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Synthesis of fragments of human P-lipotropin, P,-LPH. Part I. The synthesis of 
P-LPH-(61-76) and P-LPH-(61777), i.e. a- and y-endorphin, respectively 

W. A. A. J. Bijl, J. W. van Nispen and H. M. Greven 
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Abstract. The synthesis of P-LPH-(61-76) and P-LPH-(61-77) [i.e. u- and y-endorphin, respectively] 
by means of the fragment condensation approach is described. 
Several of the fragments leading to these two endorphins were also obtained as pure, free peptides. 

The hormone, or prohormone, P-lipotropin (P-LPH) is a 
protein consisting of 91 amino acids and can be isolated 
from pituitary extracts from many species'. It has fat- 
mobilizing activity, especially in the rabbit, and in addition 
shows melanocyte-stimulating activity' and according to 
Thody and Shuster some sebotropic activity*. 
The C-terminal fragment of P-LPH, which is released 
in vitro by mild digestion with trypsin, corresponds to j3- 
LPH-(61-91), i.e. P-endorphin, and appears to have a high 
affinity for opiate binding sites in brain and smooth muscle 
(for a review see reference 3). 
With the help of pulse-chase labelling experiments ChrPtien 
et al. demonstrated that 0-lipotropin may function as a 
prohormone for P-endorphin4. Fragments 61-65, i.e. 
[Met5]-enkephalin, and 61-76 and 61-77, i.e. TY- and y- 
endorphin, respectively, also are potent opiate-like peptides. 
The N-terminal part of 0-LPH contains sequences identical 
to P-MSH (sequence 41-58) and ACTH 4-10 (sequence 
47-53). Since these and related peptides are involved in 
acquisition and maintenance of conditioned behaviour in 
animals, it was deemed of interest to synthesize fragments 
of P-LPH in order to study their behavioural and biological 
activities. Results of these studies have been reported 
recently'. The detailed synthesis of these P-LPH fragments 
by the classical fragment condensation approach is the 
subject of this and subsequent papers. 
A preliminary communication is published in the Pro- 
ceedings of the Fifteenth European Peptide Symposium6. 
In the first part of this series the synthesis of u- and y- 
endorphin as well as several of their partial sequences is 
described. 

Strategy of the synthesis 

Since the structure of human 0-LPH has been elucidated 
by the studies of Li and Chung', we chose this sequence as 
the starting point for the synthesis of our P-LPH fragments. 
This can be useful, especially if it is decided to study the 
effect of such a peptide in man. 
The synthesis of u-, P- and y-endorphin has been described 
in the literature: camel' and human' P-endorphin by Li 
and coworkers, P,-endorphin by Atherton et a1.l' and 
Meienhofer and Chang" and a- and y-endorphin by Ling 
et al.'*. In all these publications use has been made of the 
solid-phase technique*. 
We, however, preferred the classical fragment condensation 
approach, since this method enabled us, during progress of 
the synthesis of larger fragments, to obtain a series of interest- 
ing shorter sequences, which could be studied pharmacolo- 
gically in the meantime. 
For our choice of segmentation of the sequence 1-91 of 
P,-LPH, we were guided by two kinds of arguments. On the 
one hand we wanted to obtain as many of the natural 

Fig. 1. Amino acid sequence of r-endorphin [p-LPH-(6I- 
76)].  y-endorphin [P-LPH-(61-77)], and P,-endorphin [Ph- 

L PH- (61-91)]. 

* After the preparation of this manuscript, two syntheses of 
Ph-endorphin via classical techniques, but using a different 
approach, have been described' 3. '4 .  
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occurring fragments of LPH described in the literature as 
possible. On the other hand there are synthetic considera- 
tions; for example: from the point of view of racemization- 
safe coupling, peptides with a C-terminal prolyl or glycyl 
residue are to be preferred. 
Figure 1 shows the amino acid sequence of a-, y- and P h -  

endorphin, and also the coupling sites in our synthetic 
approach, i.e. at residues 65, 69 and 77 (the last one to obtain 
P-endorphin). 
tert-Butyl derived groups are used for the protection of 
lysine and glutamic acid side-chains and for u-carboxyl 
protection in peptides not containing Lys or Glu**. Ben- 
zyloxycarbonyl groups were used for a-amino protection 
with the exception of the N-terminal residue (i.e. tyrosine). 

The side-chains of tyrosine, serine and threonine were not 
protected. In the final stage of the peptides synthesized, 
the only groups to be removed were tert-butyl derived. The 
condensation of the larger fragments was carried out with 
N,N'-dicyclohexylcarbodiimide and 1-hydroxybenzotriazole 
(DCC/HOBt)"; in the synthesis of the smaller peptides, 
use was also made of active esters and azide reactions. 

