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Centre CNRS-INSERM de Phormncologrc-Endocnnologe, 34094 Monrpellter C&x 5. France 
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Summary The Lffkult couplmg of a-ammombutync acid (Alb) was camed out usmg F’yBO@ and PyBroP m a compamuve 
study with BOP and BroP These reagents gave good results under simple condmons (one pot, r t , 1 h) Coded ammo ac:ds could 
he coupled with Alb usmg PyBOP under standard cond~tlons of peptuk syntheses wIthout racemuzuon whereas the couplmg of 
two &b resrdues requucd PyBroP/DMAP A fragment contammg an Alb C-tennmal could be coupled wlthout eplmenzahon of 
the penultimate resldoe 

Introduction 
Alb (a-ammolsobutync acid) 1s a noncoded ammo acid present m peptaibol antlblotlcs, which are 

isolated from fung2 and have a capacity to form voltage-dependent ion channels m bilayer membranes3 
The mtroductlon of Alb into a peptlde can result In modlficatlons that are of interest conformanonally 
(formation of a or 310 hebces, or O-turn~)~ and pharmacologlcallys However, the mtmductlon of Alb into a 
peptlde remams dlfficul@ 11 The classic reagent DCC (or DCC/HOBt) gives mediocre yields despite long 
reaction tlmesl2*‘3 Other methods have been used, 1 e mixed anhytides6.7, active esters12v14, Alb 
oxazolone7, but none of them gves consistently satisfactory results Coupling reagents, such as 2-chloro 
4,6dlmethoxy-1,3,5-mazmels or dlethyl phosphorobromldatel6 have been used m rare cases 

An original method using an azlrlne as the synthetic equivalent of Alb has recently been 
developed’1 Specifically, it amounts to couplmg with the Alb amine, which, after two steps, produces a 
peptlde having an acidic Alb C-termmal Further couplmg with this carboxyl must be camed out using 
classical methods1 1 mvolvrng the lumtatlons described above 

Because of the difficulty of this couplrng and the presence of many Alb residues m peptalbol 
sequences, these compounds have only rarely been synthestzed, and m these cases m solutton13p17,18 For 
the same reasons, SPPS (solid-phase peptlde synthesis) 1s unsmtable, although it has been used to obtam 
alamethicm lo 

We recently developed new peptlde coupbng reagents of the BOP19 fanuly PyBOP@ 2, BroP 3, and 
PyBroP 4. PyBOPm 2 gves results that are at least as good as BOP, and it avoids the use and formanon of 
carcmogemc I-IMPA BroP21 3 et PyBroP22 4 give better results than reagents 1 and 2 when coupling N- 
methylated ammo acids The results we have obtamed when couplmg N-methylated ammo acids with BroP 
and PyBroP, as well as the correspondmg differences III reactivity observed between reagents 1 and 2, 
contammg the oxybenzotnazole residue, and the bronunated reagents 3 and 4, led us to study their behavior 
dunng Alb couplmg In the present paper, we report results obtamed using reagents 1 to 4 m Alb coupling 
dunng the synthesis of di- and mpepndes 

Results and DiscussIon 
I/ Yields 

In a first senes of reactions (table I, compounds S-11). the four reagents 1 to 4 gave high yields (80 
to 95% m 1 h of reacnon) even with hindered residues (compounds 6-11) The results were identical 
whether Alb was m the C- or N-terminal posmon Moreover, there were no differences among the four 
reagents A second senes of reactions (compounds 12-15) involved the difficult coupling of two Alb 
residues The decrease m react~vlty 1s pmcularly important wtth the bulky Boc protective group using 
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PyBOP@ and PyBmP 

BmP and PyBmP (compound 13 25%,24 h) However, wltb the two latter reagents, catalysis ~rlth DMAP 

PF- 
6 

3 3 

BOP 1 PyBOP@ 2 

Me 

[ f 

‘N &Br Pi 
Me/ 6 

3 

BroP 3 PyBroP 4 

made It possible to obtain good yields m only 1 h of reaction, although synthesis of Boc-Alb-Alb-OBzl 15 
remained dlfflcult even with DMAP catalysis For coupling of Z-Alb with a very weakly nucleophdlc 
amme. benzocame (p-NHZ-Ph-COOEt), the use of BmP(PyBmP)/DMAP made it possible to obtam 66% 
(65%) armde 16 m 2 h 

Companson of these results with those In the bterature shows that reagents 1-4 are clearly more 
effective than DCC with respect to yield (compound 5), and reacnon ume (compounds 8,12,15) Compared 
to active esters m the presence of lmldazole, the results are either slmllar (compound 6) or better 
(compounds 8,12) The same observation 1s also true for rmxed anhydnde methods (compounds 9,12,16 
and 13) With regard to other peptlde coupling reagents dlethyl phosphobmmldatel6 grves results 
(compound 12 85%, 2 h) comparable to those we obtained Dlpeptlde 15 could not be obtamed with BOP- 
Cls, which was also true of CD1 m the case of compound 16 24 Nevertheless, our results were not as good 
as those obtamed by the azmne method For example, Z-Alb-Alb-OH 1s obtamed m two steps with 91% 
yleld25 whereas PyBroP/DMAP yielded 80% of the correspondmg methyl ester 12 Slmdarly, Z-Val-Alb- 
OH 1s obtained with 95% yield** as opposed to 90% Z-Val-Alb-OMe 7 with BroP It should be noted, 
however, that in the azmne method, the precursor has to be prepared beforehand 

The reagents we tested showed certain advantages Compounds 2, 3 and 4 are, like BOP, stable 
solids that are easy to handle Moreover, PyBOP and PyBroP are now commercially avaIlable The 
reacnons can be carned out one pot, at room temperature C-protected ammo acids can be coupled m the 
form of a free amine (compound 8). chlorhydrate (compounds 5, 6, 7, etc ), tosylate (compound W), or 
mfluoroacetate (compound 18) In the case of BmP (and BOP) HMPA 1s ehmmated dunng the work-up m 
the acid washes of the reaction mixture With PyBOP and PyBroP, tns(pyrrolldmo)phosphme oxide 
remammg m the crude product 1s easdy ebmmated by rapid chromatography on sdlca gel 

