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Ab&ract-( +)-34minonocardicinic acid (SANA, 2), which is an important material for the synthesis of 
nucardicin A (1) and other biologically active analogucs, has been synthesized by the application of a new 
method for the synthesis of a-methylene-/34actams. 

Nocardicin A (1) was isolated as the major product 
from the fermentation broth of Nocardia uniform subsp. 
tsuyamanesis A’ITS 21806 by fmanaka et qL,l whose 
structure was elucidated by Kamiya et aZ.,3 providing 
the first example of the new type of monocyclic b- 
lactam antibiotics. Much attention has been paid to 
these new antibiotics, since they have been found to be 
active against a broad spectrum of Gram-negative 
bacteria. 

As 3-a.minonocardicinic acid (3-ANA, 2) is an 
important starting material for the synthesis of 
biologically active nocardicin derivatives, this com- 
pound had been synthesized independently by several 
groups* by merent synthetic methods of #Y-lactam 
skeleton before our work. We also developed a general 
method for the synthesis of @actam 4 from 2- 
bromoallylamine derivative 3 using palladium cata- 
lyzed carbonylation,s which method was extended to 
the new synthesis of 3-ANA. The details of this 
approach are described in this paper. 

For the formation of ##-lactam skeleton of 3-ANA, 
the insertion of carbon monoxide into 2-bromoallyl- 

amine derivative 3 could be effected, which was 
prepared from phydroxyphenylglycine and 2,3- 
dibromopropene. Protection of amino group of ( f )-p- 
hydroxyphenyl~y~ne (5) with t-butoxycarbonyl tide 
gave 6 in good yield. Dibenzylation of 6 with benzyl 
bromide in the presence of potassium carbonate, 
followed by selective removal of the protecting group 
with hydrogen chloride in methylene chloride afforded 
the primary amine hydrochloride 7. Compound 7 was 
then condensed with 2,3_dibromopropene in the 
presence of potassium carbonate in methylene chloride 
to give the 2-bromoallylamine derivative 8 in good 
yield. Insertion of carbon monoxide into 8 was effected 
inthepr~n~of2mol%ofPd(OAc)~,8mol%ofPFh~ 
and 1.2 mol eq. of n-Bu,N in hexamethylphosphoro- 
amide (HMPA) at 100” for 3 hr to afIord the desired a- 
methylene-@la&am 9b in 37% yield. The yield was 
raised to 63% when the reaction was conducted under 4 
atm ofcarbon monoxide at 80” for 38 hr, but the desired 
product was not obtained at room temp under the same 
conditions (Table 1). 

As a model method for the conversion of a-methylene 
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Table 1. Various conditions for the synthesis of 9b 

CO 
pressure 

fatm) 

1 
4 
4 

RHEtiOll Reaction 

Q=P time 

f”) (hr) 

100 3 
25 6 
80 38 

Yield 

*%I 

36.5 
0 

62.7 

group into a 3-amino group, l-benzyl-3-methyl- 
ene+lactam (9a), which was easily prepared by 
the insertion of carbon monoxide into N-benzyl-2- 
bromoallylamine (3, R = CH,Ph),’ was oxidized with 
a catalytic amount of osmium tetroxide in the presence 
of N-methyl morpholine N-oxide6 to furnish the diol 
1Oa in the yield of 94%. This diol was cleaved with 
sodium metaperiodate in aqueous tetrahydrofuran to 
give the ketolactam Ha in a quantitative yield. The 
NMR spectrum of this ketolactam lla in carbon 
tetrachloride showed five singlet peaks except the peaks 
of the aromatic protons, but its spectrum in 
CD&XI-CD&XXD, showed only two peaks. Since 
it was known that the enol conformer was predominant 
in non-polar solvent,7 the peaks at 6 4‘72 and 6.25 in 
carbon tetrachloride were assigned to fib and H, of the 
enol form of 12a, respectively. These results suggest that 
this compound exists in carbon tetrachloride as a 
mixture of keto and enol tautomers in a ratio of 1: 1 
(Table 2). 

