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Abstract* L~thuton of WBOC-Z-methylphenethylamme (6) occurs exclusively at the methyl group 

whereas hthmtum of the phenylpropyl congener (11) LS less regmselecnve WBOC-phenylpmpykmme (17) IS 

efficiently hthuted at the benzyhc positron whde N-BOC-2-methylphenylbutylamme (23) under- bthumot~ of 

the methyl grcup but ti low conveasmn The results me discussed frem the general peqrecuve of heteroamm- 

drected metalatton Several of the Iduo da~vat~ves can be CDnMted to hetcrocycles, e g , telrahydro-3-knzaxepm-2- 

one (lo), hexahydro-3-benxaxocm-2-one (16) and 3-phenylpymddmes (19-22) 

Benzyhc atuons derived fmm hetzroatom drected bdu&ons of tolyl dexwatlves have proven to be of 
excephonal utdlty for the preparation of a number of fused heterocycles 2 For example, we have mported that 
hduaaon of N-(tert-butoxycarbonyl)-o-tolmdme and N-(ferr-butoxycarbonyl)-2methylbeuzylamme affords 
htio species 13 and 2.4 respecavely, and we subsequently uahzed these hWted mtermediates in the synthesis 
of mdoles,s oxmdoles.3 tehahydro1soq~o~s,4 and ddydrouoqutmlones.4 It was of fmthez mterest to 
study the hduafion of denvahves m w&h the BCK! group was separated by addmonal methylene groups fmm 
the tolyl umt to determme both the effic=ncy of hduatton of the methyl group and the potenhal for compe$mg 
side cham hthlatlon Reported hemm are the results of a study of the hduahon of such homologs which defiies 
some of the scope and lumtat~ous of these processes and affords synthetic routes to atkbtional mtrogen 
contauung hetemcycles 

As prevtously reported,4 treatment of BOC-2-methylbenzylamme (3) with strong bases affords tid~o 
species 2 For purposes of comparison ~nth homologs of 3 (v& m&a), we quenched 2 wtth mdot~thane, 
which gave 4 m 80% yield, and carbon &ox&, w&h affarded ester 5 afkr estenficatmn with e 
(67%) In general, quenchmg ~th mdomethane was hlghe~ veldmg and f-shed a more drect method for 
product analysis by tH NMR while carbou diox& napping (follow by d~~~~~~thane atXlmeM) affo&d 
moxe facile product -on and metes for cychzatropl to lactams No pmducts derived from Wianon 
at ahemahve sites (e g., on the rmg or at the benzybc methylene) were observed 
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0 4 E=CH3 0 

3 5E=Wb 

Under smilar conditions, the BOGphemthylamine homolog 6 underwent conversion to 7 as evuknced 
by the formation of 8 (8096) aud 9 (67%) !imn mdomethane and carbon dioxtde (CHzN7,) quenches, 
mpectively. Agam them was no evidence for famatmn ofpmducts denved from hthmton at the benzyhc 
methylene group. In this ngard, it ls of interest to note that Simtg and Schlosser observed eiikient benzyhc 
hduamn of N-pmloylplmethylamim with m-butylhthnm at -5OW. ‘Ihe formation of demahve 9 
pIovldes a mute to tetrahyxim-3-benzaaepin-2-ones as atatment with aifhmmacetic and followed by heaang III 
toluene affonkd the lactam 10. 

o-t-au 

6 

t-BulJ_ 

o-tau 

1 TFA 
6 E=CH3 

2 Toluene 
9 E=C02CH3 

heat 

Extension of the N-BOC gmp to three methylenes fmm the tolyl nmety mluced competmg, slbeit 
mum, Me chm hthiahon. Thus, aeatment of 11 with rerr-butylhthim at ea. -WC. followed by 
mdomethane quench aEo&d an meparable 4: 1 mixtm of pmducts 12 aud l3 (82% yield). Quench with 
carbun dioxide followed by esterikamm aEonled a mmttue of 14 and 15 in a sumlar ratio from which 14 
was isolated III 45% yield by sihca gel chmmatogmphy. ‘lkatment of 14 with mfluoroacet~~ acxl followed by 
cyclization (toluene, heat) a&ded hexahydm-3-benzamcin-2-one 16. 

