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Abstract - The azldoesters 13 and I4 and the corresponding acid chlorides 22 and 
23 arc shown to bc mtetesting reagents for the nucleophllir and electrophihc amino- 
alkylatlon. a-substituted methyl y-azrdobutytates 13 and ethyl 6-aatdo valerates 
14 are easily accessible by alkylation of the lithium enolates of the parent compounds 
13a and I4a respectively. Their chemoselectlve reduction leads to 3-substituted 
lartams IS and 19. Ttie acid chlorides 22 and 23 issued from I3 and I4 react with 
nucleophrltc rcagcnts, i.e. the carbamon of Meldrum acid, trimethylphosphlte and 
n-butylmanganous Iodide givmg the w-azldo,b-ketoesters 25 and 26, the w-azido, 
pacylphosphonates 29 and 30 and the w-azldo ketones 38 and 39 respectively m 
good ylclds. The treatment of 25 and 26 by Ph3P In anhydrous ether leads to the 
ryrhc B-enammoesters 27 and 21 whereas the a-acylphosphonates give the cychc 
lmmophosphonatcs 33 and 34)a in good yields. The& cychzatlons occur via an mtra- 
molecular aza-Wittig reactlon. 

lntroductron 

The dlrcct mtroductlon m a molecule of a chain bearing a primary ammo function either In an 

nucleophlllc or electrophlhc way IS not an easy problem. 

This stems from the facts that, m the case of nucleophlhc ammoalkylatlon, the carbanion I, where 

Y may bc an hydrogen. an alkyl group or an electron wlthdrawmg group, must be chemoselectlvely gene- 

0 E@ E 

Y_ 

[NH21 - NH21 - NH2 (eq. I) 

Y 

I 2 3 

rated in the presence of the potential primary ammo group [NH*], the electrophrle must react selectl- 

vely at the carbanlomc center and fmally, the transformation 2-c 3 must be chemoselectlve’. The solutions 

to such a problem are scarce In the hterature (1) (2) . The sodium enolate of N-vmylpyrrolldone 4- and the 

Crlgnard reagent (‘) 6 were used as synthetic equivalents of the synthon 5. Another solution involving tm che- 

Me Me 

0: /c) 0 'Sl' - 
,’ 

“I = 

\I\NH~ E I \ sl,N- Mf@r 

Md ‘Me 

4 5 6 

mlstry has been recently reported by us (4) . 
The question of chemoselectlvlty IS slmllarly encountered m the electrophrhc ammoalkylatlon pro- 

cess (equatmn 2). In this case, the potential primary ammo group should not react with the electrophlhc 
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y&,lNH21 Lw y&IN"2j - y 
Nu 

NH2 (eq. 2) 

” 

7 

center a to Y or wrth the nucleophtle 

Prrmary ammo protected clertrdphtltc 

are numertis f5). The most Interesting 

(trrmethylstlyl) methoxymethylamtne IO 

I 9 

N@ In addition, the transformatton g-D9 must be chemoselecttve. 

reagents, I.e. the synthetic equivalents of the synthons 7 (n = 0) 

reagent for this electrophilic amiriomethylation may be the N,N-bis 
(6) . We have recently prop+d the use of the todoaztdes II and 

I2 as reagents for the clectrophthc ammoethylatton and propylattcm 17’. 

0 
= 

N3+f - w[NH2’ E [Me3St12 N-OMe 

Il:n=l 
I2:n 2 

7, Y = H IO 

In thts paper we report on the synthesis and reactivity of Y-aztdo methyl butyrates I3 

and &-aztdo ethylvalerates I4 and of the correspondmg acid chlortdes as useful reagents for the ammoalky- 

N3?ro2Me wdco2Et 
I-3 I4 

lattcn. The remarkable stabrltty of the azrdo group in a number of reaction condrttons is also shown. 

Results and discussion 

The parent artdes I3a and 14~1 were readily obtained from the y-chloro methylbutyrate 

and bbromo ethylvalerate by a nucleophthc substitution wtth NaN3 m DMSO at 45-5O’C. 

Cl-_(CH2)3- C02Me 

or 

Br-(CH2)4- C02Et 

NaN3 

+ 
DMSO, BS-50°C 

N3- (CH2)n- CH2C02R’ 

I3a, n = 2, R’ :: Me ; yield 95 96 

I&t, n = 3, R’ = Et ; yteld 97 % 

The metallatton of 13a and l4a was performed tn THF ustng LDA as a base at -80°C 
(8) 

generatmg the correspondmg hthtum enolates I5 and 16. The alkylatton of these enolates wtth methylmdide 

and allylbromtde gave the alkylated azrdoesters 13b,c and lsb,c m 79 to 89 % Isolated ytelds. These reac- 

ttons have been scaled up to 0.2 mole without yteld decrease. It IS worthy of note that, m the reactton 

N,-(CH,), CH2C02R’ 

Ih, l4a 

LDA 
* N3- (CH,+,- CH=C(OR’WOLi) 

THF, -8O“C 
15 : n = 2, R’ = Me 

I6 : n = 3, R’ = Et 

I) RX 
* 

2) NH4CI 

l3b : n = 2, R = R’ = Me 

l3c : n - 2, R = allyle, R’ = Me 

IQb, n = 3, R = Me, R’ 7 Et 

IQC : n = 3, R = allyle, R’ = Et 



Methyl y&do butyratea and ethyl 6-azido valerates 1813 

condrtrons, the hthrum enolates 15 and 16 are stable (9) . No mtramolecular alkylation wrth an SN2 drspla- 

cement of the azrde ran leadmg to the methoxycarbonyl cyclopropane or ethoxycarbonyl cyclobutane was 

observed. Furthermore, the addrtmn of the enolates to the azrdo group which would have led to trrazoh- 

nones 
(IO) 

dtd not occur. 

