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Abstract-Benzylrlnc reagent reacted with a-lmlno ester (2’ 

at the a-carbon exclus’vely. though other orgsnometall’c 

reagents such as w, Al. Cu, .Tl. and B derlvatlves reacted 

at the ni,trogen atom. Uec of the ‘SJ-amine as a chlral 

aux’ltary of 2 created the R ch’rallty at the lmtno carbon. 

Very hlgh chrral lnductlon was reallred In the reactlon of 

prenylzrnc reagent with a-‘mlno 8-‘-‘phenylmenthyl ester 

f IO). The reactlon of 2 with heteroatom subst’tuted 

allyl’c organorneta 

a-heteroatorn subst 

Here agaln. the (11 

hlgher yield than t 

Ing Ire compounds (IS) gave the correspond 

tuted amlno acid derrvatlves ‘16). 

yllc zinc reagent gave the odduct ln 

he corresponding TI, Al, and B reagent s. 

The reactlon of the a-lmlno-esters 

should be a highly promlslng react 

related compound, If the carbon-ca 

at the lmlno carbon. The nut 

centers vla paths a, b, or c. 

ethyl-. propyl-, benzyl- and 

through path c. while t-butyl 

lmlno carbon vra path a. 2 We 

‘1’ wlth organometalllc compounds (‘&I’ 

Ion for the synthesis of amlno acids and 

rbon bond formatlon takes place regloselectlvely 

leophl le may attack three possible electrophlllc 
2 

For example, sample Crlgnard reagents such as 

Iso-buty’-magneslum halldes react predanlnantly 

- and allyl-megneslum halldes exclusively attack the 

prevlously reported that very hlgh enantlo- and 
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dlaetereo-selectlve synthesis of certain amino acids may be realized through the 

reaction of a-lmlno-esters wlth 9-allyl-. 9-(2-methyljprop-2-enyl-. and 9-but-2- 

enyl-9-borablcyclo[3.3.l]nonane. 3 
It Is now clear that less basic but more 

reactlve allyllc boron compounds react reglo- and stereo-selectively at the 

lmlno carbon center. We report further extension of the prevlous study; 

(1) organorlnc reagents regloselectlvely react through ath a. (III very high 

realized via the reaction 

oup of I, (Ill) the 

c compounds produces 

enantloselectlve synthesis of amlno acid derlvatlves 

of a-lmlno esters having a chlral auxlllary at the Rl 

reactlon of heteroatan substttured allyllc organotneta 

B-heteroatan substltuted amlno acid derlvatlves. 

Reactlon of benzyl organometalllc reagents. Since the ploneerlng work of 

Kagan reveals that benryl Grlgnard reagent attacks the nltrogen atom of I 

excluslvely2. we flrst Investigated the regloselectlvlty on the reactlon of 2 

wlth various benryl organometalllc reagents. The results are sumnarlzed In 

Table I. Benrylzlnc branlde produced 3 exclusively, while other benryl 

Table I. Reactlon of 2 wlth bcnzyl organaetalllc compoundsa 

% M ZnBr MgCl AlEt &Cl Co Cu BFfb TI(OlPrI3 B(m12 

3 50(74:26)’ - 

4 95 78 22 50 55 42 

‘Benryl organometalls were prepared from Ph0i2MgCI by addltlon of ZnBr2, AIEt3, 

Cul, TI(OIPr)3CI. or B(tXzI3. b One equivalent of BF3 oEt2 was added 

KO benzylcopper at -78’C. For RCu BF,, see ref. 4. ’ Diastereomer ratlo. 

organometals gave 4 In either very hlgh yields (M&I) or low yield (01). The 

dlasteremr ratlo of 3 was determlned by 400 Mir ‘H M analysis. To 

determlne the stereochemlstry at the o-carbon, 3 (a ma]or Isomer) was converted 

to phenylalanlne bury1 ester IS) upon treatment with H2/Pd(CSi12; lo]: -6.22’ 