E 

12E=CH3 13E=CH3 

lSE=CO&H3 

The observation that 11 pamally underwent hthmon at the benzyhc methylene group pmmpted us to 
invesagate hthiauon of N-BOC-3-phenylpropylamme 17. Although the rate of dMuatmn of 17 was 
significantly slower than the pmmous examples, requiring ca. 6 hours at -3o’C, complete common to a 
ddith~o spemes was achieved. Trappiag with carbon dioxnie, followed by ester&atmn of the crude acid so 
obtamed, furmhed 18 in 65% yield. Removal of the BOC group fmm 18 (trifluoroacehc acid) followed by 
heahng m toluene affonied 3-phenyl-2-pymlidmme (l9)@0%). Condensauon of the dmion from 17 ~th 
N,Ndimethylfomam~ defiumshedamidalU)asamixtureof&asmeomm m 73% y&. Dehydration of 20 
~th HCl m tetrahydrofuran gave 21(>90%) which was hydrogenated to N-BOG3-phenylpymhdm (22). 
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Dd~tiuat~on of 23, m wtuch the IV-BOC group IS extended to four methylenes from the dyl motety, 
proved to be very dScult. Treatmnt unth tert-butyllithium (2.5 equmlents) for 6-8 hours at -25’C followed 
by trapping gave 24 and 25 III low convermn (3540%) with the remamder being recomed startmg material. 
Consistent vvlth these results. N-BGC4phenylbutyhtmine faded to dilithmte under similar conditions as 
demmined by SO% mzovezy of starting ma&al after carbon dioxuk quench. 

In terms of the general concept of hetemammdkmed metah&& our results &ate that the N-BOC 
due&d metalanon group (DMG) can fadimte lidnatIon at x&lively distant bcnzybc positions. The overall 
process of dmzcted mtalatmn is geuerally described as mvolving complexatiou of the alkyllithim reagent (as 
an aggregate) to the DMG followed by aeprotonation to give the lithmted species which is geuemlly 
coonimated to the DMG.h For the cases presented m thus paper, these concepts can be schemaUcally 
described as 111 Qums 1 and 2. For deprotonatm of an aromatic methyl group unth cerr-butyllithuuu, the N- 
BGC DMG opera&s effiaently up to, and inclutig, the example where x1=3 (F~gtue 1). The kpmtonation 1s 
constderably less facde when n=4, pmumably mfleotiug the mcreased &stance of RLI from the benzylic 
hydrogen. For depmtonaaon of a benzyhc methylene group (Flgum 2). the hauhng case IS when n=2. Wlthm 
these constrams, when the posslbtity for compet~tton between a methyl and a methylene group exists (e g ,6, 
ll), depmtonahon of the methyl group IS h@ly favomL7 
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In concl~mn, we have defined some of the pmchcal hn~ta~ons of benzyhc htiauons &ted by the N- 
BOC group From a synthetic pomt of view, the methodology offers potentudly useful approaches to benz- 
fused m&urn nng lactams and 3-phenylpyxrolidmes 

Experimental 
Meltmg pomts were detemuned on a Thomas-Hoover capdlary apparatus and are uncorrected. S&a gel 

chromatography was performed under medium pressure with 230-400 mesh Merck Qeselgel. 1H NMR 
spectra were meas& on a Bruker WM 300 specrron~ter m CDCl3 soluhon referenced to internal 
tetramethylsdane. Mass spectra were recorded ~th an Atlaswerke CH-7 spectrometer. I&ued spectra wexe 
recoiled vvlth an IBM IR/44 Elemental analyses were performed by the Syntex Analyttcal Department. 
Tetrahydmfuran WBS freshly &&led from sodium-benzophenone nnmed~tely prmr to use. All hduauon 
leachons were perforn& under an mert atmosphere (nitrogen or argon) 

General Procedure for Lithiition-Trapping Experiments A solution of the appropriate N-(rerr- 
butoxycarbonyl) am& (5 mmol) in tetrahydmfuran (10 mLJ was cooled m an acetone-dry ice bath to ca. -WC 
(mtemal temperahue). A solutmn of rert-Bti (8 mL of 1.5 M 111 pentane, 12 mmol) was added over a penod 
of seveml mm at such a rate as to mamtam the mtemal temperature at c& -WC The resultmg yellow solunon 
wasthens~datca-25to-30’Cforaspecifiedperiodoftime: 2Ommfor3,1Shfor6and11,6hfor 
17,24, and 27. A CC4-dry KX bath was used for the longer reaction WS. The solutmn was retooled to ca 
-WC and mdomethane (0 47 ml, 7 5 mmol) or gaseous carbon &ox& (bubbled m from a lecture bottle for 30 
set) was added. The resultmg Won mtme, which often became a duck gel 111 the carbon &ox& 
muons, was allowed to warm to ca. O’C. 

For the mdomethane uappmgs. w&p mvolved addmon of aqueous NH&l and extraction ~th EtOAc. 

