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Absbu& The asymmetric synthesis of compound 2, with potential ACE inbibibry activity, is qmted. The key 

intermediate 3 contains the novel hetemcyclic nucleus pymlo[2,1-b][l,3,4]thhdia@ne. This compound has been 

prepared through B sequence involving pyrrole thiocyanation, folkwed by nzductiw cleavage of the thiocyfmate 

pup, and cyclization of the resulting halo-thiol in the key synthetic steps. 

The renin-angiotensin system constitutes an important mechanism involved in the regulation of blood 
pressure. Modulation of this system, especially, through inhibition of angiotensin-converting enzyme (ACE, 
EC 3.4.15.1) has assumed increasing importance in the therapy of hypertension.’ 

In the context of our studies on potential antihypertensive drugs, we have reported in a previous pape? 
the synthesis of the pyrrolo[l,2-b][l,2]diiine derivative 1 (see Figure 1). The interesting properties of 1 
as ACE inhibitor prompted us to extend the study to the prepamtion of its analogue 2 as an isosteric 
modification of 1. This compound contains as a characteristic feature the pyrrolo[2,1-b][l,3,4]thiadiazpine 
nucleus. This class of heterocycle has not been pteviously described in the literature. Moreover, the 3R,l’S 
configumtion was considered necessary for an optimal binding to the active site of the enzyme.3 Thus, a 
stereospecific synthesis ftom easily available chiml starting materials was envisaged. 
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Scheme 1 

The key intermediate 3 possesses the characteristic framework pynolo[2,1-~][1,3,4]thiadiazepine, and 
the 3R conf$umtion. Our synthetic procedure was devised on the basis of final formation of the thiadiazepine 
Sl-C2 bond through an intramolecular displacement of a halogen atom by a thiol group. 

An N-protected derivative of L-serine was selected as the chiral precursor. Thus, N-carbobenzoxy-~- 
serine (4) was converted to succinimidyl ester 5 on treatment with N-hydroxysuccinimide and N,N’-dicyclo- 
hexylca&diimide. The active ester 5 was treated without previous purification with N-aminopyrrole,4 to 
afford amide 6 under smooth conditions in 54% overall yield. This sequence allowed to avoid any inter- 
mediate protection of the serine alcoholic function (see Scheme 1). 

The subsequent transformation of compound 6 into the chloro derivative 7 was attempted under a 
variety of reaction conditions. ‘Iteatment with thionyl chloride caused extensive degradation of the product, 
which was attributed to the sensitivity of the pynole nucleus to the acidic byproducts of the reaction. On the 
other hand, when this reaction was carried out in the presence of triethylamine, the only isolated product was 
the elimination compound 8 in 45 96 yield. Appearance of two vinylic protons at 6 5.45 and 5.80 in the NMR 
spectrum, and IR absorption bands at 1670 and 1640 cm-’ due to the conjugated carbonyl group were 
characteristic for this stuctute. Interestingly, elimination occurred even in the presence of the equimolecular 
amount of amine, which should be required to neutralize the hydrochloric acid produced in the formation of 
the chloride. These results suggested that essentially neutral reaction conditions would be necessary to effect 
this transformation. Among the variety of reagents available to convert alcohols into the corresponding chlor- 
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ides, the combination ~~ny~~o~~~n tetmchloride is Imown to react with primary and secondary 
alcohols without m&her producing acidic bypmducts nor mquiring basii couditions.s Accorxliug to this, 
reaction of alcohol 6 with ~pheny~ho~~e in a carbon ~c~o~~~~~~ solution aflbrxled 
chloride 7s at room temperature in excellent yield, no e~on product beii formed undex these 
conditions (see S&me 2). 

Our next goal was the intmduction of a sulfur atom on the pyrrole riug. abortions by 
sulfur el~~~~~ provide a general method of fo~ati~ of memapto derivativesP Thus, tycoon and 
aeon halides mact with activated ~rn~c ~rn~~s to yield aryl~~~ which can be 
regarded as protected forms of the thiol gmup. Pyrrole itself has bee% thiocyanated in methanolic solution 
with in situ generated thiocyamgen at very low tempemture& or with copper thiocyanate at 0 “CT.” 