II/ Eplmenzatlon 
It has been demonstrated that when a urethane-protected ammo acid 1s coupled with PyBOPm, there 

1s no eplmenzatlon Moreover, when N-methylated ammo acids are coupled with BroP and PyBroP, 
epunenzatlon 1s undetectable by IH-NMR at 360 MHz21l2227 

In the case of Alb, couplmg with PyBOP also occurred wlthout eplmenzatron (Table II) The 
absence of dlastercolsomer 24 (eq 3) dunng the synthesis of mpeptlde 20 (eq 1). as measured by HPLC, 
showed that the couphng of Z-L-Leu with Atb-OAllyl (eq 1, compound 18) did not mvolve racemlzanon 
Slmdarly, the chrrahty of Z-L&u was preserved durmg coupling with Alb-Pro-OtBu (eq 2, compound 20) 
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On the other hand, shght epimenzation drd occur when coupling with BroP and PyBroP, resultmg m 
compounds 18 (eq. 1) and 20 (eq 2) (Table II). Moreover, epimerizanon was measurable by lH-NMR 
during the couplmg of Z-Be with Arb-benzocame (eq 4, compound 26) Signals related to a protons of L-Ile 
and the epimertzatron product D-allo-Ile are separate 28. Thus, epimenzation was evaluated at 0 5% wrth 
BroP and was not detectable with PyBtoP 

We considered it of interest to study the coupling of a pephde fragment contammg an Atb at the C- 
termmal posmon In pepude synthesis, fragment coupling that extends the pepttde m the dnecaon N + C 

TABLE II % EPIMER BY STEP TO STEP COVPUNG 

Couplmg Compound PyBOP BroP PyBroP Method 

Z-Leu + Atb-OAllyl 18 0” 15 - HPLC 

Z-Leu + Aib-Pro-OtBu 20 o* - 1 HPLC 

Z-Ile + Alb-Benzene 26 - 0.5 0 ** NMR 

*not detectable on HPLC **not detectable on tH NMR 

Eaaanonl 

PyBOP PyBOP 

.I 

Z-L-Leu + Atb-OAllyl I_* Z-L-La-A~b-OAllyl I_* Z-L-L~~-AI~-OH __, ZL-L.~~-AI~GWO~B~ 

17 0 18 19 FlWOtBU 20 

PyBOP 

Z-Aib + Pm-OtBu ‘% Z-kb-Ro-OtBu K!f 
(PyBroP) 

HCl, Atb-Pm-OtBu + z-L-Leu-pub-WOtBu 

8 21 
Z-L=Lea 

20 

H@H,O BmP 
Z-D-Leu + A&-OMe Brop Z-D-L.~U-AI~-OM~ - Z-D-h-Alb-OH __+ Z-D-Leu-klG’m-OtBu 

22 23 
Pm-OtBu 

24 

Eauatlon BmP 

Y/pd/c 
ZAh-pNk$-C6HHqOOEt __, 

(PyBmP) 

HCI 
HC!, A&b-~NHiC&-COOEt - Z-Ile-Aib-p-NE2-C6H4-COOEt 

Z-Ik 
16 25 26 

is used only rarely (except with Gly and Pro C-te~lnals) because it results m eptmerizatron m the 
mtermedtate oxazolone (scheme 1 R3 = H) 

If an Atb carboxylate IS activated (Scheme 1 R2 = R3 = CH3), this eptmenzatton mechanism does 
not occur and fragment coupling would appear to be advantageous since tt allows convergent syntheses 
However, Heimgartnera and Bruckner2g have shown that in this case the penulttmate ammo acid may be 
eplmenzed Heimgartner obtamed as much as 50% epimer when couphng Z-Be-Alb with benzocame using 



PyBOP@ and PyBmP 
263 

Scheme 1 ,.,.-Epmxnzahon (R3= Me) 
/ 

‘. 

“Epunenza~on Q3= H) 

DCC/HOBt Chlrallty was preserved when the reaction was carried out m the presence of lo- 
camphorsulfomc acid at O°C Bruckner proposed a rule he called the “do’s and don’ts of Alb peptide- 
coupling” the coupling of a P-Xxx-Alb fragment 1s formally forbidden If the chlrallty of the ammo acid 
xxx 1s to be preserved 

We studred the coupling of the fragment Z-Leu-Alb with Pro-OtBu (eq l), a group present m 
alamethlcm This couplmg falls mto the category of “don’ts” m Bruckner’s rule This author obtamed as 

TABLE III Z-La-Alb + Pro-OtBu COUPLING 

Reagent Yield % 46 Epimer 
(2h reaction) OIPLC) 

PyBOP 96 0* 

PyBroP 74 0’ 

PyBroPfDMAP 79(lh) 0* 

DCC 86 0* 

DCC/I-IOBt 85 0* 

*not detectable on HPK 

much as 49 3% eplmer while prepanng 
the oxazolone of peptldes terminated by 
Leu-Alb29, which shows the capacity of 
the L_eu fragment to eprmenze according 
to the mechanism consldered here 

The results m Table III show that 
eplmenzatlon was not detectable under 
any of the comhnons studied This was 
venfied by HPLC In comparison with the 
dlastereolsomer Z-D-Leu-Alb-Pro-OtBu 
24 The absence of eplmenzatlon with 
PyBOP and PyBroP (even m the presence 
of DMAP) led us to carry out the same 
coupling with DCC and DCC/HOBt Here 
agam, the chvahty of the Leu residue was 
preserved These results are in agreement 
with the low percentages, 1 e 0 7% D-Leu 

and 0 6% D-Val, present m the alamethlcm synthesized by Schmitt and Jung18 who coupled Alb-terminated 
fragments with these ammo acids m the penultimate position Although it 1s likely that oxazolone IS 
mvolved during fragment coupling with Alb C-terminal actlvatlon17,24, we do not consider that 
eplmenzaoon of the penultimate residue can occur under the usual condltlons of peptlde coupling 