Description and discussion of the synthesis 

therefore, we converted the dipeptide methyl ester into the 
hydrazide (with N,H,) and carried out the azide coupling 
reaction according to the procedure of Honzl and Rudinger 
using isopentyl nitrite": 73% of the pure product was 
obtained. 
Hydrogenation of Z-6669-OMe and subsequent acylation 
of H-6669-OMe with Boc-61-65-OH (using DCC and 
HOBt) gave 92% of the pure nonapeptide ester. 
The synthesis of fragment Z-7G77-0tBu is given in Figure 3. 
The tetrapeptide Z-Ser-Gln-Thr-Pro-OtBu was built up 
stepwise, starting from H-Pro-OtBu using DCC and HOBt 
with the exception of Z-Gln-OH where a p-nitrophenyl 
ester reaction gave better results. The coupling of Z-Leu-Val- 
OH with H-Thr-Leu-OtBu (upper part of Fig. 3) using DCC 
and HOBt gave a crude peptide that proved difficult to 
purify. The purification after a mixed anhydride reaction 
was easier, but a LAO digestion of the tetrapeptide indicated 
some 40% racemization of the valine residue! Therefore, 
we turned again to the stepwise elongation procedure (via 
p-nitrophenyl esters or DCC/HOBt), and this proved to be 
very successful. 
Z-Ser-Gln-Thr-Pro-OH, obtained after treatment of the 
corresponding -0tBu ester with trifluoroacetic acid, was 
coupled with H-Leu-Val-Thr-Leu-OtBu (using DCC and 
HOBt) to give the protected octapeptide in 72% yield. 

Figure 2 illustrates the synthesis of the protected fragments 
61-65, 6669 and 61-69. Protected enkephalin (i.e. sequence 
6145) was obtained in the following way: H-Phe-Met-OMe, 
obtained after removal of the a-amino protecting Boc 
group, was reacted with the known dipeptide Boc-Gly-Gly- 
OH, via a DCC/HOBt mediated reaction. 
The protected tetrapeptide isolated in 89% yield was de- 
protected (HCI in CH,CI,) and the resulting product was 
acylated with Boc-Tyr-OH using DCC and HOBt. Saponifi- 
cation of the pentapeptide (with NaOH in aqueous dioxane) 
gave Boc-61-65-OH in 90% yield. 
In the upper part of Figure 2 is outlined our initially planned 
route to obtain Z-66-69-OMe. Both the alkaline hydrolysis 
of Z-Thr-Ser-OMe and the subsequent coupling of Z-Thr- 
Ser-OH with H-Glu(0tBu)-Lys(Boc)-OMe (obtained after 
hydrogenation of the Z-dipeptide) were not satisfactory* ; 

~ ~~~~~ 

* In a recent paper Stabinsky et al. have demonstrated cyclization 

** Standard abbreviations are used for amino acids and protecting 
groups [IUPAC-IUB Commission on Biochemical Nomencla- 
ture, Biochem. J. 126, 773 (1972)l. Other abbreviations are: 
DCC, N,N'-dicyclohexylcarbodiimide; DCU, N,N'-dicyclo- 
hexylurea; DMF, N,N-dimethylformamide; EtOAc, ethyl ace- 
tate; HOAc, acetic acid; HOBt, 1-hydroxybenzotriazole; LAO, 
L-amino acid oxidase; NEM, N-ethylmorpholine; Pd/C, 10% 
palladium on charcoal; pet. ether, petroleum ether b.p. 4 W W ;  
TLC, thin-layer chromatography; TFA, trifluoroacetic acid; 
TMAH, tetramethylammonium hydroxide. 
W. Konig and R. Geiger, Chem. Ber. 103, 788 (1970). 
Y. Stabinsky, M. Fridkin, V. Zakuth and Z. Spirer, Int. J. Pept. 
Protein Res. 12, 130 ( I  978). 
J.  Honzl and J. Rudinger, Collect. Czech. Chem. Commun. 26, 
2333 (1961). 

products when similar peptides were treated with basez6. 

Synthesis o f  &,-LPH-(61 m),  sequence (61-69) 

TY r G!Y G! Y Phe - M e t  - Th - r Se r G lu  L Y S  - - - - - - - 

OtBu Boc 
Z-OH H-OMe Z A O H  H A O M e  

OtBu 

OtBu Boc 
Z'-{OMe O H  Z } a , o M e  H 

Boc-OH H-OEt Boc-ONp H-OMe 

- 1 Boc = - - - OMe 

61 62 63 64 65 66 67 68 69 

- - 

Fig. 2 .  Schematic representation of the synthesis ofprotected fragment 6 1 6 9 .  
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Se r Gln T h  r Pro Leu V a  I T h r  Leu - - - - 

Z-OH H-OMe Z-OH 

z z  = OMe Z-OH z k O t B u  

z :  = OH L}-,OtBu 

H 

Z-OH H Z)cotB" 

Z-ONp i}-OtBu Z-ONp H ' }- 0 t B u 

Z-OH i}-,OtBu Z-ONp i}-OtBu 

OH H 

z =  - : OtBu - - 
70 71 7 2  73 74 75 76 77 

Fig. 3. Schematic representation of the synthesis of protected fragment 70-77. 

In order to obtain P-LPH-(61-76) (%-endorphin) in which 
Thr76 is the C-terminal amino acid residue, we synthesized 
Z-Thr(tBu)-OtBu from Z-Thr-OH according to the litera- 
ture'*. The same series of reactions leading to protected 
Z-70-77-0tBu was used to give protected Z-70-76-0tBu. 
After some preliminary experiments, careful saponification 
of Boc-61-69-OMe led to pure Boc-61-69-OH in 77% yield 
(see Fig. 4). 

