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6-Tritylaminopenicillanyl p-toluenesulfonate (6) formed (6-tritylaminopenicillany1)pyridinium p-toluenesul- 
fonate (9) in hot pyridine. Acid-catalyzed removal of the t,rityl group afforded (6-aminopenicillany1)pyridinium 
p-tolneiiesulfonate ( lo) ,  hydrogenation of which yielded 6-amino-2,2-dimethpl-3-piperidinomethylpenam (11). 
The aniinea 10 and 11 were each converted into the corresponding 6-phenylacetamido, 6-phenoxyacetamido, and 
6-(2,6-dimethoxybenzamido) derivatives 12-14 and 15-17, respectively. From 6-phenylacet,amido- and 6-tri- 
tylaminopenicillariyl p-nitrobenzenesulfoiiate (7 and 8) were prepared the corresponding azides, 18 and 19. The 
azide 19 was transformed in 4 steps to .~~-(6-phenylacetamidopenicillanpl)methanesulfonamide (24). Base- 
catalyzed methanolysis of 5 and 6 gave methyl 4,4-dimethyl-a-(phenylacetamido)-3-t~hia-l-azabicyclo[3.1.0]- 
hexane-2-acetate (25) and the corresponding a-tritylaniino compound 26, respectively. Further treatment of 
25 wit,h base yielded met,hyl 3-[(3,3-dimet~hyl-2-thiiranyl)met.hyl]amino-2-(2-phe1iplacetamido)acrylate (27). 
The proof of structure of 27 consisted, in part, of desulfurization to methyl 2-(2-phenylacetamido)-3-(3-methyl- 
2-buteny1amiiio)acrylate (28) which was hydrolyzed t,o methyl benzyl penaldate (29) and 3-methyl-2-buteiiyl- 
amiiie (30). The mechanism of the formation of the aziridines, 25 and 26, and t,he structure of the p-toluenesnl- 
fonates are discussed. Compounds 18 and 24 exhibited antibacterial activity iii mice against Staphylococcu.? 
azirciis. 

Replacement of the phenylacetyl group of penicillin 
G (1) by other acyl groups has led to several valuable 
semisynthetic derivatives.' By comparison with the 
enormous number of reported variations of the side 

chain acyl group relatively few modifications of the ring 
system have been recorded. KO useful drugs have 
emerged from these changes with the exception of the 
cephalosporin C class of antibiotics represented by the 
semisynthetic derivative cephalothin (2) 

CO-H 
2 

The availability of the alcohols 3 and 42 suggested 
that their sulfonate esters could be versatile intermedi- 
ates for the synthesis of a variety of novel derivatives 
\vhich might include products xyith a ring-expanded 
qtructure related to the cephalosporin C ring ~ y s t e m . ~  
With this motivation we prepared the p-toluenesulfo- 
nates 5 and 6 arid p-nitrobenzenesulfonates 7 and 8. We 
report their behavior with the nucleophiles pyridine, 
azide ion, and methanol and the results of the antibac- 
terial testing of some of the new derivatives. 

(1) F. P. Doyle and J. H. C. Nasler,  Adsan.  Druo Res. ,  1, 1-69 (1964). 
This reference provides a n  excelient introduction to  the development of 
the penicillin and cephalosporin C class of antibiotics. 

(2)  T. G. Perron, L. B. Crast ,  J. M. Essery, R. R. Fraser, J. C .  Godfrey, 
C. T. Holdrege, K. F. Minor,  RZ. E. Neubert ,  R. A .  Par tyka ,  and  L. C .  
Chenry, J .  .Wed. Chem., 7 ,  483 (1964). 

(3) R.  B. blorin. B. G .  Jackson, R. A .  Mueller, E .  R. Lavagnino, \V. B. 
Scanlon, and S. L. Andrew [ J .  Amer. Chem. S o c . ,  91, 1401 (196911 report 
ring expansion of a penicillin siilfoxide to  a derivative possessing the  rephalo- 
sporin C ringsyatpm. 