D-phenylalanlne 
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(c 6.69, CXl2). Auchenclc D-phenylalanlne (R form) wan also transformed Into 

5, wlth a comparable la]:’ of -6.44’fc 21.4, 0X12). Conrequently, the fS)- 

am1 ne auxrllary of 2 created the R chlrallty at the a-carbon. The sense of 

chi ral lnductlon vla benzylrlnc bromide Is reverse In canparlson wlth the 

Me 
anti nc chlrolity 

R -R 

S -S 

amlnc chlrallty 

R -S 

S -R 

Induction vla allyl- and but-2-enyl-9-borablcyclo[3.3.l~nonane, In which the (SI- 

amlne produces the S chlrallcy. 
2 

The reactlon of allyl-9-m proceeds through 

the six-membered cyclic transltlon state (6). This rlng system forces the chlral 

center to take the conformatlon 7, In which the hydrogen IS In the lnslde of the 

SIX membered rlng to mlnImlre the sterlc Interactlon. On the other hand, ordlnary 

nucleophlles which can not form a cyclic transftlon state attack the lmlne as 

shown In g; the present chlral InductIon can be ratlonallred by the comformatlon 

0. 

Chlral lnductlon vla a-lmino B-(-)-nhenylmenthyl ester (IO). We next 

examined the chiral inductron based upon a chlral auxlllary at the ester group. 

We chose 8-f-I-phenylmenthyl group, since this chlral auxlllary frequently 

exhlblced very hlgh enantloface selectlvlty. 
5 

The reactlon of IO with allyllc 

R*- 8-(-I-phenylmenthyl I 4 
12a; R - R - H 

Ilb; R’= R2- &I 
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boron or zinc reagents (11) p mr educed 12 In reasonable y lelds, which was further 

converted to amino acids I3 v I a the usual hydrogenation and hydrolysis. The 

results are sumnarlred In Tab I e 2. The al lyllc rlnc reagent gave the adduct 

Table 2. Reactlon of 10 with allyllc boron and zinc reagents. 

Product 12 Isolated 

Entry R’ :: M yield. 96 d.e. Amino acid, I3 

1 H H 0 I28 39 20 norval lne 

2 H H ZnBr I2a 52 74 norval Ine 

3 H H BfCMe12 12a 29 6 norval lne 

4 Me Me ZnBr 12b 55 > 98 

In higher yield than the allyllc boron reagent. Poor elec’trophl I Icl ty of the 

oxlme nitrogen In comparison wlth the lmlne nitrogen 
3 

may dlmlnlsh coordlnatlon 

of boron atan of allyllc boron compounds, resulting In low yield. On the 

other hand, the allyltc zinc reagent does not necessarily require coordlnatlon 

to the nltrogen atom to Induce the allylatlon reactlon. The sense of chlral 

lnductlon In entry 2 was determlned by transforming the adduct tnto norvallne 

(13, RL - R2 - H). The ma]or Isomer of 128 was converted Into norvallne wlth 

Io123*5 of . 12.0’ fc 1.2. 6N XI). 

Indycated [o]: 

An authentic L-norvallne (S-form) 

of l 24* fc IO, 6N XI). Therefore, the (I-f-l-phenylmenthyl 

group Induces S-chlrallty at the o-carbon center. 

Allylttnc reagent presumably attacks the kmlne carbon of 14 from the st-face. 

since the phenyl group blocks the attack from the re-face. 
5 

Induct Ion of S- 

chlrallty indicates that the metal chelation from syn-form IS more favorable than 

the antl-chelation. The same tendency Is also observed In the reactlon of 8- 

phenylmenthyl glyoxylate wlth allyllc tln-BF3Sd’ ’ 
SC 

and with alkene-SnCI4 fene 

reactlon) . Zinc may coordinate more strongly to both oxygen and nltrogen 

atans than boron, resulting In higher dlastereoselectlvlty fentrles 2 and 4). 