The ketofactam was immediately converted into the 
oxime 13a with hydroxylamine, which was trwted with 
acetic anhydride in the presence of sodium acetate in 
ethyl acetate and then hydrogenated with platinum 
oxide under several atoms of hydrogen to give 3- 
acetylamino- 1 -benzyl+?-lactam (14a). 

It seemed significant that the a-methylene group of 
9a could be converted into 3-acetylamino group in 
good yield, because monocyclic j&&ms, namely the 
so-called Umonobactamsn, which exhibit the activities 
against Gram-negative organisms,8 might be syn- 
thesized by the present palladium catalyzed carbony- 
lation. Subsequently, we attempted to convert the 

9b 

at-methylene group of 9b to amino group in the same 
manner for the synthesis of 3-ANA. Treatment of lob 
with osmium tetroxide and N-methyl morpholinc N- 
oxide followed by oxidation with sodium meta- 
periodate afforded the desired ketolactam lib in good 
yield. The NMR spectrum of lib showed that this 
compound exists as the keto-form even in carbon 
tetrachloride. The ketolactam was treated with 
hydroxylamine to tiord the oxime 13b, which was 
converted into a diastereomeric mixture of the desired 
3-acetylamino-~&tams 14b and ldb’ of unknown 
stereochemistry. Various attempts to remove the N- 
acetyl group of 14a or Mb were unsuccessful. Therefore, 
hydrogenation of the oxime 13b with rhodium on 
alumina under several atm pressure of hydrogen 
afforded a mixture of diastereomers, which was 
separated by preparative thin layer chromatography 
on silica gel into I!!% and 15b’ in a ratio of 1.2: 1. Each 
isomer was treated with acetic anhydride in the 
presence of pyridine to afford ldband 14b’, respectively. 
The compound 15b was treated with ptoluenestionic 

Table 2. NMR spectrum of compounds llr and 1% in CCll 
and CD,CXF-CD,C0CD,--CDC13 

lla 

CD,OD+D&CKXI&I!DCl, 

S 3.30 (q 2H, HA 
4.45 (s, 2H, Ha 

S 3.24 (s, HJ 
3.71 (s, Iib) 
4.40 (s H$ 
4.72 (s, Hd 
6.25 (br s, H,) 
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&d in ethyl acetate to give l!!ib-T&H, which was E2LPERlMENTAL 
identical (NMR, IR and mass spectra and mixed m.p.) 
with an authentic sample kindly provided by Professor M.ps were mawred with a hot stage microscope (Yanaco 
Wasserman. The hydrotosylate of the other stereo- MP-J2) and with an m+p. apparatus (Yamato MP-1) and are 

isomer Mb’ was also prepared to give Mb’ l TsOH umurr~. ‘H-NMR spectra were reported in the indicated 

in the same manner and its structure was confkmed sulvent on a Iiitachi R-203 (60 MHz), a JEOL JNM-FX 100 

mainly by spectral data. (100 MHz) and JEOL JI+IM-FX 200 (200 MHz) spectrometers 

Compound l!!ib*TsUH is readily converted into 2,# 
with Me,Si asan internal standard. A Jasc~ IRA-2dBkaction 

thus the present synthesis of dibenzyl 3-ANA 
grating infrared spectrophotometer and a Hitachi RMU-7M 
doublefocusain. 

hydrotosylate (l!%*TsOH) constitutes a formal 
g mass spectromctcr were use& rcqxtively, to 

detcmiae IR and mass spectra. 
synthesis of nocardicin A. N-t-Buroxycarbonyl-p~y~~o~y~~~y~~~ycin (6). To a soln 