III/ Mechanism 
The very difficult couplmgs (compounds 12, 13, 15, 16) are of particular interest in terms of the 

mechanism involved In the cases of Z- and Boc-Alb couphngs with Alb-OMe (compounds 12,13) using 
BOP or PyBOP, thin layer chromatography revealed the immediate formanon of an Intermediate that slowly 
disappeared m favor of the dipeptlde This kmd of intermediate was obtained (TLC) by the action of 
PyBOP on Boc-Alb Its IH-NMR spectrum showed It to be the oxybenzotnazole ester of Boc-Alb 14 
Durmg the couplmg of Z-Alb urlth benzocame (compound 16). the oxybenzomazole ester of Z-Alb was 
also formed It reacted even more slowly because of the low nucleophlhclty of the amme 

In the general case of BOP coupling, we have proposed30 the followmg mechamsm. an 
acyloxyphosphomum salt 1s first formed, which 1s ammolyzed by the C-protected ammo acid (Scheme 2, 
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pathway a) The results given above show that tn the case of Arb, If the stenc hmdrance IS large 
(compounds 12, 13) or the amme IS weakly nucleophthc (compound la), the amon -0Bt reacts wtth the 
acyloxyphosphonmm salt to produce the oxybenzomazole ester (Scheme 2, pathway b) The latter then 
reacts slowly to yreld the expected product This result is perfectly comparable wtth those obtamed in the 
couphng of two hmdered N-rnethylated ammo acid& 

Scheme 2 

+ (R*w3-P+-x X=(OBt, Br) 

w6 

\F 

0-H P N%/ 
o-P+-(NI$) 

3 

6 x- 

L 

For difficult couphngs of Arb with BroP and PyBroP, a pathway via a symmemc anhydrrde can be 
considered (Scheme 2, pathway c) These reacttons are markedly accelerated by DMAP, a reagent known to 
catalyze the amtnolysts of anhydrtdes (It has also been shown that BroP can be used to prepare 
anhydndes31) This result doffers from those obtamed*l*** with hmdered N-methylated ammo acids for 
which DMAP catalysis was unnecessary 

Conclusion: 
The results obtained and the pracncal advantages reported here mdrcate that reagents 14 are very 

suitable for Arb couplmg No difference was found between BOP and PyBOP or BroP and PyBroP 
However, rn vtew of the toxrcrty of HMPA, PyBOP and PyBroP may be preferable. PyBOP ptovrdes good 
results m most cases and produces pepndes that are free of epimenzaaon In the case of dtfficult couphng 
mvolvmg two Arb residues, the reaction 1s slow wnh PyBOP, but tt can be camed out with PyBroP m the 
presence of DMAP The results obtnned with these two reagents suggest that they can be used in sohd- 
phase synthesis of peptarbols Studies on this subject are now in progress m our laboratory 
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Meltmg pomts are uncorrected tH NMR spectra wem recorded on a Bruker WM-360 mstrument at 
360 MHz Gut& rotattons were taken at 20°C on a Schmrdt & Haensch Polartromc D auuaratus and are at 
f 1” Elem&tal analyses were obtamed from the “Service Central d’Analyse du CNRS” FAB mass 
measurements were done by the “Laboratorre de mesures physiques”. USTL, Montpelher TLC were 
performed on silica gel GF254 alumuuum sheets (0 2 mm thick; Merck) Column chromatographles were 
performed using sthca gel (0 063-O 200 mm, Merck) Analyucal HPLC was carrted out on a Beckman 
System Gold When tH NMR and elemental analyses are not gtven, the products are tdenttcal to those 
prevrously described m the hterature 

Coupling methods 
BOP, PyBOP, BroP and PyBroP. General procedure: 2 mm01 of DJEA (3 mmol If amme salt was 

present) were added to a solution of 1 mm01 N-protected acrd component , 1 1 mmol of the C-protected 
ammo acid (or amme salt ) and 1 mm01 coupling reagent m 1 ml of CH&lz (filtered on Alumina) The 
reacnon was stured at r t for 1 h (except where otherwtse stated), evaporated, redissolved tn 20 ml of 
EtOAc and washed 3 x wtth 5% RHSO4. brme. 3 x 5% NaHC03 , bme, dned on Na#O+ filtered and 
evaporated All drpepttdes obtained were punfied by column chromatography on stlrca gel usmg 
hexane/EtGAc (except when racenuzauon was stu~ed) 

Boc-Aib was synthesmed from Arb (3 g) wuh 3 eq Boc-F (tert-butyl fluorocarbonate, 508wt m 
monoglyme, a gft from Propephde) in 1N NaOH/dloxan (100 ml) at pH=9,5 Dloxan was removed m 
vucuo, the solunon acidified, and the product extracted from EtOAc, washed 3x wtth bnne, dned on 
Na2S04, evaporated Yield 69% M p =121-122’C (lit 12 m p = 118’C) Rf = 0 4 (hexane EtOAc, 
50 50 l%AcOH) 

HCLH-Aib-OMe was synthesized according to Boissonnas et al 29 From Alb (4 g, 39mmol) Yield 
93% . M p = 179-182’C (ht 12 m p = 179-183OC) 

Tos.H-Aib-OBzl: A solution of Arb (2 g, 19 mmol), APTS H 0 (3 75 g, 19 mmol) and 
benzylalcohol (8 ml) m toluene (20 ml) was azeotroptcally refluxed for 16 It. The colourless solid was 
filtered and washed wrth ether Yield 78% M p = 152-153’C (ht 12 m p = 154156’C) 

Z-Aib-Gly-OEt (5). 
with BGP, Z-Am-OH (0 474 g, 2 mmol), HCl Gly-OEt (0 307 g, 2 2 mmol), (0 884 g, 2 mmol) BOP and 
DJEA (104 ml, 6 mmol) in C&C12 (2 ml) Column chmmato 
(92%). 011 Rf = 0 5 (hexane EtOAc, 1 1) tH NMR (CDCl ) % 

aphy (hexane EtOAc, 1 1) Yield 0 57 g 
1 25 (3H, t, J = 7 1 HZ, 0 CH2C_3), 152 

(6H s CH Alb) 397(2H d J=49Hz CH Gly) 418(2ti q J=41Hz GCH CH) 507(2H s CH 
Z), ‘5 35 (?H, s ‘NH Atb)’ 879 (1H b;oad2s NH Gly) 7 2617 35 (5H ‘m C?$-J 2; Anal c’ak fo: 
C &J 2N20 
&&QL 

l/2 Hz0 %C’= 57 99, %H = 7 00: %N = 8 45 Found %C = 58 do, &I-?= 6 85, %N = 8 53 
From ZAlbOH (2 mmol) Yield 87% 