~tho~h lotion of pyrrole was it&ally believed to take phtce at position 3, further evidences’ revealed 
that the actual product of this axon was 2-~~y~le. In our case, reactiou of 7a with 
tbiocyanogen, generated from potassium tbioqanate and bromine at -70 “C, gave thiocyanate Qa in 72% 
yield, In the IR spectrum, an absorption band at 2160 cm-’ was chamcteristic for the thiocyanato gmup. As 
expected, in the NMR spectrum, the three no~~ui~ent pyrrole pmtons at S 6.20, 6.63, and 6.85 showed 
a ~up~g pattern ~nsis~ut with ~bsti~tion at position 2.” Cleavage of ~~~ to give the 
~~~n~rng thiols has been effected either under h~~l~c6 or under reductive couditi~ns.~ Sodium 
bomhydride was selected as the suitable reagent to effsct this cleavage because of the smooth reaction 
conditions required and the ~rn~~b~~ with the other functional groups present in the mokcule. In similar 
cases, the in situ generated ~1~1 either from a ~~~I0 or from a disulfide ~n~on’l disphxed a side- 
chain chlorine atom with elation of an eight- or a seven-membered cyclic thioether. Howmr, in our case, 
although treatment of thiocyauate 9a with sodium borohydride at mom temperature gave rise to the 
diced of the thiocyanate ~nction,the~s~ bicyclic compound was not obtained fmm the reaction 
mixture. Instead, iu one run, a small mount of the uns~ble thioll0 was isolated. Support for this structure 
rather than the disulfide aualogue was obtained on potentiometrlc titration. Thus, two acidic groups were 
found fkn compound 10, which wem as to thiol and amide-NH functions. IIowever, this compound 
failed to q&ire to 3 on heating even in the presence of bases and potassium iodide, and led only to untrac- 
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table mixtures of degradation products. This inability to undergo the c@ization was attributed to an insuffr- 
cient reactivity of the chloride as a leaving gronp. Consequently, it was decided to undertake the same 
symbetic sequence from the analogous iodide. 

Iodide 7b was prepared by treatment of chloride 7a with excess sodium iodide in mfhming acetone. 
On treatment with aeon as before, the ~~n~g i~~~a~ 9b was obtdnd. In contrast 
to the chloroderivative 9a, reductive treatment of 9b with sodium borohydride did not allow isolation of the 
intermediate thiol since ~~01~~~ nucleophilic displacement occurred under the maction conditions, 
affonhng in one synthetic step the desired bicyclic derivative 3 (see Scheme 3). In tbe NMB spectrum of 3, 
signals for the diastcreotopic protons of position 2 at S 2.51 and 3 .fiO, with a gemhal coupling constant of 
11 Hz, were characteristic. 

Introduction of the acetate chain on the et&cyclic amide N was effected by treatment with ethyl 
b~rn~~~ in the presence of sodium e&oxide to give 11 in 84% yield. The acidity of its H allowed 
regioselective alhylation as reported for related compounds. 2~12 In the NMB spectrum appeamd two doublets 
at 6 3.90 and 5.10 with a coupling constant of 17 Hz due to the d~~~~ic protons of the acetate group. 
Moreover, the signal for the 7-H was shifted about 0.3 ppm downfield, which was attributed to a steric 
hindrance with the acetate chain. 
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Scheme 4 

Removal of the &carbobenr~xy protective group was devised thmugh a hydrolytic ~leavnge.‘~ Since 
seketivity was required in the presence of other ~l~ble groups, i~o~~yls~~e proved to be a 
useful reagent. This compound effects cleavage of several functional groups, such as esters, ethers, acetals, 
and carbamates, under mild, non aqueous conditions. I4 Among these groups, alkyl carbamates are reported 
to be mom reactive thau other functions, ” thus allowing a high degme of sekctivity. acidly, benzyl- 
and fen-butyl~~s readily react at room tempemtute. This has prompted the use of the reagent as a 
selective deblocking agent in peptide synthesis. is Treatment of the all@ carbamate with i~o~ethyls~~e 
affords trimethylsilyl carbamate, which on addition of an alcohol suffers smooth decarboxylation to produce 
the free amine. In our case, treatment of carbamate 11 with ISilk& at room ~rn~m~~, followed by addition 
of methanol, afforded amine l2 in 85 % yield. Neither the ester nor the la&m functions were affected under 
these conditions. 