%b lOa, b llr, b 
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of t-BuOCON,Hs (log, 75.8 mmol) in AcOH (9 ml)and water 
(12 ml) was added a sofa of NaNO, (6.26 g, 90.9 mmol) in water 
(8 ml) and a soln was stirred at room temp for 1 hr. The oily 
product was scparatcd and the aqueous layer was extracted 
with ether. The combined organic layer was washed with 4% 
NaHCO, aq and water, dried over Na,SO* and cvaporatcd. 
To a soln of the r&due dissolved in THF-dioxana-water 
(9 : 9 : 2,400 ml) was added phydrox~h~yl~y~e (S, 8.35 g, 
5Ommol) and NaHCOs (10.6 g, 126 mmol) and a mixture was 
warmed at 40-50” for 69 hr. Solvent was cvaporatcd under 
rcduccd prcssurc and water was addcd to the residue. The 
aqueous layer was washed with EtOAc, acidified with 0.5 M 
citric acid solo, satd with NaCl and extracted with EtOAc. The 
organic layer was dried over Na,SO, and evaporated to give 
brown solids of 6 (10.91 g, 81.7”/,), IR v (CHCl& cm-’ : 3425 
(NH), 1700 f=). 

Benzyl p-betrzyloxypitenylglyci~te ~y&~~or~ (7). To a 
soln of 6 (8.94 g, 33.5 mmol) and K&O, (13.8 g, 100 mmol) in 
DNF (60 ml) was added a soln of bcnxyl bromide (11.7 g, 68.7 
mmol)in DMF (30 ml) and a mixture was stirred at room tcmp 
for 50 hr. Water was added to the soln and the aqueous layer 
was dried over hAgSO* and evaporated. The residual oil was 
purified by chromatography on silica gel cl&cd with n-hexanc 
Et,0 (2 : 1) to give colorless solids of bcnzyl N-t- 
butoxy~rbonyl-p~~lox~henyl~y~nate( 12.19 g, 8 1.5%). 
IR v (neat) cm -I : 3370(NH), 173O(C=O), 171O(C==O). To a 
solnoftheaboveproduct(525g, 11.7~ol)inCH~~~(35~) 
was passed dry hydrogen chloride in an ice bath for 20 min. 
After standing at room temp overnight, white ppts were 
filtered off and washed with CH&& to give 7 (4.1 g, 91,3x), 
which was recrystalizcd from EtOH-Et,O, m.p. 160-164” 
(colorless plates). IR v (Nujol) cm-’ : 2720,2670,2580 (NH), 
1735~~O).(Found~C,69.13;H,5.78;N,3.~;~,9.18.C~~ 
for C2zH&lN0,: C, 68.83; H, 5.78; N, 3.65; Cl, 9.24x.) 

Benzyi N - (2 - bromo - 2 - propenyl) - p - &e~yloxyp~~yl- 
glycinate (8). A mixture of 2,3dibromopropcnc (5.67 g, 
28.3 mmol), 7 (7.245 g, 18.9 mmol), K,COJ (5.22 g, 37.8 mmol) 
and KI (314 mg, 1.89 mmol) in CH,CN (55 ml) was stirred 
at room tcmp for 3 days. Solvent was removed under rc- 
duccd pressure and water was addcd to the residue. The 
aqueous layer was extracted with ether and the organic 
layer was dried over MgSO,+ and evaporated. The residual oil 
was purified by chromato~aphy on silica gel elutcd with n- 
hcxanc-cther(4: 1)to~veap~eyc~owo~of8(?.177~81.6~), 
which was crystallized in an ice-box, m.p. 42-44” (from ether). 
IR v(ncat)cm -I :334O(NH), 173O(C===O), 1625(C==C).NMR 
(CD(&): 6 2.23 (s, lH, NH), 3.37 (s, 2H, NCHz), 4.37 (s, lH, 
NCH), 5.01 (s, 2H, PhCH,O), 5.09 (s, 2H, PhCH,OCO), 5.51 
(d,lH,J = 1_5H5vinyl),567(d, 1H.J = l.SHz,vinyl),6.88(d, 
2H, J = 9 Hz,aromatic), 7.15-7.5O(m, 12H,aromatic). MSm/e 
333,331,332,330,250,241,239,9l.(Found:C,64.22;H,5.17; 
N,2.?5;Br, 17.23.Calcfor C2,H,,BrNOS:C,64.39;H,5.19; 
N, 3.00; Br, 17.13x.) 

