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Synthesis of 5- and 6-HOAt has completed the full set of the four HOAt isomers derived from HOBt by insertion of a single nitrogen atom in
the benzenoid nucleus. Comparison of the reactivity of all four isomers in model peptide coupling reactions has confirmed the unique character
of the 7-isomer in promoting selectivity and maintaining configuration at the reactive carboxylic acid residue.

Upon discovery of the fact that HOAtwas more efficient depicted in3 could be more effective than the corresponding
than HOBt2 as a peptide coupling additive, it was sugge’sted 6-ring process previously suggestddr 2 (structure4).3
that a possible explanation was that the internal base-Alternatively, the special properties afmight simply be
catalyzed process implied by the 7-ring transition state related to the presence of the pyridine-N atom, which with
its electron-withdrawing propertiesould provide for a better

T Abbreviations used: Aik= a-aminoisobutyric acid; CM= cyclomono- leaving group and thus increased reactivity for the derived
mer; EDC= 1-ethyl-3-(3-(dimethylamino)propyl)carbodiimide; EDECI o | est
= the corresponding hydrochloride; HAPy& 1-(1-pyrrolidinyl)-1H-1,2,3- -acyl ester.
triazolo[4,5b]pyridin-1-yImethylene)pyrrolidinium hexafluorophosphate
oxide; HATU = N-[(dimethylamino)-1H-1,2,3-triazolo[4,5-b]pyridin-1- ETN
N
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ylmethylene]N-methylmethanaminium hexafluorophosphidtexide; HOAt
= 7-HOAt = 7-aza-1-hydroxybenzotriazole (other isomers identified by a AN N\\ N\\
preceding 4-, 5-, or 6-); HOBt 1-hydroxybenzotriazole; HOXt n-HOAt | N N
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or HOBLt (generalized structure); PGA p-chloroaniline; TMP= collidine
= 2,4,6-trimethylpyridine; Z= benzyloxycarbonyl. " 3 o TR
* Molecular structures for all four HOAt isomers and all of the methyl R s O
ethers have been confirmed by X-ray crystallography (BMF and MJV). ! z
Details of the structural data will be provided in the full paper. . . . . o
S #Oon Iezlve ofda_bs%nqe from tXIe Deréa_rtmént of Chemistry, Faculty of  While the latter effect can explain the increase in reactivity
cience, Alexandria University, Alexandria, Egypt. _ ; ;
§ University of Massachusetts. observed for 7-HOAt over HOBY, it cannot explain the lesser
' Brandeis University.

Z
Ny---

o—z
7

o
/

[

I Humboldt University. (2) Kénig, W.; Geiger, R. InChemistry and Biology of Peptides,
v Institute of Molecular Pharmacology. Proceedings of the 3rd American Peptide Symposium; Meienhofer, J., Ed.;
(1) Carpino, L. A.J. Am. Chem. S0d.993,115, 4397. Ann Arbor Science Publishers: Ann Arbor, MI, 1972; p 343.
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loss of configuration observed for 7-HOAt relative to both ||

HOBt and 4-HOAL. The K, values for HOBt, 4-HOAt, and
7-HOAt are 4.6, 3.14, and 3.47, respectivelgubstitution
of a nitro group into the HOBt molecule enhances the acidity
but also leads to increased loss of configuration when used
as an additive for segment coupling reactions. Thus, in the
presence of 6-nitro-HOBL, the [2 1] coupling of Z-Phe-
Val-OH with H-Pro-NH leads to 16.3% of thebL-isomer,
whereas with HOBt and 7-HOAt the loss is 8.6% and 2.1%,
respectivel\f, under the same conditions.

At the time the 4- and 7-HOALt isomers were examined,

Scheme 2. Synthesis of 6-HOAt
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the 5- and 6-isomers were unknown. Recently we developed
synthetic routes for these two isomebsand6, and in the

present Letter describe a comparison of their properties with
those of the known isomers.

