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mi-L-lysine and ktra-L-lysine derivatives were synthesized with Nf-[  [2-(trimethylsiiyl)ethoxylcarbonyl] (Nf-Teoc) 
protecting groups on all the lysines, or on all but the N-terminal lysine, and with N*-(tert-butyloxycarbonyl) 
(N*-Boc) or Nu-(9-fluorenylmethyloxycarbonyl) (N'-Fmoc) groups on the N-terminal lysines. Treatment of the 
Boc/Teoc peptides with p-toluenesulfonic or 2,4,6-trimethylbenzenesulfonic acid led to Boc cleavage with Teoc 
retention only when the Teoc/Boc ratio was 1:l  or 2:l .  In contrast, treatment of the Fmoc/Teoc peptides with 
liquid ammonia in a sealed vessel cleaved the Fmoc group without significant loss of Teoc groups even when 
the Fmoc/Teoc ratio was 3:1, showing that Fmoc and Teoc groups provide more selectivity than the Boc and 
Teoc combination. Nu-Fmoc and Nf-Teoc groups were both stable under catalytic hydrogenolysis conditions. 
This made it possible to prepare N"-Fmoc-tri-L-lysine and N"-Fmoc-tetra-L-lysine derivatives with Ne-Teoc groups 
on all but the N-terminal lysine and demonstrated that the triad Fmoc/Cbz/Teoc is superior to Boc/Cbz/Teoc 
in peptide synthesis involving the orthogonal protection strategy. 

Cytotoxicity and selectivity are dominant themes 
throughout the history of cancer chemotherapy.' One 
strategy for improving the selectivity of anticancer agents 
is to link them to a polymer. Attachment to the polymer 
prevents uptake by diffusion or channel-mediated trans- 
port but allows uptake by endocytosis, which is extremely 
efficient in tumor Within the cells, the activity 
of some of the 40 known lysosomal enzymes may then 
release the drug from the carrier, restoring ~ytotoxicity.~ 
A macromolecule possessing many favorable characteristics 
for selective drug delivery by this approach is poly(L- 
lysine): which is rapidly taken up and hydrolyzed within 
tumor cells. In contrast, poly(D-lysine) is taken up rapidly 
but is not degraded, making it possible to compare the 
biological activities of drugs conjugated to degradable 
versus nondegradable polymers. Poly(L-lysine) has been 
used previously as a carrier for the well-known anticancer 
drug methotrexate (4-amino-4-deoxy-10-(methyl- 
pteroy1)-L-glutamic acid, MTX).&l0 A noteworthy feature 
of these MTX-poly(L-lysine) conjugates is that they are 
inhibitors of the growth of tumor cells that are resistant 
to MTX by virtue of a defect in the normal carrier-me- 
diated active transport pathway for this drug. 

Most biological studies on drug conjugates to poly(L- 
lysine) have utilized random coupling to unspecified e- 
amino groups. In the preparation of MTX-poly(L-lysine) 
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derivatives, the coupling reactions have, with one excep- 
tion,1° been nonregiospecific, giving adducts in which the 
polymer is linked to either or both of the a- and y-carboxyl 
groups in the MTX moiety. Bifunctional activation of 
these carboxyls can also result in cross-linking of carrier 
chains. The resulting heterogeneity complicates the in- 
terpretation of biological data and disallows fine-tuning 
of the cleavage kinetics. By attaching the ligands at  reg- 
ularly spaced intervals along the polymer backbone, a 
range of ligand release rates can be achieved and the most 
effective structures selected." In this context we have 
been interested in precursors that provide specific sites for 
ligand attachment. In previous papers we reported the 
synthesis of regiospecific, non-cross-linked MTX(y-e)- 
poly-L-lysine adducts,12 and of protected13 as well as non- 
protected14 di- and trilysine adducts of MTX,13J4 the latter 
of which may be viewed as likely products of the lysosomal 
hydrolysis of MTX(y-e)poly-L-lysine. In this paper we 
report methods of preparation of protected di-, tri-, and 
tetra-L-lysines that can be used to generate drug-poly(L- 
lysine) conjugates of defined sequence by block polymer- 
ization.15 By this means, one might be able, for example, 
to use a protected MTX(y-e)tetra-L-lysine to prepare 
MTX(y-e)poly-L-lysine with a pendant y-MTX moiety on 
every fifth lysine residue. 

Block polymerization as a route to poly(L-lysine) drug 
conjugates poses a challenge, in that it requires the use of 
three different and mutually compatible N-protecting 
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groups. Scheme I outlines a possilu retrosynthetic 
strategy, using MTX as the ligand. One blocking group 
(R') is used for the a-amino group of the N-terminal lysine, 
a second (R2) for the €-amino group of the N-terminal 
lysine, and a third (R3) for all remaining €-amino groups. 
Selective removal of R2, with retention of R' and R3, allows 
coupling of the drug to the N-terminal lysine. After re- 
moval of R', this time with preservation of R3, the product 
is subjected to block polymerization with the aid of an 
appropriate peptide bond forming reagent, e.g. diphenyl 
phosphorazidate, and R3 protecting groups are cleaved 
under conditions known to leave the drug-polymer bond 
intact. 

We considered first the possibility of using a tert-bu- 
tyloxycarbonyl (Boc) group at  R', a benzyloxycarbonyl 
(Cbz) group at R2, and a [2-(trimethylsilyl)ethoxy]carbonyl 
(Teoc) group at R3. It was reasoned that R2 could be 
removed by hydrogenolysis without loss of R1 or R3 and 
that, after attachment of the ligand to the t-amino group 
of the N-terminal lysine, R' could be removed under mild 
acid conditions without loss of R3. The basis for this 
expectation was our earlier finding that Na-Boc-Nf-Teoc- 
L-lysine (1) could be converted to N'-Teoc-L-lysine (2) in 
good yield by mild treatment with p-toluenesulfonic acid.15 
Accordingly we converted 1 to di- and tripeptide model 
compounds containing the desired triad of blocking groups 
(R' = Boc, R2 = Cbz, R3 = Teoc) by the reactions shown 