Benzyl a - (2 - 0x0 - 3 - methylene - 1 - azetidiny~ - p - 
~e~zy~~xyp~~y~~ecafe (sb). A soln of 8 (2.797 g, 6.0 mmol), 
Pd(OAc)t (27 mg, 0.12 mmol), PPh, (126 mg, 0.48 mmol) and 
n-BuJN (1.33 g 7.20 mmol) in HMPA (12 ml) was warmed at 
75-80” under 4 kgJcm2 pressure of CO for 38 hr. After cool- 
ing, ether was added to the mixture and the organic layer was 
washed with 0.2 N HCl so111 and water, dried over MgS04 and 
evaporated. The residue was purified by chromatography on 
silica gel elutcd with n-hexancether (1: 1) to give colorless 
crystals of 9b (1.554 g, 62.70/,) and the starting material 8 (134 
mg, 4.8”f,), m-p. 89.5-90.5” (from ether-petroleum ether) ; IR v 
(Nujol) cm - ’ : 1745 fC=O), 1730 (Ca). NM R (CC14) : S 3.45 
(d, 1 H, J = 7 Hx, H-4), 4.00 (d, lH, J = 7 Hz, H-4), 4.98 (s, 2H, 
PhCHtOAr), 5.00 (m, lH, vinyl), 5.10 (s, 2H, PhCH@CO), 
5.55 (s, lH, NCH), 5.60 (m, lH, vinyl), 6.70-7.35 (m, 14H, 
aromatic). MSm/e413(M+),278,211,9l.(Found:C,75.43;H, 
5.83; N, 3.47. Calc for C&H,,NO,: 6, 75.53; H, 5.61; N, 
3.39”/,.) 

1 - Benzyl - 3 - hydroxy - 3 - hy~ox~~~y~ azetidin - 2 - olu~ 
(IO+. To a soln of N-methyl morphorinc N-oxide (1.75 g, 11.4 
mmol) and 0~0, (1% t-BuOH soln, 1.09 ml, 0.043 mmol) in 

water-acctonc (3 : 1,8 ml) was addcd a soln of 9a (1.857 g, 10.7 
mmol) in acctonc (2 ml) under N, in a water bath. A&X stirring 
for one week, a mixture of sodium hydrogensulfite (0.125 g) 
~drna~~~~~te~l.Sg)~wat~(lO~)w~~~to~e 
soln and the mixture was stirred for 15 min. Und.issolvcd 
material was titcrcd off and the filtrate was acid&d with 5% 
HISOd and saturated with NaCI. The aqueous layer was 
extracted with EtOAc and the organic layer was dried over 
MgSO,. Solvent was rcmovcd to give colorless crystals of 101 
(2.077 g, 93.7x), m.p. 104-105” (from CHCI,). IR v (CHCI,) 
cm-‘: 335O(OH), 1730. NMR (Cm,): 6 3.13 (d, lH, J = 5 
Hz, H-4), 3.4O(d, 1 H, J = 5 Hz, H-4), 3.76 (s, 2H, CHIOH), 4.35 
(br~lH,OH),4.41(~,2H,NCH~Ph),5.84~rs,lH,OHA7.2~ 
7.45 (m, 5H, aromatic). MS m/e 133,132,105,104,91. (Found : 
C,63.62;H,6.30;N,6.69.CalcforCi,H,,NO,:C,63.76;H, 
6.32 ; N, 6.76x.) 

