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solution was heated to reflux for 24 h, poured into 500 ml of water, 
acidified to pH I, and extracted with 2 X 100 ml of methylene chloride. 
The aqueous layer was then made basic (pH 9) and extracted with 2 
X 100 ml of methylene chloride; the extracts were dried (MgSO1) and 
evaporated, then chromatographed to give an off-white crystalline 
substance (0.6 g, 31% yield). 

11. I-Benzylimidazolidin-2-one Oxime from a Diamine and 7. 
To a refluxing solution of N-benzylethylenediamine (0.75 g, 0.005 mol) 
and triethylamine (1.01 g, 0.01 mol) in 100 ml of chloroform was added 
dropwise over 5 h 1.0 g (0.0051 mol) of 7 in 10 mi of chloroform. After 
the solution was heated at  reflux for 4 h, the solvent was evaporated 
and the residue hydrolyzed with 20 ml of 1 N HC1 on a steam bath for 
1 h. The workup is the same as part I (from acidification step). The 
yield was 0.55 g (58%). 

Registry No.-7,59812-90-7; 8,24248-83-7; 10 (n = 2), 59812-91-8; 
dihydropyran, 110-87-2; phosgene oxime, 1794-86-1; N-benzylethy- 
lenediamine. 4152-09-4. 
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A fully automated solid phase synthesis of Boc-Gly-Phe-Phe-Tyr(Bzl)-Thr(Bzl)-HNNHz (I) on hydroxymethyl 
resin (11) is described. All of the operations, including esterification of the first amino acid residue to the resin, de- 
protection of a-amino protecting group followed by coupling reaction with the next amino acid residue, as well as 
hydrazinolytic cleavage of I from the solid support, have been automated. The regenerated resin I1 was reused sev- 
eral times for the synthesis of the same compound to give automatically several batches of I. Results of this process 
are compared with results of other solid phase and classical syntheses of the Gly-Phe-Phe-Tyr-Thr sequence. 

In solid phase peptide synthesis,l the  process of assem- 
bling the  peptide chain anchored to  a polymer support  has 
been quite effectively automated.2 However, the attachment 
of the first amino acid residue to  the resin and the cleavage of 
the anchoring linkage in order t o  release the products from 
the solid support  have to  be carried out individually in sepa- 
rate  vessel^.^-^ In the  following, a completely automatic re- 
cycled synthesis of the  protected pentapeptide hydrazide 
Bo~-Gly-Phe-Phe-Tyr(Bzl)-Thr(Bzl)-HNNH2~ (I) on the  
hydroxymethyl r e ~ i n ~ , ~  (11) is described. T h e  results of five 
consecutive syntheses of I on the same batch of resin I1 are 
presented and compared with results of several experiments 
in which the same pentapeptide sequence Gly-Phe-Phe- 
Tyr-Thr was prepared by different procedures. 

For the fully automated synthesis of I, a Beckman Model 
990 peptide synthesizerg was programmed to  perform all op- 
erations described below within the same reaction vessel. 
Boc-Thr(Bz1)-OH was esterified to  resin I1 by the  4-di- 
methylaminopyridine catalyzed dicyclohexylcarbodiimide 
(DCC) procedure.8 After benzoylation to  block remaining 
unreacted alcoholic functions on the resin, Boc-Tyr(Bz1)-OH, 
Boc-Phe-OH, Boc-Phe-OH, and Boc-Gly-OH were sequen- 
tially coupled to  the  growing peptide chain on the resin ac- 
cording to general principles of the solid phase method.1-J In 
each coupling cycle, the tert- butyloxycarbonyl group was 
removed by a 20-min treatment with 33% trifluoroacetic acid 
in CHzCl2 and the coupling reaction was effected with 2.5-fold 
excess each of Boc-amino acid and DCC for 2 h. Upon com- 
pletion of the chain assembly the  pentapeptide resin was 