3. R = CeH;CH.CO: R'  = OH "~ ~~~. ~ 

4, R = (C8Ha)sC; R '  = OH--- 
5 ,  R = CJIjCH2CO: R '  = OTs 
6, R = (C6Hj)aC; 
7, R = CRH~CHICO: R' = OXS 

R' = OTS 

8, R = (CGH:)3C; R' = OXS 

Boiling pyridine served to transform the toluenesul- 
fonate 6 to the pyridinium quaternary salt 9 (Scheme 
I). In  contrast, the toluenesulfonate 5 yielded intract- 
able mixtures. A 6-acyl group, as in 5,  very likely con- 
tributes to the great reactivity of the p-lactam in peni- 
cillins through formation of oxazolone intermediates. 
Its replacement by the trityl group not only eliminates 
the possibility of side chain participation4 but also pro- 
vides a degree of steric protection of the p-lactam func- 
tion. These factors undoubtedly contributed to the 
survival of the ring system of 6 and 9 in boiling pyridine. 

The nmr spectrum of 9 was broad and diffuse but the 
spectra of the detritylation and reduction products 10 
and 11 were well defined. In the case of 11 the coupling 
constant of 4 Hz for the splitting indicated that 
these protons were still cis. Wolfe,5 Johnson,6 and 
Bose7 observed a coupling constant of 1.5-2.0 Hz for 
the H5-Hg protons in C-6 epimeric penicillins.8 

Detritylation and hydrogenation gave 10 and 11 
Tvhich were converted into the amides 12-17. The 
same acyl groups are known to transform the relatively 

(4) J. C. Bheehan and K. R. Henery-Logan, ibid., 84, 2983 (1962). These 
workers used the trityl protecting group in place of a n  acyl group to  prevent 
oxazolone ring formation from competing with p-lactam ring formation in 
the cyclization of penicilloic acids t o  penicillins. 

( 5 )  S. Wolfe and W. S. Lee, Chem. Commun.. 242 (1968). 
(6) (a) D. A .  Johnson, D. Mania, C. A. Panetta,  and H .  H. Silvestri. 

Tetrahedron Lett., 1903 (1968); (b) D .  A .  Johnson and D. Mania, ihid., 2 6 i  
(1969). 

(7)  A.  K. Bose, G .  Speigelman, and M. S. Manhas,  J .  Amer. Chem. Soc. 
90, 4506 (1968). 

( 8 )  We consider it unlikely in our system tha t  both C-5 and C-6 are in- 
verted t,o maintain the oharrved ria relationship of hydrogens a t  these posi- 
tions. 
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iiiactivc ti-nmiiioperiicillallic wid to potent antibacterial 
agent\. 

The priiiciipwl objective of the coilversions outlined in 
$chemc 11 w:is the prepar:ittori of the sulfoiiamide 24 in 
t Iir. hope that the acidic +ulfori:~mitle group \-could rc- 
wnble  t h e  carboxyl groul) I I I  thv natural peiiicilliri uiti- 
biotics. ‘I’hc iiitroberizctiehulft,11:ltes 7 :illd 8 werc re- 
quired for coiivcrsion into the azides 18 and 19 by SaSa 
i n  nqucous :icctone since the toluenesulfonates were un- 

affected under theye cond~tions, and under mort \-go1 - 
ous condition- yieldcd products which lachecl @-lactan1 
absorption in the  ir. The remaining cotivcrsions i i l  

Scheme I1 : r e  routirie arid require no cornmalt. 
Iii the pre>erice of excess Et2SH in hot *\\LeOH tlw 

toluciiesulfoiiateb 5 :md 6 ere rupidl? trunsformcd t o  
thri aziri(liiic>> 25 :md 26y (Scheme 111). Thcrt: n:~\ 1 1 0  

Y )  i report uf the Inethanoljalb of the tosllates liav appeared in y r i ~ -  
lirninar, forni \ I  R 13rll and 11 Oerterlln Trtmlierlron L e t t  , J S i 5  (1UGRl.  
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SCHEME I11 
5 6 

