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(COOH), 740 (C=C) cm-'; 'H NMR (270 MHz) 6 0.94 (6 H, d, 
J = 6.6 Hz, CH3 X 2), 1.41, 1.66 (each 2 H, quint, J = 7.5 Hz, 

= 7.5 Hz, C,-H), 2.58 (1 H, m, C8-H), 5.16-5.23 (2 H, m, CH=CH); 
(100 MHz) 6 11.50 (1 H, br s, COOH); EI-MS m/z (relative 
intensity) 170 (M', 14), 152 (M' - 18, 13), 137 (19), 109 (13), 95 
(2% 81 (22), 69 (loo), 55 (77), 41 (85). Anal. Calcd for Cl&IlSO2: 
C, 70.54; H, 10.66. Found: C, 70.44; H, 10.66. This acid was 
esterified with CH2N2, and the E /Z  ratio was found to be 1:11 
[E isomer (tR 10.6 min); 2-isomer (tR 10.3 min)] by GLC analysis. 

Isomerization of the (2)-Acid 3b. 2 M NaN02 (3.2 mL) and 
6 M HN03 (2.15 mL) were added to the (2)-acid 3b (7.7 g, 45.3 
mmol) warmed at 70-75 OC under an atmosphere of N2.15 The 
mixture was then stirred vigorously for 0.5 h. The cooled reaction 
mixture was diluted with ether (50 mL), washed with water (50 
mL) and saturated brine (30 mL X 3), dried over anhydrous 
Na2S04, and evaporated. The oily residue was distilled under 
reduced pressure to give the (E)-acid 3a (5.94 g, 77%): bp 117-120 
"C (2.8 Torr) [lit.9 bp 100-103 "C (3 Torr), lit.lo bp 130-132 "C 
(12 Torr), lit.', bp 120-122 "C (5-6 Torr)]. GLC analysis revealed 
that EIZ ratio of 3a was 8:l: IR (neat) 3300-2500 (COOH), 1710 
(C=O), 970 (C=C) cm-'; 'H NMR (270 MHz) 6 0.96 (6 H, d, J 
= 6.6 Hz, CH3 X 2), 1.41, 1.64 (each 2 H, quint, J = 6.6 Hz, C3,4-H), 

2.17-2.30 (1 H, m, C8-H), 5.32-5.38 (2 H, m, CH=CH); (100 MHz) 
6 11.50 (1 H, br s, COOH); FI-MS m / z  (relative intensity) 171 
(MHt, 19.9), 170 (Mt, 100); EI-MS m/z (relative intensity) 170 
(M', 20), 152 (16), 137 (24), 109 (20), 95 (331, 81 (241, 69 (loo), 
55 (79), 41 (95). Anal. Calcd for C10H1802: C, 70.54; H, 10.66. 
Found: C, 70.69; H, 10.88. 

Vanillylamine. A mixture of vanillin (15.2 g, 0.1 mol) and 
ammonium formate (20 g, 0.32 mol) was heated at 180 "C for 3 
h20 and, after cooling, evaporated until the odor of ammonia 
disappeared. To the residue was added concentrated HCl (12 
mL). The mixture was refluxed for 1 h and then evaporated until 
the odor of HCl disappeared. The HCl salt was crystallized by 
adding EtOH (70 mL). Two recrystallizations from 95% EtOH 
yielded pure vanillylamine hydrochloride (8.99 g, 47.5%), mp 
216-218 "C dec (lit.3 mp 219-222 "C dec, lit.lo mp 214 "C). IR 
and 'H NMR data were identical with those reported in the 
l i t e ra t~re .~  Anal. Calcd for CaH12NC102: C, 50.67; H, 6.38; N, 
7.39; C1, 18.70. Found: C, 50.44; H, 6.40; N, 7.47; C1, 18.90. 

To a vigorously stirred solution of vanillylamine hydrochloride 
(3.66 g, 19.31 mmol) in water (50 mL) was added 2 M NaOH 
solution (9.38 mL, 18.76 mmol). The resulting white solid of free 
vanillylamine was collected by suction filtration, washed with 
water, dried over P205 in a vacuum desiccator, and amounted to 
2.54 g (89%), mp 135-136 "C (lit.9 mp 132 "C, lit.19 mp 131-133 
"C), which was used in the following steps without further pu- 
rification. 