In entry 4, the absolute stereochemlstry was not determlned. 

re face attack 

si face attack 

\ 0% H : 
&....--N_oMe l nt l 
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AllylLc 9-W exhlblts very htgh enantloselectlvity when a chlral auxlllary 

Is introduced to the R2 group of 1(1,3-aryrwnattlc InductIon). 
3 

However, the 

presant result indicates that the cbirai auxlilary at the Rl group of f does not 

exert a strone Influence on the chlral Induction vla allylic boron reagents. 

Reaction of hatero-substituted allyllc ornananetalflc compounds (15). 

The rcactlon of 2 with li are sunxnatlred In Table 3. Heft again, the allyllc 

zinc derlvat Ives gave the sdduct 16 In reasonable yleids (entries 1. 4, and 61. 

Other metals such as Al, TI, and B were not effective for the condensatton at the 

o-carbon, since attack at the nitrogen atom was accompanied In the reacclon with 

these al lyl fc metals. Although the 8tiyitC boronste gave 18~ In 42% yteld 

(entry 71, the correspoidlng allyllc 9-m dld not produce the desired adduct 

from ISr and 15b. The stereochemistry of 16a was determrned by transforming 

the adduct to the cyclic compounds as described previously. 3,7 The absolute 

TabIe 3. ReactIon of 2 with hetero-substituted allyllc organomctallIe compounds 

Isomer ratlo, %’ 

entry X h&n Product % C-E aC-E C-T aC-7 T/E CfaC 

I Ub4e ZnBr 168 67 13 2 73 12 5/I 6/l 

2 CM? TI(OIPr13 l6a 20 32 20 30 18 l/l 2/l 

3 We AlEt3Lt 16s 14 I9 19 39 23 2/2 2/l 

4 Of’h ZnBr 16b 54 5 4 50 41 IO/l Ill 

5 OPh AlEt3Ll I6b 21 II 5 59 2S 3/l 2/l 

6 SMe ZnBr 16C 50 If I2 42 31 3/t 111 

7 We B1CMef2 16~ 42 16 17 38 29 2/l l/l 

‘C; Cram. aC; ant I-Cram, T; threo. E; erythro. For these nomenclatures, see 

ref. 3. 

stercochemlstry was not determlned, 

f6s; x - u&l 

b;X-OQb 

c; x - 9ws 

since an authentic hetetoatom-substltuttd 

amino acid was not available. The stereochemlstrles of 16b and 16~ were 

tenlatlvely asslgned by analogy with the stereochemlstry of 16a. Quite 

Intercstfngly, ;hc three Isomer predcmlnated over the erythro isomer regardless 

of the metal used. As previously reported’, the reaction of crotyi 9-m 

(X = cH3) gives the erythro adduct predominantly vla the cycltc transition state 

17. The heteroatom substltuled allyllc organometals take the Z-geometry 
8 owing to the coordlnatfon ablttty of the heteroatoms toward Zn. 71. AI, and 8 . 

Therefore, the reactlon presumably proceeds through II to give the threo Isomer 
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predalnant ly. 

In conclurlon, organ02 I nc reagent d 

nutalllc raagentr sramlned. Thlr is 

tlca which enable to attack relectlvely 

compound8 are alro raft, but only ally1 

alkyl-boron canpoundr produce the coord 

glve the bert rerult ntnong the orgeno- 

presumably due to their rott character I 

the lmlno carbon of 1. Organoboron 

Ic boron derlvatlver can react wlth I; 

lnatlon compound rather than the alkylat 

product. 