NaHCO, MeOH 1 

25 26 

NaHCO, MeOH 1 

27 

CGHsCH2CONH HCI 
>CHNHCH~CH=C(CHJ~ - MeOH -H,O 

+ CH,OzC 

CGH5CH2CONH 
>=CHOH + C ~ - H ~ ~ H ~ C H = C ( C H J ~  

CHjOlC 30 
29 

evidence for the formation of Me ethers. The spectra 
of the aziridines mere in accord with the assigned 
structures. Resonance peaks occurred in the nmr 
spectra a t  1.74 (2 protons) and 2.12 ppm (1 proton) in 
the case of 25 and 1.70 ( 2  protons) and 2.28 ppm (1 pro- 
ton) in the case of 26. The 4 protons on C of ethylen- 
imine appear as a singlet a t  1.62 ppm.l0 The disap- 
pearance of the signals assigned to the three-membered 
ring protons upon exposure to dilute aqueous HCl pro- 
vided additional evidence for the aziridine ring since 
aziridines are knoum to undergo ring opening when 
treated with mineral acids." 

Employment of excess S a H C 0 3  as the catalyst in the 
methanolysis of 5 led to a mixture of approximately 
equal parts of 25 and the episulfide enamine 27 in the 
period of time required for the consumption of 5 .  The 
aziridine could be obtained in essentially quantitative 
yield by use of excess Et2KH in XIeOH; it was trans- 
formed to the episulfide by KaHC03 in hot NeOH or 
NaOMe in MeOH at  room temperature. I n  contrast, 
the aziridine 26 was unaffected by NaHC03 or NaOlle 
in hot XeOH. The structure of the episulfide enamine 
27 followed from its strong uv absorption at  280 mp, 
characteristic of the P-aminoacrylic ester chromophore,'* 
and its desulfurization by PPh313 in boiling bleCS to 
the optically inactive enamine 28 without change in the 
uv absorption. Mild acid hydrolysis of 28 led to penaldic 
acid Ale ester (29) l4  and 3-methyl-2-butenylamine 
(30). l5  

Neither toluenesulfonate ester was affected by boiling 
NeOH alone, an observation which suggested the reac- 

(10) Spectrum No. 372 of the Varian Nmr Spectra Catalog. 
(11) P. E. Fanta  in "Heterocyclic Compounds with Three- and Four- 

membered Rings," A .  Weissherger, Ed., Interscience, New York. N. Y. 
1964, p 551. 

(12) S. A. Glickrnan and A .  C. Cope, J .  Amer. Chem. Soc. ,  67, 1017 (1945). 
(13) (a) R .  E. Davis, J .  Oru. Chem., 23, 1767 (1958); (b) D. B. Denney 

and RI. J. Boskin, J .  Amer. Chem. S o c . ,  82,4736 (1960). 
(14) R. L. Peck and I(. Folkers in "The Chemistry of Penicillin," H. T. 

Clarke, J. R. Johnson, and R .  Robinson Ed. ,  Princeton University Press, 
Princeton, S. J., 1949, p 73. 

(15) D. Semenow, C. Siiiii and W. G. Young, J .  Amer Chem. Soc., 80, 
5472 (1958). 

tion was not initiated by ionization of the sulfonate with 
participation of the electron pair on the lactam N. If 
i t  is assumed that -0Me is generated in a hot solution 
of NaHC08 in lIeOH, a simple picture of the reaction 
course for conversion of 6 into 26 would be attack by 
-0Me a t  the lactam CO followed by or simultaneous 
with formation of the aziridine ring. Alternatively 
HC03- could participate directly by attack at  the lac- 
tam CO followed by methanolysis of the carbonate- 
carboxylate mixed anhydride to give 26. The failure 
to observe diethylamide in the methanolysis of 5 in the 
presence of twofold excess of EtJH supports the view 
that the transformation of 5 begins by removal of the 
proton from the side chain S followed by formation of 
the oxazolone-aziridine intermediate 31. The expected 
high reactivity of this oxazolone might account for its 

31 

reaction with solvent rather than the more nucleophilic 
diethylamine. Whatever the explanation, there is 
precedent for sec-amine-catalyzed alcoholysis of oxazo- 
lones.16 The intermediate 32, derived from 25 or 31 in 
a base-catalyzed elimination process, is a possible pre- 
cursor to the episulfide enamine 27. 