The aztdo functmn in the esters I3 and I4 was chemoselectively reduced at room tempera- 

ture to the correspondmg primary ammes 17 (Ph3P, THF, Hz0 
(II) 

) whrch spontaneously cyrlrzed to give 

the lartams Ig and 19. 

R 

I 
N3--_CH$n-CH-C02R’ 

Ph3P 
- [H,N-(CH,+- CH-CO~R~ - 
THF, Hz0 

13. I4 I7 
lS:n=Z 
l9:n= 3 

The results are summarized in table I. 

Tab&e I - Synthesis of 

NO n 

the lactams 1g and I9 

R’ Yrekl % (a’ 

I& 2 H 75 

lllb 2 CH3 72 

I& 2 -CH2CH=CH2 70 

l9a 3 H 77 

I% 3 CH3 70 

I* 3 -CH2CH=CH2 69 

(a) Yrelds are of Isolated pure products. 

The spectroscoprc data relevant to lactams It3 and I9 are m agreement wrth therr structure and 

are reported m the experrmental sectmn. Tlus method provrdes an easy access to 3-substrtuted lactams 

and should be of wade applrcabihty. 

The arrddesters I3 and I4 were easily saponified by treatment wrth drlute sodium hydroxyde m 

methanol-water at room temperature for 4 hours leadmg to the acrds 20 and 21 after acrdrfrcatron. The 

treatment of the acids by freshly drstilled thronyl chlortde without solvent gave the acrd chlorides 22 and 

23 m good yrelds (table II). It IS agam mterestingto note the Inertness of theazido group under such reactron 

condrtmns. 

R R 

I NaOH ) 
SOC12 I 

N,-_(CH,), CHC02R’ 
MeOH/H20 

N,-(CH,), CHC02H ___+ N 3- (CH,), CHCOCI 

I3 m 22 : n = 2 

14 21 23 : n = 3 
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Table II - Synthesrs of the actds 20 and 21 and the acid chlorides 22 and 23. 

n R’ N” Yield % (aJ Yield % faJ 

2 H 2oa 93 22a 90 

2 CH3 2ob 92 22b 88 

2 CH2CH=CH2 20c 89fb) 22c 86 

3 H 2la 90 23a 92 

3 CH3 2Jb 93 23b 93 

3 CH2CH=CH2 2lc 90(b) 23c 87 

(a) 
Yrelds are of isolated pure products. (b) 

These two acids are thermally unstable and could not 
be drsttlled. 

We have studied the reactton of the acid chlorides 22 and 23 with some nucleophthc reagents. 

The Meldrum’s acid reacts wtth 22 and 23 m drchloromethane m the presence of pyridine to grve the dert- 

vatrves 24 whrch were not purrfted but drssolved m methanol and mamtained at reflux for 3 hours. 

‘: CH2CJ2 
L 

N3- (CH2Jn-CHCOCI + 

C5H5N 

w N3-@H2Jn!H i=jflx 

0 

22, 23 24 

CH30H 
c: F1 J? OR’ 

5 
-co2 

N3-j_CH2);CH-C-CH2C02CH3 Z= N3--_CH2)r, CH- 

- ‘,-0 
/ 

25 : n = 2 25’ 

26 : n = 3 26’ 

This Yonemltsu reaction (I’) led to the w-aztdo-&ketcesters 25# 25’ and 26s26’. The obtamed 

results are reported m the table III. It IS interesting to note the Influence of the R group on the yteld 

T&le III - Synthesis of the wazido-Bketo esters 25 and 26 and of the B-enammoesters 27 and 28 

n R N” Yield %(a) Yield 96 (aJ 

2 H 25a 84 100/o 27a 90 

2 CH3 25b 56 7912 1 27b 95 

2 -CH2CH=CH2 25c 45 78122 27c 76 

3 H 26a 80 100/o 2% 92 

3 CH3 26b 52 78122 2sb 94 

3 -CH2CH=CH2 26c 47 7912 I 2% 87 

(a) Yields refer to Isolated pure products. 
(b) Equlhbrwm ratio m CDC13. 
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of this reactton. When R H, the ytelds are almost quantitattve whereas for R : CH3 or -CH2CH=CH2, 

the ytelds fall in the range of 50 to 60 %. We were not able to obtain better results even by changmg 

th: reartton conditmns (base, solvent, temperature). It seems reasonabk to admit that the attack of the 

amon of the Mzldrum’s acid on the carbonyl of the actd chloride IS sensttive to sterrc effects. The aztdes 

25 and 26 were allowed to react with one equivalent of Ph3P m anhydrous ether under mtrogen accordrng 

,o (13) . Thz S-enamtno esters 27 and 28 were obtamed m excellent ytelds thus showmg thz efftcrency of 

the mtramolecular Wttttg-ltke reactton. 

