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Abstract Protected sery2 peptzde 2 was treated wader a varzety of condzt-zons with trzpkenyl- 
pkospkzne or trzetkylpkospkzte and dzetkyi! azodzcarboxylate to gave meckanzstzc znszgkt znto 
the B-Zactwn formzng reactzon and an zmproved route to f-)-Y-amznonocardzcznzc aczd 171 - 

Mltsunobu, early In his series of papers exploring the scope of Intermolecular dehydra- 

tlon reactions caused by the action of trrphenylphosphrne and drethyl azodlcarboxylate (DEADj2 

examined the coupling of benzamrde (pk, 13-14) and p-nrtrobenzamlde with n-propanol No 

N-alkylatlon was observed In etther case, a flndrng which was attrrbuted to the low acrdlty of 

amide hydrogens 
3 

This conclusron was of concern when peptrde 2 (Ft=phthalImrdo) was to be 

synthesized with the Intentron of cycllztng It intramolecularly as a potential blogenetrc 

model for monocyclIc B-lactam formation In the anttblottc nocardlcln A (1) 
4 

Biosynthetic 

studies had revealed znter aZza that the three carbons of the B-lactam ring of 1 were derived - 

from L-serine wrthout change in the oxldatlon state at the B-carbon5 and later that four- 

membered ring formatlon occurred with clean stereochemical rnverston at thts center 
6 

In 

fact, as reported prevrously,4 treatment of protected peptlde 2 with 2 5 equivalents of - 

PPh3/DEAD in dry THF remarkably proceeded withrn 15 mln at room temperature to afford a 2 1 

mixture of the drastereomers 5a and 6a Debenzylatron and fractional crystal1lzatlon readtly - - 

afforded optically pure 5b (I e eplmertzatlon had occurred only at C-5 In the cycl~zatton 
798) 

- 

The latter, by publlshed procedures,8 could be fully deprotected to (-)-3-amInonocardIcInIc 

acid (I!, the structural element common to all members of the nocardtcln famrly In this Let- 

ter further observatrons are made on the use of the Mrtsunobu reagent In thts cyclrzatlon and 

+ 
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modlfled condltlons are reported which afford speclflc transformation of peptlde 2 to fi-lactam 
- 

product 5 having dlastereomerlc purity of >50 1 - 
First, the Intramolecular dehydration of 2 was examined as a function of varylnq amounts 

of PPh /DEAD under otherwlse constant condfttons for 15 minutes 
3 

The results of these experl- 

ments are summarized In Table 1 Contrary to our first lmpresslons published In an earlier 
4 

communlcatton, when the dlstrlbutlon of products was examlned after s111ca qel chromatoqraphy 

by FT-NMR, trace to modest amounts of dehydroalanylpeptlde 8’ were detectable (7% under the 

orIgInally reported condltlons, 2 5 equivalents) With the exceptton of 1 0 equivalent of 

Mltsunobu reagent, all reactlons went to completion as Judqed by the disappearance of 2 by - 

analytlcal TLC (s~llca, ethyl acetate hexanes 3 2) Interestingly, the ratlo of 5 6 was -- 

essentially unchanged at 2 1 but sharply Increasing amounts of dehydropeptlde 8 were observed - 

as the amount of PPh /DEAD was decreased 
3 

Table 1 ProportIon of dehydropeptlde 8 relative to a-lactams 5a and 6a on reactlon of 
dlpepttde 2 (50 mM) with PPh /DEAD In dry THF for 15 mln at roomtemperature - 3 

equivalents extent of 8 In total ratlo 
a 

m/DEAD react Ion product mlxt a 5a $3 U 

1 0 90-95X 23% 211 

1 5 100% 16% 191 
I 8 100% 12% 201 

2; 
100% 7% 2 0.1 
1009 3% I 8 I 

50 100% <2% 201 

_ 
1 

aDetermlned by lntegratlon of H-NMR spectra (80MHz, CDC13) 

The following further observations were made In the 1 0 equivalent reaction cited In 

Table 1 a small amount of unreacted dlpeptlde was recovered by preparative TLC, crystallized 

once and found to have meltlnq point and 
1 

H-NMR spectrum ldentlcal to that of optically pure 

starting material 2 
4 

In a separate reactlon using 2 5 equivalents of Mltsunobu reagent and - 

quenching after 15 mln wtth deuterlum oxide, 
1 

H-NMR analysis showed no detectable deuterlum 

IncorporatIon Into 5 or 6 Lastly, pure 2, obtalned as described below, was treated with 2 5 

equivalents of PPh /DEAD 
3 

In THF for 15 mln The ‘H-NMR spectrum of the Isolated C lactam 

product(s) showed that the 2 1 ratlo of 5 6 observed for the reactlons In Table 1 had been -- 

reestabl I shed, a result also obtalned, albeit more slowly, In CDCI 
3 

In the presence of a small 

amount of trlethylamlne 

In sum these fIndIngs suggest that If deprotonatlon occurs at C-3 in 7, ellmlnatlon 