C,HjCH2CONH 

25 or 31 - [ MeO-C hN&]- 27 
32 

The possibility that the sulfonate esters 5-8 possess a 
ring-expanded tetrahydrothiazine structure 33 must be 
considered since there is precedent for the apparent 
participation of the N of an amide group at a cationic 
center in ring enlargements." The evidence that the 
products of the reaction with pyridine and SB- are in- 
deed penicillin derivatives and not tetrahydrothiazine 
derivatives is based on their nmr spectra. For example, 
the spectra of 11 and 18 have a well-defined triplet a t  
3.88 and 3.85 ppm corresponding to one proton with J 
= 7 Hz. I n  the case of the azide 18 a two proton doub- 
let with J = 7 Hz is discernible a t  3.30 ppm. These 
signals are best assigned to the C-3 proton and adjacent 
CH2 protons of a penicillin structure. 

It is nevertheless conceivable that the sulfonate esters 
are ring-expanded products since the sequence 33 + 34 
+ 35 mould regenerate the penicillin nucleus. The step 
33 34 is analogous to our proposed pathway for the 
formation of the aziridine 26. The nmr spectra of the 
sulfonate esters were unrevealing as the C-3 and the ad- 
j acent proton signals are clustered in an uninterpretable 
pattern. Efforts to regenerate the parent alcohol by 
treatment of the toluenesulfonate esters with sodium 
naphthalene anion radicall8 gave only complex mixtures 

(16) B. J. Nicolet, J .  B id .  Chem., 100, 287 (1933). 
(17) (a) G. Buchi, D. L. Coffen, K. Kocsis, P. E. Sonnet, and F. E. 

Ziegler, J .  Amer. Chem. Soc., 88, 3099 (1966); (b) J. \V. Huffman, T. Kam- 
i > a ,  and C.  B. S. Rao, J .  Org. Chem., 3 2 ,  700 (1967); (e) B. Capon, Quart. 
Reu. (London), 71 (1964). 

(18) TV. D. Closson, P. JVreide and 8 .  Bank, J .  Amer. Chem. Soc., 88, 
1581 (1966). 
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from DPIIF-CHCl,, mp 121-123' dec. Anal. (C27H33N307S3. 

6-Amino-2,2-dimethyl-3-piperidinomethylpenam (ll).-A4 sus- 
pension of 10 g of 107, Pd-C in 250 ml of DMF was prereduced at  
3.5 kg cm-2 of HP. Compound 10 (12.2 g) was added and the hy- 
drogenat,ion was continued. Theoretical uptake of Ht was 
achieved in 2 hr a t  3.1 kg The filtered solution was diluted 
with 3 1. of ether. A gum separated which gradually crystallized. 
The product was filtered and washed with Et20 to give 12 g 
(95%) of white crystals. The product. was recrystallized from 
DMF-Me2C0, mp 168-171" dec. Anal. (C13H23N30S.2 CT&- 