stirred with IO?? HzNNHz in DMF for 16 h. Product I released 
from the polymer support was obtained in crystalline form 
after evaporation of the  reaction and wash fluids collected 
from the vessel outlet. The hydrazinolysis reaction served also 
to  regenerate resin I1 which remained in the reaction vessel. 
It was recycled four times through the entire synthetic pro- 
tocol t o  give a total of five batches of I ,  which was purified by 
recrystallization. Overall yields from each run were approxi- 
mately 60% with no sign of decreasing (see Table I). The resin 
particles survived all operations as evident from inspection 
of the beads before and after these experiments under a mi- 
croscope. There was no indication of any disintegration of 
resin particles. The  completeness of the hydrazinolytic 
cleavage was checked after each run by ir spectrophotometry.8 
The rate of hydrazinolysis was found to be surprisingly rapid 
with a half-life of about 45 min. 

Thus, with the possible exception of aspartic or glutamic 
acid containing peptides, the process described above appears 
to  be rather versatile and generally applicable to  rapid syn- 
thesis of protected oligopeptide hydrazides. These are useful 
intermediates for polypeptide synthesis by the azide methodlo 
allowing effective combination of solid phase techniques and 
classical proceduresl1J2 with retention of the best features of 
each.4 

In Table 11, the results of recycled automated synthesis of 
I are compared with those of other processes for the synthesis 
of the  same sequence.l3 A dramatic increase in speed, effi- 
ciency, and simplicity can be noted. 

The manual solid phase synthesis of I on hydroxymethyl 
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Fmoc-Gly-Phe-Phe-T&-TAr-HNNH, ( V )  H \LH-COO-C-CH.-CH 

Table I. Recycled Automated Synthesis of Boc-Gly-Phe-Phe-Tyr(Ez1)-Thr(Bz1)-EINNH, on HOCII,-C,H,-Resina 

Anal. 

4 days 36.1 

Run Product Yield, 1 a ( l Z 5 ~ ,  Calcd 67.30 6.63 10.56 

1 1.80 54.0 229-230 -2.24 67.10 6.68 10.43 
2 2.09 62.4 228-230 -2.12 67.05 6.73 10.32 
3 2.01 60.2 229-230 -2.35 67.32 6.76 10.39 
4 2.04 61.1 229-230 -2.38 67.04 6.63 10.43 
5 2.05 61.4 2 2 9 - 2 3 0 -2.16 67.47 6.52 10.33 

no. wt ,  g % b  MP, "C .deg C H N 

a Hydroxymethylated copolystyrene-1% divinylbenzene \6.0 g, 0.70 mmol/g) was used. The degree of substitution was 
0.55 mmol Thrlg. b Theoretical yield, 3.6 mmol = 3.34 g. 

Table 11. Synthesis of Gly-Phe-Phe-Tyr-Thr Sequence by Solid Phase Techniques apd Classical Method 

Compd Synthetic method 

Overall 
Time yield, 

consumed % 

Bzl Bzl 
Boc-Gly -Phe-Phe-T$r -Tdr -HNNH, (I)  H O C H , ~ R e a i n ( a u t o m a t e d )  

(mp  229-230 "C, cryst) 
Bzl Bzl 

Boc-Gly-Phe-Phe-Tyr-Thr-HNNH, I 1  (I)  H O C H , ~ R e R e a i n ( m a n u a l ! h  
(mp 227-229 'C, cryst) 

Bzl Bzl 
Z-Gly-Phe-Phe-Tir-TAr-HNNH, (111) 

(mp 215-218 C, cryst) 
Bzl Bzl 

Z-Gly-Phe-Phe-Tir-Thr-OH (IV) HOCH.*CH2*Resin 
(mp  205-208 "C, cryst) 

30 h 59.2a 

5 days 61.5 

6 days 34.0 

4 days 61.2 

Bzl 
Z-Gly-Phe-Phe-TJr-Thr-HNNH, (VI) Classical synthesis ( 3  + 2 )  

(mp 241-243 "C, cryst) 
40 daysc 33.0 

a Average of five synthetic runs. b For experimental details, see ref 8. CThe time consumed includes purification and char-. 
acterization of intermediates. The actual time spent on the synthetic operations was about 15  days. 