The last stage of our synthetic scheme involved diastemoselectivc introduction of a subs&tent with 5’ 
confiimtion on the amino group. Alkylation of amines with the chiral triflates of CY-hydmxycarboxylates has 
been reported to proceed with complete inversion of the ~~~mtion of allcylating com~und.ls Tlms, 
alkylation of amine 12 with (R)-ethyl 4-phenyl-2-[(~uomme~ylsu~nyl)oxy]bu~oa~ l3*’ gave Ma, 
the&o= assumed to possess the 322,1’S ~~~mtio~. In the 300 MHz NMB spectrum of 14a, a triplet at 
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6 3.16 was characteristic for the l’-II of the catboxypmpyl chain, and a doublet of doublets at 3.43 for the 
3-H. As we have demonstrated for related st~ctures,~ the absence of formation of epimer (S,s)-14 would 
provide evidence of the optical purity of amine 12. In order to assess this, alkylation of 12 was effected with 
racemic ethyl 2-bromo-4-phenylbutauoate’8 to afford a mixture of diastemomeric 14a and 14b in about equal 
proportions. In the NMB spectrum of isomer 14b, with R,R configuration, a triplet at 6 3.04 was chamc- 
teristic of the l’-H. Since these isomers could be easily differentiated on the 300 MHz NMB spectra and 
aualytical TLC,i9 evidence was obtaiued of the absence of appreciable formation of diastereoisomer (S,.Y)-14ro 
in the reaction with triflate 13. 

Finally, hydrolysis of diester 14a under controlled conditions afforded the target diacid 2a, with the 
desired 3R, 1 ‘S confiimtion. Furthermore, hydrolysis of diastereoisomer 14b in an analytkd scale afforded 

diacid 2b. Comparison of the NMB spectra and analytical TLC’] of 2a and 2b allowed confirmation of 
formation of a single isomer of 2 from pure 14a. Thus, absence of epimerization during the hydrolysis was 
verified. Compounds 1 and 2 were tested for their biological activity and proved to be potent ACE inhibitors. 
The detailed biological results are to be reported on a separate paper. 

Melting points were determined in open capillary tubes on a Blichi apparatus and are uncorrected. 
Infrared (JR) spectra were tegisteted on a Perkin-Elmer 1710 spectrometer, and only noteworthy absorptions 
am listed. Proton nuclear magnetic resonance (NMB) spectra were recorded on a Brnker WPBOCW (80 MHz) 
or, when iudicated, on a Varian Gemini 300 spectrometer, using TMS as internal standard. Chemical shifts 
are reported im ppm downfield (6) from TMS. Microanalyses were performed on a Perkin-Elmer 2400 
elemental analyzer. Gptical rotations were measured on a Eolartronic-D polarimeter, with a 1 dm pathlength 
cell. Column chromatography separations were performed on SiO, (silica gel 60, 0.063-0.200 mm, Merck). 
Analytical TLCs were run on silica gel 60 F2% (Merck) nanoplates, and the spots were visualized under W 

light or on exposure to iodine vapor. Prior to evaporation, under reduced pressure, all organic extracts were 
dried over anhydious sodium sulfate. 

Q-2-[(Benzyl~~rbonyl)amino]-3-~~-~-(l-py~lyl)p~~mide (5). lb a solution of N-(benzyl- 
oxycarbonyl)-L-serine (4) (6 g, 25 mmol) and N-hydroxysuccinimide (3 g, 26 mmol) iu anhydrous THF (40 
mL), was added dropwise at 0 “C a solution ofN,N’-dicyclohexylcarbodumide (5.2 g, 25 mmol) in anhydrous 
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THP (40 mL). After stirring for 2 h at this temperature, and for further 1 h at room temperature, the resul- 
ting precipitate was removed by filUation. Then, a solution of iV-aminopyrrol~ (2.1 g, 25 mmol) in THP (5 
mL) was added, and stirring was cominued overnight. The solvent was evaporated in wxo, and the residue 
was dissolved in mfluxing EtOAc (10 mL), and hot f&red. On cooling, amide 5 (4.1 g, 54%) was obtained 
as white crystals ofmp 151-153 “C. [o]‘“, -31 (MeOH, c 2%). IR (KFSr) 3500-3200 (OH and NH), 1705 (NCOO), 
1660 cm’ (CON). NMR (CD,OD) 6 3.80 (d, .I=5 Hz, 2 H, 3-H), 4.28 (t, J=5 Hz, 1 H, 2-H), 4.60 (br s, 
3 H, OH and NH), 5.10 (s, 2 H, CZ&Ph), 6.02 (t, .I=2 Hz, 2 H, pyrrole3H and -4H), 6.60 (t, 5=2 Hz, 2 

H, pyrrole-2H and -H-I), 7.30 (s, 5 H, PhH). Anal. C&d for C&H1,N30.,: C, 59.40; H, 5.65; N, 13.85. Pound: 

C, 59.65; H, 5.92; N, 13.67. 