The free base was liberated by treatment with cold 1 N NaOH 
followed by extraction with E 1 ~ 0 :  mp 77-79' (hexane); nmr 
(CDCl,) 6 1.16-2.17 [m, 14, C(CH3)2, (CH2)3, "21, 2.25-2.83 
[m, 6, S(CH2)3], 3.9 (t ,  1, C-3H), 4.43 (d, 1, J = 4 Hz, C-jH), 
5.22 ppm (d, 1, J = 4 Hz, C-6H). Anal. ( C I ~ H ~ ~ N ~ O S )  C, H, 
N, S. 
Preparation of 12-17.-Sone of these derivatives \\-as obtained 

in crystalline form. In the case of the pyridinium salts 12-14 
t,he ir was checked for the presence of strong p-lact'am and amide 
bands. The tlc, ir, and nmr of 15-17 showed them to be quite 
pure preparations. The acylations of the quaternary salt 10 
were carried o i i t  in DMF at -78" in the presence of 2 mole- 
equiv of triethylamine. The acylations of 11 (free base form) 
were performed in alcohol-free CHC13 at  -78". When acyla- 
tions were performed at  0' the products displayed strong ab- 
sorption at  320 m r  characteristic of the penicillenic acid chromo- 
phore.M This absorption was absent in the products isolated 
from acylations at -78". 

6-Phenylacetamidopenicillanyl Azide (18).-A solution of 55 
g (0.109 mol) of the p-nitrobenzenesulfonate ester 7 and 7.1 g 
(0.109 mol) of NaN3 in 1.2 1. of MezCO and 120 ml of H2O was 
refluxed for 25 hr. The reaction mixture was evaporated in 
vacuo a t  25' and the residue was partitioned between EtOAc 
and H2O. The organic layer was separated, washed with H2O 
and brine, dried (Na~S04), and evaporated in vacuo a t  25". 
The crude product (40 g) was chromatographed on 1200 g of 
Florisil and eluted with Et20 containing 5Yc EtOAc. Fractions 
which were shown by tlc to contain the desired product only 
were combined and evaporated yielding 15.5 g (407,) of a pale 
yellow viscous oil. Upon long standing a sample of this product 
crystallized. I t  was recrystallized from 1 : 3  EtOAc-hexane to 
afford white crystals: mp 91-93"; nmr (CDCl,) 6 1.29, 1.4 
[s each, 6, C ( C H B ) ~ ] ,  3.32 (d, 2,  CH2N3), 3.57 (s,2,CH~CO),3.85 
(t ,  1, C-3H), 5.17-5.67 (m, 2, C-5H, C-6H), 6.08-6.5 (d, 1, J = 
9.5 Hz, NH), and 7.22 ppm (6, 5 ,  aryl H) .  Anal. (Cl&9Ns02S) 
C, H, K ,  S. 

The azide 18 was also prepared by phenylacetylation of the 
amine 20. 

6-Tritylaminopenicillanyl Azide (Is).-This preparation was 
carried out in the same manner as the azidolysis of 7. The 
product crystallized from hexane to afford a whit,e solid (57% 
yield), mp 138-140". I t  was recrystallized from hexane, mp 

6-Aminopenicillanyl Azide (20).-To a solution of 9.5 g (0.02 
mol) of the azide 19 in 200 ml of MenCO was added 3.85 g (0.02 
mol) of TsOH. The solution was stirred a t  25" in the dark for 
0.5 hr and evaporated in vacuo at  25'. The gummy residue 
solidified when triturated with EtzO. The solid was filtered and 
xashed to give 5.85 g (747,) of off-white product. A sample 
was recrystallized from EtOAc to afford off-white crystals of 
the p-toluenesulfonate, mp 116-1 16" dec. Anal. (C8HI3NBOS. 
C~HSO~S)  C ,  H, S; N :  calcd, 17.53; found, 16.72. 
3-Aminomethyl-2,2-dimethyl-6-tritylaminopenam (21).-A 

suspension of 10 g of lOYc Pd-C in 200 ml of EtOhc was pre- 
reduced at 3.5 kg/cm-t of H2. A solution of 10 g (0.0214 mol) 
of 19 in 50 ml of EtOXc was added and the hydrogenation was 
continued for 20 min. The product crystallized as a cyclo- 
hexane solvate from Et~o-Cf"~, 7.9 e: 170%,',) of a white solid. 

2H20) C, H,  N. 

SO,.HtO) C, H, N .  

139-140.5". Anal. (C27H2iNbOS) S,  S. 