L’ 

General InformatIon concerning lnstrumentatlon end materlels Is described 

previously. 3.7 

Reactions of 2 with benryl organanetals. The reactlon of benzylzlnc 

reagent II representative. To a solution of 0.5 mnol of benryl Grlgnard 

reagent In 10 ml of dry THF was added 1.1 eq of ZnBr2 dlstolved In dry THF (0.5M) 

at -78% under N2, After rllrrlng for IO mln, 0.5 mnol of 23 was added to the 

rolut Ion. The mlxture was allowed to warm up to room temperature. The 

rtlrrlng continued orernlght. and the reactlon was quenched wlth water. Crude 

product was purlfled by slllca gel column chromatography with hexane-ether 

(10 : I) as an eluant. 

Butyl 2-(N-(I-phenylethyl)amlno)-3-phenylpropanoate (3). ‘H MUCCI,,. 

6 of ma]or Isomer, 0.83 (3H. t. J = 6Hz). 1.22 (3H. d, J - 6Hr). 1.0-1.5 14H. ml. 

1.83(1H, br). 2.81(2H. d. J-7Ht). 3.38(lH, t, J - 6Hr). 3.57(lH. q. J - 6Hr), 

t. 3.78(2H, I, J . 6H2), 7.05(5H, S). 7.11(5H, S); 6 of minor Isomer. 0.63(3H. 

(3H. d, J - 6Hr1, 1.0-1.5(4H, ml. 1.83(1H, br), 2.74(2H. d. 

(IH. t. J - 7Hr). 3.57 (IH. q. J - 6Hz), 3.93 (2H, t, J - 6Hz). 

J - 6Hz), 1.22 

J l 7Hr1, 3.10 

7.05(5H. s). 7 

2980. 3320 cm- 
i 

iI(SH. a); IR(OC14) 700, 770, 790. 1040, 1180. 1460. 1500, 1740. 

; Mi calcd tar C2,H27N02 mlr 325.2040, found m/z 325.2040. 

Butyl 2-(N-benryl-N-(I-phenyIethyI)amlnoacetate (4). ‘H PAM (oC14) 5 0.94 

(3H, t, J . 6H2), 1.37(3H. d. J = 6.5 Hr). l.2-1.6(7H. ml, 3.12(lH, d, J - 9H2), 

3.40(1H, d, J . 9Hr). 3.75(2H. s). 4.05(2H, t. I-6Hr). 4.14(IH, q. J - 6.5H(53, 

7.27(5H. a). 7.32(5H, 3); W=14) 700. 740, 1030. 1160, 1190, 1460, 1500. 

I- 

Ion 

erythro 

X-Lb 

threo 

X-OorS 
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not be de tected by 400 h&It ‘Ii PUX analysis. We also examlned ‘3c M analysis 

to make c larlfy whether the adduct was obtalned as a single isomer. ’ 3c-M 

(ax:l,J 6 172.48, 151.18. 143.53, 134.01, 127.67, 125.44, 124.75. 112.60 , 95.93, 

75.90. 60.87, 50.49. 41.37, 39.82, 38.12. 34.51. 31.14, 26.60. 26.01. 24.66, 

23.84, 23.65, 21.64. So. we concluded that a single isomer was produced In 

entry 4. IR (CC14J 700, 790, 1000, 1040, 1100. 1380, 1400, 1600, 1740, 2940, 

2980. 3500 cm-’ ; M calcd for C24H37N03 m/r 387.2771. found m/r 387.2760. 

Reactlons of hetero-substltutsd allyllc ornananetals (IS). 

metals were generated as described previously. 
8 

The allylic 

The react ion of ISa wlth 2 

is representative. To II solution of I nmol of ally1 methyl ether dissolved in 

IO ml of dry TW was added 1.2 eq of n-BuLi dkssolved Ln hexane under N2 at -3O’C. 

After stlrring for 30 mln at this temperature, 1.1 eq of ZnBr2 dissolved In THF 

was added to the solutlon and then I mnole of 2 was added. The react ton 

mlxture was allowed to warm up to room temperature over a period of l2hr. 