The synthesis of 5-HOAt is outlined in Scheme 1. The
synthesis began with the fluoronitropyridiné-oxide 7,

Scheme 1. Synthesis of 5-HOAt
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which with hydrazine quickly gave the hydrazine intermedi-
ate 8, which on extensive treatment with excess hydrazine

occurred without the need for prior formation of the pyridine
N-oxide.

A first test involved the reactivity of the active esters
derived from Z-Aib-OH (eq 1y. The esters18 were

n-HOAt CA
Z-Aib-OH —— Z-Aib-n- O~ e 7 Aib- -NHC¢H,-Cl-p
EDC/DMF/THF
17 18 19 (D

separately prepared via EDC coupling and then treated with
p-chloroaniline, the relative reactivities being determined by
H NMR analysis by following the disappearance of the
CMe, unit of the esters ab 1.75—1.85 and appearance of
the corresponding peak of the amiti@, 6 1.58. Half-lives

are collected in Table 1. The 7-ester was three times more

Table 1. Approximate Halftimes for the Reaction of
Z-Aib-n-OAt with (A) p-Chloroaniline and (B)
N-Methylbenzylamine in CDGland CDC{—DMSO-d;,
Respectively

t12 (mln)
ester A B
Z-Aib-7-OAt 7-8 2
Z-Aib-6-OAt 25 2
Z-Aib-5-OAt 952 5
Z-Aib-4-OAt 95 7
Z-Aib-OBt 210

aZ-Aib-5-OAt was not initially completely soluble in the reaction
medium.

underwent cyclization to give the hydroxybenzotriazole
N-oxide, which could be deoxygenated by a standard method
following prior methylation.

The 6-isomer was obtained similarly from 4-chloro-3-
nitropyridine13® (Scheme 2) although in this case cyclization

(3) For a discussion of the favored ring size for a cyclic H-bonded
transition state, see: Gandour, Retrahedron Lett1974,15, 295.

(4) The relationship between pyridine and nitrobenzene has often been
remarked upon. See: Barnes, R. A. Properties and Reactions of Pyridine
and its Hydrogenated Derivatives. Ifhe Chemistry of Heterocylic
Compounds; Klingsberg, E., Ed.; Interscience: New York, 1960; Vol. 14,
Part 1, p 12.

(5) Koppel, I.; Koppel, J.; Leito, I.;
J. Chem Res., Synop993, 446.

(6) Carpino, L. A.; El-Faham, ATetrahedron1999,55, 6813.

(7) (a) Tadeusz, T.; Talik, ZRocz. Chem1964,38, 777. (b) Tadeusz,
T.; Talik, Z. Rocz. Chem1966,40, 1675.

Pihl, V.; Grehn, L.; Ragnarsson, U.

2254

reactive than the 6-isomer and more than 10 times as reactive
as the 5- and 4-isomers. Against the more reactive aliphatic
amine,N-methylbenzylamine, the 7-isomer is again the most
reactive, although not distinguished from the 6-isomer. The
fact that the 6-isomer appears to be next in reactivity to the
7-isomer suggests that, of the 6-, 5-, and 4-isomers, it is this
isomer for which the polarity of the C=N bond is such as
to most enhance the acidity of thid-hydroxy compound.

(8) (a) Reich, M. F.; Fabio, P. F.; Lee, V. J.; Kuck, N. A.; Testa, R. T.
J. Med. Chem1989, 32, 2474. (b) Fleet, G. W. J.; Fleming,J. Chem.
Soc. C1969, 1758.