resin as  well as the  preparation of Fmoc-Gly-Phe- 
Phe-Tyr(Bz1)-Thr(Bzl)-HNNHz (V) on 3-(p-benzyloxy- 
phenyl)-1,1 -dimethylpropyloxycarbonylhydrazide resin have 
already been described previously.s Preparation of Z-Gly- 
Phe-Phe-Tyr(Bz1) -Thr (Bzl) -HNNH2 (111) by the standard 
Merrifield technique1* on chloromethyl resin gave the desired 
compound in 34% overall yield. This synthesis was started by 
refluxing Boc-Thr(Bz1)-OH triethylamine salt with ClCH2- 
CsH4-resin. The pentapeptide chain was subsequently built 
up in the usual manner3J4 with Boc-Tyr(Bz1)-OH, Boc-Phe- 
OH, Boc-Phe-OH, and Z-Gly-OH. The low yield of this pro- 
cess probably is attributable to  the fact tha t  the clevage 
product is heavily contaminated with hydrazine hydrochloride 
which tends to  reduce the recovery of the  desired compound 
by crystallization. 

For the synthesis of Z-Gly-Phe-Phe-Tyr(Bz1)-Thr(Bz1)-OH 
(IV), Bpoc-Thr(Bz1)-OH was esterified to  p-alkoxybenzyl 
alcohol resin15 through the 4-dimethylaminopyridine cata- 
lyzed DCC methodeS The synthesis was then continued by 
sequential incorporation of Bpoc-Tyr(Bz1)-OH, Bpoc-Phe- 
OH, Bpoc-Phe-OH, and Z-Gly-OH into the resin under the 
conditions identical with those described above except tha t  
the deblocking of the Bpoc groups was effected by 0.5% TFA 
in CHzCl2 (10 min). Product IV was obtained in 61.2% overall 
yield as a pure, crystalline solid after cleavage from the poly- 
mer support by 50% TFA (30 min) and crystallization. 

For a classical synthesis of Z-Gly-Phe-Phe-Tyr(Bz1)- 

Thr-""2 (VI), a 3 + 2 fragment condensation approach 
was chosen. Boc-Tyr(Bz1)-OH was coupled to  H-Thr-OCH3 
by the DCC procedure16 to provide Boc-Tyr(Bzl)-Thr-OCH3 
which on treatment with HCl-THF gave the dipeptide ester 
salt HCl-H-Tyr(Bzl)-Thr-OCH3. Reaction of phenylalanine 
with Boc-Phe-OSu yielded Boc-Phe-Phe-OH, which was 
treated with TFA and the resulting dipeptide H-Phe-Phe-OH 
was subsequently acylated with Z-Gly-OSu to give Z-Gly- 
Phe-Phe-OH. This tripeptide was then condensed with the 
dipeptide ester HCl-Tyr(Bzl)-Thr-OCH3 obtained above by 
the DCC-HOBT procedure17 to  afford the pentapeptide 
methyl ester Z-Gly-Phe-Phe-Tyr(Bzl)-Thr-OCH3. On hy- 
drazinolysis, the desired product VI was obtained in 33% 
overall yield. A total of 40 days were required for completing 
this synthesis, including $he time spent on purification, 
crystallization, and analytical characterization of the inter- 
mediates and the product. I t  is obvious tha t  the time re- 
quirement would be appreciably reduced if the classical syn- 
thesis were to  be repeated, and it could readily be scaled up. 
However, the method is far less adaptable to automation than 
solid phase synthesis. 

Reuse of the same hydroxymethyl resin (11) after synthesis 
of one compound for he preparation of another is also dem- 
onstrated. The  resin I1 tha t  had been used as the polymer 
support for synthesis I was utilized in solid phase synthesis 
of Z-G~~-H~S(TO~)-L~S(Z)-OCH~-C~H~-~~S~~. Ammonolysis 
of this material produced crystalline pure Z-Gly-His-Lys(Z)- 
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NHa in 64.2% overall yield. The p-toluenesulfonyl protecting 
group of the histidine side chain was cleanly removed a t  the 
same time during ammonolytic cleavage. 