With BroP, From ZAtb-OH (0 5 mmol) Yield 89% 
With PvBrGP, From Z-Am-OH (4 mmol) Yteld 87% 

Z-Aib-Val-OMe (6): 
WW@Qk Z+Alb-OH (0 237 g, 1 mmol), HCI H-Val-OMe ( 0 184 g, 1 1 mmol), BOP (0 442 g, 1 mmol) 
and DIEA (0 52 ml, 3 mmol) in CH2Cl2 (1 ml) Column chromatography (hexane EtOAc, 60 40) Yield 
0 294 g (88%) M p = 74OC (ht l2 m p = 100-102°C 1) [a]~= -3” (c=l, EtOH) Rf = 0 55 (hexane EtOAc, 
6040)1HNMR(CDCl) 8 083(3H,d,J=68Hz,CH3Val),O90(3H,d,J=64Hz,CH Val),151 
(3X-J. s, CH3 Alb), 1 55 &-I, s, CH3 Alb), 2 09-2 18 (lH, m, H-P Val), 3 70 (3H, s, GCH3), 4 99 &H, dd, 3 = 
4 9 Hz, J = 8.8 Hz, H-a Val), 5 06-5 10 (2H, AB, J = 12 2 Hz, CH 
(lH, broad, NH Val), 7 27-7 37 (5H, m, C&Is Z) Anal talc for c? 

Z), 5 28 (lH, broad S, NH Alb). 679 

%N = 7 99. Found %C =61 90, %H =7 33, %N = 7 79 
,sH26N205 9X = 6170, %H = 7 48, 

With BroP, From Z-Am-OH (0 5 mmol ) Yield 87 % 
With PvBroP, From Z-AlbOH (2 mmol) Yield 84% 

Z-Val-Aib-OMe (7): 
With BroP, Z-Val-OH (0 251 g, 1 mmol), HCl H-Alb-OMe (0 151 g, 1 1 mmol), BroP (0 388 g, 1 mmo]) 
and DIEA (0 52 ml, 3 mmol) in t&Cl (1 
0 31 g (90%) M p = 83-84’C [ah, = 2 $0 

ml) Column chromatography (hexane EtGAc, 60 40) Yield 
(c=l, EtOH) ‘H NMR @MS0 

B 
) 

CH Val), 0 86 (3H, d. J = 6 8 Hz, CH Val), 1 32 (3H, s, CH3 Alb) , 1 34 (3 
8 0.83 (3H, d, J = 6 8 Hz, 

m, 4-e Val), 3.53 
, s. CH Atb). 1 84-l 98 (1H 

(3H. s, GCH3), 3 83 (lH, dd, J-9 Hz, H-a Val). 5 03 (3H, s, CH2 s), 7 10 (lH, d, J = 9 3 
Hz, NH Val), 7 27-7 38 (5H, m, C H5 Z), 8 21 (lH, s, NH Alb) Anal talc for CtsHxN205 %C = 6170, 
%H=748,%N=799 Found % e =6123,%H=756,%N=791 

Z-Aib-Pro-OtBu (8): 
With BOP Z-Am-OH (1 896 g, 8 mmol), H-Pro-OtBu (1 505 g, 8 8 mt1101), BOP (3 54 g, 8 mmo]) and 
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DIEA (4 6 ml, 27 mmol) m CH2Cl (8 ml). Column chromatography (hexane. EtOAc.40 60) 
Recrystalhzed from MeOH/H20 Yield 3 65 
=-91’ (c=l,EtOH) IHNMR(DMS0 

(82%) M p = 105’C Rf = 0 3 (hexane EtOAc 50 50) [a] 

9 
)* % 130(6H s CH Alb) 135 (9H s tBu) 162-I 75 (2I-I $ 

H-p Pro), 175-l.% (2H, m, H-y Pro), .i2-3 34’(1H, n;, H-8 $to), 3.60 (lH, l&ad, Ik’ro), 409 ClH: 
broad d, H-u Pro), 4.96,5 05 (W, AB. J = 14.4 Hz, U-I Z), 7.27-7.38 (5H. m, 
Arb) Anal. talc for QIH3005N2 %C = 64 62. %H = $69, %N = 7 18 Found ?!!-I 

z Z), 7.70 (lH, s, NH 
C = 64.80, %H = 8 14, 

%N=7.24. 
with BroR From ZAtb-OH (1 mmol). yield: 84%. 
With P@B& From ZArb-OH (10 mmol), PyBroP (12 mmol). Yield 95% 

Boc-Pro-Aib-OMe (9): 
HCl H-Arb-OMe (0 337 g. 2 2 mmol). PyBOP (104 g, 2 with PvBOP, Boc-Pro-OH (0.43 g, 2 mmol), 

mmol) and DIEA (1 04 ml, 6 mmol) in CH$& (2 ml). Column chromatography (hexane:EtOAc; 1.1). 
Yield 88%. M p = 78OC (ht.18 m p 
Anal talc for C$-I~N205 

= 80°C); Rf = 0 4 (hexane EtOAc, 50 50) [a]B= -56’ (c=l,EtOH) 
%C = 57 31, %H = 8 34, %N = 8 91 Found: %C = 57 14; %H = 8 53, %N 