9 

in Schemes 11 an( 111. Activation of the COOH group in 
1 by reaction with N-hydroxysuccinimide (HOSu) and 
N,N'-dicyclohexylcarbodiimide (DCC)16 afforded the ester 
3 (93%), which on reaction with 2 in the presence of N- 
ethyl-N,N-diisopropylamine (EDPA) was converted to the 
Boc/Teoc/Teoc dipeptide 4 (88%). Alternatively, 4 could 
be made from 1 by treatment with bis(p-nitrophenyl) 
carbonatell followed, without isolation of the activated 
ester 5, by reaction with 2 and EDPA. The overall yield 
by the latter route was 71 %. Selective removal of the Boc 
group in 4 was accomplished with p-toluenesulfonic acid 
in ether,15J8 giving 8-TsOH in 94% yield. The corre- 
sponding 2,4,6-trimethylbenzenesulfonate salt was also 
prepared, albeit in lower yield, by using 2,4,6-trimethyl- 
benzenesulfonic acid in ethyl acetate. It thus appeared 
that selective a-Boc cleavage was possible in the peresence 
of not only one but two eTeoc groups. Reaction of the 
OSu ester 3 with 8 in DMF solution at  room temperature 
afforded the tripeptide 7, but the yield was only 24%. In 
an effort to improve the yield of 7, dipeptide 4 was acti- 
vated with bis(p-nitrophenyl) carbonate and EDPA, and 
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the resultant ester, 6, was allowed to react in situ with 2. 
Unfortunately the yield of 7 by this alternative route was 
poor (10%); moreover, subsequent removal of the Boc 
group from 7 with p-toluenesulfonic acid afforded a yield 
(45%) substantially lower than that of 3 from 1 or 8 from 
4. TLC analysis revealed the presence of a number of 
byproducts in the acidolysis, which we assumed were due 
to loss of one or more Teoc groups. These results dem- 
onstrated that selective Boc cleavage is possible in the 
presence of Teoc groups, but only when the Boc/Teoc ratio 
is 1:l or 1:2. The Boc/Teoc combination therefore should 
not be viewed as a general strategy for orthogonal pro- 
tection in peptide synthesis. 

Though we were aware of the limitations of the Boc/ 
Teoc combination, we nonetheless felt that it would be of 
interest to prepare a trilysine with one Boc group, two Teoc 
groups, and one Cbz group, as in compound 13 (Scheme 
111). This model compound was selected with the idea that 
the Cbz group could be removed selectively by hydrogen- 
olysis, allowing a single molecule of MTX to be attached 
to the e-amino group of the N-terminal residue as outlined 
in Scheme I. The activated ester 10 was prepared in es- 
sentially quantitative yield from Na-(tert-butyloxy- 
carbonyl)-N'-(benzyloxycarbonyl)-L-lysine, HOSu, and 
DCC and was condensed with 2 in the presence of EDPA 
to obtain the Boc/Cbz/Teoc dipeptide 11 (92%) or with 
8 to obtain the tripeptide 13 (86%). Alternatively, 13 could 
be prepared from 11 by conversion to the activated ester 
12 (98%) followed by reaction with 2; the latter reaction 
proceeded in 71% yield and was therefore less efficient 
than that of 10 with 8. 

These results demonstrated the feasibility of regiospe- 
cific protection with Boc, Teoc, and Cbz groups, provided 
that no more than two Teoc groups were present. Since 
our intent was to eventually prepare tetra- or pentalysines 
as drug carriers for block polymerization, we abandoned 
the Boc group and adopted the 9-fluorenylmethyloxy- 
carbonyl (Fmoc) grouplg for protection of the a-amino 
group in the N-terminal lysine. We reasoned that it should 
be possible to remove the Ne-Cbz group from the N-ter- 
minal lysine residue by catalytic hydrogenation without 
loss of the N"-Fmoc and that subsequent acylation 
of the single unprotected c-amino group and cleavage of 
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the Fmoc group with liquid ammonia19 should proceed 
without any loss of N'-Teoc groups.lga In peptide synthesis 
not involving solid-phase methods, liquid ammonia appears 
to be a convenient alternative to piperidinez0 for Fmoc 
cleavage. 

Removal of Fmoc groups in the presence of Teoc groups 
was initially demonstrated in model compounds lacking 
a Cbz group (Scheme IV). Na-(9-Fluorenylmethyloxy- 
carbonyl)-W- [ [ 2- (trimethylsilyl)ethoxy] carbonyl]  lysine 
(14) was prepared in 81% yield from 2 and 9-fluorenyl- 
methyl chlorof~rrnate'~ and was converted to the p- 
nitrophenyl ester 15 (89%) on reaction with p-nitrophenyl 
chloroformate in the presence of a catalytic amount of 
4-(N,N-dimethylamino)pyridine (DMAP). Alternatively, 
Na-(9-fluorenylmethyloxycarbonyl)-L-lysine was converted 
to 15 in 60% yield via a one-pot synthesis involving heating 
with 2-(trimethylsilyl)ethyl p-nitrophenyl carbonate15 and 
EDPA in DMF solution at 55-60 "C followed by treatment 
in situ with DCC at  room temperature.21 Reaction of 15 
with 2 afforded the fully blocked dilysine derivative 16 
(60%), which on treatment with liquid ammonia in a 
Teflon-lined stainless steel autoclave at room temperature 
for 2.5 days was converted to 8 (84%). Similarly, con- 
densation of 15 and 8 led to the Fmoc/Teoc tripeptide 17 
(71%), which on Fmoc cleavage with ammonia yielded 9 
(97%) without any loss of Teoc groups. 

Since it was clear from these results that Fmoc and Teoc 
groups were more compatible than Boc and Teoc groups, 
we next embarked on the synthesis of tri- and tetralysines 
with amino groups protected by Fmoc, Cbz, and Teoc 
groups (Scheme V). Ne-(Benzyloxycarbonyl)-L-lysine was 
acylated with 9-fluorenylmethyl chloroformate, and the 
resultant product, 18 (64%), was converted to its p- 
nitrophenyl ester (19) in 95% yield by reaction with p- 
nitrophenyl chloroformate, EDPA, and a catalytic amount 
of DMAP. Condensation of 19 with 8 in the presence of 
EDPA and DMAP, or with 9 in the presence of EDPA 
alone, led to the fully protected Fmoc/Cbz/Teoc deriva- 
tives 20 (87%) and 22 (57%), respectively. Catalytic hy- 
drogenolysis of the Cbz group then gave the partially de- 
protected tri- and tetralysines 21 (65%) and 23 (81%) with 
the Fmoc and Teoc groups still in place. While we had 
some concern, in undertaking these reactions, that it might 
not be possible to remove the Cbz group selectively in 21 

(19) Carpino, L. A,; Han, G. Y. J.  Org. Chem. 1972,37, 3404. (a) An 
alternative, and probably more selective, strategy using Cbz/Fmoc pro- 
tection would have bean to synthesize analogues of 20 and 21 with Fmoc 
on the c-amino and Cbz on the a-amino group of the N-terminal lysine. 
This would have allowed deblocking of the e-amino group with liquid 
ammonia or piperidine. We are grateful to one of the reviewers for 
correctly pointing this out. 

(20) Chang, C.-D.; Waki, M.; Ahmad, M.; Meienhofer, J.; Lundell, E. 
0.; Haup, J. D. Znt. J .  Peptide Protein Res. 1980, 15, 59. 