(E) -N- (  4-Hydroxy-3-methoxybenzyl)-8-methylnon-6-en- 
amide (Capsaicin) (la). The (E)-acid 3a (334 mg, 1.96 mmol) 
and thionyl chloride (720 mg, 5.88 mmol) were stirred at room 
temperature for 8 h and then heated at 100 "C for 0.5 h. The 
excess thionyl chloride was removed under reduced pressure. The 
resulting acid chloride 4a [bp 100-102 "C (12 Torr)12' was dis- 
solved in dry ether (10 mL) and added to a stirred suspension 
of dry vanillylamine (600 mg, 3.92 mmol) in dry ether (25 mL) 
under an atmosphere of N2. The mixture was kept a t  room 
temperature for 2 h and then gently refluxed for 2 h. After cooling, 
the precipitate was removed by suction filtration, and the filtrate 
was evaporated. The residue was purified by column chroma- 
tography on silica gel (Fuji-gel BW-200, 15 g, elution with 2:l 
hexane-ethyl acetate). The oily product (542 mg, E /Z  = 8:1,25 
91%) was treated with 2:l hexane-ether to give a crystalline solid 
(473 mg, El2 = 121,% 79%), mp 60-63 "C. Two recrystahations 
from the same solvents gave capsaicin (318 mg, 53%), mp 64-65 
"C (lit.3*8n'2 mp 64-65 "C, lite9 mp 63.8 "C, lit.lo mp 65 "C) as a 
white solid. IR, 'H NMR, and mass spectral data were essentially 
identical with those reported in the  literature^.^^^ Anal. Calcd 

C3,4-H), 2.06 (2 H, dt, J = 7.3, 7.3, 5.9 Hz, C5-H), 2.36 (2 H, t, J 

2.00 (2 H, q, J = 6.6 Hz, C5-H), 2.35 (2 H, t, J = 6.8 Hz, CyH), 

(23) Rangoonwala, R.; Seitz, G. Deut. Apoth.-Ztg. 1970, 110, 1946. 
(24) The boiling points of the acid chlorides 4a,b were determined by 

(25) The E/Z ratio was determined on intensities of isopropyl signals 
distillation (85-90% yields) in other runs. 

by 'H NMR analysis. 
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for Cl8H2,NO3: C, 70.79; H, 8.91; N, 4.59. Found: C, 70.69; H, 
9.02, N, 4.49. 
(Z)-N-(4-Hydroxy-3-methoxybenzyl)-8-methylnon-6-en- 

amide (cis-Capsaicin) (lb). The (2)-acid 3b (464 mg, 2.72 
mmol) was treated with thionyl chloride (1.0 g, 8.17 mmol) in the 
same manner as noted above. The obtained acid chloride 4b [bp 
99-102 "C (13 Torr)]24 in dry ether (10 mL) was added to a 
suspension of dry vanillylamine (835 mg, 5.45 mmol) in dry ether 
(30 mL) under an atmosphere of Nz. The workup in the same 
manner as noted above gave the crude oily amide lb (745 mg, 
E/Z = 1:11,% 90%), which on CrystaUktion from 2:l hexaneether 
afforded a crystalline solid (674 mg, 81%, E/Z = 1:13).25 Two 
recrystallizations from the same solvents afforded cis-capsaicin 
(lb) (548 mg, 66%), mp 68.5-69.5 "C (lit.% mp 70 "C), as a white 
solid. IR, 'H NMR, and mass spectral data were essentially 
identical with those reported by Gannett et alU3 Anal. Calcd for 
CI8HnNO3: C, 70.79; H, 8.91; N, 4.59. Found C, 70.78; H, 9.08; 
N, 4.61. 
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This laboratory has reported the development of an 
oxime resin that allows the rapid synthesis and isolation 
of protected peptides." This oxime support has been used 
successfully in the  synthesis of an apolipoprotein model 
peptide5 and a synthetic hemeproteins and is now being 
applied in the  syntheses of several small proteins . '~~ 
During our efforts t o  synthesize peptides corresponding 
to  partial and full sequences of our target proteins we have 
encountered difficulties in the use of our polystyrene-based 
oxime resin both in the synthesis of specific sequences of 
certain short peptides (<lo residues) and in the recoupling 
of smaller protected peptide segments on the oxime resin 
to assemble large peptides. Difficulties in the  latter in- 
stance have necessitated the  use of solution-phase cou- 
plings to  couple larger protected peptides of about >15 
residues. Nevertheless, we would still like to  have a solid 
support as  an effective option for use in the  coupling of 
protected peptide segments. This paper describes our 
initial effort t o  explore alternative oxime solid-phase 
supports for the synthesis and assembly of protected 
peptides through the  synthesis of a nitrobenzophenone 
oxime derivative and its attachment to a polyamide resin. 
We also report an  improved procedure for the  synthesis 
of our previously reported polystyrene-based oxime resin 
1.3,4 

Results and Discussion 
Because the 4-nitrobenzophenone oxime (NBO) moiety 

has proved reliable in previous synthetic work, we decided 
t o  synthesize a molecule that would contain the  NBO 
functionality and, in addition, a linker arm through which 
the oxime could be attached to a solid support. While the 
standard oxime resin is obtained by direct modification 
of polystyrene beads (Scheme I), this new approach offers 
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Scheme I. Synthesis of Polystyrene Oxime Resin" 
OH 

polystyrene 1% crosslinked beads - a ONo2 0 NO2 
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(a) p-Nitrobenzoyl chloride, AlC1,; (b) ",OH-HCl, EtOH, pyridine. 