= 8.89. 
With PvBrpE From Boc-Pro-OH (2 mmol) Yield 83% 

Z-Aib-Ile-OMe (10): 
m Z-Am-OH (0.474 g. 2 mmol), HCl H-Be-OMe (0 399 g. 2 2 mmol), PyBOP (1 04 g, 2 mmol) 
and DIEA (104 ml, 6 mmol) in CH2Cl2 (2 ml) Column chromatography (hexane EtOAc. 50 50). Yield. 80 
% M p = 48-5O’C. Rf = 04 (hexane.EtOAc, 1 1) [a]~= +2’ (c=l.EtOH) IH NMR (CDCl3) 6 0.85 
(3H, d. J = 6 8 Hz, CH3 Ile). 0 87 (3H. t, J = 7 3 Hz). 1.04-1.16 (IH, m, H-yIle), 1 31-1 43 (lH, m, H-y Ile), 
1 50 (3H, s, CH Atb). 1 53 (3H, s, CH Alb), 1 81-1 92 (lH, m, H-P Ile), 3 68 (3H, s, OCH3). 4 53 (1H. dd, 
J = 4 4 Hz, J = &?3 Hz, H-a Ile), 5 06,308 (2H, AB, J = 12 7 Hz, CH2 Z), 5 31 (lH, broad s, NH Arb), 6 81 
(1H. broad, NH Ile), 7 25-7 48 (5H, m, C H Z) Anal talc for ClcH2&N2 %C = 62 64, %H = 7 69, %N 
= 7 69 Found %C = 62.91, %H = 7 63; kb! = 7 72 

Bw-Ile-Aib-OMe (11) 
With PvBOP, Boc-Ile-OH (0 462 g, 2 mmol), HCl H-Am-OMe (0 338 g, 2 2 mmol), PyBOP (104 g, 2 
mmol) and DIEA (1 04 ml, 6 mmol) in CHzCl2 (2 ml) Column chromatography (hexane.EtOAc, 1 1) 
Yield 83% m p = 168’C. [a] = -28’ (c=l. EtOH) Rf = 0 8 (hexane EtOAc, 50 50). 1H NMR (CDCl ) 8 
088(3H t J=73Hz CH Ife) 090(3H d J=68Hz,CH Ile) 104-l 17(1H m H-yIle) 142(9H,s, 
CH Sod) ‘1 40-l 50 (iH I&Be) 1507 [3H s CH Atb) ?513’(3H s CH Aib) ‘1 77-1 88 (1H t H-P 
Ile)33 69 (3I-I s OCH ) 3 85 (lH:-t J - 7 3 Hi H-2 Ile) ‘5 00 (1H &o&l & Ile)’ 6:49 (1H s Nfr Alb) 
Ani ‘talc fo; d&&205 %C = 58 18, %H =‘9 09, %N = 8 48 Found ‘%C = 5854, %H i 932, %N = 
844 

Z-Aib-Aib-OMe (12) : 
With PvBOP, Z-Arb-OH (0 237 g, 1 mmol), HCl H-Am-OMe (0 169 g, 1 1 mmol), PyBOP (0 52 g, 1 
mmol) and DIEA (0 52 ml, 3 mmol) m CH2Cl (1 ml) TLC momtonng showed immediate formatton of 
one product (Rf = 0 4, hexane EtOAc, 70-30) w i tch disappeared slowly in favor of 12 Reacuon ume 16 h 
Column chromatography (hexane EtOAc, 60 40) Yield 89% M p = 106-108’C (lit 6 m.p = 107-109“C) 
Rf = 0 35 (hexane EtOAc. 60 40) 

?$k#$$kM~p, 
From Z-A&-OH (1 mmol) Reaction time 16 h Yield 77% 

* Z-AtbOH (0 4587 g, 1935 mmol), HCl H-Alb-OMe (0 327 g, 2 13 mmol), PyBroP 
(1082 g, 2 32 mmol = 12 eq ), DIEA (0 8 ml, 2 4 eq), DMAP (0 142 g, 1 161 mmol = 0 6 eq ) m CH2Cl2 
(2 ml) Reacuon ume 1 h Yield 80% 

Boc-Aib -Aib-OMe (131: 
Wtth BOP% Boc-AtbOH (0 203 g, 1 mmol). HCl H-ArbOMe (0 169 g, 1 1 mmol), BOP (0 442 g, 1 mmol) 
and DIEA (0.51 ml, 3 mmol) m CH$l (1 ml) Immediate formanon of 14 (TIC) which disappeared 
slowly m favor of 13 Reacuon ttme 1 2 
M p = 91-92OC (lit 18 m p = 86-87OC) 

h Column chromatography (hexane EtOAc, 1 1) Yield 80% 
Rf = 0 4 (hexane EtOAc, 1 1) 

W th PvBOP, From Boc-Alb-OH (2 mmol) Immediate formatton of 14 Reacuon ttme 16 h Yield 86% 
With BroP, From Boc-Atb-OH (1 mmol) Reacnon ume 24 h Yield 25% 
Wth PvBmP, From Boc-Am-OH (1 mmol) Reactton tune. 24 h Yteld 25% 
W&h BmPiDMAP, Boc-AtbOMe (0 203 g, 1 mmol), HCl H-AtbOMe (0 169 g, 1 1 mmol), BroP (0 388 g, 
1 mmol), DIEA (0.408 ml, 2 4 mmol) and DMAP (0 073 g, 0 6 mmol) in CH2C12 (1 ml) Reaction time 1 
h Column chromatography (hexane.EtOAc, 1 1) Yield 76% 
W th PvBroPlDMAP, Boc-Arb-OH (0 322 g, 1 583 mmol), HCl-H-Atb-OMe (0 2673 g, 1.741 mmol), 
PyrBroP (0 885 g, 1899 mmol), DIEA (0 65 ml, 3 8 mmol =24eq)andDMAP(O116g,O94mmol=O6 
eq ) m CH2Cl2 (16 ml) Reaction ume lh Column chromatography (hexane EtOAc, 1.1) Yield 77% 

Boc-Alb-OBt (14): Boc-AtbOH (0 203 g, 1 mmol), BOP (0 442 g, 1 mmol) and DIEA (0 34 ml, 2 
mmol) m CH2Cl2 (1 ml) were stnred at R T TIC (revealed at 254 nm) showed immediate formahon of one 
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product. After 30 mm, CH 
5%, brine, dried on Na 

Cl2 was evaporated, the residue was drssolvcd in EtOAc, washed with RHSO4 
5 0 , filtered, evaporated. Yteld of crude product: 0.24 g (oil). Rf = 0.65 

