution was diluted with 2 ml of dioxane. Z-L-Ala-D-Ala-ONSu (391 mg, 1 mmol) was
added into the well stirred solution. The active ester dissolved immediately, and the reaction was
set asidc for 16 h at ambient temperature. Finally the solution was concentrated on a rotary
evaporator to about 1 ml, 20 ml of 0.1~ HCI were added. The product was collected by filtration
after an additional hour at 4° and was dried % vacuo over P,0;.

Catalytic hydrogenation. The blocked peptides were dissolved in acetic acid (1 to 5 g per 100 ml
according to solubility, slight heating was necessary in some cases to get clear solutions). Pd/C
(109%,, 200 mg per g peptide), suspended in a little water, was added and hydrog+n bubbled through
the stirred mixture for 3 to 4 h. The catalyst was removed by filtration, the filtrate cvaporated,
once more taken up in 20 to 50 ml of water and again evaporated to complete dryness. The residue
was then suspended or partially dissolved in a small volume of water (ca. 5 ml per g peptide) and
10 to 20 volumes of acetone were added. After 2h at 4° the free peptide was collected by filtration,
washed with cold acetone and dricd in vacuo over I,O;. Compounds obtained in this way were
ready for LAP hydrolysis.

Enzymic digestion by LA P. Stock solutions of substrates were 30 mmol in water. The commer-
cial LAP, delivered as a suspension, was diluted to 0.05 mg per ml with 50 mMol veronal-HCI of
pH 8.6 containing MnSO, (¢ =10 mm) and was preincubated at 37° for 1 h immediately before use.
Equal volumes {usually 0.2 ml) of substrate and enzyme solutions werc mixed in a small test tube
covered by a piece of parafilm and incubated at 37° 4- 1° for 3 h. The final concentrations in the
assay mixture were: substrate 15 mm, LAP 0.025 mg/ml, veronal 25 mM and MnSO, 5 mm.
One aliquote of 50 pl was pipetted into 0.2 ml of citrate buffer (0.2M, pH 2.2) to give the sample
ready for amino acid analysis. Another 50 pl aliquot was diluted with 50 yl of acetic acid and
was used for high-voltage paper electrophoresis.

Amino acid analyses. These were performed on a Beckman-Spinco analyzer model 120B
equipped with the accelerated system {55 cm column and high sensitivity cuvcttes). Buffers used
for elution had pH 3.25 and 4.25, the total flow was 68 ml/h and the tempcrature 55°. Under
these conditions clution volumes were: alanine 104 ml!, phenylalanine 187 ml, (Ala), (L-D-L-L)
130 ml and (Ala); (L-D-L-L-1) 85 ml. Ala-Phc-Ala-Ala (L-D-L-L) was eluted only during recycling
by alkali. The samplcs in citrate buifer (see digestion by LAP) were chosen. so as to yield 10 to
100 nmol of free amino acids. For low degrees of racemization this corresponded to 1 to 2 pmol of
original peptide. Thc percentage of racemization was calculated as 200 x A/P x amplification
factor, where A is the amount of frece amino acid determined in the analysis (accuracy +5%) and P
the original amount of peptide contained in the same sample. The latter value is based on the
nitrogen analysis of the frec peptide.

High voltage paper electrophoresis. Separation was carried out for 3b on Whatman No. 1 paper at
pH 1.4 and at a gradient of 30 V/jcm. Other details have been described carlier [14]. Electrophoresis
gave areadily available, qualitative picture of the hydrolysis products and was performed routincly
beside the amino acid analysis.

We thank Dr. J. Rudinger for a stimulating discussion and a critical review of the manuscript.
The preparation of some of the protected amino acids and peptides by Mr. I. Jacobson is gratefully
acknowledged.

REFERENCES

11 G. W. Anderson & F. M. Callahan, J. Amer. chem. Soc. 0, 2902 (1958); M. W. Williams &
G. T. Young, J. chem. Soc. 7963, 881.

[21D.S. Kemp, S. W. Wang, G. Busby & G. Hugel, J. Amer. chem. Soc. 92, 1043 (1970).

[3] F. Weygand, A. Prox, L. Schmidhammer & W. Konig, Angew. Chem. 75, 282 (1963); B. Halpern
& J. W. Westley, Biochem. Biophys. Res. Comm. 79, 361 (1965); F. Weygand, A. Prox &
W. Kénig, Ber. deutsch. Chem. Ges. 99, 1451 (1966); F. Weygand, D. Hoffmann & A. Prox,
Z. Naturforschg. 23b, 279 (1968); B. Halpern, L. F. Ghew & J. W. Westley, Anal. Chem. 39,
399 (1967); W. Kinig & R. Geiger, Chem. Ber. 703, 2024 (1970).