Experimental Section 
Melting points are uncorrected. Thin layer chromatography was 

carried out on precoated silica gel plates (Merck, F-254) using the 
solvent system n-BuOH-HOAc-HzO (4:1:1), n-BuOH-pyridine- 
HOAc-Hz0 (15:10:3:12), and n-BuOH-EtOAc-HOAc-HzO [I: 1: 1:l). 
Elemental analyses, amino acid analyses, and other physicochemical 
measurements (uv, ir, NMR, specific rotation) were performed by the 
Physical Chemistry Department. 

Merrifield resin (chloromethylated copolystyrene-1% divinyl- 
benzene beads, 200-400 mesh, 0.70 mmol Cl/g) was purchased from 
Lab Systems, Inc., San Mateo, Calif. Hydroxymethyl resin was pre- 
pared from Merrifield resin as described previously.8 Boc-amino acids 
were obtained from Bachem Inc., Marina Del Ray, Calif., or from 
Beckman Instruments, Inc. Bpoc-amino acids were prepared ac- 
cording to the literature.18Jg Other chemicals and solvents used were 
all of reagent grade materials available form commercial sources. 
Boc-Gly-Phe-Phe-Tyr(Bzl)-Thr(Bzl)-HNNH2 (I). Hydroxy- 

methyl resin I1 (6.0 g, 4.2 mmol) was placed in the reaction vessel of 
a Beckman Model 990 peptide synthesizer and the machine was 
programmed to perform the following steps automatically with 100-ml 
portions of solvents or reagents: (1) three washings with CHzC12, (2) 
stir 120 min with 10 mmol each of 4-dimethylaminopyridine, Boc- 
Thr(Bz1)-OH, and DCC in CHzC12, (3) three washings with CH2C1z,20 
(4) stir 15 min with 4.5 mmol each of pyridine and benzoyl chloride 
in CHZC12, (5) three washings with CHzClZ, (6) prewash with 33% TFA 
in CHzC12, (7) stir 20 min with 33% TFA in CHzC12, (8) three washings 
each with 33% dioxane in CH2C12, CHzClz (9) prewash with 10% Et3N 
in CHzClZ, (10) stir 10 rnin with 10% Et3N in CH2C12, (11) three 
washings with CHzC12, (12) stir 120 min with 10 mmol each of Boc- 
Tyr(Bz1)-OH and DCC in CHzCIz, (13) three washings each with 
CHZC12, DMF, MeOH, (14) repeat steps 5-13 using Boc-Phe-OH (10 
mmol) in step 12 instead of Boc-Tyr(Bz1)-OH, (15) repeat steps 5-13 
with Boc-Phe-OH (10 mmol) in 12th step, (16) repeat steps 5-13 with 
Boc-Gly-OH (10 mmol) in 12th step, (17) three washings with CHzC12, 
(18) stir 990 min in 10% anhydrous HzNNHz in DMF, collect the fil- 
trate, (19) rinse with DMF, collect the filtrate, (20) rerun steps 1-19 
four more times. 

The filtrates from steps 18 and 19 in each run wer separately 
evaporated to dryness and the residue treated with ether. The crude 
solid material obtained was triturated with boiling MeOH and crys- 
tallized from DMF (60 ml) and EtOH (120 ml). The materials ob- 
tained from five runs were analyzed and then results listed in Table 
I. 
Z-Gly-Phe-Phe-Tyr(Bzl)-Thr(Bzl)-HNNHz (111). Boc- 

Thr(Bzl)-OCHz-C6H4-resin (25 g, 3.5 mmol) prepared from chloro- 
methyl resin (0.70 mmol Cl/g, 1% DVB) and Boc-Thr(Bz1)-OH (4.7 
g) according to the literature procedure3 was deprotected (50% TFA, 
30 min), neutralized (10% EtaN, 10 min) and coupled with Boc- 
Tyr(Bz1)-OH (2.7 g, 8.7 mmol) in the presence of DCC (1.81 g) in 
CHzClz (120 rnin). The synthetic cycle was repeated with 8.7 mmol 
each of Boc-Phe-OH (2.3 g), Boc-Phe-OH, and Z-Gly-OH (1.83 g) to 
give Z-Gly-Phe-Phe-Tyr(Bzl)-Thr(Bzl)-OCH~C~H4-resin (26.2 g). 
It was suspended in DMF and stirred with HzNNHz (8 ml) for 66 h. 
The peptide in the filtrate was then concentrated to near dryness and 
treated with ether, whereupon 5.7 g of solid precipitated. The crude 
material was triturated in MeOH and crystallized from DMF and 
EtOH: yield, 1.15 g (34%); mp 215-218 "C; [o(Iz5D -3.94 " (c 1, DMF); 
NMR spectrum agreed with the structure. 