The orgamc extract was washed with water and brine, dried (Na2SO4) and evaporated to afford the crude 
product which was punfied by s&a gel chromatography. 

For the reactions vvlth carbon dmxuie, the reaction mixtun? was dduted ~rlth water, washed with EtOAc, 
and the aqueous layer was ac&ied ~th HCl. Extractton ~th CI-I#Zlz followed by evaporation affo&d the 
crude acid which was &ssolved m ether and treated unth ethemal Athaue. Chromatography (EtOAc- 
hexane) of the residue obtamed upon evaporatmn of the ether furmshed the ester. 

N-(tert-Butoxycarbonyl)-2-ethylbenzylamine (4). (98%), oti, 1H NMR (CDCI3) 8 1.25 (t, J = 

7.51 Hz, 3H), 149 (s, 9H), 2.70 (q. J = 7.51 Hz, 2H),4 37 (d, J= 5.51 Hz, 2H), 4.71 (broad s, lH, NH), 
7.20 (m, 4I-Q; IR (neat) 3348,170l cm-t; ms (EI) m/z Anal. calcd. for C&2tN&. C, 71.45, H, 9.00, N, 
5 95 Found. C, 71.e H, 9.06, N. 5.98 

Methyl 2-(N-(tert-butoxycarbonyl)aminometbyl)phenylacetate (5). (70%). ofl. 1H NMFt 
(CDC13) 6 147 (s, 9H). 3 72 (s, 3H), 3.73 (s, 2H), 4 36 (a, J = 5 70 Hz, 2H), 5 0 (broad s, lH, NH), 7 25 

(m, 4H). IR (neat) 3372,2978,1740,1713 cm-t; ms @I) m/z 279 (M+), 223,222, 178, 163, 150, 146, 105, 
104,91 Anal calcd for C15H21N04 C, 64 49; H, 7 58; N, 5.01 Found C, 64 86, H, 7 52, N, 5.15 

N-(tert-Butoxycarbonyl)-2-(2-etbylphenyl)ethylamine (8) (80%), oll, 1H NMR (CDC13) 

1248(t,J=574Hz,3H).147(s,9H),267(q,J=574Hz,2H),380(t,J=56Hz.W).334(m. 
2H), 4 57 (broad s, lH, NH), 7.15 (m, 4H), IR (film) 3400, 1700 cm-l, ms (BI) m/z 249 (M+), 193, 132, 
119, 105, 91 Anal. calui for C15HzN02. C, 72 25, H. 9.30, N, 5 62 Found C, 72 42. I-I, 9.77; N. 
5 78 

Methyl 2-(2-(~ert-butoxycarbonylamino)ethyl)phenylacetate (9) (67%) m p 60-61X! 
(ether-hexane), 1H NMR (CDCl3) S 143 (s, 9H). 2 84 (t, W, J = 7 Hz), 3 32 (m. 2H), 3 68 (s, 3H), 4 65 

(broad s, lH, NH), 7 15-7 25 (m, 4H), IR (KBr) 3380. 1737, 1688 cm-1 Anal calcd for ClaHuN@ C. 
65 51, H, 7 90, N, 4.78 Found C, 65 24, H, 8.01, N, 440 
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2,3,4,5-Tetrahydro-3,la_benzazepin-2-one (10) To a solution of 9 (400 mg, 1.36 mmol) m 
THF (10 mL) was added tiuoroacettc acid (2.5 mL) and the resultmg mixtme was stir& for 12 h at r.t. 
After concentratmg the above mutum m vacua, the residue was diluted with CH~Clz and basSed with sat, 
Na2CO3 soln The orgamc layer was separated and the aqueous layer was exnacted with C!H#l2. The 

combmed organic extracts we= washed with water and brine, dned (Na2SO4) and evapomted to give a white 

solid This was dtssolved m tol~ne (20 mL) and heated under reflux for 16 h. Removal of the solvent and 

crystalhzat~on fkom I-&O gave lcmg needLbke crystals of 10 (175 mg, 57%), m.p.159-16o’C); (ht.8 m.p. 159- 

1ao’C); tH NMR (CDCl3) 6 3.12 (dd, J = 6.32, 5.87 Hz, 2H) 3.55 (m, 2H). 3 85 (s, 2H), 6.31 (br s, lH, 

NH), 7 15 (m, 4H), ms (EI) m/z 161 (M+) 132,117,105,104,91 
Lithiation-iodomethane trapping of 11: 8296, oil, mseparable nurture of the reg~omers 12 and 