H 

II 

I 
N3-(CH2+- CH-C-CH2- C02R’ 

II 

Ph3P, Et20 

-N2 ; -Ph3PO l 

R 
C02CH3 

25:n=2 ” 
27 : n = 2 

26 : n : 3 2% : n = 3 

The Benaminoesters 27 and 2g have the 2 stereochemtstry. This stems from LR. and ‘H NMR 

arguments m agreement with earlier observations 
(13,14,15) . It was of Interest for us to perform the reac- 

tlon of the aztdoactd chlorides 22 and 23 wtth trimethylphosphite in order to establishwhether an Arbuzov 

rcactton leadmg to the acylphosphonates 29 and 30 or a Staudmger reaction leading to the tmtnophosphoranes 

31 whrch would then cyclrze to the rmmochlortdes 32 or a competttton between these two posslbthties 

would occur. When trtmethylphosphtte IS slowly added to a solutton of 22 or 23 m dichloromethane at O’C 

NOMeJ3 
3 N3-j_(CH2); H-C-P(OMeJ2 + CH3CI 

8 

/ 29:n=2 

t? 3O:n=3 
N3--_(CH2);CHCOCl 

22, 23 1 

(MeO),P=N-(CH2Jn- 
_(MeO)3P=0 

31 
a 

under nitrogen, the Arbuzov reactton IS exclusively observed giving the acylphosphonates 29 or 30 in excel- 

lent yields (table IV). All the spectroscopic data corroborate the structures 29 and 30 and are reported 

In the experimental sectron. The 13C chemical shift of the C=O group ( N 210 ppm) IS worthy of note. 

Table IV - Syntheses of the a-acylphosphonates 29 and 30 and of the rmmophosphonates 33 and 34. 

n R N” Yield % fa) N” Yield % (a) 

2 H 29a 80 33a 65 

2 CH3 29b 94 33b 72 

2 -CH2CH=CH2 29c 95 (b) 33c 70 

3 H 3oa a2 34a 68 

3 CH3 3ob 80 34b (cl 

3 -CH2CH=CH2 3oc 95 (b) 34c (cl 

(a) 
Yields of Isolated pure products. (b) 

These derivatives are thermally unstable and could not be dts- 

tilled. Yields refer to crude products showing one set of signals by ‘H and 13C NMR. (‘I Reaction 

not performed. 
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The arylphosphonates 29 and 30 are moisture sensittve (15) . Then hydrolyses gives back the aztdo- 

acrds 20 and 21. The treatment of 29 and 30 wrth one equrvalent of Ph3P m anhydrous ether gave the 

I-pyrrolmes 33 and I-plperrdemes W respecttvely bearmg a (MeO),P(O) group in the 2 positton. When 

R 0 

I II 
N3-(CH21n- CH-~-P(OMe)2 

Ph3P, ether 

-Ph3PO l 

0 

29:n 2 

30a : n 3, R _ H 

33 : n = 2 

34a : n = 3, R = H 

exposed to morsture, the cychc rmmes 33 and 34 hydrolyze to give the lactames II and 19 and drmethyl- 

phosphate. 

The I-ptpertdeme 34a showed an interesting behaviour in solution. A solvent dependant tautomerrc 

equthbrium rmme-enamme could be seen by 
1 
H NMR. The vmylic hydrogen in 35a appears as a doublet 

P(OHOMe)2 P(OXOMe), 

G 

34a 35a 

of triplets at 5.35 ppm t3JHH = @,O Hz and 3JpH = 15,9 Hz). The equilibrium ratio Us/35a IS shifted from 

55/45 in CDC13 to 13/87 in Ccl,,. In fact, these structures are remmiscent of a,binsaturated a-aminoacids 

where the enammo form is the only one seen by NMR. 

The acylation of organomanganous reagents by carboxyhc acid chlorides, anhydrides or acylcarbona- 

tes proceeds under mud condltrons and affords alkyl, alkenyl, alkynyl and aryl ketones in high ytelds (17) . 
Nevertheless, if the acylatmg agent bears a nttrogen contammg functionnahty, the results are not as good. 

For example, the reaction of the ntcotrntc derrvattve 36 with n-butylmanganous iodide gave the ketone 

37 m a 38 % yreld (18). 
n 

C02C02C2H5 
nBuMnl 

c 

Et20 

36 37 : 38 96 

So, It seemed of interest to us to test the behavtour of organomanganous derivatives towards 

the aztdo acrd chlortdes 22 and 23. The n-butylmanganous Iodide reacts wtth the acrd chlorides 22 and 

23 to give after hydrolysis the artdoketones 38 and 39 in 60 % Isolated yields. The results are summarized 

R 

I Et20 P 
BuMnl + N3-fCH2)n-CH-COCI - NT 0i&-Cti-~--B~ 

U):n=2 
22, 23 0 

39 : n = 3 

m the table V. This IS a simple access to these Interesting azidoketones ‘whtch can be easily transformed 

mto cyclic tmmes by simply reactmg them wrth trtphenylphosphme (19) . One can also note that this metho- 

dology leads to ketones wrth the carbons a and a ’ to the carbonyl group drssymmetrlcally substituted. Thus 

avoids the eventual regtoselectrvrty problem if one wants to prepare 38b from 38a for example vta enolate 

alkylatron. 
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Table V - Syntheses of the azido ketones 3JJ and 39. 