(hexaneEtOAc 1.1) tI?N& (CDCl ) 8 1.46 (s) and 1 S(s) (9H, Boc); 1 71 (6H, s, CHs Aib); 5 35 
(lH, broad s, NH Aibj; 7 3-8.1 (4H, OB?): 

Boc-Aib-Aib-OBzl (U): 
With BroP/DMAP: Boc-A&-OH (0 812 g, 4 mmol). Tos A1b0Br.l (1608 g, 4.4 mmol), BroP (1552 g, 4 
mmol),DlEA(l.63ml,96mmol~2.4eq)andDMAP(O293 g,24mmoi=O6eq)mCHCl (4ml) 
Column chromatography (hexaneEtOAc, 1 1) Yield 65% M p = 121°C (l1t.13: m p. = 121-12208) Rf = 
0.6 (hexane.EtOAc, 1:l) 
With PvBn$VDMAp, From Boc-A&OH (1 mm01 ) Yield 61% 

Z-Aib-Benzacaine (16): 
mh BOP, Z-Am-OH (0.474 g, 2 mmol), Benxocame (0 363 g, 2 2 mmol), BOP (0.884 g, 2 mmol) and 
DIEA (0 68 ml, 4 mmol) m CH Cl (2 ml) TLC momtonng showed lmmedlate formation of one product 
(Rf = 0 4, hexane EtOAc, ‘JO:303 w!iich reacted slowly to gtve 16 Reacuon ume. 24 h. Work-up as general 
procedure Yield of crude product’ 1.1 g TLC sull showed the same product, benzocame and 16 1H NMR 
(CDCl3). about 30% of 16; numerous signals at 8 = 7 2-8 ppm revealed the presence of Z-Arb 
oxybenxotnazolyl ester 
With BmP/DM& Z-A&OH (3.92 g, 16 5 mmol), Benxocatne (2 48 g, 15 mmol), BroP (6 40 g, 16.5 
mmol), DIEA (2.8 ml, 16.5 mmol) and DMAP (2 02 g, 16 5 mmol) m CH2C.l 
Column chromatography (hexane. EtOAc; 6040). Yield 66% M p.= 1 I 

(15 ml) Reactton tune’ 2 h 
6-7’C (ht.%: m p = 131.0- 

131.2L%). Rf = 0.4 (hexane:EtOAc; 6Oz40). 
With ~B~P~MAP~ From Z-A&OH (1 mmol). Reaction rime- 2h Yield. 65% 

Z-~-mu-Aib-P~OtBu (eq.1): 
Tf~X-Ai~OAllyl(17): 
a} By-Aib-O-Al~i : Boc-A&OH (6 7 g, 33 mmmol) were Qssolved m DMF (15 ml); ally1 bronude 

(2 86 ml, 33 mmol) and Cesium carbonate (5 376 g, 16.5 mmol) were successtvely added and the reaction 
mixture stirred for 2 h at room temperature CsBr was filtered and the solvent removed in vacua. The crude 
product was dtssolved in CH&$, washed wrth water, dned on Na 
MeOH/HzO Yield 79% Mp = 50-51°C Rf = 0 7 (hexane Et0 i 

SO,, evaporated and recrystall~zed8~3~ 
c, 70-30) tH NMR (DMSO 

dB’ (6H, s, CH3 Atb), 135 (9H. s, CHs Boc), 4 51 (2H, d, J = 5 4 Hz, 0-a CH=CH~, 5 18 (lH, J = lb.8 
Hz, 0-CH-CH=C&), 5 30 (lH, dd, J = 17.1 Hz, J = 19 Hz, 0-CH -?!H=C&) 5 87 (1H m’ 0-CH - 
~=CH&, 7 22 (lH, broad s, NH Atb) Anal talc for C12H21N04 % &=5924;%H=8.7O;%N=57% 
Found: C = 59 22; %H = 8.71; IN = 5.83 

b) Tfa-Atb-O-Al@ Boc-A&OAllyl (6 g. 24 69 mmol) was treated wuh mfluoroacetic actd (12 35 
ml) for 35 minutes Excess of ‘IFA was removed in vucuo and the product ctystalhzed from ether/hexane 
Yield 88% M p = 65-68’C. 1H NMR @MS0 de) 6 148 
1 4 Hz, 0-C&-CH=CH2), 

(6H, s, CH3 Atb) ,4.71 (2H, dt, J= 5 9 Hz, J = 
5.28 (lH, dt, J = 11 0 Hz, J = 1.2 Hz, 0-CH2-CH=CE[ 

5 94 (lH, m, 0-CH2-Cy=CH2), 8 51 (3H, i& 
(5.36 (lH, dt. J = 19 0 

+ Atb), Anal. talc for 
45 ; %N = 5 45. Found: %C = 42 00, %H = 5.30; %N=5 23 

Z-L-Leu-Aib-0-Ally1 (18): i7 (3.115 g, 12.1 mmol), Z-L&XI-OH (3.57 g, 13.4 mmol), PyBOP 

Z-L-Leu-Aib-OH (19): 18 (4.1 g, 10 5 mmol) and morphohn (2 75 ml, 31.5 mmoi) m THF (200 ml) 
were stured for 5 mmutes m the presence of tetrakrs-(mphenylphosphme)palladntm(O) (1 21 g, 105 mmol) 
accordmg to 33 THF was evaporated, the yellow product dissolved m EtOAc, washed 3 x with 5% KHSO4, 
extracted wrth 5% NaHCO3, the aqueous solutron was actdrfied with 6N HCl and extracted with CH Cl 
The product was crystalhxed from Et20/hexane Yield 63% 
lH NMR @MS0 

M p =113-l 15°C [a]~= -25O (c=l , Et&H. 