rather than eplmerlzatlon 1s the result as 5b was obtalned optlcally pure 
4 

Hence, eplmerlza- - 

tlon must take place only at C-5 but not In the peptlde Itself prior to cycllzatlon The 2 1 

ratlo of 5 6 In all reactlons including exposure of pure 5a to the Mltsunobu condltlons or -- - 

trlethylamlne ImplIes that this 1s the thermodynamic mixture at C-5, an equlllbrlum which IS 

rapldly achieved In the B-lactam-formlng reactlon Itself and not on workup as shown by the 

absence of deuterlum IncorporatIon upon quenchlng 
R 

“-J+.$” :woB* F,&o$,oa 
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Replactng trlphenylphosphtne with trlethylphosphtte, the course of the cycl~zatlon was 

slgnlflcantly altered FI rst, In a series of reactions with 2 5 equivalents of P(OEt)3/DEAD 

under condltlons of temperature and concentratron employed above, the rate of closure was 

markedly slower requlrlng about 45 mln to go to completion but the dlastereomerlc ratlo of 

products was conslderably more favorable with regard to the desired 5 accompanied by 9% or - 

less of a by-product which we believe to be y-lactam 9 
10 

but no detectable dehydropeptide 8 

As shown in Table 2, continued exposure to excess P(OEt) 
3 

/DEAD very gradually reduced the 

ratlo of 5 6 from 6 8 1 to 6 5 1 and finally 3 1 1 after 161 hr -- Assuming the approach to the 

2 1 equlllbrlum mixture would be a first-order process, 
11 

it IS clear that eplmerlzatlon of the 

B-lactam products alone would not account for the extent of epimerization observed after 1 hr 

at C-5 However , bearing In mind that peptlde Lwas recovered wlthout loss of optlcal purity, 

the lmpltcatton of these klnetlc conslderatlons IS that a relatively substanttal degree of 

eplmerizatlon must occur In an IntermedIate which IS effectively not formed reversibly from 

2 but which preceeds closure to B-lactam - 

Table 2 Product composltlon of B-lactams 5 and aon reactlon of dlpeptlde 2 (50 mM) with 
m/DEAD in dry THF at room temperature for the times shown 

equivalents react ion extent of ratio 
a 

P(DEt) x/DEAD ttme (hr) reactlon && 

25 1 100% 681 

25 16 100% 6 5.1 

2 5 161 100% 311 
1 0 4 go-95% >50 1 

1 0 15 90-95% -50 lb 

aOetermlned by lntegratlon of the 
1 

H-NMR spectrum (80MHz, CDC13) bSee text 

Direct evidence for such an IntermedIate was encountered when the cycllzatlon of &was 

cart-led out with 1 0 equivalent of P(OEt)3/DEAD While monltorlng progress of the reaction by 

TLC, a new, weak lower Rf spot was observed which grew fainter as peptlde dlsappeared over 

time Rapid removal of the solvent from a 100 mq scale reactlon and preparative TLC of the 

residue yielded a small sample of the transient IntermedIate 
1 

H-NMR analysis at 300MHz of 

this material gave the spectrum of 

dlpeptlde 2 However the ABX spin - 

was shifted to lower field and the 

than the expected maximum of eight 

out to dlsclose Interactjon with a 

a single dlastereomer quite slmllar to that of protected 

system for the C-3 and C-4 hydrogens of the seryl residue 

AB portion (C-4 methylene) was spilt Into 14 1 lnes rather 

Extractton of the coupllnq constants was easily carried 

fourth spin (J=7 9Hz) Slqnals for ethoxy llgands were VIS- 

ible upfleld and led to structure 10 for the Isolated species which we propose 1s derived from - 

the true IntermedIate 3 (R’=OEt) by Arbuzov or Perkow-like reaction on exposure to silica gel - 

This structural assignment was further substantiated by examtnatlon of the 
13 1 C{ H)-NMR spectrum 

which contalned doublets for the ethylphosphate methyl (616 0, 
3 

(663 5, 2JP_c- l(2Jp_c= 

Jp_c=6 4Hz) and methylene 

-5 9Hz), with C-4 appearing at 664 6 3Hz) Treatment of dlpeptlde Lwlth 

0 9 equivalent of sodium hydride and dlethyl chlorophosphate (THF, -23’ + 25”) afforded a sam- 

ple of 10 whose ‘H-NMR spectrum 
12 

- and Rf on TLC were identical to those obtained for the ISO- 

lated Intermediate above This reactlon also produced ca 10% of the dlastereomerlc phosphate 

trlester presumably arislng from eplmerlzatlon at C-5 

Of notable practtcal value, when the reaction of 2 In the presence of 1 0 equivalent 
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sle 2) ,‘H-NMR was allowed to run until the disappearance of startbng material had ceased (Tab 

analysis of the product mixture showed 5a as the sole B-lactam product (to the - 

detectlon), <3% of byproduct 9 and no dehydropeptlde 8. Debenzylatlon and crys 

from ethanol gave ootlcally pure 5b ldentlcal with material obtalned earlier 4 
- 

