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Abstract-Benzylzinc reagent reacted with a-imino ester (2)
at the a-carbon exclusively, though other organometallic
reagents such as Mg, Al, Cu, Ti, and B derfivatives reacted
at the nitrogen atom. Use of the (S)-amine as a chiral
auxijtary of 2 created the R chiraltty at the imino carbon.
Very high chiral induction was reallzed In the reaction of
prenylzinc reagent with a-imino 8-{-)phenylmenthyl ester
(10). The reaction of 2 with heteroatom substituted
allylic organometallic compounds {(15) gave the corresponding
a-heteroatom substituted amino acid derivatives (16).

Here again, the allylic zinc reagent gave the adduct in
higher yield than the corresponding Ti, Al, and B reagents.

The reaction of the a-imino-esters {1) with organometallic compounds (RM)

should be a highly promising reaction for the synthesis of amino acids and

related compound, if the carbon-carbon bond formation takes place regioselectively
at the imino carbon. The nucleophile may attack three possible electrophilic
centers via paths a, b, or c. For example, simple Grignard reagents such as
ethyl-, propyl-, benzyl- and iso-butyl-magnesium halides react predominantly
through path ¢, while t-buty!- and allyl-magnesium halides exclusively attack the
tmino carbon via path 5.2 We previously reported that very high enantio- and
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diastereo-selective synthesis of certain amino acids may be realized through the
reaction of a-imino-esters with 9-allyl-, 9-(2-methyl)prop-2-enyl-, and 9-but-2-

3 It is now clear that less basic but more

enyl-9-borabicyclo[3.3.1]nonane.
reactive allylic boron compounds react reglo- and stereo-selectively at the

imino carbon center. We report further extension of the previous study;

(1) organozinc reagents regioselectively react through path a, (i) very high
enantioselective synthesis of amino acid derivatives is realized vis the reaction
of a-imino esters having a chiral auxiliary at the Rl group of 1, (iti) the
reaction of heteroatom substituted ailylic organometatilic compoénds produces

B-heteroatom substituted amino acid derivatives.

RESULTS AND DISCUSSION
Reaction of benzyl organometallic reagents. Since the ploneering work of

Kagan reveals that benzy! Grignard reagent attacks the nitrogen atom of 1
excluslvelyz, we first investigated the regioselectivity on the reaction of 2
with various benzyl organometallic reagents. The results are summarized In
Table 1. Benzylzinc bromide produced 3 exclusively, while other benzyl

i _— . Ph\vaPh
Me

H. o COBe OB o
Ph?N PhCH,M NH
e 3 4

Tabie 1. Reaction of 2 with benzyl organometallic compoundsa

% M ZnBr MgCl AIEt, MgCl Cu Cu BF,” Ti(O1Pr), B(QMe),
3 50(74:26)€ - - - . . .
4 - 95 78 22 50 55 42

chnzyl organometalls were prepared from Ph(}5NQC1 by addlitlon of ZnBrz, AlEts.
Cul, TI(OlPr)3Cl. or B(CNb)s. b One equivalent of BF3 OE:2 was added
to benzylcopper at -78°C. For RCu BFJ. see ref. 4. € Diastereomer ratio.

organometals gave 4 in either very high yields (MgCl) or low yield (Cu). The
diastereomer ratio of 3 was determined by 400 MHz lH NVR analysis. To
determine the stereochemistry at the a-carbon, 3 (a major isomer) was converted
to phenylalanine butyl ester {5) upon treatment with H2/Pd(OH)2; [alé‘ -6.22°

3 Hy I ph/\{COZBU -— H\/\;/COZH
Pd(QH), “NH NH2
5 2

D-phenyialanine
-6.22° -6.44°
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(c 6.69, CHCls). Authentic D-phenylalanine (R form) was also transformed into
S, with a comparable lalé4 of -6.44°(c 21.4, CHCla). Consequently, the (S)-
amine auxiliary of 2 created the R chirality at the a-carbon. The sense of

—— G

C F(CI amine chirality
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9 Me

chiral inductlion via benzylzinc bromide is reverse in comparison with the
induction via allyl- and but-2-enyl-9-borabicyclo{3.3.1)nonane, in which the (S)-
amine produces the S chlrallzy.2 The reaction of allyl-9-BBN proceeds through

the six-membered cyclic transition state (8). This ring system forces the chiral
center to take the conformatlion 7, in which the hydrogen is in the inside of the
six membered ring to minimlze the steric interaction. On the other hand, ordinary
nucleophiles which can not form a cyclic transition state attack the imine as
shown 1n 8; the present chiral tnduction can be rationalized by the comformation
9.