Anal. Calcd for C55H59N709 (962.1): C, 68.66; H, 6.18; N, 10.19. 
Found: C, 68.67; H, 6.16; N, 9.91. 
Z-Gly-Phe-Phe-Tyr(Bz1)-Thr(Bz1)-OH (IV). Bpoc- 

T~~(BZ~)-OCH~-C~H~-OCHZ-C~H~-~~S~~ (1.1 g, 0.43 mmol) prepared 
from Bpoc-Thr(Bz1)-OH, H O C H ~ - C ~ H ~ - O C H ~ - C ~ H ~ - ~ ~ S ~ ~ ' ~  by the 
dimethylaninopyridine catalyzed DCC procedure8 was deprotected 
(0.5% TFA in CHZC12,lO rnin), neutralized (lC% Et3N in CHzClz), and 
coupled (120 min) with Bpoc-Try(Bz1)-OH (0.55 g, 1.08 mmol) in the 
presence of DCC (0.277 9). The coupling cycle was repeated with 1.08 
mmol each of Bpoc-Phe-OH (0.44 g), Bpoc-Phe-OH, and Z-Gly-OH 
(0.26 g) to give Z-Gly-Phe-Phe-Tyr(Bzl)-Thr(Bzl)-OCHz-C6H4- 
OCHz-C&-resin (1.21 9). During the synthesis, 0.5% TFA in CHzClz 
(10 min) was utilized as deprotecting agent for Bpoc group. The 
peptide was released from the resin with 50% TFA in CHzClz (30 min) 
and isolated as an amorphous solid when the solvents were removed 
and the residue was treated with ether. The compound was crystal- 

lized from MeOH: yield, 0.25 g (61.2%); mp 205-208 "C; [ C ~ ] ~ ~ D  
+13.97" ( e  1, HOAc); NMR spectrum agreed with the structure. 

Anal. Calcd for C55H57N5010 (948.0): C, 69.68; H, 6.06; N, 7.39. 
Found: C, 69.39; H, 5.90; N, 7.35. 
H-Thr-OCH3. A suspension of L-threonine (50 g) in 500 ml of 

MeOH was nearly saturated with HC1 gas. The mixture was then re- 
fluxed at  85 "C for 30 min. The solvent was evaporated at  40 "C and 
the residue taken up in 300 ml of fresh MeOH which was again 
evaporated. After two repetitions of the entire process, 85 g of a clear 
oil was obtained. It was dispersed in CHC13 (280 ml) and treated with 
an equal volume of NHa saturated CHC13 at 0 "C. A white precipitate 
of NH&1 formed which was filtered off. Concentration a t  15 "C 
provided a heavy oil which solidified on standing. Crystalization from 
ether and petroleum ether yielded 44.4 g (79%) of the desired com- 
pound: mp 68-70 "C (lit.21 mp 70-72 "(2); [aIz5D +14.61" (c 1, 
MeOH). 

Anal. Calcd for C15H11N03 (133.15): C, 45.11; H, 8.33; N, 10.52. 
Found: C, 45.01; H, 8.40; N, 10.46. 
Boc-Tyr(Bzl)-Thr-OCH3. Boc-Tyr(Bz1)-OH (15.8 g) was stirred 

with H-Thr-OCH3 (5.67 g) and DCC (9.65 g) a t  0 "C for 1 hand at  25 
"C for 2 h. After removal of the insoluble by-products the solvent was 
evaporated to form a syrup. It was taken up in 200 ml of ethyl acetate, 
filtered, and evaporated again to an oil. The compound crystallized 
when stored under petroleum ether. Recrystallized from THF and 
petroleum ether: yield 17.2 g (83%); mp 110-112 "c; [aIz5D -2.72" (c 
1, MeOH). 