limits of 

,tall lzatlon 

The obtentlon 

of R-‘actam as a stngle dlastereomer was consistent with the lsolatlon of 10 as one dlastereo- 
- 

mer, but we suggest that In the presence of excess cycllzlng reagent that eplmerlzatlon takes 

place at C-5 In 3 (R”=OEt) prior to ultimate closure to B-lactam That anion formatton occurs - 

at C-5 In 3 more readily than in 5/6 perhaps can be accounted for In the fact that a zwltter- - -- 

ion IS formed in the former and that some small amount of cycllzat~on to 2, the observed 

byproduct, does take place 

In conclusion, the cyclization of 2 to b-lactam product(s) under Mitsunobu conditions - 

appears to take place In the expected fashion2 via an Intermediate as 1 (R”=OEt or Ph), al- - 

though the selectlvlty of the transformation IS remarkable given the comparative acldttles of 

H-3 and H-5 The comparatively slower rate of reaction with trlethyl phosphate may derive 

from Its lower nucleophlllclty and hence a lesser tendency to form the lnltlal DEAD adduct 

This factor may further account for the slgntflcantly slower approach to equlllbrlum of the 

R-lactam products 5 and 6 on exposure to excess phosphate as opposed to phosphlne reagent - - 

Of Importance too may be the relative leaving qroup abllltles of the posltlvely charged phos- 

phorus spec les generated tn 2, I e -OP+(OEt)3 IS better and R-lactam closure may compete more 

effectively with C-5 eplmerizatlon for avallable Mitsunobu base 4, Returning to tlltsunobu’s 

orrglnal observation that Intermolecular reactlon of amide and primary alcohol falled, the 

success of this Intramolecular cycllzation, apparently In a nonaberrant manner as evidenced 

above, suggests a unique mechanlstlc sltuatlon which ~111 be explored further elsewhere 

Acknowledgements Flnanclal support of The Natlonal lnstltutes of Health (Al 14937 and 

RR 07041) and Merck, Sharp and Dohme IS gratefully acknowledged The Bruker WM-300 used was 

acquired with partial fundlng from the NIH (GM 27512) 

References 

1 Research Fellow of the Alfred P Sloan Foundation ‘9’32-1984 
2 0 Mltsunobu, Synthesis, 1 (‘98’) 

% 
M Wada and 0 Mltsunobu, Tetrahedron Lett , 1279 (1972) 
C A Townsend and L T. Nguyen, J Amer Chem Sot , 1, 4582 (‘98’) 

2 
C A Townsend and A M Brown, J Amer Chem Sot , 103, 2873 (‘98’) 
C A Townsend and A M Brown, J Amer Chem Sot , E, 1748 (1982) 

7 The base-lablllty of this posttlon was known from earlier work G A Koppel 1 , L McShane, 

F Jose and R D G Cooper, J Amer Chem Sot , 100, 3933 (1978)) H H Wasserman and D J 
Hlasta, lbld 
8 

, 100, 6781 (1978) 
T Kamlya, M Hashlmoto, 0 Nakaguchl and T Oku, Tetrahedron, Is, 323 (‘979) 

9 An authentic sample of &was prepared by mesylatlon of L (MsCl, Et3N, CH2Cl2) and e’lmlna- 

t ion (Et3N, CH2Cl2), ‘H-NMR (80MHz, CDC13) 63 74 (5, 3H) ,-5 04 (s, 2H), 5 58 (d, J=6 7, ‘H, 
H-5), 5 85 (d, J=l 4, lH, vinyl), 6 24 (d, J=l 4, lH, vinyl), 6 95 (d, J=8 9, 2H), 
7 32 (d, J=8 9, 2H), 7 38 (brs, 5H), 7 82 (sym m, 4H, Ft) 
10 This assignment IS based on the appearance of a dlagnostlc broad trlplet at 65 95 (J-5Hz) 
corresponding to H-3 and a multlplet at 61 9-2 1 for the C-4 methy’ene hydrogens 

11 A A Frost and R G Pearson, “Kinetics and Mechanism,” 2nd edn , Wiley, New York (‘952) 
12 (300MHz, CDCl3) 61 25 (br q, J - 6 5, 6’i), 3 69 (s, 3H), 4 02 (br quintet, J - 7 5, 4H), 
4 65-4 8’ (14 1 lnes centered at 4 71, ABX-P, JAX=6 1, JBX=8 2, J -11 2, 3Jp-~=7 9, 2H, H-4)) 

5 04 (5, ZH), 5 17 (ABX as dxd, J=6 1 ,T 2 lH, H-3), 5 49 (d, J=7 0, lH, H=5), 6 94 (AA’XX’, 
J app=8 5, 2ii, H-a), 7 77 (AACXX’, J 
2H, Ft), 7 88-7 91 (4 Ilnes, m, FtTPP 

=8 5 2H H-7) 7 3-7 45 (EB- 
’ ’ ’ 

r m, 5H), 7 75-7 77 n lines 

(Received m USA 28 July 1982) 