(9) A similar method was used previously but without isolation of the
intermediate active esters. See: Carpino, L. A.; El-Fahand, ®rg. Chem.
1994,59, 695.
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Unfortunately, reliable pKdata could not be obtained for mp 140—-141°C, that we assign as th®-methyl ether
the 5- and 6-isomers since both appeared to undergostructure, based on the X-ray crystallographic determination,
decomposition under the conditions of the determinatfon. which confirms the'H NMR assignment. It is not certain

In contrast to the results of these two coupling reactions, whether these two compounds are the same. The various
it was of interest to compare reactivities for a system in which methylation products are listed in Table 5, Supporting
neighboring group effects cannot be involved. Such a reactionInformation.
is that outlined in eq 2, namely they® demethylation of Rough demethylation reactivities were easily determined
the methyl ethers of the HOAt derivatives by thiophenoxide by an NMR method using the thiophenoxide itnhas
ion.! Here the order should be determined only by the nucleophile. The results are collected in Table 2. As expected
leaving group ability of21, which should follow the order

of acidity of the HOA derivatives. -

Table 2. Approximate Halftimes for the Demethylation of the

N ches” N O-Methyl Ethers of Various 1-Hydroxybenzotriazoles by Means
N\ 615 \ . . .
N — N+ CeHsSMe of Sodium Thiophenoxide
/ /
N N (2)

20 | 2 . 22 PKa of the
OMe °© appropriate ty/2 (min) for ty2 (min) for
ether n-HOAt or HOBt DMSO-de¢/CDCl; DMF-d7/CDCl3
The ethers were easily synthesized by reaction with various \;..7.0at 3.47 19 26
methylating agent® Previously methylation products de- pe-6-0At 4 4
rived from the 7- and 4-isomers have been described, with Me-5-0At 6 8
the 7-compound being assigned the nor@adther structure Me-4-OAt 3.14 11 12
23 and the 4-compound thd-structure24 13 Me-OBt 4.70 50
. E for the systems for which pkdata have been reportéthe
| N \>N (\/[\)‘ speed of §2 demethylation is correlated to the acidity of
W N ' SN the HOXt system, with the most acidic derivative providing
e e . for the highest reactivity. For the 4- and 7-HOAt isomers,

these reactivities are the reverse of those seen during peptide
coupling reactions.

The high reactivity shown by the 5- and 6-isomers,
especially the latter, is suggestive of a higher acidity for these
isomers relative to the 4-isomer. Validation of this prediction
must await a determination of the appropriate, palues.

In addition to enhancing the reactivity of active esters
derived from 7-HOA, the neighboring group effect has also
been suggested as an explanation for the lowered loss of
" configuration observed generally for segment coupling

y ! processes involving 7-HOAt as an additive relative to cases
(j:\) O:/)N involving either 4-HOAt or HOBE These tests have now

\ i been extended to include the 5- and 6-isomers.

o ° Two systems were examined. One involved theH2]
coupling of Z-Phe-Val-OH and H-Pro-NHiy a method

T O e Y ey A o |
24 had a mp 136—138C. Carrying out the methylation
under comparable conditions gave in our hands a compound,Tab|e 3. Effect of Various Additives on Loss of Configuration
at Valine during Formation by Segment Coupling in DMF of

(10) For the method used, see: Isaacs, NE§eriments in Physical the Tripeptide Z-Phe-Val-Pro-NHand the Hexapeptide

In earlier work, methylation of HOBt was shown to give
a mixture of O- and N-forms 25 and 2612 Of the two
N-hydroxy benzotriazole dervivative5 shows in its'H
NMR spectrum a singlet for th®-methyl ether at) 4.39
whereas theN-methyl peak 0f26 is found ato 4.11. All
four ethers derived from the four HOAt isomers show
singlets av 4.43-4.49 indicative of thé@d-methyl structure.