l-Benzyl uzetidine-2,3-dime (1 la). To a soln of 9a (255 mg, 
1.23 mmol) in THF (3 ml) and water (1 ml) was added sodium 
mctapcriodatc (395 mg, 1.84 mmol) at room tcmp for 2 hr. 
E~erw~add~tothcmixtu~~dtheor~iclaycrw~d~~ 
over MgSO* and concentrated. The residue was purified by 
chromatography on silica gel elutcd with CH2C12-McOH 
(20: 1) to give a colorless solid, I Ir (208 mg, 96.7%)). IR v (neat) 
cm-‘:33OO(OH), 183O(C=O), 175O(C%=O)). NMR(CQ): S 
3.24 (s), 4.40 (s), 4.72 (s), 6.25 (br s), 7.26 (s), 7.32 (s); 
(CDJOD-CD,COCD--CDC13): 6 3.30 (s, 2H, H-4), 4.45 
(s, 2H, NCH,Ph), 7.25-7-40 (m, SH, aromatic). MS m/e 133, 
119,105,104,91. 

l-Benzyl uzetidine-2,3-diun-2-oxime (I3a). To a soln of 9a 
(1.035 g, 5.0 mmol) in THF (3.6 ml) and water (1.2 ml) was 
added sodium metapcriodate (1.605 g, 7.50 mmol) at room 
tcmp for 70 min and the mixture was stirred for 2 hr. Ether was 
added to the mixture and the organic layer was dried over 
MgSO, and concentrated. To the residual oil 1 Ia, dissolved in 
dry pyridine (5 ml), was added NHzOH l HCl(0.695 g, 10.0 
mmol) and the solution was stirred at room tcmp for 24 hr. 
Water was added and the aqueous layer was extracted with 
EtOAc, The residue was purified by chromatography on silica 
gel elutcd with CH,Cl,- McOH (20: 1) to give colorless 
prisms of 13a (618 mg, 65.2’%), m.p. 140-144” (from n-hexan+ 
EtOAc). IR v (CHC13) cm - 1 : 3250 (OH), 1755 (C=O). NMR 
(CDCI,): 6 3.79 (s, 2H, H-4), 4.49 (s, 2H, NCH,Ph), 7.10- 
7.40 (m, SH, aromatic), 8.86 (br s, lH, OH); MS m/e 190 (M +), 
173, 91. (Found: C, 63.36; H, 5.36; N, 14.75. Calc for 
Ci,Hi,NzO,: C, 63.15; H, 5.30, N, 14.73%.) 

3-Acetytamino-l-benzyl azetidin-2-one (14a). A soln of 1361 
(10.8 mg, 0.057 mmol), AcONa (8.2 mg, 0.10 mmol) and AczO 
(0.03 ml) in EtOAc (0.2 ml) was stirred at room temp for 14 hr. 
An additional EtOAc {4 ml) and PtOz (2 mg) was addcd to the 
soln, and the mixture was stirred under 4 kg/cm2 of H, for 23 
hr. After the catalyst was filtered off, the filtrate was 
concentrated under reduced pressure. The residue was 
purified by chromatography on silica gel clutcd with 
CH2C12-McOH (20: 1) to give colorless needles of 14a (7.2 
mg, 58.2%), m.p. 101-104” (from EtOAEn-hexanc). IR v 
(CHCI,) cm - l: 3430 (NH), 1750 (C==O), 1680 (C=O). NMR 
(CDCl,): 6 2.01 (s, 3H, COCHJ), 3.15 (dd, lH, J = $2 Hz, H- 
4), 3.49 (t, lH, J = 5 Hz, H-4), 4.20,4.40 (ss, 2H, NCH, Ph), 4.94 
(m, lH, H-3). 6.21 (br s, lH, NH), 7.2s7.4O(m, 5H, aromatic). 
MS m/e 175 (M + -COCH,), 120,106,91,85,43, (Found: C, 
66.10; H, 6.57; N, 12.96. Calc for ClZHi~NZ02: C, 66.04; H, 
6.47 ; N, 12.84x.) 