(21) ?he principle behind this convenient, though rarely used, proce- 
dure is that the p-nitrophenol released on N-acylation reacts with the 
carboxyl group once the DCC is added; see, for example: Wolman, Y.; 
Ladkany, D.; Frankel, M. J. Chem. SOC. C 1967,689. 
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and 23, this proved not to be a problem even though there 
is literature precedent for the hydrogenolysis of Fmoc 
groups.22 

In summary, these model experiments demonstrate the 
feasibility of preparing di-, tri-, and tetra-L-lysine deriva- 
tives with Teoc groups on all the eamino groups as well 
as on all but the N-terminal residue. The Fmoc group 

(22) (a) Atherton, E.; Bury, C.; Sheppard, R. C.; Williams, B. J. Tet- 
rahedron Lett. 1979, 304. (b) Martinez, J.; Tolle, N. C.; Bodanszky, M. 
J. Org. Chem. 1979, 44, 3596. 

appears to be superior to the Boc group as a means of 
protection of the N-terminal a-amino group in oligo(L- 
lysines) containing more than two lysine residues. Fmoc 
cleavage can be achieved readily in these oligo(L-lysines) 
under nonacidic conditions which are compatible with 
Teoc groups, whereas Boc cleavage requires acid treatment 
and is likely to be accompanied by partial loss of Teoc. 
The Fmoc group is also advantageous because it allows 
chromatographic separations to be monitored on the basis 
of UV absorbance. The Cbz group is compatible with both 
Fmoc and Teoc groups and thus is well-suited to synthetic 
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schemes involving the three different blocking groups and 
an orthogonal deprotection strategy.23 Further  studies 
are needed to assess the ability of lysyl oligopeptides such 
21 and 23 to serve as building blocks for the synthesis of 
structurally defined drug conjugates of poly(L-lysine). 

Experimental Section 
Infrared spectra were obtained on a Perkin-Elmer Model 781 

double-beam recording spectrophotometer, and NMFt spectra were 
obtained on a Varian T60A instrument with Me4Si as the internal 
standard, except in the case of compounds already containing a 
singlet for one or more Me3Si groups, where this singlet was used 
as the internal reference and was set at  6 0.00. Spectral data 
consistent with the assigned structures were obtained for all 
compounds. TLC separations were carried out on Baker Si250F 
plates (system A, 1:l:O.Ol hexanes-EtOAc-AcOH), Whatman 
MK6F plates (system B, 9 1  CHC1,-MeOH; system C, 1:4 Et- 
OAc-hexanes; system D, 79:20:1 EtOAc-hexanes-AcOH; system 
E, 74:25:1 EtOAc-hexanes-AcOH; system F, 12:7:1 EtOAc- 
EtOH-28% ",OH; system G, 13:6:1 CHC13-EtOH-28% 
",OH), or MKC18F plates (system H, 1:l Me2CO-H20; system 
I, 3:2 Me2CO-H20; system J, 2:l Me2CO-H20). Letters in par- 
entheses after the R, values in the experimental section refer to 
the developing systems listed above. Spota were visualized under 
254-nm illumination in a viewing chamber except for compounds 
lacking a UV-absorbing group. In those instances a convenient 
method of visualization was to leave the plate in a closed TLC 
tank containing trifluoroacetic acid vapor and then remove the 
plate from the tank and spray it with ninhydrin. Column chro- 
matography was carried out on Baker 3405 (60-200 mesh) and 
Baker 7024-1 "Flash" silica gel (40 f 15 wm diameter particle size) 
(J. T. Baker, Phillipsburg, NJ), or on Sephadex LH20 (Pharmacia, 
Piscataway, NJ). Nu-(tert-Butyloxycarbony1)-L-lysine, Ne-(ben- 
zyloxycarbony1)-L-lysine, Nu-( tert-butyloxycarbony1)-Nf-(benzy- 
loxycarbony1)-L-lysine, and Nu-(9-fluorenylmethyloxy- 
carbonyl)-L-lysine were purchased from Chemical Dynamics, 
South Plainfield, NJ, and Bachem, Torrance, CA. Nu-(tert-Bu- 
tyloxycarbony1)-N- [ [ 2-(trimethylsilyl)ethoxy]carbonyl]-~-lysine 
(1) and Ne-[ [2-(trimethylsilyl)ethoxy]carbonyl]-~-lysine (2) were 
synthesized as reported earlier.15 Other chemicals were from 
Aldrich, Milwaukee, WI. Solventa used in coupling reactions were 
dried over Linde 4A molecular sieves (Fisher, Boston, MA). 
Melting points were measured in Pyrex capillary tubes in a 
Mel-Temp apparatus (Laboratory Devices, Inc., Cambridge, MA) 
or on a Fisher-Johns hot-stage apparatus (Fisher, Boston, MA). 
Elemental analyses were performed by Galbraith Laboratories, 
Knoxville, TN, or MultiChem Laboratories, Lowell, MA, and were 
within A0.4% of theoretical values unless otherwise indicated. 
Nu-( tert -Butyloxycarbonyl)-Ne-[ [2-(trimethylsily1)eth- 

oxy]carbonyl]-L-lysine N-Hydroxysuccinimide Ester (3). 
HOSu (1.84 g, 16 mmol) and DCC (3.35 g, 16.2 mmol) were added 
to a solution of Nu-(tert-butyloxycarbony1)-Nf-[[2-(trimethyl- 
silyl)ethoxy]carbonyl]-L-lysine (5.86 g, 15 mmol) in EtOAc (80 
mL), and the mixture was stirred at  room temperature for 24 h, 
diluted to 200 mL with Et20, and filtered. Evaporation of the 
filtrate and drying of the residue overnight in vacuo a t  25-30 "C 
gave a glassy solid (6.82 g, 93%): mp 40-43 "C; TLC R, 0.24 (J). 
Anal. Calcd for CZlH3,N3SiO8: C, 51.72; H, 7.65; N, 8.62; Si, 5.76. 
Found: C, 51.73; H, 7.82; N, 8.88; Si, 5.50. 

N'-[Nu-( tert -Butyloxycarbonyl)-Nf-[ [2-(trimethyl- 
silyl)ethoxy]carbonyl]-~-lysyl]-N'-[ [2-(trimethylsily1)eth- 
oxy]carbonyl]-L-lysine (4). Method A. Hydroxysuccinimide 
Ester Coupling. To a suspension of 2 (2.58 g, 8.87 mmol) in 
CH2C12 (100 mL) were added EDPA (1.55 mL, 1.15 g, 8.87 mmol) 
and 3 (3.68 g, 10.6 mmol), and the mixture was stirred at  25-30 
"C for 3 days and evaporated to an oil, which was chromato- 
graphed on a Sephadex LH20 column (5 cm i.d. X 40 cm) with 
95% EtOH as the eluent. Fractions were monitored for product 
by TLC and appropriately pooled and evaporated to dryness. The 
residue was redissolved in 30:l Et@-hexanes, and, after filtration 
to restore clarity, the filtrate was extracted with 0.5 N HCl (100 
mL) to remove any remaining EDPA. The organic phase was 
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dried (MgSO,) and evaporated. The residue was kept in vacuo 
at  25-30 "C for 18 h to obtain a glassy solid (5.43 g, 88%): mp 

Method B. p-Nitrophenyl Ester Coupling (One-Pot 
Synthesis). A solution of 1 (1.16 g, 2.97 mmol) and bis(p- 
nitrophenyl) carbonate (1.08 g, 3.55 mmol) in a mixture of EtOAc 
(30 mL) and pyridine (1 mL) was heated under reflux for 4 h, 
at which time TLC (system D) showed formation of p-nitrophenol 
(Rf 0.81) and 5 (Rf 0.88, not isolated), with disappearance of all 
bis(p-nitrophenyl) carbonate (Rf 0.94) and 1 (Rf 0.45). To the 
solution were then added 2 (0.83 g, 2.87 mmol) and EDPA (0.5 
mL), and refluxing was continued overnight. Solvents were 
evaporated under reduced pressure at  50 "C, and the residue was 
partitioned between EtOAc (100 mL) and 0.3 N HCl(100 mL). 
The EtOAc layer was extracted with 2 M K&O3 (6 X 75 mL), 
dried (Na2S04), concentrated to a volume of 15 mL, and applied 
onto a silica gel column (5 cm X 50 cm). Elution was performed 
with EtOAc (1.5 L) followed by 2% AcOH in EtOAc (1.5 L). 
Appropriate fractions of the latter eluent were pooled, washed 
with saturated NaHCO,, dried (Na2S04), and evaporated to a 
foam, which was dried a t  room temperature in vacuo to remove 
final traces of solvent: yield 1.34 g (71%); TLC R, 0.19 (D). 