Boc-61-69-OMe Z-7&77-0tBu 

2.1 eq NaOH I y&dc 1 18 min/room temperature 

+ H-70-77-0tBu Boc-61-69-OH 

DCC 1 HOBt 

Boc-6 1 -77-0t BU 

1) TFA; ion exchange 
2 )  Merck Fertigsaule, Kieselgel 60 1 

H-61-77-OH 
y-endorphin 

Fig. 4 

Deprotection of Z-7C77-0tBu (HJPd, C) and subsequent 
acylation of H-70-77-0tBu with the fragment Boc-61-69-OH 
gave the protected 17-peptide in 70.6% yield. Removal of 
all protecting groups was achieved with trifluoroacetic 
acid; purification by column chromatography (Merck 
Fertigsaule) gave y-endorphin. 
a-Endorphin was obtained after the same series of reactions 
with the exception of the purification which was achieved 
using counter current distribution (Craig partition). The 

partial sequences H-7C77-OH, H-70-76-OH, H-61-65-OH 
(enkephalin), and H-61-69-OH were obtained from their 
protected precursors in the same way and were purified 
by column chromatography. The final products were 
checked for purity by HPLC, TLC, amino acid analysis, and 
L-amino acid oxidase (LAO) digestion. (After acid hydro- 
lysis of the peptide into the individual amino acids, the 
hydrolyzate is treated with L-amino acid oxidase; this 
enzyme oxidizes Tyr, Phe, Met, Lys, Leu and Val into their 
corresponding a-keto acids. However, the conversion of the 
amino acids Thr, Ser, Glu and Pro varies. The amount of 
unconverted amino acid, determined by amino acid analysis 
and corrected for the "blank" corresponds to the amount 
of D-amino acid in the sample). 

Experimental section 

The purity of the amino acid derivatives and peptides was checked 
by thin-layer chromatography (TLC) on Merck silicagel plates 
(F. 254, 0.25 mm) using the following solvent systems (ratios are 
v/v) : 
a) chloroform/methanol/water = 70/30/5 
b) toluene/ethanol = 4/1 
c) chloroform/methanol = 4/ 1 
d )  I-butanol/pyridine/acetic acid/water = 16/3/1/4 
e) I-butanol/pyridine/acetic acid/water = 8/3/1/4 
f) toluene/ethanol = 9/l 
g) I-butanol/pyridine/ammonia (25 "/, solution in water, m/m)/ 

water = 20/12/3/15. 
Methods used for the detection of components on TLC plates were: 
ultraviolet (quenching of fluorescence after exposure of the plates 
at 254 nm), fluorescamine reagent (free amino groups)" and 
chlorine/o-tolidine reagent" for peptide bonds. 
Melting points were determined with a Totolli apparatus but not 
corrected. Specific rotations were meawred with a Perkin-Elmer 
241 polarimeter and not corrected for the peptide content. 

I S  A .  A .  Co.sropanagioris, J. Presron and B. Weinsrein. J. Org. 

l 9  A. 144. Felix and M. H. Jimenez, J. Chromatogr. 89, 361 (1974). 
'" F. Reindel and W. Hoppe, Naturwissenschaften 40, 221 (1953). 

E. Stah/: Dunnschichtchromatographie, 2nd ed. Springer- 
Verlag, Berlin, 1967, p. 174. 

Chem. 31. 3398 (1966). 
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Amino acid analyses were carried out on samples that had been 
hydrolyzed in 5.7 N HCI for 24 h at 105°C. 
End-products and products after alkaline saponification were 
routinely checked for racemization by the L-amino acid oxidase 
(LAO) digestion method". 
High performance liquid chromatography (HPLC) experiments 
were carried out on a Spectra Physics, model 8000. 
Stationary phase: p-Bondapak C-18. Mobile phase: system A = 
methanol/water = 25/75 and B = methanol/water = 80/20, both 
with 0.05 M TMAH and phosphoric acid to adjust the pH to 3.0"; 
gradients of A and B were run at 20°C with a flow rate of 2 mlimin. 
Detection: 210 nm. The area percentages of the main component 
and by-products present in the sample were calculated by a com- 
puterconnected to the SP 8000 apparatus: the total percentage of the 
main component and possible by-products was set at 100%. 

Synthesis of Boc-Tyr-Gly-Gly-Phe-Met-Thr-Ser-Glu(0tBu)- 
Lys(Boc)-OH, sequence 6149 ,  Fig.2 

Boc-Gly-Gly-Phe-Met-OMe (62-65). Equimolar amounts of Boc- 
Gly-Gly-OHZ3 and H-Phe-Met-OMe.HCIz4 were dissolved in 
DMF, followed by 1.5 equivalents of HOBt and one equivalent of 
NEM. The solution was cooled to approx. -20°C, and one equi- 
valent of DCC was added. After 30 min at -20°C, 2 h at 0°C and 
18 h at room temperature, the solution was filtered and the filtrate 
was evaporated to dryness. The oily residue was dissolved in EtOAc 
and the solution extracted successively with 5 % KHSO, solution, 
H,O, 5 %  NaHCO, solution, H,O and saturated NaCl solution. 
After drying on anhydrous Na,SO,, the filtered solution was 
concentrated and ether was added. The precipitate was filtered, 
washed and dried. Yield 89%; m.p. 109-110°C; [.I;' -22.5" 
(c = I ,  DMF). TLC: R, 0.95 (a), 0.44 (b). 

Boc-Tyr-Gly-Gly-Phe-Met-OMe (61-65). 4.5 g (16.0 mmol) of 
Boc-Tyr-OH and 6.7 g (14.5 mmol) of H-Gly-Gly-Phe-Met- 
OMe-HCI (obtained after treatment of the corresponding Boc 
compound with HCI in CH,CI,) in 120 ml of D M F  were coupled 
using the DCC/HOBt method as described above. Crystallization 
from EtOAc/ether/pet. ether gave 8.9 g (89.4%) of the penta- 
peptide derivative. M.p. 93-95OC (lit." m.p. 92°C). [a];' -21.4" 
(c = 1, DMF) [Lit.zs [XI? -20.2" (c = 2, DMF)]. TLC: R, 
0.91 (a), 0.39 (b), 0.84 (c). 