N” n R Yield 96 faJ 

3aa 2 H 66 

3JJb 2 CH3 60 

39a 3 H 58 

39b 3 =“3 60 

(a) Ytelds of isolated pure products. 

Conclusion 

In thts paper, we have descrtbed some new reagents whtch may be useful for erther the nucleo- 

phrltc or electrophtltc ammoalkylation. The Inertness of the aztdo functmn towards many reagents either 

electrophthr or nucleophrhc makes tt one of the most Interesting potential prtmary ammo group. 

ExperimentaJ 

Cautton : Because of thetr potenttally explostve character, all the purrftcatton steps of the 
aztdo derrvattves must be carrted out wtth the approprtate protectton under a well ventilated hood. 

General methods 

Tetrahydrofuran (THF) was disttlled from sodtum/benzcphenone. Methyl U-chlorobutyrate, ethyl 
I-bromovalrrate, methylrodtde, allylJxomkfe, thionyl chlortde were dtsttlled prtor to use. Dtmethylsulfo- 
xyde (DMSO) was used as racehved from Aldrtch. Meltmg points were taken wrth .a Kofler aparatus. 
NMR spectra were recorded on the f#owmg spectrometers : Elder WP 80 CW (80 MHz for HJ and 
Bruker WP 80 DS (20.1 I5 MHz for C). They were recorded m CDCI chemtcal shifts are reported 
m 6 downfteld from tetramethylstlane (TMSJ used as an Internal stand Z d, and couplmg constants are 
gtven tn Hertz (Hz). The followmg notattons are used for multrpltctty : s, singlet ; d : doublet ; t : 
trtplet ; q : quartet. IR spectra were determmed wtth a Perkm-Elmer 225 spectrometer on ltqutd films 
unless otherwise tndk-ated. Hugh resolutton mass spectra (electron impact, 70 eV) were obtained with 
a Vartan MAT 31 I (Ccntre de Mesures Phystques de I’Untverstto de Rennes). Analytrcal thm layer chroma- 
tography (TLC) was performed by usrng sthca gel 60 F 254 alummum plates. The followmg abbrevta- 
tmns are used for elutmg solvent systems : E, diethyl ether ; PE, petroleum ether Jb.p. L 65OCJ ; E/PE 
(a/b), dtethyl ether/petroleum ether mtxture in a relattve ratto a/b (volume by volume). Column chroma- 
tography was performed over Merck 60 siltca gel (230-400 mesh). Unless otherwise noted, reacttons 
were rarrtcd out under a nitrogen atmosphere wtth magnetic stirrmg in flame dried glassware. 

Synthesis of the methyl-raztdobutyrate J3a and ethyl-6azldo valerate I4a 

To a solutmn of 300 mmoles of the methyl-ychlorobutyrate (40.97 g) or the ethyl-bbromova- 
lerate (62.72 g) In I50 ml of DMSO were added with sttrring 450 mmoles of sodturn aztde (29.25 g>. 
Then, the suspension was heated (45-SOOC, 011 bath) with sttrrmg for 24 h. After coolmg, water 
(300 ml) was added and the mtxture extracted wtth ether (3 x 100 ml). The ether extracts were washed 
wrth brme (100 ml) and drted over Na SO . 
obtamed was purrfled by short path drstt latton. ? 4 

The solvent was removed m vacua and the crude 011 thus 

Jh : 40.82 g, Eb 
IR, v 2092 (NOJo;’ l-723 (C=OJ. H NMR d 

- 30°C, yteldl: 95 %. 
: 1.72 - 2.14 (m, 2H) ; 2.32 - 2.59 (m, 2H) ; 3.37 

(t, 2H, J = 6.5) ; 3.69 (d 3H). Anal. % talc. for C5HqN302 : C, 41.96 ; H, 6.29 ; N, 29.37. Found : 
C, 41.70 ; H, 6.25 ; N, 29.12. 

I4a : 49.80 g, Eb 
IR, v : 2090 (N q’?‘l720 (GO). H NMR 6 : 1.30 (t, 3H, J = 7.1) ; 1.50 - 1.97 (m, 4H) ; 2.25- 

- 40X, ylelq : 97 %. 

2.53 fm, 2H) ; 3.20 - 3.33 (m, 2HJ ; 4.17 (q, ZH, J = 7.1). Anal. % calcd for C7H13N302 : C, 49.12 
H, 7.60 ; N, 24.56. Found : C, 49.27 ; H, 7.56 ; N, 24.13. 

Metallatton and alkylatton of the aztdes 13a and J4a. General procedure. 