(3H, s, CH3 Atb), dp 
) 6 0.85 (3H, d, J = 6 4 Hz, CH3 Leu), 0 87 (3H, d, J = 6.3 Hz, CH3 Leu), 132 
34 (3H, s, CH Aib), 1 37-l 46 (2H, m, H-P Leu), 1 54-1.71 (lH, m, H-y Leu), 405 

(lH, -q, J - 8 8 Hz, H-U Leu), 5 0’23(2H, s, CH2 Z), 7 26 (lH, d, J = 8 3 Hz, NH Leu), 7.28-7 40 (5H, m, 

V-? 
Z). 7 97 (lH, s, NH Alb), 12.1 (lH, broad s, COOH). Anal talc for C1aHxN205* QC = 61 70, %H 

= 8. %N = 7 99 Found* %C = 6139; %H = 7 26, %N = 8.08. 
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Z-L-~eu-A~b-P~O~u (20): 19 (0 175 g, 0 5 mmol), HC.1 H-pro-O&t (0 114 g, 0 55 mmol), 
PyBOP (0.26 g, 0 5 mmol) and DlEA (0.264 ml, 1.5 mmol) m CH Cl 
96% The crude product contamed no ~Leu dtastemorsomer 24 &lei&indepimenxau 

(0 5 ml) Reaction time: 2 h. Yield 
‘on were studred by 

HPLC see below) 

Z-~~-~~OAll~ (18): 17 (5.02 g, 20 mmol), Z-L&U-OH (5 83 g, 22 mmol), BtoP (7 76 g, 20 
mmol) and DIEA (10.2 ml, 60 mmol) rn CH2Cl (20 ml) Column chromatography (hexaneEtOAc, 70:30) 
Yield 74% M p = 49-52V. [a] - -25O (c=l &OH) 

Z-L-Leu-A&-OH (19): g(3.0 g,7 7 ‘mmol), ~holln (2 01 ml, 23 1 mmol) tn THF (150 ml) and 
tetralus-(mphenylphosphme)paIladmm(0) (0 92 g, 0 8 mmol) according to 33 Weld 74% M p.= 115°C 
[a]B= -25’ (c=l,EtOH) 

Z-L-Leu-Aib-Pm-OtBu (2O)z From 19 (0 5 mmol) wnh PyBOP Reactron ttme 1 h Yield 81% 
% Qastereorsomer 24: 15 46 (Yield and epunertxanon were studred by HPLC see below) 

Z-L-L&u-Aib-Pm-OtBu (eq.2): 
HCLH-Aib-Pm-OtBu (21): 8 (2 5 g, 6 4 mmol) from PyBmP, Pd/C (0 5 g) and concentrated HCI 

(0 534 ml) in MeOH (60 ml) were surred under Hz for 1 h 45 After fil~tion, MeOH was evaporated and 
er. Yield. 87%. M p = 16O“C (decomposmon) [aID= -77’ (c=l, 
(9H, s, CH3 tBu), 1 56 (3H. s, Cl-I3 Arb), 1 59 (3H, s, CH Atb), 
, Pro), 2 07-2 17 (IH, m, Pro), 3 65 (2H, m, H-8 Pro),4 25 dH, m, 

al talc for C 3H N 03Cl* %C = 53.51, %H = 8 29, %N = 9 60, 
=859,%N=458%&= 1187 

Z-L-Leu-Alb-Pm-OtBu (20): 21 (0 585 g, 2 mmol), Z-L-I&u-OH (0 584 g, 2 2 mmol), PyBOP 
(1 144 g, 2 mmol) and DIEA (102 ml, 6 mmol) m C&Cl2 (2 ml) The crude product contained no Z-D- 
Leu-Atb-Pm-OO~u 24 (HPLC see below) Column chromatography (hexane EtOAc, 1-l) Yreld: 81% 
rf = 150-152 C [a]D = -89’ (CEO 7, EtOH) Rf =0 40 (hexane EtOAc, 50.50) 

= -82 2 (c=O,7; Et0l-i)). ‘H NMR @MS0 
(lit 11. M p = 144-145T, 

l?#(UH 3s CH Arb tBu) 1 39-l 50 (2H, m, q 
6 0 86,0 88 @l-I, 2d, J = 7 4 Hz, CH Leu), 1.29,131, 

-0 Leu), 1 54-1 87 (5H, 2m, H-B Pm, &Pm, H-yLeu), 
3 49 (2H, k, H-8 &.o), 4.07 (2H: m, H-&yl{-a Leu), 4 97,5 06 (2H, AB, J = 12.6 Hz, CHzZ), 7 26-7 46 

(20): 21(0 585 g, 2 mmol), Z-Leu-OH (0 584 g, 2 2 mmol), PyBroP (103 
g, 2 2 mmol) and DIEA (1.02 ml, 6 mmol) tn CH Cl2 (2 ml) The crude product contamed 1% ZD-Leu- 
AmPro-OtBu 24 (for HPLC assay see below) Cokmn chromatography (hexane EtOAc, 1 1) Yield 77% 
M p = 149-151*C [a]D = -89* (~0 7, EtOH) 

Z-D-Leu-Aib-Pro-OtBu (24) (eq.3): 
Z-D-Leu-ASb-OMe (22): Z-BLeu-OH (4 1 g, 15 47 mmol), HCl H-AtbOMe (3 4 g, 22 mmol), 

BroP (7 76 g, 20 mmol) and DIEA (10 2 ml, 60 mmol) m CH$& (20 ml) Column chromatography 
(hexane.EtOAc, 70 30) Yield 75% M p = 86-87’C [a] = +25’ (c=l, EtOH) Anal talc for 
ClgHaN20 %C=6264,%H=774,%N=764 Found @&=6231,%H=786,%N -769 

Z-D-f&u-Aib-OH (23): 22 (2 07 g. 5 68 mmol) were surred with 2N NaOH (5 7 ml) m MeOH (6 5 
ml) for lh The mactton mrxture was then solved In EtOAc (100 ml), the carboxylate extracted wtth H 0, 
acrdlfied wtth 1N WC1 and finally extracted wnh CH$l2 Yield 72% Mp = llO-111°C [a]~ = + $0 5 
(cc=1 , EtOH) 