2-[(Be~l~~o~l)pminol-N-(l-p~~l)p~~~de (8). lb a solution of 5 (1 g, 3.3 mmol) and 

triethylamine (0.34 g, 3.4 mmol) in dry C!HJ!l, (10 mL), was added dmpwise at -20°C a solution of thionyl 

chloride (0.4 g, 3.4 mmol) in CH,Cl, (10 mL). After stirring for 30 min at this temperature, the mixture was 

allowed to warm to mom temperature, and was stirred for further 1 h. The solvent was evaporated in wacuo 
and the product was purified by column chromatography (E&O-CHCl, 3:7 as eluent) to give 0.4 g (45 W) of 
8. IR (KBr) 2900-3700 (NH), 1720 (NCOO), 1670 (CON), 1640 (C=C). NMR (CQOD) 6 4.70 (s, 2 H, 
NH), 5.10 (s, 2 H, WPh), 5.45 (s, 1 H, =CH), 5.80 (s, 1 H, =CH), 6.05 (t, .I=2 Hz, 2 H, pyrrole3H 
and -4H), 6.60 (t, J=2 Hz, 2 H, pyrrole-2H and -5H), 7.30 (s, 5 H, PhH). Anal. Calcd for C,&N30S: C, 
63.15; H, 5.30; N, 14.73. Pound: C, 63.02; H, 5.46; N, 14.49. 

(K)-Z[(Benylaarycarbo~~~o]-3-chlo~~-(l-py~~l)p~~~de (7a). lb a solution of 5 (70 g, 

0.23 mol) in anhydrous DMP (500 mL) and Ccl, (700 mL) was added triphenylphosphine (70 g, 0.27 mmol), 
and the solution was stirred for 2 h at room temperature. After washing with water (3 x 700 mL), the solution 
was absorbed on silica gel (800 g) on a sin&red glass funnel, washed with benzene (2 L), and then eluted 
with 1:3 &O-C& (2 L). Evaporation of this fraction afforded 9a (62 g, 94 96). An analytical sample was 
obtained by recrystallization from EtOAc: mp 154-156 “C. [o]‘“, -33 (MeOH, c 1.75%). IR (KBr) 3280 
(NH), 1670 cm-’ (C=O). NMR (CD,OD) 6 3.86 (d, J=6 Hz, 2 H, 3-H), 4.57 (t, J=6 Hz, 1 H, 2-H), 5.12 
(s, 2 H, CQPh), 6.05 (t, J=2 Hz, 2 H, pynole-3H and -4H), 6.60 (m, 2 H, pyrrole-2H and -5H), 7.31 (s, 
5 H, PhH). Anal. Calcd for C&H,,&O,Cl: C, 55.99; H, 5.01; N, 13.06; Cl, 11.02. Pound: C, 56.10; H, 
4.93; N, 12.90; Cl, 10.81. 

(K)-2-[(Benzylwycarbo~l)amino]3-iod~~-(l-py~lyl)p~~~de (7b). A mixture of chloride 7a (62 

g, 0.19 mol) and sodium iodide (160 g, 1.07 mol) in acetone (2 L) was heated to refhtx for 48 h. After 
concentration to half the initial volume, water (2 L) was cautiosly added. The resulting precipitate was 
collected by ffltmtion, washed with 1:2 acetone-water, and vacuum dried, to afford 7b (36 g, 45%): mp 
172-174 ‘T (benzene). [cx]*‘~ -37 (MeOH, c 1.8%). IR (KBr) 3280 (NH), 1670 cm-’ (C=O). NMR 
(CD,OD) S 3.55 (m, 2 H, 3-H), 4.47 (br t, 3~6.5 Hz, 1 H, 2-H), 5.15 (s, 2 H, CHph), 6.05 (t, J=2 Hz, 
2 H, pyrrole-3H and -4H), 6.60 (m, 2 H, pyrrole-2H and -5H), 7.30 (s, 5 H, PhH). Anal. Calcd for 
C,&l,&O,I: C, 43.60; H, 3.90; N, 10.17; I, 30.71. Pound: C, 43.88; H, 3.91; N, 10.13; I, 30.38. 