[4] E. Taschner, T. Solowska, J. F. Biernak, A. Chimiak, C. Wasiliewski, B. Rzeszotavska, Liebigs
Ann. Chem. 663, 197 (1963).

[5] Z. Pravda, K. Poduska & K. Blaha, Coll. Czechoslov. Chem. Commun. 29, 2626 (1964).



HervETicA CHIMICA AcTA — Vol. 56, Fasc. 2 (1973) — Nr. 70-71 723

[6] M. Bodanszky & L. E. Conklin, Chem. Commun. 7967, 773; N. Izymia & M. Muraoka, ]J.
Amer. chem. Soc. 97, 2391 (1969).

[7] P. Sieber, B. Rinikey, M. Brugger, B. Kamber & W. Rittel, Helv, 53, 2135 (1970).

[8] E. Gil-Av, Tetrahedron Letters 7967, 3345; E. Bayer, E. Gil-Av, W. A. Kinig, S. Naparskin,
J.Orvo & W. Payy, J. Amer. chem. Soc. 92, 1738 (1970).

[9] J. M. Manning & S. Moore, J. biol. Chemistry 243, 5591 (1968).

[10] B. Weinstein & A. E. Pritchard, J. chem. Soc. (Perkin I) 7972, 1015.

[11] R. G. Denkewalter, H. Schwam, R.G. Stvachan, T. E. Beesley, D. F. Veber, E. F. Schoenewaldt,
H. Barkemayer, W. J. Paleveda Jv., T. A. Jacob & R. Hirschmann, J. Amer. chem. Soc. 88,
3163 (1966).

[12] R. J.DeLange & E. L. Smith, in: ‘The Enzymes’, ed. L. Boyer, Acad. Press, New York (1971),

" p. 82

[13] I. Schechter & A. Berger, Biochemistry 5, 3371 (1966).

{14] I. Schechter & A. Berger, Biochemistry 5, 3362 (1966).

[15] D. H. Spackman, W. H. Stein & S. Moore, Anal. Chem. 30, 1190 (1958).

[16] W. Konig & R. Geiger, Chem. Ber. 703, 788 (1970).

[17] W. Konig & R. Geiger, Chem. Ber. 703, 2024 (1970).

(181 G. W. Anderson, J. E. Zimmeymann & F. M. Callahan, J. Amer. chem. Soc. 86, 1839 (1964).

[19] R. Geiger, G. Jaeger, W. Kinig & A. Volk, Z. Naturforschg. 245, 999 (1969).

[20] M. Goodman & C. Glazer, in: ‘Peptides: Chemistry and Biochemistry’, ed. B. Weinstein,
Marcel Dekker, New York (1970), p. 267.

(21 A. W. Williams & G. T. Young, J. chem. Soc. (Perkin I) 7872, 1194.

[22] B. F. Evianger & E. Brand, J. Amer. chem. Soc. 73, 3508 (1951).

(23] W. H. Stein, S. Moove & M. Bergmann, J. biol. Chemistry 754, 191 (1944).

{24] S.-C. Fu, S. M. Birnbaum & J. P. Greenstein, J. Amer. chem. Soc. 76, 6054 (1954).

[25] E. Nicolaides, H. DeWald, R. Westland, M. Lipnik & J. Postler, J. med. Chemistry 77, 74 (1968).

[26] H. Benderly, Thesis (1972), Feinberg Graduate School, Weizmann Institute of Science,
Rehovot, Israel.

71. Konfigurationen und Konformationen
von zwei 2,4,6,8-Tetrabrom-cyclooctan-1, 5-dionen?)

von Jiirg E. Heller?) und André S. Dreiding

Organisch-chemisches Institut der Universitit Zirich
Ramistrasse 76, 8001 Ziirich

8. 1.73)

Summary. The two isomeric tetrabromides, a-isomer mp. 198° and f-isomer mp. 226° described
in [1], are identified as ¢is, ¢is, frans-2,4,6, 8-tetrabromo-cyclooctane-1, 5-dione (2) and cis, trans, cis-
2,4,6,8-tetrabromo-cyclooctane-1, 5-dione (3) by an analysis of their NMR.-spectra which also
allows a derivation of their preferred conformations. Both exist in solution as boat-chair
conformers, the geometries of which correlate well with the IR.- and UV.-spectra.

1. Einleitung. ~ Im Laufe der Synthese von Bishomochinonen aus Cyclooctan-
1,5-dion (1) [1] isolierten wir zwei stereomere 2,4, 6, 8-Tetrabrom-cyclooctan-1, 5-dione
(das a-Isomer, Smp. 198°, und das S-Isomer, Smp. 226°), deren Eigenschaften und

1) Aus der Dissertation von Jiirg E. Heller, Universitit Ziirich, 1973.
%) Stipendiat des Fonds zur Unterstiitzung von Doktoranden auf dem Gebict der Chemie
(1969/70).