13 Integration of 1H NMR (CDC13) sgnals at 1.24 (t) and 2.34 (s) for 12 and 13 respectively Showed an 

8 2ra~oofthesewmu-s 
Methyl 2-(3-(N-tert-butoxycarbonylamino)prop-l-yl)phenylacetate (14) and Methyl 4- 

(krt-butoxycarbonylamino)-2-(2-metbylphenyl)butyrate (15) Products 14 and 15 were separated 

by s&a gel chromatography (20% ethyl acetate-hexane). ‘Ike less polar component was 15 (18%), oil; tH 
NMR (CDCl3) 6 1.45 (s, 9H), 1.92 (m, lH), 2 27 (m, lH), 2.39 (s, 3H), 3.1 (m, 2H), 3.67 (s, 3H), 3.90 

(m, lH), 4.55 (broad s, 1I-I. NH), 7.15 (m, 4I-Q IR (neat) 3200, 1736, 1713 cm-t; ms @I) m/z 307 (M+), 

251, 234,219, 207, 175, 164, 57 Anal. calcd. forC17HzN04: C, 66.44, H, 8.20; N, 4.56. Found: C, 

66.39, H, 8 20; N, 4.47. For 14(45%), m.p 50-51’C; tH NMR (CDC13) 6 1.44 (s, 9H), 1.76(m, 2H), 

2 65(m, 2H), 3.16(m. W), 3 65(s, 2I-I), 3 68(s, 3H), 4 65 (broad s, lH, NH), 7.10-7.24 (m, 4I-I); IR 

(KBr) 3200, 1729, 1684 cm-t; ms (EI) m/z 307 (M+), 251,234, 207, 190, 175, 158, 131, 130, 117, 105, 

91 Anal cakd forCt7HzN04 C, 6644; H, 8.20, N, 4 56; Found C, 66.39; H, 8.20, N, 4 47 For 14 

(45%), m p 50-51-C; tH NMR (CDCl3) 6 1.44 (s, 9H). 176 (m, W), 2.65 (m, 2H), 3.16 (m, 2H), 3.65 (s, 

2H), 3 68 (8, 3H), 4.65 (broad s, 1H. NH), 7.10-7.24 (m, 4H); IR (KBr) 3200, 1729, 1684 cm-*, ms @I) 

m/z 307 (M+), 251, 234, 207, 190, 175, 158, 131, 130, 117, 105, 91. Anal calcd. for Ct7HzN04: C, 

66 44, H, 8 20, N, 4.56. Found. C, 66.30, H, 8.45; N, 4 73 
1,2,3,4,5,6-Bexahydrobenzazocin-2-one (16). A soluhon of 14 (290 mg 0 94 mmol) and 

tnfluoroace~caszd(25mL)mTHF(lOmL)wasstmedfor16hatrt. ‘Il~~utchonnnxtu~wasconcentrated 
and the residue dduted with CH2Cl2 and made basu: with sat. NazC@ soln The orgamc layer was separated 

and the aqueous layer was extracted with CH2Cl2 The combmed CH2C12 extracts were washed ~th water 

and bnne, then dned (Na2S04) and solvent was removed m vacua The residue obtamed was dissolved 111 

xylenes (20 mL) and heated under &lux for 48 h Removal of the solvent and crystakauon fmm ErDAc gave 

16 (86 mg, 52%), mp 202-2WC 1H NMR (CDC13) 6 135 (m, lH), 2 00 (m, 1I-Q 2 70-3 25 (m, 3H), 

3 55 (m, lH), 3 70 (s, 2H), 4 05 (m, 1H). 7 10-7 25 (m, 4H); IR (KBr) 1633 cm-t, ms QX) m/z 175 (M+), 
158, 146, 132, 117, 105, 104,91 Anal calcd. for CltHt3NO C, 75 39, H. 7 48, N, 7 99 Foun& C, 

75 13, H, 7 50, N, 7 95 

Methyl 4-(left-butoxycarbonylamino)~2-phenylbutyrate (18) (65%) 012 tH NMR (CDU3) 6 

145 (s, 9H), 195 (m, lH), 2 36 (m, lH), 3.06 (m, W), 3 64 (t, 2H, J = 7 7 Hz), 3 68 (s. 3H), 4 56 

(broad s, lH, NH), 7 20-7 36 (m, 5H), IR (fti) 3380, 1736, 1713 cm-t, ms (EI) m/z 293 @I+), 237, 193, 
192, 162, 161, 150 Anal calcd for Ct&3N04 C, 65.51, H, 7.90; N, 478 Found C, 65.18, H, 8 05, 