(R)-2-[(Benzyloxycarbonyl)amino]-3-chloro-N-(2-thiocyanato-l-pyrrolyl)propanamide (9a). To a 

suspension of potassium thicqanate (2.6 g, 27 mmol) in MeOH (6 mL), was added dropwise at -70 “C a 
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solution of bromine (1.9 g, 12 mmol) iu MeOH (6 mL), and was stirred at this temperature for 15 min 

longer. Then, a solution of 7a (3.9 g, 12 mmol) in MeOH (35 mL) was added at a temperature below -60 “c. 

ThemixtuFe~stirredat-7OoCfor2h,andallowedtowarmtoroomtemperature.Then,waspouredonto 

ice-water, and extracted with C!I-I.&. k&r evaporation of the dried organic extracts, the product was 

purifkd by column c hnrmatogmphy @t.@beruene 2:8 as eluent) to afford 3.3 g (72 48) of 9a, as a solid mp 

119-121 “C. IR &Br) 3280 (NH), 2160 (SCN), 1720 (NCOO), 1680 cm’ (CON). NMR (CDCl,) 6 3.80-4.10 

(m, 2 H, 3-H), 4.82 (m, 1 II, 2-H), 5.13 (s, 2 H, CHPh), 5.90 (br d, J=8 Hz, 1 H, NHCOO), 6.20 (t, 

J=3.5 Hz, 1 H, pyrrole4H), 6.63 (dd, J=3.5 and 2 Hz, 1 H, pyrrole-3H), 6.85 (dd, J=3.5 and 2 Hz, 1 

H, pyrrole-5H), 7.30 (s, 5 H, PhI-I), 9.75 (br s, 1 H, CONH). Anal. Calcd for f&I-IH,,N,O,CIS: C, 50.73; 

H, 3.99; N, 14.79; Cl, 9.36; S, 8.46. Pound: C, 50.93; H, 3.97; N, 14.64; Cl, 9.11; S, 8.19. 

(R)-2-[~enzylaarycarbonyl)amino]3-iod~~-(2-~~a~l-p~lyl)p~~de (9b). Opemtiug as 

above, from 5.2 g (53 mmol) of potassium tbiocyanate, 3.8 g (24 mmol) of bromine, and 10 g (24 mmol) 

of 7b, 7.8 g (68%) of thiocyanate 9b was obtained: mp 148-150 T (dec). [@‘n -32 (MeOH, c 1.3%). IR 

(KBr) 3280 (NH), 2160 (SCN), 1720 @ICOO), 1680 cm’ (CON). NMR (CDCI,) 6 3.50 (d, J=6 Hz, 2 H, 

3-H), 4.65(m, 1 H, 2-H), 5.13 (s, 2H, tX&Ph),6.2O(t,J=3.5I-k, lH,pyrrole4H), 6AO(brd,J=8Hz, 

1 H, NHCOO), 6.63 (dd, J=3.5 and 2 Hz, 1 H, pyrrole3H), 6.90 (br, 1 H, pyrrole5H), 7.30 (s, 5 H, 

PhH). Anal. Calcd for C,&IH,sN~O~S: C, 40.86; H, 3.25; N, 11.91; I, 26.98; S, 6.82. Pound: C, 40.94; H, 

3.22; N, 11.63; I, 26.60; S, 6.55. 

(R)-2-[(Benzyl~~rboqyl)amino]-~~lo~~-(~me~p~l-p~lyl)p~pa~de (10). ‘lb a solution 

of 9a (1 g, 2.6 mmol) in absolute EtOH (20 mL), sodium bornhydride (0.25 g, 6.6 mmol) was added in one 

portion at -15 “C, and the solution was stirred for 1 h at 0 “C, and for further 2 h at room temperature. The 

reaction mixture was poured onto ice-water and was extmcted with CH$l,. Evaporation of the dried organic 

extracts provided an oil, which was purified on pmpamtive TLC with l&O-benzene (1:l) as eluent to afford 

0.1 g of 10 (11 I). IR (KBr) 3280 (NH), 1720-1680 cm’ (C=O). NMR (CDCl,) 6 3.75 (m, 2 H, 3-H), 4.60 

(m, 1 H, 2-H), 5.10 (s, 2 H, CHPh), 5.75 (br d, J=8 Hz, 1 H, NHCOO), 6.10 (t, J=4 Hz, 1 H, pyrrole-4H), 

6.38 (dd, J= 4 and 2 Hz, 1 H, pyrrole-3H), 6.85 (dd, J=4 and 2 Hz, 1 H, pyrrole-5H), 7.30 (s, 5 H, PhII), 

9.05 (br s, 1 H, CONH). Anal. Calcd for C,$-I,&O,ClS: C, 50.92; H, 4.56; N, 11.88; Cl, 10.02; S, 9.06. 