The reactlon was quenched by H20 and the product was isolated via the usual 

work-up procedure. The maJor Isomer IC-TJ in entry I was isolated in a pure 

form, but other Isomers could not be Isolated. Only the chemical shifts 

of aDi3 of mlnor Ircmrs are shown. The isomer ratlo was determined by the 

slgnals of 00i3. Although the stereochemistry of the ma]or Isomer was 

determlned unambiguously as mentioned later, the stereochemistrles of minor 

isomers were tentatlvely assigned by the analogy of the previous results 3. 7. 8 

on the reagent, substrate, and reaction types. The same procedure was 

used for I6b and 16~. 

Butyl 3-methoxy-2-(I-phenyIethyIamino)-4-pentenoato (160). lH M (CDC13. 

4OOMizJ 6 of C-f. 0.908 f3H, t. J . 7.32Hrl, 1.320 I3H. d. J l 6.4lHzJ. 1.32-1.39 

(ZH, ml. 1.51-1.56 (ZH, ml, 1.964 (IH. br). 3.222 (3H, s), 3.372 (IH. d, 

J - 6.lOHzJ, 3.751 (IH. mJ, 3.796 (IH, q. J - 6.4lHr). 3.95-4.03 (2H. mJ. 5.26- 

5.33 (2H, m), 5.73-5.63 (IH, m). 7.294 ISH. 5); 6 of C-E 3.261 (3H, s[; 6 of 

aC-E. 3.253 (3H, s); 6 of aC-T. 3.216 (31i, sj_; IR (CC14) 700. 760. 1100. 1180. 

1450, 1490. 1730, 2960. 3320(brJcm-I. , A6 calcd for C,8H27N03 m/r 305.1989. found 

m/z 305.1982. 

Bury1 3-ohenoxy-2-(I-phenylethylaminoJ-4-pentenoate (I6b). ‘H M(CDC13, 

400MizJ 6 of C-T, 0.875 f3H, t, J - 7.33Hrl. 1.348 f3H, d, J n 6.7fHz1, 1.26-1.41 

(PH. mJ, 1.49-1.54 (2H. ml, 2.077 (IH. brJ, 3.577 (IH, d, J = 6.IIHrJ. 3.859 (IH. 

q. J - 6.7lHzI, 4.823 (IH. dd, J - 6.11. 5.80HzJ, 5.24-5.36 12H, mJ, 5.96-6.05 

(IH. ml. 6.85-6.92 (3H, ml. 7.19-7.25 (2H. ml, 7.275 (SH. sJ; 6 of C-E. 3.590 (IH, 

d, J - 6.IlHrJ; 6 of aC-E. 3.277 (IH. d. J = 3.66&J_; 6 of aC-T. 3.371 (lH, d, 

J n 6.IOHrJ, these signals were due to the proton at the a-amino carbon; fR (CC141 

700, 760. 790. 1490. 1600, 1730. 2960. 3320 cm-‘; h%S calcd for C23H2gN03 m/z 

367.2146. found m/r 367.2155. 

Butyl 3-methylthlo-2-(I-phenyIethylaminoJ-I-pentenoate (I6cl. lH M (cDc13, 

400h4-l~) 6 of C-l‘. 0.92 (3H, t, J - 6.5HzJ. 1.32 (3H. d. J - 6.5f-I~). 1.2-1.7 (4H. 

ml, I.97 (3H. s), 3.09 (IH. br). 3.19 (IH, ml. 3.35 (IH. d. J - 6.5HzJ, 3.69 (IH, 

q* J - 6.5HrJ. 3.93 (2H. t, J n 7HzJ, 4.8-5.1 (2H. m), 5.5-5.9 (IH, ml, 7.21 (5H. 

sJ; 6 of C-E. I.89 (3H. s); 6 of aC-E. 1.95 (3H. s)i 6 of aC-7‘. 1.88 (3H, sJ,_ 

these signals were due to .SC7i3; lR lu314J 700, 760. 790. 920, 1200. 1460. 1740. 