IR and NMR spectra of 4 prepared by methods A and B were 
essentially the same. Microanalytical data were obtained on a 
sample prepared by method A. Anal. Calcd for 
CmH58N4Si209-0.25E~O-0.75H20: C, 51.84; H, 8.99; N, 8.06; Si, 
8.08. Found: C, 51.94; H, 9.06; N, 8.05; Si, 8.03. 

Nu-[Nu-[ Nu- ( tert -But yloxycarbony1)-NE-[ [ 24 trimet hyl- 
silyl)ethoxy]carbonyl]-~-lysyl]-N~-[ [ 2-(trimethylsily1)eth- 
oxy]carbonyl]-~-lysyl]-N~-[ [2-(trimethylsilyl)ethoxy]- 
carbonyl]-L-lysine (7). Method A. N-Hydroxysuccinimide 
Ester Coupling. EDPA (0.5 mL) was added to a solution of 

in DMF (25 mL), and the solution was stirred at room temperature 
for 2 days and evaporated under reduced pressure. The residue 
was chromatographed on a silica gel column (20 cm i.d. X 30 cm) 
with 3:l CHC13-MeOH as the eluent. Product fractions were 
pooled and evaporated, and residual solvent was removed by 
entrainment with EhO (3 X 100 mL) followed by drying in vacuo 
for 24 h to obtain a foam (0.24 g, 24%): TLC R, 0.12 (I). 

Method B. p -Nitrophenyl Ester Coupling (One-Pot 
Synthesis). A solution of 4 (2.28 g, 5.83 mmol), bis@-nitrophenyl) 
carbonate (1.80 g, 5.92 mmol), and EDPA (0.5 mL) in DMF (4 
mL) was heated at  65-70 "C for 4 h under reduced pressure with 
exclusion of moisture and was then cooled to room temperature. 
To the solution, whose TLC showed the presence of the active 
ester 6 (not isolated), was added 2 (1.70 g, 5.86 mmol) followed 
by a second portion of EDPA (0.5 mL). Heating was resumed 
under reduced pressure at  60-65 "C for 2 days. After addition 
of a second portion of bis(p-nitrophenyl) carbonate (1.80 g, 5.92 
mmol) to form the active ester 6 (not isolated), the mixture was 
heated to reflux for 4 h. A second portion of 2 (1.70 g, 5.86 mmol) 
was then added, and refluxing was allowed to continue for 3 days. 
After evaporation under reduced pressure a t  60 "C, the residue 
was taken up in EtOAc (75 mL), and the isolation was washed 
successively with 0.08 N HCl(2 X 100 mL), saturated NaHC0, 
(100 mL), and distilled H20 (100 mL). The organic layer was dried 
(NaaO,) and concentrated to 15 mL, and the solution was applied 
onto a silica gel column (400 g, 5 cm i.d. X 40 cm) with 5010:l 
CHC1,-EtOH-28% ",OH as the eluent. Appropriate fractions 
[TLC: R, 0.58 (F)] were pooled and evaporated, and residual 
solventa were removed by entrainment with EtOAc (3 X 20 mL) 
followed by drying in vacuo for 9 days; yield 0.539 g (10%). 

IR and NMR spectra of 7 prepared by methods A and B were 
essentially identical. Microanalytical data were obtained on a 
sample prepared by method B. Anal. Calcd for C41H82N6Si3012: 
C, 52.65; H, 8.84; N, 8.98; Si, 9.01. Found: C, 52.40; H, 8.80; N, 
8.48; Si, 9.03. 

N"-[N'-[ [2-(Trimethylsilyl)ethoxy]carbonyl]-~-lysyl]- 
Nf-[[2-(trimethylsilyl)ethoxy]carbonyl]-~-lysine (8). A. 
Preparation of the p -Toluenesulfonate Salt (8.TsOH). 
p-TsOH.H20 (0.272 g, 1.43 mmol) was added to a solution of 4 
(0.988 g, 1.42 mmol) in EhO (10 mL) a t  room temperature, and 
as soon as all the solid was dissolved the solution was evaporated 
to dryness under reduced pressure at 20-27 "C. The residue was 
kept a t  27-30 "C for 45 min, during which there was vigorous 

48-50 "C; TLC R, 0.19 (D), R, 0.46 (F), R, 9.50 (I). 

8.TsOH ( ~ e e  below) (0.746 g, 1.07 m o l )  and 3 (0.546 g, 1.12 m o l )  

(23) Barany, G.; Merrifield, R. B. J .  Am. Chem. SOC. 1977, 99,7363. 
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effervescence. Storage in vacuo for 2.5 days at  25-30 "C gave an 
oil (1.07 g, 94%): TLC R, 0.56 (J). Anal. Calcd for 
C24H~4Si207CH3C&I,S03H~0.25H20: C, 50.28; H, 8.10; N, 7.56; 
Si, 7.58; S, 4.33. Found: C, 50.59; H, 8.31; N, 7.38; Si, 7.14; S, 
4.33. 

B. Preparation of the 2,4,6-Trimethylbenzenesulfonate 
Salt (8.TmbsOH). 2,4,6-Trimethylbenzenesulfonic acid mono- 
hydrate (1.1 g, 4.65 mmol) was added to a solution of 4 (3.15 g, 
4.21 mmol) in EtOAc (50 mL), and, after overnight stirring at room 
temperature, the solvent was evaporated under reduced pressure 
a t  70 "C. Trituration with 28% ",OH (10 mL), followed by 
decantation and removal of excess ammonia by entrainment with 
EtOH (25 mL) under reduced pressure, gave a crude product from 
which some unreacted 4 was removed by trituration with EtzO 
(25 mL). Drying of the residue from EtzO trituration for 3 h in 
vacuo left a solid (1.89 g, 56%): mp 168-170 "C. Anal. Calcd 
for C24H50N4Si207~C9H15S03~0.5Hz0: C, 50.23; H, 8.43; N, 8.87. 
Found: C, 50.57; H, 8.17; N, 8.55. 