Pound: C, 50.57; H, 4.70; N, 11.65; Cl, 9.92; S, 8.87. 

(R)-3-[(Benzyl~~~0~1)~0]-2,3,4,5-&trahydropyrro10[2,1-~][1,3,4]thipdin9pin-4-0ne (3). lb a 

solution of 9b (7.8 g, 16.6 mmol) in absolute EtOH (350 mL), sodium bomhydride (1.6 g, 41.5 mmol) was 

added at -10 “C. The solution was allowed to warm to mom temperature, and was stirred for 2 h longer. 

Then, was pouted on water, acidified to pH 5-6 with HCl, and extracted with CI-I&!l,. The crude product was 

purified by column chromatography (CHCl, as eluem), to give 3 (3.6 g, 68%) as a solid: mp 233-235 “C 

(i-MIS). [01]*~, -124 (CHC&, c 1%). IR (KBr) 3300-3150 (NH), 1725 (NCOO), 1680 cm’ (CON). NMR 

(CDCI,) 6 2.50 (t, J= 11 Hz, 1 H, 2-H,,), 3.56 (dd, J=l 1 and 7 Hz, 1 2-H& (m, 1 3-H), 
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(ZW’Wyl 3-_[(amino]~2,3,4,5-tetrahy~pyr1u1~2,1-b][1,3,4]~idiazepin~5- 

acetate (11). A solution of3 (0.8 g, 2.5 mmol), sodium ethoxide (0.2 g, 2.9 mmol), and ethyl bromoacetate 

(0.6 g, 3.7 mmol) in absolute RtOEi (80 mL) was stirred overnight at 40 T. After vacuum evaporation of 

the solvent, water was added, and was extracted with benzene. Bvapomtion of the dried extracts ptovided 

pure ll(0.85 g, 84%) as an oil. An analytical sample was obtained by column chtomatogmphy, with EtOAc- 

benzene (2:8) as eluent. [or120n - 176 (CHCI,, c 1%). IR (neat) 3320 (NH), 1745 (COOEt), 1725 (NCOO), 

1690 cm-’ (CON). NMR (CDCl,) 6 1.28 (t, J=7.5 Hz, 3 H, CH,), 2.51 (t, J= 11 Hz, 1 H, 2-H,,), 3.60 (dd, 

J=ll and 7 Hz, 1 H, 2-H& 3.90 (d, J=17 Hz, 1 H, CH,,COO), 4.10 (m, 1 I-I, 3-H), 4.24 (q, J=7.5 Hz, 

2 H, OQ&CH,), 5.02 (s, 2 H, CHPh), 5.10 (d, J=l7 Hz, 1 H, CHr,COO), 5.70 (br d, J=8 Hz, 1 H, NH), 

6.17(t,J=3.5Hz, lH, 8-H),6.36(dd,J=3.5and2Hz, lH,9-H),7.15(dd,J=3.5and2Hz, lH,7-H), 

7.30 (s, 5 H, PhH). Anal. Calcd for C!,$lr,N,O,S: C, 57.56; H, 5.25; N, 10.42; S, 7.95. Pound: C, 57.26; 

H, 5.20; N, 10.14; S, 7.60. 

(Z+JUyI 3-Amin4b4sm-2,3,4,5-teIrahydmpy-setrahydropynolo[2, (12). lb a 

solution of 11 (2 g, 5 mmol) in dry C&Cl, (15 mL), iodotrimethylsilane (1 mL, 7.3 mmol) was added 

dropwise, and the solution was stirred under Nz for 1 h at room temperatum. Then, MeOH (4 mL) was 

added, the mixture was stirred for 15 min, and the solvent removed in vacua. The residue was dissolved in 

1 N HCl(25 mL), washed with -0, basifkd with NaHCQ, and extracted with CH,Cl,. Hvaporation of the 

dried organic extracts afforded 12 (1.2 g, 85 96). An analytical sample was obtained by crystallization from 

l$O-hexane: mp 77-79 Y!. [~#~u -133 (MeOH, c 3.2%). IR (neat) 3380 (NH), 1745 (COO), 1690 (CON), 

1210 cm-l (OHt). NMR (CDCl,) 6 1.28 (t, J=7.5 Hz, 3 H, CH,), 2.49 (t, J=9 Hz, 1 H, 2-Hd, 3.1-3.6 (m, 

2 H, 3-H and 2-H& 3.96 (d, J=17 Hz, 1 H, CH,COO), 4.25 (q, J=7.5 Hz, 2 H, OCH,), 5.15 (d, J=17 

Hz, 1H,CHr,COO),6.15(t,J=3.5Hz, lH,8-H),6.32(dd,J=3.5and2Hz, lH,9-H),7.13(dd,J=3.5 

and 2 Hz, 1 H, 7-H). Anal. Calcd for C,,H,,N,O,S: C, 49.06; H, 5.61; N, 15.60; S, 11.91. Pound: C, 

49.34; H, 5.80; N, 15.39; S, 11.69. 