I t  was recrystallized from Et20-C&Il~,-mp 108-112° dec. Anal. 
( C ~ H Z ~ N A X ~ . C B H I ~ )  C. H. S. S. 
iZ'-(6-Tritylaminopeniciilanyl)methanesulfonamide (22).-To 

a solution of 9.3 g (0.0176 mol) of the amine 21 i n  72 ml of pyri- 
dine at  -40" was added dropwise a solution of 2.01 g (0.0176 
mol) of RleS02Cl in 18 ml of pyridine. The reaction mixture 
was stirred at -40" for 10 miii and was allowed to warm to 25" 
over 1.5 hr. The yellow solution was treated with ice, poured 
into ice-HzO, and extracted \vith EtOAc. The extract was 
washed with 10yG H,POI (until acidic), H20, and brine. The 

solution was dried (Ka2S04), charcoaled, and evaporated in 
vacuo. The residue was crystallized from a minimum amomit 
of hot CsH6 to afford 4.8 g (Sayc) of matted crystals, mp 1x2- 
184" dec. A sample was recrystallized from 1: 1 E~OAC-C~HI?,  
mp 181-183'dec. Anal. ( C Z ~ H ~ I N ~ O ~ S Z ) ,  C, H, N. 
N-(6-Aminopenicillanyl)methanesulfonamide (23).--A solu- 

tion of 4.8 g (0.009 mol) of 22 in 45 ml of hleyCO was combined 
with a solution of 1.75 g (0.0092 mol) of TsOH in 45 ml of hZenCO 
and stirred at  25' for 1 hr. The crystalline product was filtered, 
dissolved in a minimum amount of XeOH, and precipitated 
with absolute EtzO to  afford 2.55 g (62Yc) of the p-toluenesul- 
fonate as a hemihydrate, mp 8.5-1351' dec. Anal. (CgHliN303- 
S2.C7Hs03S.0.5 H20) C, H; X:  calcd, 9.12; found, 8 . 3 ;  S: 
calcd, 20.88; found, 20.45. 
~~-(6-Phenylacetamidopenicillanyl)methanesulfonamide (24). 

-This compound was obtained from 20 g (0.058 mol) of 23 iii 
18% yield in a manner analogous to the preparatioii of 18. I t  
was recrystallized from EtOdc to afford 4.2 g of white crystals, 
mp 184-185". Anal. ( C I P H ~ ~ S ~ O ~ S ~ )  C, H, S. 
Methyl 4,4-Dimethyl-a-(phenylacetamido)-3-thia-l-azabicy- 

cIo[3.1.0] hexane-2-acetate (25).--i2 solution of 'LO g (0.042 mol) 
of 5 and 4.8 ml (0.046 mol) of EhNH in  500 ml of absolute MeOH 
was refluxed for 3 hr. The solvent was removed in vacuo, and 
the residue was dissolved in  CH2C12 and washed (H20, brine). 
The dried (Sa2S04) filtrate was evaporated. The residual syrup 
was taken LIP in excess absolute Et20 aiid colicelitrated to 100 
ml to afford 11.4 g (81Cc) of white crystals, mp 104-106". AN 
earlier sample was recrystallized from C6H6-hexane: mp 
104-106.6'; [ a I z 6 ~  -+ 68.2' ( e  1, CHC13); uv max (95% EtOH) 
benzene envelope; ir (CHCl,) 5.73 (ester >C=O) and 3.99 M 
(amide >C=O); nrnr (CL)C13) 6 1.43, 1.33 [s each, 3 each, 
C(CH3)r], 1.58-1.83 (m, 2 ,  XCH?), 2.16-2.41 (m, 1, CHyCHC), 
(a, 2,  aryl-CHZ), 3.69 (s, 3, OCH,), 4.41-4.83 (m, 2 ,  CHCH), 6.49 
(d, broad 1, NH). and 7.20 m m  (s, 5 ,  arvl H).  Anal. (CliHpi- _ _  
NaOaS) c, H, K, s. 