Anal. Calcd for C26H34Nz07 (486.6); C, 64.18; H, 7.04; N, 5.76. 
Found: C, 64.40; H, 7.08; N, 5.71. 

H-Tyr(Bzl)-Thr-OCH3*HCl. The above compound (11.4 g) was 
dissolved in 500 ml of freshly prepared 2.6 N HC1 in THF. After 
standing for 90 min with occasional shaking, the accumulated solid 
product was collected and washed with ether. The crude product was 
recrystallized from MeOH and ether: yield 7.0 g (71%); mp 232-234 
"C; [aIz5D +2.09" (c 1, MeOH). 

Anal. Calcd for C21Hz6N205"C1(422.9): C, 59.64; H, 6.44; N, 6.62. 
Found: C, 59.43; H, 6.42; N, 6.54. 
Boc-Phe-Phe-OH. L-Phenylalanine (13.2 g) was ground in a motar 

and pestle and suspended in 250 ml of DMF. It was stirred with 29 g 
of Boc-Phe-OSu for 24 h in the presence of 9.5 g of tetramethylgu- 
anidine. The reaction mixture was then partitioned between 600 ml 
of 2% citric acid and 800 ml of ethyl acetate. The organic layer was 
washed with 2% citric acid followed by three washings with water, 
dried (NazSOJ, and evaporated to an oil which solidified gradually. 
The compound was crystallized from ethyl acetate by addition of 
petroleum ether: yield 17.5 g (53%); mp 145-146 "C; [@Iz5D -2.67' (c 
1, MeOH). 

Anal. Calcd for C Z ~ H Z ~ N ~ O ~  (412.5): C, 66.98; H, 6.84; N, 6.79. 
Found: C, 66.93; H, 6.81; N, 6.79. 
Z-Gly-Phe-Phe-OH. Boc-Phe-Phe-OH (12.5 g) was dissolved in 

120 ml of TFA and left standing for 15 min. After evaporation of the 
solvents, the residue was treated with ether upon which the dipeptide 
salt precipitated as white solid. It was collected and washed with ether 
and then stirred with 9.5 g of Z-Gly-OSu for 24 h in the presence of 
6.5 ml of Et3N. The product was worked up as usual ad crystallized 
from ethyl acetate: yield 12.2 g (8Wo); mp 180-182 "C; [CY] 25D t16.74" 
(c 1, HOAc). 

Anal. Calcd for Cz8H29N306 (503.6): C, 66.79; H, 5.81; N, 8.34. 
Found: C, 66.72; H, 5.69; N, 8.34. 
Z-Gly-Phe-Phe-Tyr(Bzl)-Thr-OCH3. The dipeptide salt H- 

Tyr(Bzl)-Thr-OCHrHC1 (6.25 g) and the tripeptide Z-Gly-Phe- 
Phe-OH (7.43 g) were dissolved in 120 ml of DMF and cooled to -10 
"C when 1.66 ml of N-methylmorpholine, 4.0 g of HOBT, and 3.7 g 
of DCC were added. The mixture was stirred at  -10 "C for 4 h and 
then at  25 "C for 48 h. Removal of the insoluble by-product and 
evaporation of the solvent (40 "C) left a solid mass. It was triturated 
with ethyl acetate and crystallized from MeOH: yield 8.5 g (66%); mp 

. Anal. Calcd for C4gH53N5O10 (871.99): C, 67.49; H, 6.13; N, 8.03. 
Found: C, 66.97; H, 6.11; N, 8.08. 
Z-Gly-Phe-Phe-Tyr(Bzl)-Thr-HNNHz (VI). The pentapeptide 

methyl ester above (8.5 g) was stirred in 10% HzNNHz in DMF (140 
ml) for 24 h. Upon dilution with 1500 ml of MeOH a heavy white 
precipitate formed. The product was crystallized from DMF (115 ml) 
and MeOH (250 ml): yield 6.8 g (78%); mp 241-243 "C; [aIz5D -16.73' 
(c 1, DMF); NMR spectrum agreed with the structure. Amino acid 
analysis after hydrogenation and digestion with leucine amino pep- 
tidase: Gly, 1.02, Thr, 1.01; Tyr, 0.97; Phe, 2.11. 