In a 1 I three necked flask fttted wrth a mtrogen Inlet, a septum, a pentane thermometer 
and a magnettc sttrrmg bar were Introduced 350 ml of anhydrcus THF and 120 mmoles (12.14 g, 16.8 ml) 
of freshly dtsttlled (over CaH ) dwsprcpylamme. The mixture was cooled to -80°C and 110 mmoles 
of butyllrthtum (68.74 ml of a 3.6 M solutton m hexanej were added vta syrmge. The resultmg colorless 
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solution was stirred for 0.5 h at this temperature at which trme a solutron of 100 mmoles of the arfdo 
esters Ih (14.3 g) or I4a (17.12 g) m 100 ml of THF was slowly transfered vra a double ended needle 
so that the temperature remams below -80°C. The reactron mixture was stirred at this temoerature 
for 15 minutes after the end of the addrtion. Then, 1 IO mmoles (I.1 equlvalents)of methyhodtde-(l5,6 g, 
6.8 ml) or allylbromrde (13.30 g, 9.05 ml) were slowly added via syringe. The temperature was 
kept at -80°C for 30 mmutes and then allowed to reach -2O’C m 2 h. The reactmn mixture was quenched 
by addmg 50 ml of a saturated NH 
extracts were drted over Na SO . 

Cl solutron and then extracted with ether (3 x 100 ml). The orgaruc 
he 

bulb to bulb transfer (oven te r4 4. 
solvents were removed in vacua and the crude 011 purrfred by 

perature grven) or column chromatography. 

Ik: 13.95g,Eb - 75-80°C. 
IR, v : 2096 (N I’? i727 (C-O). ‘H NMR 6 : 1.22 (d 3H .l = 7.0) ; 1.53 - 2.28 (m, 2H) ; 2.37 - 

2.80 (m, IH) ; 3.35 (1, &, 3 = 6.8) ; 3.69 (s, 3H). Anal. % kalci for C6HlIN302 : C, 45.85 ; H, 7.00 ; 
N, 26.75. Found : C, 45.44 ; H, 6.90 ; N, 26.66. 

13~ : 14.33 g after column chromatography (E/PE = l/3). 
TLC, Rf 0.6 (E/PE I/3). IR, v : 2090 

3H) ; 3.35 (t, 2H, (N3) J = 
; 1728 (C=O) ; 1634 (C=C). ‘H NMR, 6 : 1.67 - 

2.10 (m, 2H) ; 2.20 - 2.85 (m, 6.6) 3.69 (s, ; 3H) ; 4.90 - 5.25 (m, 2H) i 5.48 - 
6.05 (m, IH). Anal. % calcd for C8H1 3N302 : C, 52.46 ; H, 7.01 N, ; 22.95. Found : C, 52.45 H, ; 7.26 i 
N, 22.95. 

I& : 16.43 P. Eb.. _, = 60°C. , 
IR,v : (C=O). ‘H NMR, 6 : 1.20 (d, 3H, 3 = 7.0) = l.45- 

1.92 (m, 4H) ; 2.25 2090”(N,~“~“f715 - 2.70 (m, IH) 3.20 
; 1.30 (t, 3H, 3 7.0) ; 

r - 3.45 (m, 2H) ; 4.15 (q, ZH, I = 7.00). Anal. % calcd for 
C8H,5N302 : C, 51.89 ; H, 8.10 ; N, 22.70. Found : C, 51.66 ; H, 7.84 ; N, 22.81. 

I’& : 17.20 g, Eb - 80°C. 
IR, v : 2088 (N ?o’ I;23 (C=O) ; 1630 (C-C). ‘H NMR, 6 : 1.28 (t, 3H, 3 : 7.0) ; 1.47 - 1.87 

(m, 4H) ; 2.12 - 2.62 (ni,3 3H) ; 3.17 - 3.45 (m, 2H) ; 4.17 (q, ZH, .l = 7.0) ; 4.92 - 5.25 (m, 2H) ; 5.48- 
6.05 (m, IH). Anal. % calcd for C,0H,7N302 : C, 56.87 ; H, 8.05 ; N, 19.90. Found : C, 57.10 ; H, 
8.10 ; N, 19.80. 

Syntheses of lactams 18 and 19. General procedure. 

To a solutron of 10 mmoles of the azrdoesters I3 or IQ in 10 ml of THF were added 10 mmo- 
les of trrphenylphosphme (2.62 g) and 10 mmoles of water (180 ~1). The solutmn was kept at room tempe- 
rature for I2 hours. Then, the solvent was removed in vacua and the residue drssolved in 50 ml of 
a l/l mtxture of ether and petroleum ether. The triphenylphosphme oxide was collected’by frltratnnt 
and the crystals were thoroughly washed with cold ether. After removal of the solvents, the products 
were purified by column chromatography. 

I& : 0.638 g, m.p. = 23-24*C identrcal m all respects with a commercfafly avarlable sample. 

l8b : 0.712 g, m.p. 56-57’C. 
TLC, Rf = 0.4 (E/MeOH 95/5). IR (Nujol) v : 3290, 3180 (NH, broad) ; 1674 (C=O). ‘H NMR, 

p,‘, l.fl (d, 3H, 3 = 6.6) ; 1.47 - 2.10 (m, IH) ; 2.12 - 2.75 (m, 2H) ; 3.22 - 9.50 (m, 2H) ; 7.37 (br s, 
C NMR, 6 : 15.9 ; 29.9 ; 36.1 ; 40.4 ; 

N, i4.14. Found : C, 60.29 ; H, 9.08 ; N, 13.94. 
182.0. Anal. % calcd for C5H9N0 : C, 60.60 ; H, 9.09 

I& : 0.875 g, m.p. = 58-59’C. 
TLC, Rf 0.4 (E/MeOH 9515). IR (Nujol) u : 9280, 3190 (NH, broad) ; 1658 (C-O). ‘H NMR 

I.# - 2.80 (m, 
67.20 ;;, ; C H, NMR, 8.80 ; 6 N, : 

5H) ; 3.22 - 3.53 (m, 2H) ; 4.92 - 5.25 (m, 2H) ; 5.55 - 6.10 (m, IH) ; 7.60 (br.s, 
11.20. 26.7 ; Found 35.0 ; : C, 40.6 67.22 ; 40.7 ; H, ; 8.47 116.8 ; ; N, 135.7 11.09. ; 180.5. Anal. % calcd for C7HIINO: C, 

l9a : 0.763 g, m.p. : 37-39OC. Identical m all respects wrth a commercially avarlable sample. 