298Ocm‘ ’ ; MS calcd for C,8H27N02S m/r 321.1761, found m/r 321.1772. 

Stereochemistry of 160. The iodocyclrzatlon of 160 was carried out as 

described prevlously. 3.7 

4-ButoxycarbonyI-5-methoxy-7-(1odomcthyI~-3-I1-phenyIethyl~perhydro-1,3-oxa~~n-2- 

one (19). - 0.841 (3~, t, J - 7.63HzJ. 1.284 (2H. sex. 
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J = 7.63Hrl. 1.354 (3~. d, J . 7.32Hr), 1.547 (PH, quintet. J - 7.63Hz), 2.632 

1311. s), 3.132 (lH, dd, J . 4.58, 2.14Hz), 3.275 (IH, d. J - 9.77Hr). 3.745 (lH, 

dd. J . 6.09, 2.IIHz). 4.121 (IH, t. J = 7.63Hz). 4.092 (IH. t. J - 7.63Hz). 

4.256 (IH, dd, J . 9.77, 8.54Hr). 5.803 (111. q, J . 7.32Hz). 7.250 (5H. s); 

6 of the proton at C-4, 3.328 (IH, d. J . 4.28Hz). The relative stereochemistry 

was determlned by the coupling constant 3; J . 9.77)ir for three lscmer and 

J = 4.28Hr for the erythro Isomer. IR (CC14) 690, 720. 900. 1020, 1050, 1090, 

1130. 1180. 1290. 1370, 1420. 1450. 1690. 1740. 2920. 2960; m calcd for 

ClgH26N051 m/z 475.0853, found m/r 475.0838. Srereochemlstrles of 16b and c 

were ussigned by 

not unambiguous. 

deducing from the result of 160. and thus the assignment was 

we 
Ebo$ f * 

Ph AT 
Me 0 

19 

(I) Department of Chemlstry, Faculty of Science. Kyoto Unlverscty. 

‘2) 1. -C. Flaud and H B. Kagan, Tetrahedron Lett., 1971), 1813; 1971. 1019. 

(3) Y. Yamamoto, H. Ito. crnd K. .Maruyama. J. Chem. Sot. Chem. Cornnun., 1985. 

I 131. Y. Yamamoto, S. Klshll, K. Maruyama. 7‘. Komarsu, and W. Ito, J. &II. 

Chem. Sot., 1986. 108. 7778. 

(4) Y. Yamamoto. Angew. Chem. Int. Ed. Engl.. 1986, 25. 947. 

(5) (a) E. J. Corey and 1i. t. Ensley, J. Am. Chem. Sot., 1975, 97. 6908. (b) W. 

Oppolzer and H. J. Loher. Iielv. Chrm. Acta, 1981. 64. 2808. (c) 1. K. 

MItesell. A. Bhattacharya. and K. Henhe, J. Chem. Sot. Chem. Cornnun., 1982. 

988; 989. J. K. MItesell. Act. Chem. Res., 1985. 18. 280. (d) Y. 

Yamamoto, h’. Maeda. and K. Maruyama, J. Chem. Sot. Chem. Cornnun., 1983, 774. 

(e) P. Crossen. P. Herold. P. Mohr. and C. Tamn. Iklv. Chlm. Acta, 1984, 

67, 1625. 

(6) Y. Yamamoto, H. Yatagal. Y. Ishlhara. h’. Mseda. and K. Maruyama. Tetrahedron 

SymP.. 1984, 40. 2239. 

(7) Y. Yamamoto. T. Kcmatsu, amd K. Maruyama. J. Org. Chem., 1985, 50, 3115. 

(8) Y. Yamamoro, Y. Salto. and K. Maruyama. J. Organomet. Chem.. 1985. 292, 311. 

(9) fG. Kornblum, )1. W. Frarler, J. Am. Chem. Sot.. 1966, 88, 865. 