Boc-Tyr-Gly-Gly-Phe-Met-OH (61-65). 5.2 g (7.6 mmol) of 
Boc-Tyr-Gly-Gly-Phe-Met-OMe in 120 ml of dioxane/H,O (9/l)  
were treated with 8.3 ml 2.0 N NaOH for 15 min at room tempera- 
ture. The pH was then adjusted to 7 with 4N HCI and the dioxane 
was evaporated. EtOAc (150 ml) was added and the pH of the 
mixture was adjusted to 1.5 with 4N HCI. The EtOAc phase was 
extracted with saturated sodium chloride solution. After drying 
(Na,SO,), the solution was evaporated to dryness. The residue was 
crystallized from EtOAc/pet. ether. Yield 4.5 g (90.0%); m.p. 123- 
128°C (dec.); [a];' - 16.40 (c = I ,  DMF). TLC: R, 0.38 (a), 0.70 (d). 

Z-Glu(0tBu)-Lys(Boc)-OMe (68-69). 35.3 g (105 mmol) of 
Z-Glu(0tBu)-OH and 29.7 (100 mmol) of H-Lys(Boc)-OMe.HCl 
in 140 ml of D M F  were coupled by the DCC/HOBt method and the 
reaction mixture was worked up as described for Boc-Gly-Gly-Phe- 
Met-OMe. Crystallization from ether/pet. ether ( 1  : I) gave 37.8 g 
(65.2%) of the protected dipeptide. M.p. 5458°C; [XI;' -4.7" 

Z-Thr-Ser-Glu( 0 tBu)-Lys(  B o c ) - 0  Me  (66-69). 10.9 g (30.8 
mmol) of Z-Thr-Ser-N,H,Z6 in 75 ml of DMF were treated with 
17.5 ml of 3.87 N HCI in D M F  at 0°C. 
The hydrazide was converted into the azide by the addition of 
4.7 ml (33.9 mmol) of isopentyl nitrite and stirring the solution for 
20 min at - l5/ - 20°C. The reaction mixture was then neutralized 
with 8.55 ml of NEM, and a solution of H-Glu(0tBu)-Lys(Boc)- 
OMe (30.8 mmol) [obtained after hydrogenation of 17.8 g (30.8 
mmol) of Z-Glu(0tBu)-Lys(Boc)-OMe in D M F  with Pd/C as the 
catalyst] in 100 ml of D M F  was subsequently added. The pH of the 
solution was adjusted to 7.2 with NEM (2 ml). After 78 h at 0°C 
the solvent was evaporated in uacuo. The concentrate was dissolved 
in EtOAc ( 1  20 ml) and water (20 ml) and the organic phase was 
extracted as usual. After drying (Na,SO,), the solution was eva- 
porated to dryness. The residue was treated with MeOH/ether/pet. 
ether (1/2/2). The precipitate that formed was filtered, and dried. 
Yield 17.2 g (73.0%); m.p. 141-142°C; [z]2 -3.3" (c = 1, DMF). 

Boc-Tyr-Gly-Gl.v-Phe-Met-Thr-Ser-Glu( Ot Bu) - Lys( Boc) - 0 M e  (6 I - 
69). - To a stirred mixture of 1.88 g (2.79 mmol) of Boc-Tyr-Gly- 

(c = I ,  DMF). TLC: R, 0.45 (b), 0.92 (c). 

TLC: R, 0.35 (b), 0.76 (c). 

Gly-Phe-Met-OH and 754 mg (2 equiv.) of HOBt in D M F  (10 ml), 
a solution of 1.77 g (2.79 mmol) of H-Thr-Ser-Glu(0tBu)-Lys(Boc)- 
OMe [obtained after hydrogenation of 2.27 g (2.96 mmol) of Z- 
Thr-Ser-Glu(0tBu)-Lys(Boc)-OMe] in 10 ml of D M F  was added. 
The solution was cooled to -22°C and 637 mg of DCC (1.1 equiv.) 
were added. After 10 min at -22°C and 18 h at room temperature, 
the solution was filtered and evaporated to dryness. The concentrate 
was treated with MeOH/ether/pet. ether (i/2/2) and the formed 
precipitate was filtered, washed with etherjpet. ether, and dried. 
Yield 3.32 g (92.2%); m.p. 186187°C (dec.); [.I;' - 10.00 (c = I ,  
DMF). TLC: R, 0.77 (a), 0.90 (c). 

Synthesis of Z-Ser-Gln-Thr-Pro-Leu-Val-Thr-Leu-OtBu, sequence 
70-77, Fig. 3 

Z-Thr-Pro-OtBu (72-73). To a stirred mixture of 84.9 g(335 mmol) 
of Z-Thr-OH, 57.4 g (335 mmol) of H-Pro-OtBu and 54.7 g (405 
mmol, 1.2 equiv.) of HOBt in DMF (600 ml) cooled to -2O"C, 
69.4 g (335 mmol) of DCC were added. After 2 h at 0°C and 18 h 
at room temperature the filtered solution was evaporated to dryness. 
The oily residue was dissolved in EtOAc (750 ml) and extracted as 
for 62-65. After drying (Na,SO,), and evaporation of the organic 
solvent, the oily residue was triturated with pet. ether. Yield 119.6 g 
(87.7%); m.p. 69-73°C; [a]: -51.3" (c = 1, DMF). TLC: 
R, 0.40 (b). 