1% : 0.791 g, m.p. 48-49OC. 
TLC, Rf = 0.44 (E/MeOH 95/5). IR (Nujol) v : 3290, 3200 (NH broad) ; 1666 (C#. lH NMR 

6 : 1.25 (d, 3H, 3 = 7.4) ; 1.47 - 2.72 (m, 5H) ; 3.10 - 3.50 (m, 2Hj ; 7.78 (br s, IH). C NMR 6 : 
17.5 ; 21.4 ; 29.4 ; 36.0 ; 42.4 ; 176.3. Anal. % calcd for C6HIIN0 : C, 63.71 ; H, 9.73 ; N, 12.38. 
Found : C, 63.47 ; H, 9.59 ; N, 12.50. 

l9c : 0.959 g, m.p. q 38- 39’C. 
TLC, Rf = 0.45 (E/MeOH 95/5). IR (Nujol) w : 3280, 3190 (NH ‘broad) ; 1658 (C=O). lH NMR 

p;, I+,2 - 2.29 (m, 7H) ; 3.17 - 3.47 (m, 2H) ; 4.92 - 5.25 (m, 2H) ; 5.55 - 6.20 (m, IH) ; 6.75 (br s, 

C, 69.06 ; H, 9.35 ; N, 10.07. Found : C, 68.75 ; H, 9.51 ; N, 10.03. 
C NMR 6 : 21.4 ; 25.8 ; 36.0 ; 40.7 ; 42.4 ; 116.9 ; 136.5 ; 174.8. Anal. % calcd for C8H, 3N0 : 

Synthesis of the acids 20 and 21. General procedure 

To 100 mmoles of the azidoesters I3 and I4 were added 120 ml of a IN aqueous solution of 
NaOH (120 mmoles, 1.2 equivalents) and the mmimum of methanol lo make the reaction mixture homo- 
genous. After 4 hours at room temperature, the methanol was removed In vacua. The aqueous solutron 
was extracted wrth ether (2 x 50 ml) and acrdtfied to pH = 0 wrth concentrated HCI. The acrds were 
then extracted wrth ether (2 x 100 ml) and the orgamc phase drmd over Na SO . After frltratlon and 
removal of the solvent m vacua, the azrdo acids were purified by Kugelrohr dis Ji llaeon (oven temperature 
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(br s, IH). ’ 3C NMR 6 : 20.4 ; 20.6 . 28.2 ; 32.5 ; 41.3 ; 49.8 ; 79.2 ; 168.1 ; 171.5. Anal. % calcd 

for CqH, 5N02 : C, 63.90 ; H, 8.87 ; N, 8.2%. Found : C, 63.93 ; H, 8.g3 ; N, 8.31. 

2& : 0,848 g, Eb : 85’C. TLC Rf = 0.56 (E/PE l/l). 
111, v : 3260 (N&‘&road) ; 1630 (GO) ; 1575 (CC). ‘H NMR, 6 : I.42 - 2.03 (m, 4H) ; 2.20 

- 2.58 (m, 3H) ; 3.17 - 3.45 (m, 2% ; 3.62 (s, 3H) ; 4.46 (d, IH, ‘J : 0.8) ; 4.90 - 5.23 (m, PH) ; 5.50 
- 6.08 (m, IH) ; 8.80 (br s, IH). C NMR 6 : 19.8 ; 24.4 ; 37.4 ; 38.8 ; 41.3 ; 49.9 ; 80.1 ; 117.0 ; 
136.1 ; 166.5 ; 171.4. Anal. % calcd for C,,H17N02 : C, 67.69 ; H, 8.71 ; N, 7.17. Found : C, 67.88 ; 
H, 8.46 ; N, 7.35. 

Syntheses of the &acylphosphonates 29 and 30. General procedure. 

To a chilled &O°C) solution of IO mmoles of the acid chlorides I3 or I4 in IO ml of anhydrous 
dichloromethane were slowly added with stirrmg IO mmoles (1.20 ml) of freshly dtstilled trimethylphos- 
phite. The resultmg solution was maintained at O°C for I h and then at room temperature for I5 h. 
Then, the solvent was removed m vacua and the residual 011 purified by bulb to bulb distillation (oven 
temperature given). 