EthyD-[(1-Eth~~~o~~-~phe~lpropyl)~ol-~2,3,4,S-~~~p~lo[2,l-~]~l,3,4]t~~- 

azepin&-acetate (14). Method A. A solution of 12 (1 g, 3.4 mmol), @)-ethyl 4-phenyl-2-[(trifluom- 

methylsulfonyl)oxy]butanoate’7 (W) (1.16 g, 3.4 mmol), and NE& (0.5 mL, 3.4 mmol) in CH,Cl, (50 mL) 

was stirred overnight at 40 “C. The solution was washed with water, dried, and evaporated. The residue was 

purified by column chromatography (1:9 EtOAc-C,& as eluent), to afford (3&1’S)-ethyl 3-[(1-ethwcar- 

bo~l-3-phe~lp~pyl)a~o]4~~2,3,4,5-tetmhydropyrrolo[2,1-b][1,3,4]thiadiaziepine5-acetate (14a) 

(0.93 g, 60%) as an oil. IR (neat) 3150 (NH), 1740 (COO), 1690 (CON), 1200, 1040 cm“ (OH). NMR 

(CDCl,, 300 MHz) 6 1.20 (t, J=7.1 Hz, 3 H, CH,), 1.31 (t, J=7.1 Hz, 3 H, CH,), 1.80-2.00 (m, 2 H, 

2’-PI), 2.30 (br s, 1 H, NH), 2.53 (t, J=ll.l Hz, 1 H, 2-Hd, 2.65 (t, J=8.2 Hz, 2 H, 3’-H), 3.01 (dd, 

J=ll.l and 6.8 Hz, 1 H, 2-H,), 3.16 (t, J=6.5 Hz, 1 H, l’-H), 3.43 (dd, J=ll.l and 6.8 Hz, 1 H, 3-H), 

3.88 (d, J= 17.5 Hz, 1 H, 5-N-C!H*COO), 4.09 (q, J=7.1 Hz, 2 H, 00, 4.26 (m, 2 H, OCH,), 5.22 (d, 

J=17.5Hz, lH, 5-N-CH,COO),6.18(t, J=3.6Hz, lH, 8-H),6.36(dd, J=3.6and1.6Hz, lH,9-H), 

7.13-7.29 (m, 6 H, 7-H and PhH). Anal. Calcd for C&&0$: C, 60.11; H, 6.36; N, 9.14; S, 6.98. 

Pound: C, 59.86; H, 6.45; N, 9.12; S, 6.87. 
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Method B. A solution of 12 (0.27 g, 1 mmol), &)-ethyl 2-bmmo4phenylbutanoate” (0.32 g, 1.2 mmol), 

KI (0.05 g, 0.3 mmol), and Nat, (0.10 g, 1 mmol) in acetonitrile (15 mL) was heated to nzflux overnight. 
Then the solvent was remwed in vacua, and the residue was paaitioned between water and CH&!l,. The 
organic extracts consisted of a mixture of two isomers,‘9 which were separated on preparative TLC with 3:7 
hexane-EtOAc as eluent. The lower R, isomer was identical to 14a obtained in method A (0.11 g, 27 96). The 
higher R, isomer was identified as (3R,l’R)-ethyl S[(l-~h~~~o~l-3-ph~lp~pyl)amin 

2,3,4,5-tetrahydropyrrolo[2,1-~][1,3,4]thiadiazpiu&-acetate (14h) (0.12 g, 29%). NMR (CDCS, 300 

MHz)6 1.25(t,J=7.lHz,3H, CH,), 1.3O(t,J=7.lHz, 3H, CH,), 1.61 (brs, lH, NH), 1.80-1.9O(m, 

2 H, 2’-H), 2.55 (t, J=ll.l Hz, 1 H, 2-H,,), 2.55-2.65 (m, 2 H, 3’-H), 2.96 (dd, J=ll.l and 6.9 Hz, 1 
H, 2-H& 3.04 (t, J=6.5 Hz, 1 H, I’-H), 3.40 (dd, J=ll.l and 6.9 Hz, 1 H, 3-H), 3.86 (d, J=17.5 Hz, 
1 H, 5-N-CH,COO), 4.14 (m, 2 H, OCHJ, 4.24 (m, 2 H, OCH,), 5.21 (d, J=17.5 Hz, 1 H, 5-N-CH,COO), 
6.18(t,J=3.6I-I2, lH, 8-H),6.37(dd,J=3.6and1.6I-I~, lH,9-H),7.10-7.28(m, 6H,7-HandPhH). 