Scheme 11. Synthesis of 4-(((Hydroxysuccinyl)amino)methyl)-4'-nitrobenzophenone Oxime" 
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(a) CeH&H3, AlCl3; (b) N-bromosuccinimide, CC1,; (c) NH3, tetrabutylammonium iodide, THF,  MeOH; (d) succinic anhydride, NEt3, 
THF; (e) NH,OH-HCl, EtOH, pyridine. 

Scheme 111. Synthesis of Polyamide Oxime Resin" 

aminoethyl polyamide 
resin 7 

" (a) N-Hydroxysuccinimide, DlC, THF,  CH,Cl,; (b) DMF; (c) acetic anhydride, NMM, CH2C12, DMF; (d) N-hydroxypiperidine, CH2C12, 
DMF. 

the flexibility of attaching the oxime to any material 
containing suitable functionality such as aminoalkyl 
groups. We have synthesized an appropriate benzo- 
phenone oxime as outlined in Scheme 11. 

(1) This research was supported in part by a NIH Program Project 
Grant HL-186577 (E.T.K.), a NIH Postdoctoral Fellowship DK07825 
(M.A.F), and an unrestricted grant from Hoffmann-LaRoche (E.T.K.). 

(2) Deceased, July 18, 1988. This paper is dedicated to the memory 
of Professor Kaiser. 

(3) DeGrado, W. F.; Kaiser, E. T. J.  Org. Chem. 1980,45, 1295-1300. 
(4) DeGrado, W. F.; Kaiser, E. T. J.  Org. Chem. 1982,47,3258-3261. 
(5) Nakagawa, S. H.; Lau, H. S. H.; Kezdy, F. J.; Kaiser, E. T. J.  Am. 

(6) Sasaki, T.; Kaiser, E. T. J .  Am. Chem. SOC. 1989, 111, 380-381. 
(7) Mihara, H.; Kaiser, E. T. Science 1988, 242, 925-927. 
(8) Kaiser, E. T.; Mihara, H.; Laforet, G. A,; Kelly, J. W.; Walters, L.; 

Chem. SOC. 1985,107, 7087-7092. 

Findeis, M. A.; Sasaki, T. Science 1989,243, 187-192. 

This synthesis began with the Friedel-Crafts acylation 
of toluene with p-nitrobenzoyl ~ h l o r i d e . ~  The resulting 
4-methyl-4'-nitrobenzophenone (2) was then brominated 
a t  the methyl group to obtain the (bromomethy1)nitro- 
benzophenone (3). This compound was then combined 
with ammonia to  obtain an (aminomethy1)nitrobenzo- 
phenone, which reacted directly with succinic anhydride 
to form 4-(((hydroxysuccinyl)amino)methyl)-4'-nitro- 
benzophenone (4), which was converted to the oxime 5 with 
hydroxylamine in ethanol/ pyridine. This oxime was then 

(9) 4-Methyl-4'-nitrobenzophenone was also obtained by reaction of 
ditolyl cadmium (prepared from tolyl Grignard reagent and CdClz at -78 
Y! for 1 h, followed by slow addition of the acid chloride) with p-nitro- 
benzoyl chloride, but this reaction proceeded in lower yield and was less 
convenient to do. 
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attached to a commercially available hydrophilic poly- 
(dimethylacry1amide)-based resin functionalized with am- 
inoethyl groups.1° 

We found that we could generate an active ester of the 
oxime carboxylic acid 5 using N-hydroxysuccinimide and 
D I P  (Scheme 111). This HOSu active ester 6 thus ob- 
tained was stable in solution but appeared to react with 
itself if evaporated to dryness. The HOSu ester reacts 
cleanly with amino groups and allows the formation of the 
desired amide bond on addition of the ester to the amino 
polyamide resin. The resulting resin was acetylated to 
block any unreacted amino groups and then treated with 
N-hydroxypiperidine (HOPip) to deacetylate the oxime 
functionality. This polyamide oxime resin 7 (PA0 resin) 
was then used for peptide synthesis in essentially the same 
manner as the polystyrene-based oxime r e ~ i n . ~ , ~  