29a : 1.77 g , Eb - 85-90°C 
IR, v : 

(t, 2H, J 
; 40.5 (d, ‘J 

2090 (NO)‘1 .I683 (GO). ‘H NMR, 6 : 31.72 -_ 2i;76(qu$t., ZH, J = 6.5 and $0) ; 2.96 
7.0) ; 3.37 (2, 2H, J = 6.5)2; 3.88 (d, 6H, J 

7) - 209.8 p# ‘J 
C NMR 6 : 21.9 (d, J 

’ :* 166). Mass spectrum : exa!F ma2 
calcd for C41$$+l~05$-PO(OCH3)2]tm/z = 1?2.\51. kound : mh =‘fi 2.049. 

; 50.5 t 54.1 (d, Jp 

2% : 2.21 g, Eb .= 90-95V. 
111, v : 2090 (I@ , t 1703 (c:o). IH 

(t, ‘)2H, J .. 6.6) i 3.98 
NMR, 6:3~.25 

y,,;Iij 
J,j: 7.0) i I.42 - 2.42 (m, 3.00 

- 3.50 (Ill, 1y ; 3.37 (d, 6H, J 

7) . 2@l (d ‘J’ 
C NMK 6 : 15.2 ; 30.8 

2H)3i 
(d, J 

- 54) ; 49.1 ; 54.1 (d, J = 161). Mass spectrum, exact %& 

calcd for C7H14 
2) t 44-2 (d* JP&ip [M_N21+ 

m/z : 207.06&?&und’ : m/z = ;07.86;. 

29c : 2.46 g. This product could not be distilled. The crude oil was kept under vacuum (0.01 

torr) for 2 h. 
IR, ~~2085 (N ) ; 1701 (GO) ; 1674 (C-C). ‘H NMR, 6 : I.65 - 2.92 (m, 4H) i 3.20 - 3.65 (m, 

3H) - 3.99 (d 6H ‘3 ‘) r 10.6) ; 5.05 - 5.37 (m, 2H) t 5.50 - 6.10 (m, IH). Mass spectrum, exact mass 
talc: for C7H,$;30 m- PO(OCH3)2]+ m/z = 152.082. Found : m/z = 152.080. 

- 95-IOOYZ. 
: :,I$& ::‘)‘tI ,78 (C:O). ‘H#MR, 6 

3.50 (m, 2H) ; 3.89 ($1 bH, J 
_ 8)P~H2;o.~$’ I Jc 

: 1.50 - 2.00 (qt, 4H) ; 

NMR’ ’ 

2.83 - 3.08 (m, 2H)2; 3.25- 

15$‘-~~&~~~2jI’ (r$z JPfi6.066.‘Found : A/z Pq26.066. 
- 167). $s?:p$tr&,Ce;c4t) ~a$!~II,“,‘;“,r?~~[&3~ 

j$NMR, 6 : I.23 (d, 3H, J = 7.0) ; I.42 - 412 (m, 4H) ; 3.03- 
C NMR, 6 : 15.1 ; 26.4 ; 28.6 ; 46.3 (d, J = 54) ; 51.3 ; 

Mass spectrum, exact mass calcd for C2H603?~M-C6H,oN30~’ 

3Oc : 2.61 g, non dlstlllable. The crude oil is treafed as for 2%~. 
IH, v : 2085 (N ) 

(m, 2H) ; 
; 1719 (c. 0) ; l6q (C=C). H NMR, 6 : 

3.05 - 3.47 Cm: 3H) ; 3.89 (d, 6H, J 
1.37 - 2.05 (m, 4H) ; 2.08 - 2.80 ’ 

= 10.6) ; 4.92 - 5.25 (m, 2H) ; 5.48 - 6.03 (m, IH). 
Mass spectrum, exact mass calcd for C8H13 NO rfi-C2H5N203P]? m/z = 139.099. Found m/z = 139.099. 

Synthesis of the cyclic tmmes 33 and 34 

These compounds were obtamed accordmg to the procedure described In reference I9 startmg 
from IO mmoles of the acylphosphonates 29 or 30. 33 or 34 were purified by bulb to bulb distilla- 
tion (oven temperature given). 

33a : 
IR, v 

1 .I 5 Ebo = ,80-85%. g, 
: 1680 NMR, 6 : (m, 2H) ; 2.70 - (m, 2H) ; 3.86 (4 3J 10.8) 3.Q3 6jh = ; - 6 : 21.7 1.72-2.29 (d, J 

64.2 (d, 3.93 J 

4.30 (m, (CY$L13~ 2H). 

m/z z I77.& 

;‘fo?i?dI: 172 o (z “iy”, 

m/i = 1;7.Of& 

- - 21 I). Mass &cir:‘,t ~~~~,:p~;c~‘:c5~~~~~N~~~ ?& 

;F; i.37 1683 g, Ebo (C=&). , 3 H 60-65% NMR, 6 - - IH) ; 2.87 ‘- 3.50 (m, IH) ; 3.88 (2d, 6H : 9.33 (d, 3H, J = 7.1) ; I.43 I.85 (m, IH) i I.97 2.53 (m, 

topic (Av2-. 0.5 Ha, 3.95 - 4.28,(m, 2H). 