Benzy1 a - (3 - hydroxy - 3 - hydroxymthyl - 2 - 0x0 - 1 - 
azetidinyl) - p - ~~yloxyp~nyl~e~ate (10b). To a soln of N- 
mcthylmo~holineN~~de(l.59~lO.4~ol)~d~O~(l~ 
t-BuOH soln, 1 ml, 0.039 mmol) in acetone-water (2.5 : I, 7 ml) 
was added 9b (4.044 g, 9.78 mmol) in acetone (8 ml) and 
CH2~~~3~)undcrana~osphe~ofN2inawaterbathanda 
mixture was stirred for one week. A mixture of sodium 
hydrogensulfite (0.1 g) and magnesium silicate (1.2 g) in water 
(8 ml) was added to the soln and a mixture was stirred for 30 
min. Undissolved material was filtcrcd off and the Ntratc was 
acidified with 5% HtSOI and extracted with EtOAc. The 
organic layer was dried over MgSO, and evaporated. The 
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residue was purifkd by chromatography on silica gel eluted 
with C&Cl,-MeOH (20 : 1) to givecdorkss hard qstalliae 
material of lob (3.487 g. 83.00/,); IR Y (CHCI,) cm-’ : 3400 
(OH), 1740 (e0); NMR (CDCl,): S 3.12,3.17 (2d, lH, J 
= 10 Hz, H-4), 3.50-3.94 (m, SH, OH, CHzOH, H-4), 5.02 (s, 
2H, PhCHzOAr), 5,16(s,2H, PhCH@CO), 5.58(s, lH,NCfI), 
6.90 (d, 2H, J = 9 Hz, aromatic); MS m/e 373,2&), 212,91. 

Benzyl a - (23 - diuxo - 1 - rrzefidinyo - p - ~y~~yp~y~- 
aceElite (Ilb). To a soln of l0b (18 mg, 0.043 mmol) in 
THF-water (3 : 1,0.2 ml) was added sodium metapcriodate 
(17 mg, 0.086 mmol) in a ice bath and a mixture was stirred 
for 2 hr. Ether was added and the organic layer was dried 
over MgSO* and evaporated. The residual oil was 
purified by chromatography on silica gel tluted with 
CH,Cl,-MeOH(4O: l)to~vca~lorl~o~ofllb(l3.~m~ 
72.8%) and the starting material (lob, 4.9 mg, 27.2%); IR v 
(CH%J) cm - 1 : 3350 (OH), 1830 (C=G), 1765 (C=O}, 1740 
(C=O); NMR (CC&): 6 3.55 (d, lH, J = 10 Hz, H-4), 4.15 (d, 
lH, 3 = 10 Hz, H-4), 5.00 (s, 2H, PhCH,OAr), 5.15 (s, 2H, 
PhCH&CO), 5.80 (s, lH, NCH), 6.80 (d, 2H, J = 9 Hz, 
aromatic), 6.95-7.40 (m, 12H, aromatic). MS m/e 415 f M ‘1, 
387,373,331,224,91. 

Benzyl a - (3 - ~ydruxyiimino - 2 - 0x0 - 1 - uz~~~~y~ - p - 
~z~~oxyp~y~~~e (13b). To a soln of 10b (3.34 g, 7.47 
mmof) in THF-water (3: 1, 12 ml) was added sodium 
metaperiodate (4.00 g, 18.7 mmoi) in an ice bath for 16 hr. 
Ether was added and the ether layer was dried over MgS04 
and evaporated. To the residual oil dissolved in CHzCl, (10 
ml) was added NHzOH l HCl (1.04 g, 14.9 mmol) in dry 
pyridine (2 ml) and a mixture was stirred at room temp for 16 
hr. Solvent was evaporated and water was added to the 
residue. The aqueous layer was extracted with EtOAc and the 
organic layer was washed with brine, dried over MgSO, and 
evaporated. The residue was purified by chromatography on 
silica gel duted with CH$3,--MeOH (25 : 1) to give colorless 
prisms of 13b (2.1 g, 6X40/,), m.p. 99-10Z” (from o-hexane- 
EtOAc) ; IR v (CHCl,) cm - ’ : 3250 (OH), 1760 fC=O), 1735 
(C=O) : NMR (CDCl,) : S 3.77 (d, 1 H, J = 9 Hz, H-4), 4.33 fd, 
lH, J = 9 Hz, H-4), 5.06 (s, 2H, PhCH,OAr), 5.20 fs, 2H, 
PhCH20C0), 5.75 (s, lH, NCH), 6.94 (d, 2H, J = 9 Hz, 
aromatic), ?.16(6,2H, J = 9 Hz, aromatic), 7.1%7.5Ofm, lOH, 
aromatic); MS m/e412 (M+ -H,0),295,251,91.(Found:C, 
69.80; H, 5.31; N, 6.61. Calc for CzsHz2Nz05: C, 69.76; H, 
5.15; N, 6.51x.) 