25 26

Organic Chemistry; Macmillan: London, 1996; pp-84. Z-Gly-Gly-Val-Ala-Gly-Gly-OMe?
(11) The demethylation of aryl methyl ethers is a well-known model for
this reaction. For examples of useful nucleophiles and selectivities seen Z-Phe-Val-Pro-NHp, Z-Gly-Gly-Val-Ala-Gly-Gly-OMe,
based on the position of substitution by electron-withdrawing groups, see: additive % LbL (yield, %) % pL (yield, %)
(a) Cahn, RJ. Chem. Soc1931, 1121. (b) Hansson, C.; Wickberg, B.
Synthesid 976, 191. (c) Feutrill, G. I.; Mirrignton, R. Nl'etrahedron Lett. 7-HOAt 6.2 (95) 1.9 (89)
1970,12, 1327. (d) Sheehan, J. C.; Daves, G. D.]JJOrg. Chem1964, 6-HOAtL 11.0 (95) 4.7 (85)
29, 2006.
(12) (a) Yutilov, Yu. M.; Ignatenko, A. GKhim. Prom-st. Ser. Reakt. 5-HOAL 12.0(99) 4.7 (84)
Osobo Chist. Veshchestd®81,3, 27 [Chem. Abstr1982,96, 68773s]. 4-HOAt 13.2(95) 3.6 (91)
(b) Brady, O.; Reynolds, C. V. Chem. Socl1928, 193. (c) Aoyama, T.; HOBt 19.8 5.3 (98)
Terasawa, S.; Sudo, K.; Shiori, Them. Pharm. Bull1984,32, 3759. (d)
Aoyama, T.; Shiori, TTetrahedron Lett1990,31, 5507. a Conditions: EDC-HCI/TMP (1)/n-HOAt (1). The results given are the

(13) Azev, Yu. A.; Mokrushina, G. A.; Postovskii, . Ya.; Sheinker, Yu.  averages for three separate runs.
N.; Anisimova, O. SChem. Heterocycl. Compd$976, 1172.
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Table 4. Results for the Cyclization of AAMeAAA (1 M

in DMF, 1.1 equiv of Coupling Reagent, 3 equiv of DIEA) via
HAPyU and HATU Derivatives after 60 min, if Not Otherwise
Indicated

all L-linear peptide after

coupling all L-CM  epimeric CM
reagent 15s 30s (%) (%)
4-HAPyU 17.6 10.8 67.1 <03
5-HAPyU 9.0 7.3 55.2 1.9
6-HAPyU 11.7 9.1 59.0 3.0
7-HAPyU 1.9 - 56.7 <03
4-HATU 49.0 37.8 50.9 2.7
5-HATU 6.9 2.7 57.6 <03
6-HATU 10.3 5.5 62.1 0.9
7-HATU 6.7 2.3 41.1 <03

previously described involving the presence of 1 equiv of
an appropriate HOAt additive, 1 equiv of collidine, and 1
equiv of EDC-HCI** The second system involved the
analogous [3+ 3] coupling of Z-Gly-Gly-Val-OH with
H-Ala-Gly-Gly-OMe, also described previoushResults for

However, for both HAPyU and HATU the 7-system was
most reactive. There was also some scatter in terms of loss
of configuration at the C-terminal amino acid but, again, the
7-system appeared to be more consistently protective (Table
4).

In conclusion, model peptide coupling tests extended to
the 5- and 6-isomers of 7-HOAt confirm the unique character
of the 7-isomer in boosting reactivity and minimizing loss
of configuration at the reactive carboxylic acid residue. The
results are consistent with the idea of a neighboring group
effect being exerted by the 7-situated pyridine nitrogen atom.
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both systems are collected in Table 3. These data are alsQggearch.

consistent with the view that the 7-isomer of HOAt exerts a
special influence on the coupling process.

When HAPyU- and HATU-type reagents derived from the
four isomeric HOAt compounds were examined in the
cyclization of the pentapeptide, H-Ala-Ala-MeAla-Ala-Ala-
OH, it was shown that the reactivity sequence differed

somewhat from that exhibited by the isolated active esters.

(14) Carpino, L. A.; El-Faham, AJ. Org. Chem1995,60, 3561.
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Supporting Information Available: Details of determin-
ing the relative reactivities of the active esters, Z-Aib-n-OAt,
demethylation of the methyl ethers, Me-n-OAt (physical
properties tabulated), and configurational loss upon segment
condensation. This material is available free of charge via
the Internet at http://pubs.acs.org.
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