N, 481 
3-Phenyl3-pyrrolidinone (19) Treatment of 18 urlth tnfluoroacettc acid followed by cychzahon 

in refluxmg toluene as described for the preparanon of 10 gave 19 (90%), m p 84-85-C (ht 9 m.p 84’C); 1H 
NMR (CDC13) 6 2 20 (m, IH), 2 58 (m, lH), 3 42 (m, 2H). 3.65 (t, lH, J = 9 1 Hz, H-3), 7 20-7 40 (m, 

5H), 7 48 (broad s, IH, NH) 
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N-(lsrt-Butoxgcarbonyl)-2-bydroxy-3-phenylpyrrolidine (20). Compound 17 (1.18 g, 5 
mmol)wasconMted~othedrlithlospeaesaEcoarlingtotheabwegenaalprocedureaadtnatedwithDMF(1 
mL). The reaction mucture was diluted wrth ether, washed with water and brme, dned (NazSOa), and 
evapomted. S&a gel chromatography (25% ethyl acetate-hexaue) afforded 0 96 g (73%) of 20 as ELI ml The 
~HNMRspcctmmaftl.usmabxzilchsplnysrmlltiple-duead~- andI+BOC- and 
themfom only selcctorlpeaks am mported: (CDU3) 6 1.52 (s, 9H), 4.16 (broad s, lH, OH), 5.30.5.45, 5.58 

(m, lH, sharpen to doublets with &O, H-2), 7.15-7.40 (m, 5H); IR (film) 3435, 1682 cm-l; ms @I), m/z 

263 (M+), 207, 190, 163, 118. Ansl. calcd ti CUSHION@: C, 68.42; H, 8.04; N, 5.32. Found: C, 68.27; 
H, 8.06; N, 5.24. 

N-(t~rt-Butoxycarbonyl)-1,2-dihydro-4-pbenylpyrrole (21). A soluaon of 20 (350 mg, 
1.33 mmol) m teUahy&ofuran (10 mL) was aeatcd with 4 drops of cont. HCl The solution was s&cd for 
15 mm. at room temperature. Ether was added and the muttme was washed vvlth water and brme The ether 
was dried (Na$O4) and evaporated to a solid resldue. S&a gel chromatography (10% ethyl acemte-hexsne) 

affonled 310 mg (95%) of 21 as a wtite soti m.p. 73-74’C (hexaue), 1H NMR (CDCl3) 8 1.52 (s, 9H), 

2.96 (m, 2H), 3.86 (m. W), 6.94 (s, 0.5 H, H-2 of one xotamer), 7.12 (s, 0.5 I-I, H-2 of other rotamer), 
7.15-7.32 (m, 5H); IR (KBr) 1700,1622 cm-l. ms (EI) m/z 245 (M+), 190, 189, 145, 144 Anal. calcd. for 
C15H19Na: C, 73.44; H, 7.81; N, 5.71. Found: C, 73.08; H, 7.85; N, 5.57. 

N-(tert-Butoxycarbonyl)-3-pbenylpyrrolidine (22). A solutton of 21 (250 mg, 1 mmol) m 
ethanol (25 mL) was hydrogenated over 10%-W-C (100 mg) at 40 psi for 6 h. The catalyst was removed by 
filtratmn, and evaporation of the filtrate afforded a residue that was chromatographed on sibca gel (20% ether- 
hexane) to gwe 210 mg (85%) of 22 as an od 1H NMR (CDCl3) 8 1.49 and 151 (s, 9H, BGC-rotame&, 

2 00 (m, lH), 2.25 (m, lH), 3.20-3 46 (m, 3H), 3.52-3.60 (m, lH), 3 72-3.90 (m, lH), 7.20-7.46 (m, 
5H); IR 1697 cm-l, ms @I) m/z 247 @I+), 192,191,190, 174,147,130. Anal. calcd. for ClsH21N@. C, 
72.84; H, 8.56; N, 5.66. Found. C, 7249; H, 8.39; N, 5.64. 

Methyl 2-(4-(tert-butoxycarbonylamino)but-l-yl)pbenylacetate (25). 3896, oil; IH NMR 
(CDC13) 6 1.46 (s, 9H), 1 56 (m, 4H), 2.63 (m, 2H), 3 15 (m, 2H), 3 68 (s, 2H), 3 71 (s, 3H), 4.55 (broad 

s, lH, NH), 7.20 (m, 4H), IR (neat) 3377, 1736, 1709 cm-l, ms (EI) m/z 321 (M+), 265,248,233, 221, 
57 Anal. calcd. for C1&7NG4: C, 67.26, H, 8 47, N, 4 26 Found C. 66 97, H, 8.27, N, 4 25. 
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