( f )-Denzyl3-acetyGcmino-O-benzyl~~dicinate jl4b) and 
( It )-epi-benzyl 3_acetylamino-0-benzyinocordicinate (14b7. 
To a soln of 13b (54 mg, 0.125 mm011 in EtOAc (1.5 ml) was 
added AczO (0.2 ml) and AcONs (20 mg, 0.249 mmol) and a 
mixture was stirred at room temp for 2 hr. Additional EtOAc 
f4ml)and PtOz(4mg) wasadded to themixtureandasofn was 
stirred under 4 kg/cm2 of Hz for 3 days. After filtration of the 
catalyst, solvent was evaporated and the residue was purified 
by preparative TLC on silicagel eluted with CH2Cl,-MeGH 
(40: 1). The early fraction was viscous oil of 14b (14 mg, 24.5%); 
IR v (CHCI,) cm- ’ : 3430 (NH), 1755 (C=O), 17do-f;C+), 
1675(C=O);NMR(CDCl,):S 1.99(~,3H,CGCH,),3.42(m, 
2H, HA), 5.OO(m, lH, H-3),5.05 (s, 2H, PhCH20Ar), 5.18 (s, 
2H, PhCH20CO), 5.57 (s, lH, NCH), 6.36 (d, lH, J = 8 Hz, 
NH), 6.93 (d, 2H, J = 9 Hz, aromatic), 7.13 (d, 2H, J = 9 HZ, 
aromatic), 7.28,7.39 (2 s, lOH, aromatic) ; MS m/e 373,323,238, 
212, 91. The later fraction was a viscous oil of I#’ (16 mg, 
28.Vd) : IR v (CHCl,) cm - i : 3430 (NH), 1755 (Cm), 1740 
(C+O), 1675fC==O);NMR(CDClI,):6 l.94(s,3H,COCH3), 
306(dd,lH,J = 5.4,2.4Hz,H4),3.88(t,lH,J = 5.4HsH-Q), 
4.90 (m, lH, H-31, 5.04 (s, 2H, PhCH20Ar), 5.18 (s, 2H, 
PhCH,GCO), 5.59 (s, 1 H, NCH), 6.93 (d, 2H, J = 9 & 
aromatic), 7.17 (d, 2H, aromatic), 7.29,7.39@, lOH, aromatic) ; 
MS m/e 458 (M’), 373,323,238,212,91. 

(st )-Dfbemyf 3-ANA (15b) and f *)-epi-dibenzyf 3-ANA 
(1Sb’). A soln of 13b (218 rn& 0.507 mmol) in EtOH (7 ml) 
containing rhodium on alumina (522 mg, 0.523 mmol) was 
shaken under 70 psi of HZ for 4 days. After the catalyst was 
titered through selite, the filtrate was evaporated under 
reduced pressure. The residue was purified by preparative 