We have demonstrated the utility of the PA0 resin as 
a support for the synthesis of protected peptides by syn- 
thesizing a peptide corresponding to a six-residue portion 
of the sequence of ribonuclease T1, positions 83-88:12 
t-Boc-Asn-Asn-Gin-Leu-Ala-Gly-OH. The tBoc-protected 
peptide was cleaved from the resin with HOPip to obtain 
the N-hydroxypiperidyl ester, which was reduced with zinc 
in acetic acid to obtain the peptide free acid. The purified 
peptide was identical with material previously synthesized 
on the polystyrene oxime resin and was obtained in 48% 
yield after purification by HPLC. This is about the same 
yield as obtained by using the polystyrene oxime resin 
(51 %) and shows that the polyamide-based resin performs 
as well as the first resin for easily synthesized small pep- 
t i d e ~ . ~ ~  

The conditions for the synthesis of methylnitrobenzo- 
phenone 2 are mild in contrast with the published proce- 
dure for the p-nitrobenzoylation of polystyrene which uses 
refluxing dichloroethane with nitrobenzene as a cosol- 
~ e n t . ~ ? ~  This observation lead us to reexamine the p -  
nitrobenzoylation of polystyrene, which we found to pro- 
ceed in methylene chloride a t  room temperature. The 
resulting modified procedure for the preparation of poly- 
styrene oxime resin, described in the Experimental Section, 
requires milder conditions for the acylation step and can 
be carried out more conveniently and on a larger scale 
under typical bench conditions. We also find this modified 
procedure to be more reproducible with respect to the 
substitution level of oxime in the resulting resin. 

Conclusions 
We have described a new strategy for the use of oxime 

resins for the synthesis of protected peptides. We have 
also described an improved procedure for the synthesis of 
our original polystyrene oxime resin. The polyamide oxime 
resin described can be used in the same manner as the 
original polystyrene oxime resin and may be more suitable 
for the synthesis of certain peptide sequences and for the 
condensation of protected peptide segments because of its 
more hydrophilic polymeric rnatrix.'O In addition, the  
succinoyl linker arm ensures the separation of the growing 
peptide chain from the polymer backbone. While argu- 
ments have been made in favor of spacer linkages,14 it is 
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unclear if such a strategy improves the utility of a given 
resin.15J6 In the current instance the linker is primarily 
of importance as the functional group through which the 
oxime 5 may be attached to a solid material which can be 
varied for the preparation of additional supports for the 
synthesis of protected peptides. Further, the synthesis of 
oxime 5 offers the potential for tuning the stability of the 
oxime linkage by introducing substituents into one or both 
of the phenyl rings of 5. Such a strategy can only be used 
to a lesser extent when modifying a support in the manner 
used to prepare the polystyrene oxime 1. The ultimate 
utility of these supports for protected peptide synthesis, 
in comparison with other supports for the same pur- 
p o ~ e , ~ ' - ~ ~  will require further study. 

Experimental Section 
General. PepSyn gel resin with a substitution level of 1.0 

mequiv/g of active ester was purchased from Milligen. Thin-layer 
chromatography (TLC) was on silica gel analytical plates from 
Merck. Melting points are uncorrected. Aluminum chloride and 
p-nitrobenzoyl chloride were from Aldrich. BioBeads S-X1 (1 % 
cross-linked polystyrene) were purchased from Biohd. Protected 
amino acids were from Peninsula Laboratories. HCl/propionic 
acid for amino acid analysis was from Pierce. N-Hydroxy- 
piperidine was prepared according to the literature.*' Other 
chemicals were reagent grade. Elemental analyses were performed 
by the Microanalytical Service at The Rockefeller University. 
4-Methyl-4'-nitrobenzophenone (2). In a 1-L round-bot- 

tomed flask p-nitrobenzoyl chloride (18.6 g, 0.10 mol) was dissolved 
with stirring in toluene (750 mL). Aluminum chloride (18.7 g, 
0.14 mol) was added, and the resulting red solution was then 
stirred at room temperature for 1 h. Water (5 mL) was added 
dropwise, and the resulting mixture was stirred for 15 min and 
then extracted with water (100 mL) and 10% NaHC03 (2 X 100 
mL). The organic phase was dried over MgS04, filtered, and 
evaporated to a pale yellow solid (21.8 9). This material was 
recrystallized from chloroform/hexanes to obtain the product as 
a single isomer, as pale yellow needles, 18.9 g (78%). The filtrate 
afforded a mixture of isomers, 2.7 g (11%). An analytical sample 
was obtained by further recrystallization, mp 120-120.5 OC. TLC: 
methylene chloride/hexane (l:l), Rf = 0.34. I R  1650,1600,1520, 
1350 cm-'. 'H NMR (CDCI,): 6 8.33 (d, J = 8.7 Hz, 2 H), 7.91 
(d, J = 8.6 Hz, 2 H), 7.71 (d, J = 8.0 Hz, 2 H), 7.32 (d, J = 7.9 
Hz, 2 H) (aromatic H's), 2.47 (s, 3 H, CH3). Anal. Calcd for 
Cl4HllN0$ C, 69.70; H, 4.60; N, 5.81. Found: C, 69.59; H, 4.52; 
N, 5.80. 
4-(Bromomethyl)-4'-nitrobenzophenone (3). In CC14 (50 