Z-Gln-Thr-Pro-OtBu (71-73). To a solution of 19.1 g (70.0 mmol) 
of H-Thr-Pro-OtBu (obtained after hydrogenation of 28.5 g (70.0 
mmol) of Z-Thr-Pro-OtBu in D M F  with PdjC as the catalyst) in 
D M F  (300 ml), were added 28.1 g (70.0 mmol) of Z-Gln-ONp. The 
reaction mixture was stirred at room temperature for 24 h and 
thereafter evaporated to dryness. The residue was dissolved in 
EtOAc (350 ml) and the solution extracted as usual. After drying 
(Na,SO,) and evaporation of the organic solvent, the residue was 
triturated with ether. The obtained solid was triturated again, 
this time with EtOAc/ether (l/S). Yield 27.9 g (74.8%); m.p. 
89-91"C; [ZIP -46.3" (c = I ,  DMF). TLC: R, 0.32 (b), 0.80 (c). 
Z-Ser-Gln-Thr-Pro-OtBu (7673).  11.1 g (46.2 mmol) of Z-Ser-OH 
and 18.5 g (46.2 mmol) of H-Gln-Thr-Pro-OtBu (obtained after 
hydrogenation in D M F  as usual) in 250 ml of DMF, were coupled 
by the DCC/HOBt method. After removal of the DCU, the oily 
residue was dissolved in 2-BuOH/CHC13 (2/3), and extracted as 
described for 62-65. After isolation, the residue was treated with 
MeOH/ether/pet. ether. Yield 21.7 g (75.2%); m.p. 104-106°C; 
[XI? -42.7" (c = 1, DMF). TLC: R, 0.73 (b), 0.56 (c). 

Z-Thr-Leu-OtBu (7677). 21.5 g (84.8 mmol) of Z-Thr-OH and 
15.9 g (84.8 mmol) of H-Leu-OtBu in 300 ml of CH,CI, were 
coupled by the DCC/HOBt method and the reaction mixture was 
worked up as described for Z-Thr-Pro-OtBu (72-73). The oily 
residue was dissolved in 25 ml of EtOAc and the solution was added 
to 250 ml of petroleum ether. The formed precipitate was filtered 
off, washed with petroleum ether, and dried. Yield 25.2 g (70.3%); 
m.p. 868IoC;[a];' - 16.2" (c = I ,  DMF). TLC: R, 0.43 (b). 

Z- Val-Thr-Leu-OtBu (75-77). To a solution of 15.0 g (50.9 mmol) 
of H-Thr-Leu-OtBu [obtained after hydrogenation of 21.5 g 
(50.9 mmol) of Z-Thr-Leu-OtBu] in 250 ml of DMF, were added 
18.9 g (50.9 mmol) of 2-Val-ONp. The reaction mixture was stirred 
at room temperature for 18 h, and was then evaporated to dryness. 
The oily residue was dissolved in EtOAc, and extracted successively 
with 10% K,CO, solution, 0.1 N HCI solution and saturated NaCl 
solution. After drying (Na,SO,) and evaporation of the organic 
solvent, the concentrate was crystallized from EtOAcietherjpet. 

B. Riniker and R. Schwyzer, Helv. Chim. Acta 44, 658 (1961). 
The Enzymes, 2nd ed., Vol. 7 (eds. P .  D. Boyer, H.  Lurdy and 
K .  Myrback) chapter 2b, section 11: L-amino acid oxidases 
( A .  Meister and D. Wellner), Academic Press, New York, 1963, 
p. 611. 

2 2  M .  E. F. Biemond, W.  Sipman and J.  OliviP, submitted for 
publication. 

2 3  E. Pietrzik, H. Kalbacher and W .  Voelter, Justus Liebigs Ann. 
Chem. 609 (1977). 

24 C. Schattenkerk, I .  Voskuyl-Holtkamp and R. Bokhorst, Recl. 
Trav. Chim. Pays-Bas 92,92 (1973). 

" H. H. Biischer, R .  C. Hill, D .  Romer, F. Cardinaux, A .  Closse, 
D.  Hauser and J.  Pless, Nature 261, 423 (1976). 

26 E. Schroder and H. Gibian, Justus Liebigs Ann. Chem. 656, 190 
(1962). 
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ether. Yield 23.1 g (87%); m.p. 123-125°C (lit." m.p. 129-130°C); 
[z]p -52.8" (c = 0.5, MeOH) [lit." [z]? -55.5" (c = 0.5, 
MeOH]. TLC: R, 0.57 (b). 
When a DCC/HOBt mediated reaction was carried out involving 
Z-Val-OH and H-Thr-Leu-OtBu, 76.3% of the tripeptide with the 
same physical constants was obtained. 

Z-Leu-Val-Thr-Leu-OtBu (74-77). 16.2 g (41.9 mmol) of H-Val- 
Thr-Leu-OtBu (obtained after hydrogenation of Z-Val-Thr-Leu- 
OtBu in MeOH with Pd/C as the catalyst) and 16.2 g (41.9 mmol) 
of Z-Leu-ONp in 250 ml of DMF were coupled by thep-nitrophenyl 
ester method and the reaction mixture was worked up as described 
for Z-Val-Thr-Leu-OtBu (75--77). The concentrate was crystallized 
from EtOAc/pet. ether. Yield 23.8 g (89.0"/,); m.p. 153-155°C; 
[a]:' -21.6" (c = I ,  DMF). TLC: R, 0.50 (b). 0.27 (0. 
A DCC/HOBt reaction gave 89.4% of peptide with the same m.p. 
and rotation. 