C. Preparation of the Free Base. A solution of 16 (see below) 
(1.01 g, 1.29 mmol) in liquid NH, (50 mL) a t  -40 "C was sealed 
in a 250-mL Teflon-lined stainless-steel auklave,  allowed to come 
to room temperature, and left to stand for 2.5 days. The pressure 
was released slowly, the NHB was allowed to evaporate, and the 
residue was triturated with petroleum ether (3 X 100 mL) and 
filtered. The solid was then taken up in EtzO, a small amount 
of insoluble material was removed by filtration, the EhO filtrate 
was added to petroleum ether (200 mL), and the solution was 
concentrated to a volume of 120 mL. The precipitate was col- 
lected, washed with petroleum ether (25 mL), and dried in vacuo 
overnight at  room temperature to obtain a colorless solid (0.602 
g, 84%): mp 192-195 "C; TLC R, 0.14 (G). Anal. Calcd for 
Cz4H,N4Si2O7: C, 51.21; H, 8.95; N, 9.95. Found: C, 51.14; H, 
8.99; N, 9.94. 

N'-[Nu-[Ne-[ [2-(Trimethylsilyl)ethoxy]carbonyl]-~-ly- 
syll-Ne-[ [2-(trimethylsily1)et hoxy]carbonyl]-L-lysyll-N'- 
[ [2- (trimet hylsilyl)ethoxy]carbonyl]-L-lysine (9). Met hod 
A. 2,4,6-Trimethylbenzenesulfonic acid dihydrate (0.206 g, 8.45 
mmol) was added to a solution of 7 (0.784 g, 0.838 mmol) in EhO 
(20 mL), and the mixture was stirred until all the solid dissolved. 
The clear solution was evaporated to dryness under reduced 
pressure, and the residue was heated for 1 h at  70-75 "C. The 
resulting solid was triturated with EhO (2 X 30 mL) and kept 
for 4.5 h in vacuo at 35-40 "C to obtain a product (0.463 g) which 
was impure according to TLC (system G). A portion (250 mg) 
of the product was chromatographed on a silica gel column (2.8 
cm i.d. x 36 ccm), which was packed with EtOAc and eluted with 
60:35:5 EtOAc-EtOH-28% NH40H. Fractions of 8 mL were 
monitored by TLC, and those found to be homogeneous were 
pooled and evaporated. Fraction 1 (tubes 17-27) yielded un- 
changed 7 (40 mg, 5% recovery); fraction 2 (tubes 37-65) yielded 
9, as the free base (169 mg); fraction 3 (tubes 69-240) yielded 
another product (41 mg) whose NMR spectrum was consistent 
with the presence of only two Teoc groups. The yield of 9 cal- 
culated on the basis of the purification of the 250-mg portion of 
crude product (out of a total of 463 mg) was 45%. 

Method B. Deprotection of 17 (see below) (0.66 g, 0.83 mmol) 
in liquid NH, (25 mL) was performed as described for 16: yield 
0.53 g (97%); mp 153-155 "C;  TLC R, 0.36 (G). The product 
obtained by this procedure was the same as the one prepared by 
method A. Anal. Calcd for C36H71N6Si3010'0.5Hz0: c, 51.24; H, 
8.94; N, 9.95; Si, 9.97. Found C, 51.20; H, 8.93; N, 9.60; Si, 10.23. 

The sulfonate salts as well as free base forms of 8 and 9 were 
hygroscopic. Their melting points varied from batch to batch 
and on damp days were substantially depressed. 
Nu-( tert  butyloxy carbonyl)-N'-( benzyloxycarbonyl)+ 

lysine N-Hydroxysuccinimide Ester (10). To a solution of 
Nu- (tert-butyloxycarbonyl)-N1- (benzyloxycarbony1)-L-lysine (1.15 
g, 3 mmol) in EtOAc (5 mL) were added HOSu (0.358 g, 3.1 mmol) 
and DCC (0.674 g, 3.27 mmol), and the solution was stirred at  
25 "C for 3 h. The precipitated N,N'-dicyclohexylurea (DCU) 
was removed by filtration, and the filtrate was concentrated to 
1 mL under reduced pressure. EtzO (10 mL) was added, the 
mixture was stirred overnight, an additional amount of DCU was 
removed by filtration, and the filtrate was evaporated. Removal 
of residual EtOAc by entrainment with n-heptane (2 X 10 mL) 
under reduced pressure, followed by overnight drying in vacuo 

Rosowsky and Wright 

at  75-80 "C afforded a glassy solid (1.57 g, 100% yield) which 
was pure enough to use in the next step. An analytical sample 
was prepared by redissolving the product in EtOAc, extracting 
the solution with an equal volume of 0.1 N NaHC0, (100 mL), 
rinsing twice with an equal volume of H20 (2 X 100 mL), evap- 
orating the organic layer to dryness, and keeping the residue in 
vacuo at 35-40 "C overnight. Trituration with 1O:l Et&-hexanes 
yielded a white solid, which was dried in vacuo for 4 h at  45-50 
"C: mp 110-111 "C; TLC Rf0.38 (A). Anal. Calcd for C23H31N308: 
C, 57.84; H, 6.56; N, 8.80. Found: C, 57.61; H, 6.39; N, 8.60. 

N ' - [ N u - (  tert -Butyloxycarbonyl)-Ne-( benzyloxy- 
carbony l ) -~ - lysy l ] -N~- [  [2-(trimethylsilyl)ethoxy]- 
carbonyl]-L-lysine (11). To a suspension of 2 (0.29 g, 1 mmol) 
in dry DMF (25 mL) were added EDPA (0.2 mL) and 10 (0.523 
g, 1.1 mmol), and after being stirred at  25 "C for 5 days the mixture 
was evaporated to dryness. The residue was taken up in MeOH 
(8 mL), and the solution was applied onto a Sephadex LH20 
column (2.8 cm i.d. X 40 cm), which was eluted with MeOH. 
Fractions of 7.5 mL were monitored by TLC (H) for the presence 
of Nu-( tert-butyloxycarbonyl)-Nf-(benzyloxycarbonyl)-L-lysine (Rf 
0.66), 2 (Rf0.37), and 11 (Rf0.24). Fractions containing only 11 
were pooled and evaporated, residual MeOH was removed by 
entrainment with EtzO (3 X 5 mL), and the resulting foam was 
dried in vacuo for 2 h: yield 0.6 g (92%); mp 58-60 "C. Anal. 
Calcd for C31H52N4Si09: C, 57.03; H, 8.03; N, 8.58; Si, 4.30. Found 
C, 56.74; H, 8.21; N, 8.56; Si, 4.12. 

N " - [ N " - (  tert  -Butyloxycarbonyl)-Ne-( benzyloxy- 
carbonyl ) -~- lysy l ] -N'- [  [2-(trimethylsilyl)ethoxy]- 
carbonyl]-L-lysine N-Hydroxysuccinimide Ester (12). To 
a solution of 11 (1.05 g, 1.61 mmol) in EtOAc (10 mL) were added 
HOSu (1.85 g, 1.61 mmol) and DCC (0.333 g, 1.61 mmol), the 
mixture was stirred at  25-30 "C for 3 days, and EhO (20 mL) 
was added. The precipitated DCU was removed by fitration, and 
the fitrate was evaporated to an oil. Residual EtOAc was removed 
by entrainment with EtzO (2 x 25 mL) under reduced pressure, 
and the residue was dried in vacuo at 25-30 "C for 5 h: yield 1.19 
g (98%); mp 49-51 "C. Anal. Calcd for C,,H,N5SiOll: C, 56.06; 
H, 7.39; N, 9.34; Si, 3.74. Found: C, 56.28; H, 7.54; N, 9.23; Si, 
3.85. 