mL), 4-methyl-4'-nitrobenzophenone (965 mg, 4 mmol) was dis- 
solved with stirring. N-Bromosuccinimide (712 mg, 4 mmol) and 
a catalytic amount of benzoyl peroxide were added.= The mixture 
was stirred under a bright lamp for 2 h, filtered, and evaporated 
to a pale brown solid. Chromatography on silica gel (methylene 
chloride/hexane, 1:l) yielded product, 849 mg (66%), mp 124-125 
"C. TLC: methylene chloride/hexane (l:l), R, = 0.33. I R  1655, 
1600, 1520, 1410, 1355 cm-'. 'H NMR (CDC13): 6 8.35 (d, J = 
8.6 Hz, 2 H), 7.94 (d, J = 8.6 Hz, 2 H), 7.79 (d, J = 8.1 Hz, 2 H), 
7.55 (d, J = 8.1 Hz, 2 H) (aromatic Hs), 4.54 (s, 2 H, CH,Br). 
Anal. Calcd for C14H1,,N03Br: C, 52.52; H, 3.15; N, 4.38. Found: 
C, 52.69; H, 3.16; N, 4.30. 

(10) Arshady, R.; Atherton, E.; Clive, D. L. J.; Sheppard, R. C. J. 
Chem. SOC. Perkin Trans. 1 1981, 529-537. 

(11) Abbreviations: (amino acids other than Gly are L-isomers) Asn, 
asparagine; Gln, glutamine; Leu, leucine; Ala, alanine; Gly, glycine; t-Boc, 
tert-butoxycarbonyl; DIC, diisopropylcarbodiimide; HOBt, l-hydroxy- 
benzotriazole; HOPip, N-hydroxypiperidine; HOSu, N-hydroxysuccin- 
imide. 

(12) Takahashi, K. J. Biochem. 1985, 98, 815-817. 
(13) Data regarding the synthesis of the reported peptide on poly- 

(14) Sparrow, J. T. J. Org. Chem. 1976,41, 1350-1353. 
styrene oxime resin were kindly provided by Dr. Tomikazu Sasaki. 

(15) Mitchell, A. R., Erickson, B. W.; Ryabtaev, M. N.; Hodges, R. S.; 
Merrifield, R. B. J. Am. Chem. SOC. 1976,98, 7357-7362. 

(16) Barany, G.; Merrifield, R. B. In The Peptides, Analysis, Syn- 
thesis, Biology; Gross, E., Meienhofer, J., Eds.; Academic Press: New 
York, 1980; Vol. 2, pp 31 and 58. 

(17) Wang, S.-S. J. Org. Chem. 1976, 41, 3258-3261. 
(18) Chem. Eng. News 1988, July 18, 36. 
(19) Sheppard, R. C.; Williams, B. J. Intl. J. Peptide Protein Res. 

(20) Albericio, F.; Porta, A.; Pedroso, E.; Giralt, E. In Peptides 1986; 
Theodoropoulos, D., Ed.; Walter de Gruyter: Berlin, 1987; pp 167-170. 

(21) Sabel, W. Chem. Ind. 1966,1216-1217. Handford, B. 0.; Jones, 
J. H; Young, G. T.; Johnson, T. F. N. J. Chem. Soc. 1965, 6814-6827. 

(22) An equimolar amount of Brz can be used in place of N-bromo- 
succinimide for this bromination but the reaction does not proceed as 
cleanly. 