Z-Ser-Gln-Thr-Pro-Leu-Val-Thr-Leu-OtBu (7G77). 9.54 g (16.9 
mmol) of Z-Ser-Gln-Thr-Pro-OH (obtained after deprotection of 
Z-Ser-Gln-Thr-Pro-OtBu with TFA/H,O = 9/l ,  v/v) and an 
equimolar amount of H-Leu-Val-Thr-Leu-OtBu (obtained after 
hydrogenation of Z-Leu-Val-Thr-Leu-OtBu in MeOH with Pd/C as 
the catalyst) in 130 ml of DMF were coupled by the DCC/HOBt 
method and the reaction mixture was worked up as described for 
(70-73). After drying (Na,SO,), the organic solvent was evaporated 
to dryness. The concentrate was dissolved in D M F  and EtOAc was 
added. The precipitate was filtered, washed with EtOAc, and dried. 
Yield 12.Og (71.676); m.p. 210-212°C (dec.); [XI:' -40.9" ( c  = I ,  
DMF). TLC: R, 0.81 (a), 0.48 (c). 

Synthesis of Z-Ser-Gln-Thr-Pro-Leu-Val-Thr(tBu)-OtBu, sequence 

Z-Leu- Val-Thr(tBu)-OtBu (74-76). 20.9 g (57.3 mmol) of Z-Leu- 
Val-OH" and 13.2 g (57.3 mmol) of H-Thr(tBu)-OtBu [obtained 
after hydrogenation of Z-Thr(tBu)-OtBu18 in MeOH with PdjC as 
the catalyst] were coupled in D M F  by the DCC/HOBt method. 
The crude product was purified by column chromatography using 
silica gel and toluene/ethanol (9/l)  as the eluent. Yield 17.1 g 
(52.0%); m.p. 56-58°C; [a]:' -37.6" (c = I ,  MeOH). TLC: 
R, 0.54 (b). 

Z-Ser-Gln-Thr-Pro-Leu- Val-Thr(tBu)-OtBu (70-76). 2.00 g (3.54 
mmol) of Z-Ser-Gln-Thr-Pro-OH and 1.68 g (3.79 mmol) of H- Leu- 
Val-Thr(tBu)-OtBu (obtained after hydrogenation of Z-Leu-Val- 
Thr(tBu)-OtBu in MeOH with Pd/C as the catalyst) were coupled 
by thqDCC/HOBt method as described for (70-73). The working- 
up procedure was the same as for (70-77). Yield 2.28 g (65.2%); 
m.p. 185-187°C; [z];' -34.7" (c = I ,  DMF). TLC: R, 0.80 (c). 

70-76 

Synthesis of H-Tyr-Gly-Gly-Phe-Met-Thr-Ser-Glu-Lys-Ser-Gln- 
Thr-Pro-Leu-Val-Thr-Leu-OH, y-endorphi- Fig 4 

Boc- Tyr-Gly-GIy- Phe- Met- Thr-Ser-Glu( 0 t B u ) -  Lys( Boc)-OH (6 I -  
69). 1.29 g of Boc-61-69-OMe ( 1  .OO mmol) were treated with l l  ml 
of 0.217 N NaOH in I I  ml of dioxane/H,O (9/l)  for 18 min (under 
N,). Then the pH was adjusted to 2 with HCI. and water was added; 
Boc-61-69-OH was precipitated from the mixture. The precipitate 
was filtered, washed with water, and dried. Yield 990 mg (77.6%); 
m.p. 182-184°C (dec.), [a]? - 1 O . l o  (c = I ,  DMF). TLC: R,  
0.51 (a), 0.23 (c). 

Boc- Tyr-  Gly -Gly- Phe- Met  - Thr- Ser- Glu( OtBu) - Lys( Boc)  -Ser- 
Gln-Thr-Pro-Leu- Val-Thr-Leu-OtBu (61-77). To a stirred solution 
(cooled, approx. -22°C) of 960 mg (0.75 mmol) of Boc-61-69-OH, 
760 mg (0.85 mmol) of H-70-77-0tBu (obtained after hydrogena- 
tion of 1.2 g of Z-70-77-0tBu in MeOH with Pd/C as the catalyst) 
and 230 mg of HOBt (2 equiv.) in 12 ml of DMF, 154 mg of DCC 
(0.75 mmol) were added. After stirring for 10 min at -22°C. and 
18 h at +33"C under N,, DCU was removed by filtration, 200 ml 
of H,O were added and the resulting precipitate was collected by 
filtration. Recrystallization from DMF/EtOH/EtOAc gave 1.15 g 
(70.6 %) of Boc-61-77-0tBu; m.p. 2O7-21O0C; [alp - 24.3" 
(c = 0.5, DMF). TLC: R, 0.49 (c). 

H -  Tyr-Gly-GIy- Phe- Met-  Thr-Ser-Glu-Lys-Ser-Gin-Thr-Pro-Leu- 
Val-Thr-Leu-OH (y-endorphin). 1.1 g (0.51 mmol) of Boc-61-77- 
OtBu were treated with 20 ml of TFA/H,O (9/l, v/v) under N, in 
the presence of anisole. After conversion of the trifluoroacetate salt 
into the acetate, the crude product was purified by chromatography 
on silica (Merck Fertigsaule) with solvent system e. Yield 440 mg; 

homogeneous on TLC plates: R, 0.33 (e), 0.29 (8). [z]? -70.2" 
(c = 0.5, 10% HOAc) [Lit." [ x ] i 3  -80.5" ( c  = I ,  loo/, HOAc)]. 
Amino acid analysis: Thr 2,89, Ser 1.95, Glu 2.12, Pro 0.99. Gly 2.08, 
Val 1.00, Met 0.98, Leu 1.94, Tyr 0.96, Phe 1.02, Lys 1.00. Peptide 
content 79.5%. LAO digestion: no racemization can be detected. 
HPLC: a linear gradient of 0-70% B was run in 25 min; main 
component 97.1 %. 