When the reaction was carried out with 3 mol-eauiv of Et 3NH 
no sign of diethylamide could be discerned in  the i\mr spectkim 
of the total crude product. 
Methyl 4,4-Dimethyl-~-(tritylamino)-3-thia-l-azabicyclo- 

[3.1.0] hexane-2-acetate (26).--A suspension of 10 g (0.0139 
mol) of 6, 3.4 g (0.0404 mol) of NaHCO3, and 200 ml of MeOH 
was stirred at  reflux for 2 hr. The solvent was removed in  
o;acuo and the residue was dissolved in CH2Cl.2 and m-ashed ( H 4 ,  
brine). The dried (Sa2S04) filtrate n-as evaporated aiid the 
residual gum was crystallized from hexane to give 6.0 g (94%) 
of white product. It was recrystallized from hexane: mp 130- 
131.5'; IIV max (95% EtOH) benzene envelope; ir (KBr) 5.7 
p (ester >C=O); nrnr (CDCl,) 6 1.20, 1.33 [s each, 3 each, 
C(CH3)2], 1.60-1.90 (m, 2 ,  KCHz), 2.0-2.23 (m, 1, CHICHC), 
3.15 (9, 3, OCH3), 3.0-3.6 (m, 2, COCHSH), 4.76 (d, 1, J = 9 
Hz, CHS), and 7.0-8.0 ppm (m, 15, aryl H ) ;  after DtO exchange 
at  3.38 ppm (d, 1, J = 9 Hz, COCHN). Anal. ( C ~ ~ H ~ O N Z O ~ S )  
N, S .  
Methyl 3- [ (3,3-Dimethyl-2-thiiranyl)methylamino] -2-(2-phen- 

y1actamido)acrylate (27).--A soliition of 14 g (0.042 mol) of 
25 and 2.5 g (0.0466 mol) of XaOCH3 in  480 ml of MeOH was 
stirred at  25" for 1.75 hr. (This conversion could also be accom- 
plished with NaHCOJ in hot. LleOH.) The solvent was removed 
at 25" and the residue dissolved in  Et10 and washed (H&, 
brine). The dried (Ya2SO4) filtrate was concentrated to give 
10.7 g (767,) of white crystals, mp 111.5-113'. A sample was 
recrystallized from Et&: mp 112.5-114'; [ a ] " D  + 18.6" 
( c  1, CHC1,); uv max (9570 EtOH) 279 rnfi ( e  21,800): ir (KBr) 
5.91 (ester >C=O), and 6.01 M (amide >C=O);  nrnr (CDCI,) 
6 1.55 [s, 6, C(CH3)z], 2.66-3.00 (m,  1, > CHS), 3.38 (app t, 
2, XCHPCH), 3.61 (s, ;i, aryl-CH2, OCH,), 5.82-6.58 (m, 1, >?JH), 
and 6.91-7.66 ppm (m, 7, aryl H,  = C H S ,  >COSH).  Anal. 

Methyl 2-(2-Phenylacetamido)-3-(3-methyl-2-buteny~amino)- 
acrylate (28).-A solution of 2 g (0.006 mol) of 27 and 1.6 g 
(0.0061 mol) of PPh3 in  75 ml of NeCN was reflnxed for 20 hr. 
The solvent was evaporated and the residue treated with Et&. 
The white crystals were filtered and recrystallized (EtOH) to 
give 1.3 g (747,) of t,ripheiiylphospiiie siilfide, mp 161-108° 
lit.13b mp 1.58'). -472~2. (ClsH12PS> C, H. 

The Et20 filtrate atid washiiigs were combiiied mid evaporated 
to aflord 2.23 g of a light yellow oil. It was chromatographed o i l  

60 g of alumina. Elution with Et& and then EtOAc furnished 
1.9 g of a pale yellow gum which crystallized when triturated with 
Et2O. It, wab recr llized from hexane to give 1.4 g (7S',;;) 

( C I ~ H ~ N Z O ~ S )  C, H, N. 