1982,20, 451-454. 
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4-( ( (  Hydroxysuccinyl)amino)methyl)-4'-nitrobenzo- 
phenone (4). 4-(Bromomethyl)-4'-nitrobenzophenone (2.91 g, 
9.1 mmol) was dissolved in THF/MeOH (l:l, 100 mL), concen- 
trated-NH3 (25 mL) and tetrabutylammonium iodide (10 mg) were 
added, and the resulting mixture was stirred for 3.5 h. Solvent 
was removed on a rotary evaporator, and the resulting solid was 
dried briefly in vacuo. THF (150 mL) and succinic anhydride 
(1.09 g, 11 mmol) were added to the dry solid and stirred. To 
the resulting slurry was added triethylamine (3.8 mL, 27 mmol), 
and the mixture was stirred for 10 min. The mixture was filtered 
and evaporated to a brown oil, which was chromatographed on 
silica gel (CHC13/MeOH/AcOH, 955:1), affording product, 1.96 
g (61%). An analytical sample was obtained by recrystallization 
from THF, mp 180-180.5 "C. TLC: CHC13/MeOH/AcOH 

1510, 1410, 1350 cm-'. 'H NMR (CD3SOCD3): 6 8.51 (t, J = 5.8 
Hz, 1 H, NH), 8.38 (d, J = 8.6 Hz, 2 H), 7.94 ( d , J  = 8.6 Hz, 2 
H), 7.73 (d, J = 8.1 Hz, 2 H), 7.46 (d, J = 8.0 Hz, 2 H) (aromatic 
H's), 4.38 (d, J = 5.8 Hz, 2 H, CHz-phenyl), 2.42 (br s, 4 H, 

Found: C, 60.69; H, 4.52; N, 7.88. 
4- (( (Hydroxysuccinyl)amino)methyl)-4'-nitrobenzo- 

phenone Oxime (5). Benzophenone 4 (753 mg, 2.11 mmol) and 
hydroxylamine hydrochloride (734 mg, 10.6 mmol, 5 equiv) were 
dissolved in EtOH/pyridine (51,18 mL) and heated at 85 "C for 
1 h. Solvent was evaporated, and the resulting solid was triturated 
with water, filtered, and dried. The product was recrystallized 
from HzO/MeOH/THF, mp 158-161 "C. Yield 750 mg (96%) 
of a 6535 mixture of isomeric oximes. IR: 3390,3100,2920,1720, 
1700, 1620, 1550, 1510, 1410, 1350 cm-'. TLC: CHC13/ 
MeOH/AcOH (182:1), Rr = 0.35. 'H NMR (CD3SOCD3): 6 12.03 
(br s, 1 H, C02H), 11.90 (q0.35 H), 11.65 (s,0.65 H) (both NOH), 
8.46 (t, J = 5.8 Hz, 0.35 H), 8.40 (t, J = 5.7 Hz, 0.65 H), 8.31 (d, 
J = 8.6 Hz, 1.3 H), 8.23 (d, J = 8.8 Hz, 0.7 H), 7.63 (d, J = 8.8 
Hz, 0.7 H), 7.57 (d, J = 8.6 Hz, 1.3 H), 7.36 (d, J = 8.1 Hz, 0.7 
H), 7.31 (d, J = 8.3 Hz, 1.3 H), 7.24-7.27 (m, 2 H) (aromatic H's), 

phenyl), 2.3-2.5 (m, 4 H, CH2CHz). Anal. Calcd for Cl8HI7N30s: 
C, 58.22; H, 4.61; N, 11.32. Found: C, 58.17; H, 4.63; N, 11.10. 

N-2-Aminoethyl Amide Derivative of Polyamide Gel.lo 
PepSyn gen resin (2.0 g, 2.0 mmol active ester) was placed in a 
60-mL polyethylene bottle. Ethylenediamine (50 mL) was added, 
and the resulting suspension was shaken gently overnight. The 
resulting modified resin was collected by filtration on a fritted 
funnel and washed several times with DMF and then with CH2C12. 
This amino resin was used directly in the next step. The sub- 
stitution level of the resin based on picric acid titration of the 
amino groups of a small sample was 0.85 m m ~ l / g . ~ ~  

Coupling of Benzophenone Oxime 5 with Amino Resin. 
Benzophenone oxime 5 (743 mg, 2.0 mmol) and N-hydroxy- 
succinimide (230 mg, 2.0 mmol) were dissolved in CHZCl2/THF 
(3:1, 20 mL), DIC (0.313 mL, 2.0 mmol) was added, and the 
resulting solution was stirred for 1 h. The formation of the HOSu 
active ester was observed by TLC: CHC13/MeOH/AcOH (1821), 
R, = 0.44. This solution was then added to a suspension in DMF 
(15 mL) of the amino resin from the preceding step, and the 
resulting mixture was then shaken gently at room temperature 
for 20 h." The resulting resin was collected by filtration, washed 
with DMF and CHZClz, and dried in vacuo. Yield, 2.79 g of pale 
yellow beads. The resin was then acetylated in CH2Cl2/DMF (21, 
30 mL) with acetic anhydride (200 pL, 2.1 mmol) and N- 
methylmorpholine (230 pL, 2.1 mmol) for 2 h. The resin was then 
filtered and washed with CHZCl2. A Kaiser test on a small sample 
of resin indicated that no free amino groups remained.25 The 
resin was then swollen in CHZClz/DMF (2:1,30 mL) and treated 
with N-hydroxypiperidine (0.62 g, 6.1 mmol) for 24 h. The re- 
sulting benzophenone oxime polyamide resin 7 was collected by 

(1821), R, = 0.45. I R  3320,3100,2920,1680,1660,1600,1545, 

CHzCHz). Anal. Calcd for C18H16N206: C, 60.67; H, 4.53; N, 7.86. 