Synthesis of H-Tyr-Gly-Gly-Phe-Met-Thr-Ser-Glu-Lys-Ser-Gln- 
Thr-Pro-Leu-Val-Thr-OH, z-endorphin 

Boc- Tyr - Gly -Gly - Phe- Met - Thr- Ser-Glu( Ot Bu) - Ly.r( Boc)-Ser - 
Gin-Thr-Pro-Leu-Val-Thr(tBu)-OtBu (61-76). 1.28 g (1.00 mmol) 
of Boc-61-69-OH and 942 mg (1.10 mmol) of H-70-76-0tBu 
(obtained after hydrogenation of Z-70-76-0tBu in MeOH) were 
coupled by the DCCiHOBt procedure in the same way as described 
for Boc-61-77-0tBu. Crystallization from MeOH/H,O (4/l, v/v) 
gave 1.62 g (75.6%) of Boc-61-76-0tBu; m.p. 21 1°C (dec.); [u]? 
-21.60 (c  = 0.5, DMF). TLC: R, 0.78 (a), 0.44 (c). 

H-Tyr-GIy-Gly-Phe- Met- Thr-Ser-Glu- Lys-St,r-Gln-Thr-Pro-Leu- 
Val-Thr-OH (a-endorphin). I .57 g (0.74 mmol) of Boc-61-76- 
OtBu were treated with 30 ml of TFA/H,O (9/l, v/v), under N,, in 
the presence of anisole. After conversion of the trifluoroacetic acid 
salt into the acetate, the crude product was purified by counter- 
current distribution using the solvent system BuOHjHOAc/H,O 
(4/1/5). Yield 310 mg; [a]:' -71.6" ( c  = 0.5, 10% HOAc) [lit." 
[ x ] ?  -76.5"(c = 1, IO%HOAc)].OnespotonTLC: &0.25(e). 
Ammo acid analysis: Thr 2.98, Ser 1.96, Glu 2.06, Pro 1 .OO. Gly 2.06, 
Val 1.00, Met 0.96, Leu 0.96, Tyr 1.01, Phe 1.00, Lys 0.98. Peptide 
content 91.8 %. No racemization could be detected (LAO digestion). 
HPLC: a linear gradient of &70% B was run in 25 min; main 
component 96.1 %. 

H-Tyr-GIy-Gly-Phe-Met-OH. P-LPH-(61-65) .  1 . 1  1 g(1.63 mmol) 
of Boc-Tyr-Gly-Gly-Phe-Met-OH were deprotected with 10 ml90 % 
aqueous TFA, under N ,, in the presence of anisole. After conversion 
of the trifluoroacetate into the acetate the crude product was 
purified by chromatography on silica (Merck Fertigsaule) using 
the solvent system BuOH/pyridine/HOAc/H,O = 20/3/1/4. Yield 
368 mg, [a]:' +19.S0 (c = I ,  10% HOAc) [lit." [a]? +26.1° 
( c  = I ,  95% HOAc); lit.29 (HCI salt) [a]? +I80 (c = I ,  1 M 
HOAc)]. TLC: & 0.50 (d), 0.53 (e). 
Amino acid analysis: Gly 1.97, Met 0.99, Tyr 1.00, Phe 1.04; 
peptide content 90.2 %. No racemization was detected (LAO). 
HPLC: a linear gradient of &loo% B was run in 25 min; main 
component 97.2 %. 

H -  Tvr-GIy-Gly- Phe- Met-  Thr-Ser-Glu- Lys-OH.  p- LPH-(61-69) .  
1.27 g (1.00 mmol) of Boc-61-69-OH were deprotected with 15 ml 
of 90% aqueous TFA under N, in the presence of anisole. After 
conversion of the trifluoroacetate salt into the acetate, the crude 
product was purified by column chromatography on silica (Merck 
Fertigsaule) using solvent system e. Yield: 181 mg; [z]? - 18.8" 
(c = I ,  10% HOAc). TLC: R, 0.20 ( e ) .  
Amino acid analysis: Thr 1.01, Ser 0.94. Glu 1.06, Gly 1.91, Met 
1.04, Tyr 0.96, Phe 1.03, Lys 1.00. Peptide content 90.5%. No 
racemization could be detected. HPLC: a linear gradient of 0- 100 % 
B was run in 15 min; main component 91.0%; several traces of 
by-products were seen. 

H-Ser-Gln-Thr-Pro-Leu- Val-Thr-OH, P-LPH-I 70-76) .  760 mg 
(0.89 mmol) of H-70-76-0tBu were treated with 10 ml of aqueous 
90% TFA. After conversion of the trifluoroacetate salt into the 
acetate, the crude product was purified by chromatography on 
silica (Merck Fertigsaule) with solvent system e .  Yield 540 mg; 
[z]:' -109.1O (c = 1, 10% HOAc). TLC: 0.35 (e). 
Amino acid analysis: Thr 1.91, Ser 1.02. Glu 1.04. Pro 0.98, Val 
1.04, Leu 1 .OO. Peptide content 84.4 %. LAO digestion: no racemiza- 
tion was found. HPLC: a linear gradient of &loo% B was run in 
15 min; main component 98.5 %. 