(3R,1’S)-3-[(l-Carbaxy-3-pheqylpropyl)amino]-4-oxo-2,3,4,5-tetrahydropyrrolo[2,l-b][l,3,4]thiadi- 

azepiut+Sacetic acid (2a). ‘Ib a solution of 14a (0.5 g, 1.1 mmol) in MeOH (20 mL), was added 1 N NaOH 

(3 mL), and was stirred at 50 “C! for 90 min. After cooling, was added 1 N I-&SO, (3 mL), and the solvent 
was removed in vacua at room tempemture. The residue was extracted with MeOH (3 x 15 mL), and the 
extracts were concentrated to a volume of 10 mL, and precipitated by addition of l&O. The precipitate 
was recrystallkd fmm MeOH-&O to afford 2a (0.17 g, 40%): mp 215-216 T (dec). [a120D -63.7 (1:l 
MeOH-DMF, co.53 W). IR (KBr) 3400 and 2450 (OH, NH), 1720 (COOH), 1680 cm-’ (CON). NMR (CD,OD, 
300 MHz) 6 2.00 (m, 2 H, 2’-H), 2.65-2.75 (m, 2 H, 3’-I$, 2.76 (t, J=ll Hz, 1 I-I, 2-Hd, 3.40 (dd, J=ll 
and7Hz, lH,2-HB),3.51(t,J=5.5Hz, lH, l’-H),3.57(dd,J=lland7Hz, lH,3-H),3.63(d,J=17 
Hz, 1 H, 5-N-CH,COO), 5.04 (d, J=l7 Hz, 1 H, 5-N-CH,COO), 6.19 (app t, J=3.6 Hz, 1 H, 8-H), 6.37 
(dd,J=3.9andl.6Hz,lH,9-H),7.10-7.25(m,5H,PhH),7.39(dd,J=3.2and1.8Hz,lH,7-H).Anal. 
Calcd for C,&,N,O,S: C, 56.56; H, 5.25; N, 10.42; S, 7.95. Pound: C, 56.38; H, 5.10; N, 10.04; S, 8.03. 

(3R,1’R)-3-[(1-Carb~-3-phe~lpropyl)amino]-4-oxo-2,3,4,5-tet~hyd~pyr~lo[2,l-~][l,3,4]thiadi- 

azepine-5-acetic acid (2b). Operating as above, from 14h (100 mg, 0.2 mmol), 40 mg of 2b (47%) was 

obtained. IR (KBr) 3400 and 2500 (OH, NH), 1720 (COOH), 1680 cni’ (CON). NMR (CD304 300 MHZ) 
6 1.86 (m, 2 H, 2’-IX), 2.58 (t, J=ll Hz, 1 H, 2-Hd, 2.60-2.80 (m, 2 H, 3’-H), 3.18 (dd, J=ll and 6.8 
Hz, 1 H, 2-H,), 3.24 (t, J=6 Hz, 1 H, 1’-I-I), 3.47 (dd, J=ll and 6.8 Hz, 1 H, 3-H), 3.94 (d, J=17.6 Hz, 
1 H, 5-N-CH,COO), 5.57 (d, J= 17.6 Hz, 1 H, 5-N-CH,COO), 6.23 (app t, J=3.4 Hz, 1 H, 8-H), 6.40 
(dd, J=3.9and 1.6Hz, lH, 9-H), 7.10-7.20(m,5H, PhH), 7.24(dd, J=3.3and 1.6=, lH, 7-H). Anal. 
Calcd for C,.&N,O,S: C, 56.56; H, 5.25; N, 10.42; S, 7.95. Found: C, 56.68; H, 5.05; N, 10.25; S, 7.76. 
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