N"-[N"-[N"-(tert  -Butyloxycarbonyl)-Ne-(benzyloxy- 
carbonyl)-L-lysyl l -N '-[ [ 2- (trimethylsily1)et hoxy 1- 
carbonyl]-~- lysyl]-N'-[  [ 2-(trimethylsily1)ethoxy 1- 
carbonyl]-L-lysine (13). Method A. To a suspension of 2 (0.29 
g, 1 mmol) in dry DMF (15 mL) were added 12 (0.29 g, 1 mmol) 
and EDPA (0.2 mL), and the mixture was kept in an ultrasonic 
bath, with occasional trituration, for 1.5 h to obtain a fine dis- 
persion. The mixture was stirred at  25-30 "C for 8 days and 
evaporated to dryness under reduced pressure at  60 "C. The 
residue was taken up in MeOH, and the solution was chroma- 
tographed on Sephadex LH20 as described for compound 4. 
TLC-homogeneous fractions, Rf 0.27 (J), were pooled and evap- 
orated to obtain a colorless solidified foam (0.653 g, 71%). 

Method B. EDPA (0.27 mL) was added to a solution of 8. 
TsOH (0.584 g, 0.788 mmol) and 10 (0.741 g, 1.58 mmol) in dry 
DMF (10 mL), and mixture was stirred at room temperature for 
20 h and evaporated to dryness under reduced pressure at 55-60 
"C in the presence of 0.4 M NaZCO3 (1 mL). The residue was 
chromatographed on a Sephadex LH20 column (5 cm i.d. X 35 
cm) with 95% EtOH as the eluent. Fractions containing only 13 
were pooled and evaporated, and the product was dried in vacuo 
a t  room temperature overnight: yield 0.63 g (86%); mp 64-67 

The same product was obtained by methods A and B. Mi- 
croanalytical data were obtained on material prepared by method 
B. Anal. Calcd for C43H76N6Si2012: c ,  55.82; H, 8.28; N, 9.08; 
Si, 6.07. Found: C, 55.80; H, 8.37; N, 8.87; Si, 5.91. 
Nu- (9-Fluorenylmethyloxycarbonyl)-N'- [ [ 2- (trimet hyl- 

silyl)ethoxy]carbonyl]-L-lysine (14). To a stirred solution of 
2 (4.35 g, 15 mmol) in a mixture of dioxan (15 mL) and 1 M K&03 
(30 mL) a t  0-4 "C was added over 30 min a solution of 9- 
fluorenylmethyl chloroformate (3.89 g, 15 mmol) in dioxan (30 
mL). The mixture was allowed to come room temperature, stirred 
overnight, diluted with H20 (200 mL), and extracted with EhO 
(2 x 100 mL). The aqueous layer was acidified to pH 5.5 with 
0.5 N HC1 and extracted with CHC1, (3 X 100 mL). The CHC1, 
layer was dried (NazSO,), evaporated, and dried in vacuo for 

"C; TLC R, 0.27 (J). 
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several days at  room temperature to obtain a solidified foam (6.2 
g, 81%): mp 102-104 OC; TLC R 0.38 (E), R, 0.27 (G). Anal. 
Calcd for C,H&$iO,: C, 63.26; d, 7.08; N, 5.46; Si, 5.48. Found 
C, 63.04; H, 7.16; N, 5.30; Si, 5.80. 
p-Nitrophenyl Na-(9-Fluorenylmethyloxycarbonyl)- 

Nf-[ [2-(trimethylsilyl)ethoxy]carbonyl]-~-lysinate (15). 
Method A. EDPA (0.35 mL) was added to a solution of p- 
nitrophenyl chloroformate (0.439 g, 2.11 mmol) and 14 (1.03 g, 
2.00 mmol) in CH2Cl, (10 mL) at  0 "C. After 10 min of stirring, 
DMAP (30 mg) was added, and stirring was continued for another 
30 min. The reaction mixture was diluted to 50 mL with CH2Cl2, 
and the solution was extracted with saturated NaHCO, (6 X 100 
mL) followed by 0.15 N HCl (2 X 100 mL) and saturated NaCl 
(100 mL). The CH2C1, layer was dried (Na2S04) and passed 
through a short column (3 cm) of silica gel. The silica gel bed 
was washed with CH2C12, the combined filtrate and washed so- 
lution were evaporated, and the residue was recrystallized from 
EbO to obtain a yellow solid (1.12 g, 89%): mp 106-108 "C; TLC 

Method B. (One-Pot Synthesis). A solution of N"-(9- 
fluorenylmethyloxycarbony1)-L-lysine (7.37 g, 20 mmol), 2-(tri- 
methylsily1)ethyl p-nitrophenyl carbonate (6.32 g, 2.3 mmol), and 
EDPA (3.5 mL) in DMF (30 mL) was heated at  50-55 "C for 2.5 
h. The reaction mixture was cooled to room temperature, and 
DCC (4.54 g, 22 mmol) was added. A precipitate formed soon 
thereafter. The mixture was stirred for 30 rnin and evaporated 
to dryness under reduced pressure, and the residue was treated 
with CH,Cl, (50 mL). The insoluble DCU was filtered off, and 
the filtrate was evaporated at  70-75 "C under reduced pressure. 
The residue was taken up in E t 0  (50 mL), and the E 4 0  solution 
was extracted with 1 M K2C03 (3 x 30 mL), rinsed with distilled 
H20 (3 X 50 mL), dried (Na2S04), and diluted to 300 mL with 
hexanes. The copious yellow precipitate was collected, washed 
with hexanes (100 mL), and dried in vacuo overnight; yield 7.65 
g (60%). 

The same product was obtained by methods A and B. Mi- 
croanalytical data were obtained on material prepared by method 
A. Anal. Calcd for C33H39N3Si08: C, 62.54; H, 6.20; N, 6.63; Si, 
4.43. Found: C, 62.75; H, 6.31; N, 6.38; Si, 4.58. 