4.34 (d, J = 5.5 Hz, 0.7 H), 4.27 (d, J = 5.4 Hz, 1.3 H) (CHZ- 
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(23) Stewart, J. M.; Young, J. D. Solid Phase Peptide Synthesis, 2nd 
ed.; Pierce Chemical Co.: Rockford, IL, 1984; p 107. 

(24) Shaking of reaction vessels was achieved by using a wrist action 
shaker or an overhead stirrer fitted with a clamp and turned on ita side 
to rotate the reaction vessel end over end at  a moderate rate (ca. 1 
rotation per 8 ) .  

(25) Kaiser, E.; Colescott, R. L.; Bossinger, C. D.; Cook, P. I. Anal. 
Biochem. 1970, 34, 595-598. 

filtration, washed with CHZClz, and then used directly in the next 
step. 

Coupling of First Protected Amino Acid to PA0 Resin 
7.3-5 The resin from the preceding step was combined with t- 
Boc-glycine (526 mg, 3.0 mmol) and DCC (619 mg, 3.0 mmol) in 
CHzClz (30 mL) and shaken gently for 24 h. The resulting pro- 
tected aminoacyl resin was washed with CHZCl2, DMF, and CH2C1, 
(2 X 30 mL each) and dried in vacuo. Amino acid analysis of a 
sample of this material showed a glycine substitution level of 0.45 
mmol/g. 

Solid-Phase Synthesis of t -Boc-Asn-Asn-Gln-Leu-Ala- 
Gly-OH. The synthesis was performed in a reaction vesselm 
previously silanized with 5% dichlorodimethylsilane in CHC13, 
rinsed thoroughly with water, and then dried in an oven. t -  
Boc-protected amino acids were coupled to 2.57 g of t-Boc-glycyl 
resin 7 in sequence after the resin was swollen with CHpClz (2 
X 30 mL). Each coupling cycle consisted of washing, deprotection, 
and coupling steps as follows (all wash volumes 30 mL): CHzC12 
(2 X 1 rnin), 25% TFA in CHZCl2 (1 X 1 rnin), 25% TFA in CHzClz 
(1 X 30 min), CH2C12 (2 X 1 min), iPrOH (1 X 1 min), CH2C1, 
(2 x 1 min), iPrOH (1 x 1 min), CH2C12 (4 x 1 min), coupling 
of protected amino acid (see below), CHzCl2 (4 X 1 min), 
CHZClz/DMF (21,2 X 1 min), CH,ClZ (2 X 1 rnin). Gentle shaking 
of the reaction vessel was maintained during the synthesis except 
when reagents and solvents were being added or removed. Alanine 
and leucine were coupled using the symmetrical anhydride me- 
thod t-Boc-amino acid (5.42 mmol, 6.2 equiv) was dissolved in 
CHzC12 (30 mL) and cooled on ice, DIC (410 pL, 3 equiv) was 
added, and the mixture was allowed to react for ca. 20 min and 
then added to the t-Boc-deprotected peptide-resin. The reaction 
was allowed to proceed for 45 min, the resin was washed, and 
completeness of coupling was confirmed with the Kaiser test.26 
Asparagine and glutamine were coupled using the carbodi- 
imide/HOBt method: t-Boc-protected amino acid (3.94 mmol, 
4 equiv) and HOBt (3.49 mmol, 4 equiv) were dissolved in 
CH2Clz/DMF (l:l, 30 mL), and DIC (547 pL, 3.49 mmol, 4 equiv) 
was added to the ice-cooled solution, which was allowed to react 
for ca. 20 min. The solution was then added to the t-Boc-de- 
protected peptide resin, the reaction mixture was shaken gently 
for 2 h, the resin was washed, and completeness of coupling was 
confirmed. 

Cleavage of t-BocPeptide from PAO-Resin. To the peptide 
resin from the preceding step, in CHZClz/DMF (l:l, 30 mL) was 
added HOPip (303 mg, 2.7 mmol) and the mixture was shaken 
overnight. The solvent was collected by filtration, and the resin 
was washed with DMF (2 X 20 mL). The combined filtrate and 
washes were evaporated in vacuo to a white solid, 0.93 g crude 
peptide-0Pip ester. 