Z-D-mu-Aib-P~OtBu (24): 23 (0 35 g, 1 mmol), H-Pro-OtBu (0 197 g, 1 1 rnmol) , BmP (0 388 
g, 1 mmol) and DIEA (0 34 ml, 2 mmol) m CHzC12 (1 ml) Reactron time 1 h The crude product 
contamed 1 3% Z-I.,-Leu-Arb-Pro-OtBu 20 (HPLC see below) Column chromatography (hexane EtOAc, 
60 40) Yield 70% The product stdl contamed 0 3% D-isomer after purtflcauon M p = 150-151OC [a] = 
-36” (c=l, EtOH) Rf = 0 36 (hexane EtOAc, 50 50) *H NMR @MS0 8 0 85 (JH, d, J = 7 4 Hz, cf21, 
Leu), 0 87 (3H, d, J = 6 6 Hz, CH3 Leu),l32 (3H, s, CH Atb), 1 34 
130-l 54 (ZH, broad, H-P Leu), I 54-2 03 (5H, 3 m, H-$Pro, H-y Pro, H-y Leu 

Aib), 1 36 (9H. s, tBu), 
44 (2H, m. H-8 Pro), 

4 06 (2H, m, H-a Pro, H-a Lcu), 5 00,5 06 (2H, AB, J = 12 5 Hz. CH Z), 7 27-7 39 @l-l, m, (&H 
Leu), 7 95 (lH, s, NH Alb) Anal talc for C27yO2N306 %C = 64 26,dH = 8 39, %N= 8 33 

Z, NH 
Fou nd %C = 

6458,%H=858,%N=834. 

Z-rle-Ai~Ben~ine (eq.4): 
HCI.H-Aib-Benu (25): 16 (1 921 g, 5 mmol), concentrated HCI (0 625 ml, 7 5 mmoi) and 

W-C (150 mg) in MeOH (40 ml) were allowed to react with H2 The product was recrystalhxed from 
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Z-Ite-Aib-Benzocaine (26): 
With BroP, Z-Be-OH (0 265 g, 1 mmol), 25 (0 321 g, 1 1 mmol), BroP ( 0 388 g, 1 mmol) and DlEA (0 51 
ml, 3 mmol) m CH$l (1 ml) Reaction hme’ 1 h The crude product contamed -0 5% ZD-allo-Be-A& 
Benzocame (NMR) & lumn chromatography (hexane EtOAc,l 1) Yield 60% M p = 79-80°C [aID= 
+46” (c=l 1,EtOH) (lit.11 m.p.= 78 8-79 5 C. [a] = 46 4’ (c=l 1, EtOH)) Rf = 0 5 (hexane.EtOAc, 1 1) 
tH NMR (CDC13) showed- H-a Be (6 3 81, t, J = 85 Hz) and 0 5% H-a D-allo-Be (6 3 95) (see 28) 
With PvBroP, Z-Be-OH (0.3076 g, 1.159 mmol), 25 (0 3008 g, 1 049 mmol), PyBroP (0 7458 g, 16 mmol) 
and DIEA (0 54 ml, 3.15 mmol) m CH$& (105 ml) Reaction time 1 h The crude product contamed no 
D-drastereoisomer (NMR). Column chromatography (hexane_EtOAc, 60 40) Yield 60% M p = 77-79’C 
[aID = +47’ (c=l 1. EtOH) Rf = 0.4 (hexane : EtOAc ,60 40) tH NMR (CDC13) showed H-a Be (6 3 81, 
t, J = 6 5 Hz) and no signal correspondmg to D-allo-Be Isomer (6 3.95 ppm) (see 28) The recording 
con&Ions made it possible to confum that D-isomer was <o 2% 

Z-L-Leu-Aib-Pro-OtBu (20): Fragment coupling (table 3): 
Z-L-Leu-A&OH 19 used for this study was syntheazed from PyBOP (see above) Yields and 46 

eplmer were measured on the reaction mixture wthout further work-up 
1) Epimerization: The peaks corresponding to the dlastereolsomers 20 and 24 were well separated (R T = 
5 7 and 6 5 mm respectively) using the followmg condmons 

- normal phase column Ultrasphere Sl 5~ 250 x 4 6 mm (Beckman) 
- 2 ml/mm flow of hexane EtOAc, 1 1 (~socraac) 
- vlsuahsatlon at 254 nm Integration using Beckman system Gold program 

2) Yield: The yields of 20 were determined using the commercially avalable Z-Pro-Leu-OEt as internal 
reference under the following conditions: 

- Ultrabase C8 5 p 150 x 4 6 mm column @FCC) 
- vlsuahzahon at 214 nm 
- 2 ml/mm flow of acetommie water TFA, 50 50 l”/o~ 

Z-Pro-Leu-OEt R T = 3 9 mm, Z-Leu-Alb-Pro-OtBu 20 (and 24) R T = 4 8 mm 

Counhna with PvBOP, thrs reactIon 1s described above (eq 1) Reaction time 2 h Yield 96% No 
epimenzanon 
With PvBroP; 19 (0 175 g, 0 5 mmol), HCl H-Pro-OtBu (0 114 g, 0 55 mmol), PyBrOP (0 233 g, 0 5 mmol) 
and DIEA (0 26 ml, 1 5 mmol) m CH Cl2 (0 5 ml) Reaction hme 2 h Yield 74% No eplmenzatlon 
With PvBmMAP, 19 (0 175 g, 0 3 mmol), HCl H-Pro-O& (0 114 g, 0 55 mmol). PyBroP (0 233 g, 0 5 
mmol), DIEA (0 237 ml, 14 mmol) and DMAP (0 189 g, 0 14 mmol) m CH;?Cl2 (0 5 ml) Reacoon time 
1 h Yield 79% Noeplmenzatlon 
With DCC, 19 (0 175 g, 0 5 mmol), HCl H-Pro-OtBu (0 114 g, 0 55 mmol), DCC (0 104 g, 0 5 mmol), 
DIEA (0 264 ml, 1 5 mmol) m CH2C12 (0 5 ml) Reaction time 5 mm at O°C, 2 h at RT Yield 86% No 
eplmenzauon 
With DCCRIOBt, 19 (0 175 0 g, 5 mmol), HCl H-Pro-OtBu (0 114 g, 0 55 mmol), DCC (0 104 0 5 
mmol), HOBt (20% H20) (0 0822 

g, 
g, 0 5 mmol), DIEA (0 264 ml, 1 5 

rime. 5 rmn at O”C, 2 h at RT Yield 85% No eplmenzatlon 
mmol) m CH$& (0 5 ml) Reaction 
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