;:3C$14$&3P, = I@’ 6) ; 62.5 (d, 3 

33c : 1.51 Eb =l65-7O’C. g, 
111, u : (C?:& H NMR, 6 : I.47 

i 3.86 (d4 64 1674 10.9. The methoxy 
- 2.42 (m, 3H) ; 2.47 - 2.92 (m, IH) ; 2.97 - 3.45 (m, 

IH) 
4.22 (m, 2H) ; 4.95 - JYn . im, 2H) ; 5.48 - 6.03 

groups (Av 
(m, IH). art3slightly C NMR, diastereotopi5 6 : 27.6 (d, Jpc 

= 1 HZ) i 3.85 - 
= 6) ; 35.8 i 51.4 
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(d,d,2;& = 31, ; 53.4 (d, *J - 6) l 62.9 (d +3J = 35) ; 117.3 i 135.3 ; 174.3 (d; ‘JPC = 204). Mass 
, exact mass calcd f&CC9H 16N03P, d- II% = 217.086, found : m/z = 217.088. 

3Qa : 1.30 g, EbO.Ol = 70-75OC. Thus compound was isolated as a mixture of the two tautomers 
34a (A) and 35a (8). 

IR, v : 3450 - 3330 (NH, broad) ; 1640 (C=N et C-C). ‘H NMR, 6 : 1.62 - 2.00 h 4HA + 2 HB) 8 

2.08 - 2.58 (m, 2HA + 2HB) ; 3.10 

3.85 (d, 6HA, ‘JpH 

- 3.45 (m, 2HB) ; 2.58 - 4.08 (m, *HA) ; 3.77 (d, 6HB, 

10.6) ; 5.35 (dt, fHB, 3JpH q 15.9, 3J 

21.0 - 22.7, 3 doublets with 

Hi = 4.0) ; 6.95 (br s, lHB). 

= 5) 52 4 2%; 5, 2,cA + 1 cB i 41.7 (6 Jpc : IO) ; 42.2 (CA) ; 50.9 (d, 
3 

JpC = 

:;:.: ;:;22:dd:]Pzch, ; 131.0 ;d, l;pCp: ;Ol) ; 167.6 (d, 

5, oc_H3 of form B) ; 53% (d, *Jpc = 7, X-H3 of form A?; 
1 
JPCA = 195). Mass spectrum, exact mass calcd 

for C7H14N03R t$ m/z L 191.071, fou!d : m/t = 191.070. 

Synthesis of i+azidoketones 38 and 39 

3 mmoles of n-butylmanganous iodide were prepared in anhydrous ether as described in ref. 18. 
The suspension was cooled to -40°C and 3 mmoles of the azidoacid chlorides 13 or 11 were added via 
syrmge. The reaction mixture was stirred for 15 mmutes at this temperature and then allowed to reach 
room temperature withm two hours. The reaction was qwnched at O’C by adding 1 ml of a 0.5 N HCI 
solution. After extraction with ether (2 x IO ml), the organic phases were washed with saturated sodium 
carbonate (3 ml), sodium thiosulfate (2 ml of 5 % aqueous solution) and dried over Na SO . The solvents 
were removed in vacua and the azidoketones purified by column chromatography follow$d by bulb to bulb 
distillation (oven temperature given). 

38a : 0.32 g, Eb 
IR, v : 2088 (&j’; 1703 (C=O). H NMR, 6 : 0.96 (non resolved triplet, 3H) ; 1.15 - 2.12 h, 

45-5O’C. TLF Rf : 0.50 (E/PE 25175). 

6H) ; 2.35 - 2.75 (m, 4H ? ; 3.35 (t, ZH, J = 6.6). Anal. % calcd for C8H15N30 : C, 56.80 ; H, 8.87 ; N, 
24.85. Found : C, 56.62 ; H, 8.90 ; N, 24.68. 

38b : 0.32 g, Eb 
lR v : 2088 (N q’?‘l702 (C=O). H NMR,6: 0.94 (non resolved triplet, 3H) i 1.12 kl, 3H, J = 7.0) i 

- 50-55’C. TLC Rf = 0.56 (E/PE 25175). 

I.25 - 2.25’(m, 6H) ; 2.17 - 2.87 (m, 3H) ; 3.35 (t, 2H, J = 6.8). Anal. % calcd for C9H17N3D 8 G 59.01 
H, 9.28 ; N, 22.95. Found : C, 58.70 ; H, 9.22 ; N, 22.92. 

39a : 0.37 g, Eb 
IR, v 2090 (4’9’.- 1703 (C=O). H NMR, 6 

- 50-55=C. TLF Rf = 0.50 (E/PE 251751. 
: : 0.95 (non resolved triplet, 3H) ; I. 12 - 1.95 (m, 

8H) ; 2.33 - 2.62 (m, 4H? ;‘3.20 - 3.45 (m, 2H). Anal. 96 calcd for CqH17N30 : C, 59.01 ; H, 9.28 ; N, 
22.95. Found : C, 58.75 ; H, 9.16 ; N, 23.16. 

3% : 0.35 g, Eb 
2090 ($p’. 1703 (~~0) 

= 55-58’C. TLF Rf = 0.50 (E/PE 25175). 
H NMR, 6 : 0.91 (non resolved triplet, 3H) ; 1.08 (d, 3H, J = 

6.8) ; I.:;‘-’ l.r90 (m, Sl$ i 2.33 - 2.70’ (m, 3H) ; 3.17 - 3.40 (m, 2H). Anal. % calcd for C10H19N30 : 
C, 60.91 ; H, 9.64 ;N, 21.39. Found : C, 60.63 i H, 9.71 i N, 21.21. 
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