Reduction of Peptide-OPip Ester. The crude peptide from 
the preceding step was dissolved in 90% acetic acid (20 mL), and 
zinc dust (1.71 g, 26.1 mmol) was added with vigorous stirring. 
After the mixture was stirred for 30 min, the supernatant was 
removed with a pipet and filtered through a Millex-HV 0.45 pm 
filter attached to a syringe. The remaining zinc dust was washed 
with acetic acid (2 X 5 mL), and the filtered washes were combined 
and evaporated to a white solid, 1.87 g.27 

Purification of t -Boc-Asn-Asn-Gln-Leu-Ala-Gly-OH. The 
crude peptide from the zinc reduction was chromatographed on 
a reverse-phase HPLC column (Vydac C4 prep) with 12% CH3CN 
in HzO containing 0.1% AcOH. Amino acid analysis, 2 h hy- 
drolysis with HCl/propionic acid (1:l): Asx, 1.91; Glx, 1.01; Gly, 
1.03; Ala, 1.00; Leu, 0.94. MS (252Cf-fission fragment), exact mass 
calcd for Cz9H49N901zNa (M + Na)+ 738.8, found 738.9. Yield, 
0.30 g (48% based on starting substitution level of the resin). 

Preparation of Polystyrene Oxime Resin (1) .  In a 5-L 
round-bottomed flask, 200 g of BioBeads S-X1 (1.92 mol as 
styrene) were swelled with 1.5 L of methylene chloride. Aluminum 

(26) Reaction vessels used were of the type described in ref 23, p 130. 
These vesseh have a Teflon-lined screw cap at the top for adding reagents 
and a glass frit over a two-way stopcock at  the bottom to allow the 
removal and addition of solvents under suction. 

(27) Protected peptides often precipitate when the reduction mixture 
is added to water or 10% citric acid solution. This peptide did not 
precipitate well in water, and the reaction mixture was therefore directly 
evaporated. The high content of zinc salts in the crude peptide, however, 
does tend to result in lowered isolated yields after HPLC. 
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chloride (34 g, 0.255 mol) and p-nitrobenzoyl chloride (34 g, 0.183 
mol) were dissolved in 2 L of CH2C12 and added with mixing to 
the resin mixture through a funnel fitted with a glasawool plug.% 
The resulting orange mixture was then allowed to stand at room 
temperature for 40 h with occasional stirring. The resin was then 
collected in a large coarse porosity fritted-glass funnel and washed 
with dioxane/4 N aqueous HCl (3:1, 6 L), dioxane/water (3:1), 
DMF, MeOH (4 L each), swollen with CH2C12 (2 L), washed with 
MeOH (2 L), and dried under suction and then vacuum. Yield, 
221 g of pale yellow nitrobenzophenone resin. The above keto 
resin was converted to the oxime in pyridine/ethanol(l:5, 1.8 L) 
containing hydroxylamine hydrochloride (200 9). The mixture 
was heated at gentle reflux for 22 h and then collected in a 
fritted-glass funnel. The resin was washed with MeOH (2 X 1.5 
L) and dried under vacuum. Yield, 223 g of oxime resin. A small 
sample of this resin was coupled with t-Boc-glycine, and the 
substitution level was determined by picric acid titration to be 
0.60 m m ~ l / g . ~ ~ , ~ ~  
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One of the easist methods for the preparation of opti- 
cally active secondary alcohols is the asymmetric reduction 
of prochiral ketones. Among the asymmetric reducing 
agents for ketones, chirally modified borane derivatives 
or complexes have been widely studied owing to their se- 
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lectivity, stability, and solubility in a variety of solvents, 
and high asymmetric inductions have been reported in 
individual cases.1-8 Significant asymmetric inductions 
have been also achieved by the use of borohydrides in a 
chiral environment such as in the presence of optically 
active catalysts under phase-transfer conditionsgJO and in 
the chiral domain of D-g~ucofuranose,l' bovine serum al- 
bumin,12 and chiral crown ethers.13J4 

Cyclodextrins provide also a chiral binding site15 capable 
of including guest molecules and are known to induce 
asymmetric reductions of prochiral ketones dissolved16 or 
suspended" in an alkaline aqueous solution of sodium 
borohydride to give the corresponding alcohols in low en- 
antiomeric excess up to 36%. However, no amine-borane 
complexes included in cyclodextrins have been investigated 
as asymmetric reducing agents. In connection with our 
interest in solid state reactions, the use of microcrystals 
of cyclodextrin complexes has been investigated as rigid 
chiral matrices controlled by the crystalline lattice for 
asymmetric reaction,l8 and those studies mentioned above 
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