N"-[ N"-(9-Fluorenylmethyloxycarbonyl)-Ne-[ [2-(tri- 
methylsilyl)ethoxy]carbonyl]-~-lysyl]-N'-[ [2-(trimethyl- 
silyl)ethoxy]carbonyl]-L-lysine (16). Compound 15 (0.633 g, 
0.1 mmol) was added to a solution of 2 (0.209 g, 0.1 mmol) in a 
mixture of dioxan (1 mL) and 0.33 M K2C03 (3 mL), and the 
mixture was stirred under reflux for 45 min, diluted to 200 mL 
with EtzO, and extracted with 0.2 N HC1 (100 mL) followed by 
1 M K&03 (3 X 200 mL) and distilled H,O (2 X 200 mL). The 
Et,O layer was dried (Na2S04) and evaporated, and the residue 
was recrystallized from EtOAc-hexanes (400 mL) containing a 
drop of AcOH: yield 0.477 g (60%); mp 40-42 "C; TLC Rj 0.27 
(E). Anal. Calcd for C39H60N4Si209: C, 59.66; H, 7.70; N, 7.14; 
Si, 7.15. Found: C, 59.82; H, 7.78; N, 7.04; Si, 7.09. 
N"-[N"-[N"-(9-Fluorenylmethyloxycarbonyl)-N~-[[2- 

(trimethylsilyl)ethoxy]carbonyl]-~-lysyl]-N~-[ [2-(tri- 
methylsilyl)ethoxy]carbonyl]-~-lysyl]-N'-[ [2-( trimethyl- 
silyl)ethoxy]carbonyl]-L-lysine (17). A mixture of 8 (0.600 g, 
1.07 mmol) and 15 (0.697 g, 1.10 mmol) in CH2C12 (20 mL) was 
stirred until a clear solution was obtained and was then treated 
dropwise with EDPA (0.188 mL). After 2 days of stirring, the 
solution was evaporated to dryness, and the residue was triturated 
with Et20  (100 mL) and filtered. The solid was washed with 2:l 
Et&-hexanes (15 mL) and dried in vacuo. Two additional crops 
were obtained by evaporation of the filtrate and cooling to -70 
"C. The total yield was 0.825 g (71%): mp 46-47 "C; TLC Rj  
0.54 (G). Anal. Calcd for C51H48N6Si3012"20: C, 56.95; H, 8.06; 
N, 7.81; Si, 7.83. Found: C, 57.07; H, 7.93; N, 8.00; Si, 7.63. 
Nu-(9-Fluorenylmethyloxycarbony1)-N'-(benzyloxy- 

carbonyl)-L-lysine (18). A solution of 9-fluorenylmethyl chlo- 
roformate (2.61 g, 10 mmol) in dioxan (20 mL) was added to a 
suspension of N'-(benzyloxycarbonyl)-L-lysine (2.80 g, 10 mmol) 
in a mixture of dioxan (20 mL) and 1 M K2C03 (40 mL), and the 
mixture was kept at room temperature for 5 days and worked up 
as in the preparation of 14 yield 3.20 g (64%); mp 60-65 "C. Anal. 
Calcd for C29H~206-0.25H,0: C, 68.69; H, 6.06, N, 5.52. Found: 
C, 68.78; H, 6.30; N, 5.34. 
p-Nitrophenyl Na-(9-Fluorenylmethyloxycarbonyl)- 

R, 0.26 (C). 
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Nf-(benzyloxycarbonyl)-L-lysinate (19). p-Nitrophenyl 
chloroformate (0.52 g, 2.5 mmol) followed by EDPA (0.5 mL) was 
added dropwise to a stirred solution of 18 (1.10 g, 2.19 mmol) in 
CH2C12 (20 mL). A vacuum was applied to the septum-stoppered 
flask to remove Cog, and after 25 min a catalytic portion of DMAP 
(25 mg) was introduced. Pumping was resumed to remove ad- 
ditional CO,, and after 1.5 h at room temperature the mixture 
was evaporated to dryness under reduced pressure. The residue 
was taken up in CH2Clz (20 mL) and filtered, and the fitrate was 
diluted with EtzO and cooled a t  0-4 "C. The precipitate was 
collected, washed with ice-cold EhO (50 mL), and dried in vacuo 
at  room temperature overnight: yield 1.30 g (95%); mp 107-109 
"C; TLC R, 0.24 (C). Anal. Calcd for C36H23N308: C, 67.52; H, 
5.45; N, 6.75. Found C, 67.41; H, 5.33; N, 6.74. 
N*-[N"-[N"-(9-Fluorenylmethyloxycarbonyl)-Nf-(benz- 

yloxycarbony1)-~-lysyl]-N'-[ [2-(trimethylsilyl)ethoxy]- 
carbonyl]-L-lysyll-N '-[ [ 2-(trimet hylsily1)et hoxy 1- 
carbonyl]-L-lysine (20). Compound 19 (0.4 g, 0.6 mmol) followed 
by EDPA (1 mL) and a catalytic amount of DMPA (50 mg) were 
added to a suspension of 8 (0.325 g, 0.58 mmol) in CH2C12 (25 
mL), and the mixture was stirred vigorously for 3 days and filtered. 
The filtrate was evaporated to dryness, and final traces of volatile 
materials were removed by entrainment with EtOH (3 X 50 mL). 
The residue was triturated with EgO (50 mL), using ultrasoni- 
cation to facilitate dispersion, until most of the yellow color of 
p-nitrophenol was removed. The resulting solid was collected and 
redissolved in CH2C1, (150 mL). The solution was concentrated 
to a small volume, and EtzO (150 mL) was added to precipitate 
a solid, which was collected, washed with EhO (30 mL), and dried 
in vacuo overnight: yield 0.532 g (87%); mp 160-165 "C; TLC 
R 0.51 (G). Anal. Calcd for C53H7BN6Si2012: C, 60.78; H, 7.51; Id, 8.02; Si, 5.36. Found: C, 60.46; H, 7.64; N, 7.78; Si, 5.61. 

N*-[N"-[N*-(9-Fluorenylmethyloxycarbonyl)-~-lysyl]- 
N e - [  [2-(trimethylsilyl)ethoxy]carbonyl]-~-lysyl]-N~-[ [2- 
( trimethylsilyl)ethoxy]carbonyl]-L-lysine (21). A solution 
of 20 (0.408 g, 0.39 mmol) in 1:l MeOH-AcOH was hydrogenated 
for 8 h in the presence of 10% Pd-C (0.144 g) in a Parr apparatus 
at an initial pressure of 2.5 atm. The catalyst was filtered through 
sintered glass, and the filtrate was evaporated. Residual AcOH 
was removed by coevaporation with HzO (100 mL) at 40 "C under 
reduced pressure. The residue was triturated with HzO (100 mL), 
and the resulting solid was collected, washed with H20, and dried 
in vacuo: yield 0.23 g (65%); mp 174-178 "C; TLC Rj 0.15 (G). 
Anal. Calcd for C45H72NSSi2010-2H20: C, 56.93; H, 8.07; N, 8.85; 
Si, 5.92. Found: C, 56.88; H, 8.08; N, 8.87; Si, 5.75. 