Anal. Calcd for C48H53N709 (871.96): C, 66.11; H, 6.12; N, 11.24. 
Found: C, 65.95; H, 6.19; N, 11.09. 
Z-Gly-His-Lys(Z)-nhz Resin I1 (5 g) that had been used for the 

181-184 "C; [o(IZ5D -16.58' (C 1, DMF). 
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synthesis of I as described8 was allowed to react with Boc-Lys(Z)-OH 
(1.95 g), pyridine (0.4 ml), and DCC (1.1 g)'in CHzClz for 2 h to give 
6.0 g of Boc-Lys(Z)-OCHz-Cs-Hd-resin (3.24 mmol). After benzoy- 
lation15 at 0 'C for 15 min with 0.83 ml of uvridine and 0.98 ml of 

OCH3,57471-74-6; Z-Gly-His-Lys(Z)-NHz,59790-73-7; Boc-Lys(Z)- 
OH, 2389-45-9; copolystyrene-divinylbenzene, 9003-70-7. 

References and Notes 
benzoyl chloride in 60 ml of CHzCl2 the resfn"was deprotected-(50% 
TFA in CHZC12,30 min), neutralized (10% Et3N in CHzC12,lO min), 
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Photolysis of a-methylphenacyl esters was adapted to solid phase peptide synthesis. Cleavage of the peptide to  
resin a-methylphenacyl ester anchoring bond by irradiation at 350 nm provided protected peptides in good yields. 
The process is examplified by the synthesis of Z-Lys(Z)-Phe-Phe-Gly-OH. For comparison, the same peptide was 
also prepared through photolytic cleavage of the o-nitrobenzyl ester anchoring linkage. 

Studies on several photolyzable protecting groups that 
are potentially useful in peptide chemistry have recently been 
described in the 1iterature.l-ll Among these, the  a-methyl- 
phenacyl esters is of particular interest since it can readily be 
introduced into polymer matrices12 and  thus serve as an an- 
choring linkage between peptide chain and  polymer support 
in solid phase synthesis.13-17 Photolytic cleavage of this bond 
would therefore provide protected peptide intermediates that 
could subsequently be utilized in the synthesis of polypeptides 
by fragment condensation.1s-21 

In this report, the  development of an efficient and conve- 
nient procedure for the  preparation of protected peptides 
based on photolysis of the polymer linked a-methylphenacyl 
ester bond is described. A similar process involving photolytic 
cleavage of peptides from the  o -nitrobemy1 ester resinl3 has 
recently been outlined.1° 

2-Bromopropionyl chloride was allowed t o  react with co- 

polystyrene-2% divinylbenzene beads (200-400 mesh) in  the  
presence of AlC13 as catalyst t o  form 2-bromopropionyl resin 
BrCH(CH3)CO-CsH4-resin (I). T h e  product contained 0.94 
mmol of Br  per gram of resin according t o  microanalysis. It 
showed an intense absorption band at 1685 cm-' in the ir 
spectrum. The incorporation of Boc amino acids22 into the  
resin was achieved by stirring I with a slight excess of Boc 
amino acid cesium salt23 in dimethylformamide. The  resultant 
Boc-HN-CHR-COO-CH-(CHS)-CO-CeH4-resin (11) showed 
strong absorption bands at 1750 and 1725 cm-l in  addition 
t o  that at 1685 cm-1 in the ir spectrum. T h e  degree of sub- 
stitution is normally in the range of 0.5-0.7 mmol/g. There was 
practically no residual Br  remaining after this treatment. 

As outlined i n  Scheme I,  Boc-Gly-OCH(CHs)-CO- 
CG H4-resin (11) was deprotected, neutralized, and coupled 
with Boc-Phe-OH. T h e  synthetic cycle was repeated 
with Boc-Phe-OH and then again with Z-Lys(Z)-OH. T h e  