TLC otl silica gel elutod (twice) with CH,Cl+kOH (40: 1). 
The early fraction was the starting material (13b, 2Omg 92%) 
and the late&action was treated again by preparative TLC on 
silica gel elutcd (10 time!@ with the same solvent sy!&xW. The 
early fraction was a viscous oil of 1Sb (27 mg, 124%); fR v 
K=W=- ’ : 33700,1750(C==O), 173S(C!=Q); NMR 
(CDCl,): d 1.65 (br a, 2H, NH& 280 (d, lH, J = 6 HZ, HA), 
3.86 (t, lH, J = 6 Hz, H-4), 4.20 (m, lH, H-3), 5.06 (s, 2H, 
PhCH,Ar), 5.17 (s, 2H, PhCHzOCG), 5.58 (s, lH, NCH), 6.94 
(4 2H, J = 9 Hz, aromatic), 7.17 (d, 2H, J = 9 Hz, aromatic), 
7.29 (s, SH, aromatic), 7.39 (s, SH, aromatic) : MS m/e 417 (M + 
+ l), 379,373,248,238,212,148,91. The later fraction was a 
viscous oil of l!!% (22 mg, 11.4%)); IR v (CHCl,) cm-’ : 3370 
(NH), 175O(C=O), 1735(C=O);NMR(CDCl,):6 1.72(brs, 
2H, NH2), 3.35 (m, 2H, H-4), 4.03 (m, lH, H-3), 5.05 (s, 2H, 
PhCH,OAr), 5.19 fs, 2H, PhCH,OCO), 5.58 (s, IH, NCH), 
6.93 (d, 2H, J = 9 Hz, aromatic), 7.14 (s, SH, aromatic), 7.30 (s, 
5H, aromatic), 7.39 (s, 5H, aromatic); MS m/e 417 (M+ + 1X, 
379,373,244* 238,212,148,91. 

Acetylation of 15. To a soln of 15 (6 mg) in pyridine (8 drops) 
was added Ac,O (3 drops) and a mixture was stirred for 2 hr. 
Excess reagents were evaporated under reduced pressure, and 
the residual oil was purified by chromatography on alumina 
eluted with n-hexane-EtOAc (1: 1) to give 14b (3 mg) and 14b’ 
(2.1 mg). The spectral data of these compounds were fully 
identical with those of the compounds previously obtained, 
respectively. 

( f )-Dibenzyf 3-ANA ~yd~~~osyf~e (lsb * TsOH). To a soln 
ofl~{42m~O~lOl~ol)~EtOA~(O.5~)w~~d~a~~ 
ofptolucnesulfonic acid hydra&(19 mg,O.lOmmol) in EtOAc 
(0.3 ml). Ether was added to a sola until the white solids were 
precipitated. After standing for several hr, the solids were 
collected and washed with ether to give colorless prisms of 
1% - TsOH which was reerystalized from MeOH-ether : m.p. 
163-166” (authentic sample m.p. 165-168”, mixed m.p. l&e- 
167”); IR v (KBr) cm- I: 175s (c=O), 1735 cm-’ (C==O); 
NMR @MSO=d,) : S 2.29 (s, 3H, CH,), 3.08 (m, lH, H-4), 3.76 
(t, lH, J = 5.5 Hz, H-4), 4.60 (m, lH, H-3), 5.12 (s, 2H, 
PhCH,OAr), 5.19 (s, 2H, PhCH,OCO), 5.69 (s, lH, NCH), 
6.99-7.52 (m, 18H, aromatic), 8.63 (br s, 3H, NH:). MS m/e 
373,212,179,91. 

( rf: I_Epi-dibenzyf 3-ANA ~ydfof~sy~e (1Sb’ * TsOH). To a 
~lnofl~(35m~O.O~~ol)~EtOAc(O.5ml)w~~d~ to 
a soln of ptoluenesulfonic acid hydrate ( 16 mg, 0.084 mmol) in 
EtOAc (0.3 ml). After work up in the same manner, 
156’ * TsOH (35.1 mg, 70.9%) was obtained, which was 
reerystalized from M&H-ether as colorless prisms : m.p. 
179-183”;IR v(ICBr)cm- ‘: 174O(C=O), 1730(C==O);NMR 
(Me,SOd,) : 6 2.28 (s, 3H, CH& 3.5O(m, 2H, H-4), 4.51 (s, 1 H, 
H-3), 5.11 (IS, 2H, PhCH,OAr), 5.20(s, 2H, PhCH,OCO), 5.63 
(s, lH, NCH), 6.96-7.48 (m, 18H, aromatic), 8.70 (br s, 3H, 
NH:); MS m/e 397,373,332,212., 172,107,91. 
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