N"-[ N"-[N"-[ N"-( 9-Fluorenylmet hyloxycarbonyl)-N'- 
(benzyloxycarbony1)-~-lysyl]-N"[ [ 2 4  trimethylsily1)et h- 
oxy ]carbonyl]-~-lysyl]-N~-[ [ 2-(trimethylsilyl)et hoxyl- 
carbonyl]-L-lysyll-N '-[ [ 2- (trimet hylsily1)et hoxyl- 
carbonyl]-L-lysine (22). EDPA (0.15 mL) was added to a so- 
lution of 9 (0.708 g, 0.838 mmol) and 19 (0.523 g, 0.839 mmol) 
in CH2C12 (25 mL), and the mixture was stirred for 2.5 days before 
being evaporated to dryness under reduced pressure. The residue 
was chromatographed on a Sephadex LH20 column (5 cm i.d. X 
60 cm) with 95% EtOH as the eluent, and fractions containing 
only 20 according to TLC were pooled and evaporated. The 
residue was triturated under EbO with the aid of an ultrasonic 
bath, and the solid was collected and dried in vacuo overnight 
at  room temperature: yield 0.673 g (57%); TLC R, 0.22 (B); mp 
155-158 "C. Anal. Calcd for C65H102N8Si3015-H20: C, 58.36; H, 
7.84; N, 8.38; Si, 6.30. Found: C, 58.33; H, 8.06; N, 8.36; Si, 6.52. 

N"-[ N"-[N"-[N*-( 9-Fluorenylmethyloxycarbonyl)-L-ly- 
syl]-Nf-[ [ 2-(trimethylsilyl)ethoxy]carbonyl]-~-lysyl]-N~- 
[ [2-(trimethylsilyl)ethoxy]carbonyl]-~-lysyl]-N'-[ [2-(tri- 
methylsilyl)ethoxy]carbonyl]-L-lysine (23). A solution of 22 
(0.559 g, 0.418 mmol) in 491 EtOH-AcOH was hydrogenated in 
a low-pressure Parr apparatus over 10% Pd-C (0.571 g) for 2.5 
h at  an initial pressure of 2.5 atm. The catalyst was removed by 
fitration through Celite, and the filtrate was evaporated to dryneas 
under reduced pressure at  room temperature. The residue was 
taken up in EtOH (5 mL), the solution diluted with EhO (60 mL) 
and stirred for 15 min, and the precipitate was collected and dried 
in vacuo. The mother liquor was concentrated to a small volume 
and diluted with another portion of EhO (60 mL) to obtain a 
second crop for a total yield of 0.476 g (81%): mp 110-112 "C; 
TLC Rj  0.18 (G). Anal. Calcd for C5,H,N8Si3Ol3.3.5HZO: C, 
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54.82; H, 8.31; N, 8.97; Si, 6.75. Found: C, 54.92; H, 7.95; N, 9.15; 
Si, 6.73. 
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A general synthesis of $[CH(alkyl)NH] pseudopeptides 3, with defined stereochemistry at  the new asymmetric 
center, is described. Grignard reaction of amino acid derived oxazolidines 10 and 11 gave separable mixtures 
of benzyl-protected diamino alcohols 12-15, the stereochemistry of which could be defined by conversion to 
imidazolidones 16-19. Studies on the oxidation of these alcohols yielded a procedure for the conversion of aldehydes 
to acyl cyanides which is compatible with sensitive functionality. Application of this methodology to a series 
of monoprotected diamino alcohols (e.g. 39) gave rise to pseudotripeptides (e.g. 41) upon in situ coupling with 
(S)-phenylalanine methyl ester hydrochloride. This synthesis allows for variations in R' and R2 of pseudopeptide 
3 and permits the introduction of bulky appendages along the peptide backbone. 

In recent years, considerable attention has been focused 
on structure-activity studies of pharmacologically inter- 
esting peptides.2 One goal in this area deals with stabi- 
lizing a given peptide toward degradation by in vivo pep- 
t idase~ .~  As a result, a variety of novel backbone-modified 
peptides have been synthesized in which the amide moiety 
of peptide 1 is replaced by groups which are inert to en- 
zymatic hydrolysis. The synthesis of such amide bond 
surrogates has been reviewed4 and includes several meth- 
ods for the preparation of methyleneamino, or $[CH2NH], 
amide bond replacements 2. In the course of our work 

1: x = o  
2: X = H2 

3 

on analogues of atrial natriuretic factor, we required a 
general synthesis of pseudodipeptide 3 in which one of the 
diastereotopic protons at  the original amide carbonyl 
carbon of 2 is replaced with an alkyl group. Pseudodi- 
peptide 3 might therefore be designated as an alkyl- 
methineamino amide bond replacement defined as $[CH- 
(alkyl)"] which possesses a new asymmetric carbon 

(1) According to IUPAC rules, the structure inside the bracket fol- 
lowing rC. is the unit substituting for the peptide amide bond. IUPAC- 
IUB Joint Commission on Biochemical Nomenclature Eur. J. Biochem. 
1984, 138, 9. 

(2) (a) M w r ,  R.; Kluser, S.; Leist, T.; Langen, H.; Epprecht, T.; Gutte, 
B. Angew. Chem., Int. Ed. En&. 1985,24,719. (b) Morley, J. S. Trends 
Pharm. Sci. 1980,463. (c) Fauchere, J.-L. In Advances in Drug Research; 
Testa, B., Ed.; Academic: London, 1986; Vol. 15, p 29. 

(3) (a) Humphrey, M. J.; Ringrose, P. S. Drug Metab. Rev. 1986,17, 
283. (b) Heavner, G. A,; Kroon, D. J.; Audhya, T.; Goldstein, G. Peptides 
1986, 7, 1015. 

(4) (a) Spatola, A. F. Chem. Biochem. Amino Acids, Pept.; Proteins 
1983,7,267. (b) Tounve, D. Janss.cn Chim. Acta 1985,3,3. (c) Farmer, 
P. S. In Drug Design; Ariens, E. J., Ed.; Academic: New York, 1980; Vol. 
10, p 119. 
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adjacent in most cases to another asymmetric atom (the 
a-carbon). Not only would amide bond replacement 3 
resist proteolytic hydrolysis, but the new asymmetric 
center could impart unique conformational biases when 
incorporated into a given peptide. The synthesis of a 
related chiral amide bond surrogate, Gly$[CH(CH3)S], has 
been attempted by Spatola5 for introduction into LH-RH 
derivatives; however, absent from the literature are +- 
[ CH(alkyl)NH] analogues with substitutions at the a- 
carbons on both sides of the replaced amide bond. Pres- 
ented here is a general method for the synthesis of several 
+[CH(alkyl)NH] amide bond replacements of defined 
stereochemistry. 

Results and Discussion 
Methyleneamino amide bond isosteres such as 2 have 

been prepared efficiently by the reductive amination of 
protected amino aldehydes 4 with a variety of a-amino 
esters! Our attempts to prepare pseudodipeptides 3 by 
reductive amination of ethyl ketone 5 (R' = Bn, Me) with 
(S)-valine methyl ester gave rise to a mixture of alcohols 
6 under a variety of reaction conditions. This can be 
expected due to steric reasons, especially in cases where 
R1 and R2 effectively shield the ketone carbonyl of 5.7 A 
more general procedure which allows incorporation of 
bulky groups along the peptide backbone was therefore 
desired. 

R' 'BuC02NH %Et 

OH 
'BUC02"+R2 

0 

4: R ~ = H  6 
5: R2 = Et 

An alternative approach is depicted in Scheme I and 
involves Grignard addition to amino acid derived oxazo- 
lidines, followed by oxidation of the resulting alcohols. 
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