2' M .  Drahoivska, M .  Jakohowska and G. Kupryszew:tki, Bull. 

2 8  P. Bander, I .  Borecka and E. Cherbuliez, Helv. Chim. Acta 51, 1 

'' L. Grqf; A .  Z. Ronai. S. Bajusz, G. Cseh and J .  J .  Szekely. FEBS 

Acad. Pol. Sci. Ser. Sci. Chim. 14, 299 (1966). 

( 1968). 

Lett. 64, 181 (1976). 
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H -  Ser - G h -  Thr- Pro - Leu- Val - Thr- Leu- OH, p - LPH - ( 70-77). 
390 mg (0.43 mmol) of H-70-77-0tBu were treated with 90% 
aqueous TFA and purified in the Same way as was described for 
7(t76. Yield 244 mg; [a]~? -121.3' (C = 0.5, 10% HoAc). 
Homogeneous on TLC: R, 0.48 (e). 
Amino acid analysis: Thr 1.94, Ser 0.98, Glu 1.04, Pro 1.04, Val 
1.04, Leu 1.96. Peptide content 93.6 %. LAO digestion: no racemiza- 
tion was found. HPLC: a linear gradient of 20-70% B was run in 
25 min; main component: 95.3%. 
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3 A b s t r a c t .  New va lues  f o r  3 a long  t h e  C4'-C5' bond i n  nuc leos ides  and 

n u c l e o t i d e s  a r e  proposed. 
HH 

The e x o c y c l i c  C4'-C5' bond i n  t h e  n u c l e o t i d y l  u n i t  o f  n u c l e i c  a c i d s  is one o f  t h e  s i x  

t o r s i o n  ang les  wh ich  c o n s t i t u t e  t h e  con fo rma t ion  of t h e  p o l y n u c l e o t i d e  sugar-phosphate back- 

bone. The s o l u t i o n  conformat ion  o f  t h e  5'-CH20R-moiety r e l a t i v e  t o  t h e  

fu ranose r i n g  may comprise t h r e e  types  o f  ro tamers  which a r e  denoted 

g , g , t ( d e l i n e a t i n g  t h e  conformet ion  o f  t h e  "backbone" f ragment  

C3'-C4'-C5'-05'.  $-bond, F i g .  1 ) .  I n  aqueous s o l u t i o n  t h e  r a p i d  i n t e r -  

convers ion  between t h e  t h r e e  conformers y i e l d s  weighted t ime-averaged 

NMR coup l i ngs  t h a t  a r e  r e l a t e d  t o  t h e  coup l i ngs  o f  t h e  i n d i v i d u a l  con- 

fo rmers  and t h e i r  r e l a t i v e  p o p u l a t i o n s  by: 

Figure 7. 

+ -  , r -  - - - >\ 

H4 ' 

$: gauche '  (g+) 
3 J 4 , 5 ,  = x J '  + x J '  + x t J Z  

3 J 4 , 5 , ,  = x J"  + x J"  + x t j ;  

g +  g+ g- g- 

g+ g+ 9- g- 

where X denotes t h e  mole f r a c t i o n  o f  each o f  t h e  conformers p resen t  ( l x i  = 11. Knowledge o f  

t h e  i n d i v i d u a l  coup l i ngs  i n  these ro tamers  (J '  and J"1 w i l l  a l l o w  con fo rma t iona l  a n a l y s i s  o f  

t h e  C4'-C5' bond i n  terms o f  r e l a t i v e  ro tamer  popu la t i ons .  Severa l  f o r  these 

l i m i t i n g  c o u p l i n g  cons tan ts  have been proposed i n  t h e  l i t e r a t u r e ,  t o g e t h e r  w i t h  many d e r i v e d  

s imp le  r e l a t i o n s h i p s ,  f rom which t h e  p o p u l a t i o n  o f  t h e  major  conformer, x may be c a l c u l a t -  
4 g+' 

ed . * .  

I n  t h i s  communication we r e p o r t  new va lues  f o r  t h e  c o u p l i n g  cons tan ts  in t h e  i n d i v i d u a l  

ro tamers  as determined f rom s o l i d - s t a t e  knowledge o f  t h e  nuc leos ide-moie ty  combined w i t h  t h e  

use o f  a g e n e r a l i z e d  Karp lus  r e l a t i o n .  The l a t t e r  was r e c e n t l y  d e r i v e d  i n  our l a b o r a t o r y 5  and 

i e  f o rmu la ted  as a s tandard  Karp lus  equa t ion  extended w i t h  a c o r r e c t i o n  te rm for t h e  i n f l u e n c e  

o f  e l e c t r o n e g a t i v e  s u b s t i t u e n t s .  The r e l a t i o n  was e m p i r i c a l l y  pa ramet r i zed  and y i e l d s  f o r  

H-C-C-H fragments bea r ing  three non-hydrogen s u b s t i t u e n t s ;  equa t ion  ( 1 ) :  

3JHH = 1 3 . 2 2 ~ 0 ~ ~ 4  - 0.99cos4 + l I 0 . 8 7  - 2.46cos2(Ci-4 + I ~ . ~ * I A X ~ \ ) ) A X ~  ( 1  1 

I n  t h i s  e q u a t i o n  4 denotes t h e  p ro ton -p ro ton  t o r s i o n  angle;  5 ,  s tands  f o r  +I or -1 acco rd ing  