Chiral induction via a-imino 8-(-)-phenylmenthyl ester (10). We next

examined the chiral inductton based upon a chiral auxiliary at the ester group.
We chose 8-(-)-phenylmenthyl group, since this chiral auxilfary frequently

exhibited very high enantioface selectlvlty.s The reaction of 10 with allylic

Pi\\Tr,i:(JzF? F£\1,;J\\.,,h4 . (]jkpz R R y

MeC” R HNOMe NH,
10 ’ ! 12 73

R®- 8-(-)-phenyimenthyl 12e; R'e R%- H

12b;: R'a R2- Me
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boron or 2inc reagents (11) produced 12 in reasonable ylelds, which was further
converted to amino acids 13 vias the usual hydrogenation and hydrolysis. The

results are summarized in Table 2. The aliyllc zinc reagent gave the adduct

Table 2. Reaction of 10 with allylic boron and zinc reagents.

11 Product 12 lIsolated
Entry RI R2 M yleld, % d.e. Amino acid, 13

1 H H B 122 39 20 norvaline

2 H H ZnBr 12a $2 74 norvaline

3 H H B(CMe)2 12a 29 6 norvaline

4 Me Me ZnBr 12b 55 > 98
In higher yleld than the allylic boron reagent. Poor eloc}1ophlllclty of the
oxime nitrogen in comparison with the Imine nlzrogen3 may diminish coordinatlon
of boron atom of allylic boron compounds, resulting in low yield. On the
other hand, the allytic zinc reagent does not necessarily require coordination
to the nitrogen atom to Induce the allylation reaction. The sense of chiral
induction In entry 2 was determined by transforming the adduct into norvallne
(13, Rl - R2 = H). The major isomer of 12a was converted Into norvaline with
[ulI2)3'5 of » 12.0° (¢ 1.2, 6N HCIl). An authentic L-norvaline (S-form)
indicated [olgo of +24° (c 10, 6N HCI1). Therefore, the 8-(-)-phenyimenthyl

group induces S-chirality at the a-carbon center.

Allylzinc reagent presumably attacks the imine csrbon of 14 from the si-face,
since the pheny!l group blocks the attack from the re-lace.5 Induction of S-
chirality indicates that the metal chelation from syn-form is more favorablie than
the anti-chelation. The same tendency Is also observed in the reaction of 8-
phenyimenthyl glyoxylate with allylic :In-BF3de 8 and with alkene-SnCl4 (ene
reaction) <, Zinc may coordinate more strongly to both oxygen and nitrogen
atoms than boron, resulting In higher diastereoselectivity (entries 2 and 4).

In entry 4, the absolute stereochemistry was not determined.

re face attack

14

si face attack

D H
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Allylic 9-BBN exhibits very high enantioselectivity when a chiral auxiliary
is introduced to the R2 group of 1{1,3-asymmetric lnductlon).3 However, the
present result indicates that the chiral auxiliary at the RI group of 1 does not
exert a strong influence on the chiral induction via allylic boron reagents.

Reaction of heterao-substituted allylic orgenometallic compounds (15).

The reaction of 2 with 13 are summarized in Table 3. Here again, the allylic
zinc derivatives gave the adduct 18 in reasonsbie yteids (entries 1, 4, and 6).
Other metals such as Al, Ti, and B were not effective for the condensation at the

a-carbon, since attack at the nitrogen atom was sccompanied in the reaction with

these allylic metals. Although the sllylic boronste gave 18c in 42% yield
{entry 7}, the correspohdlns allylic 9-BBN did not produce the desired adduct
from 1S5a and 15b. The stereochemistry of 18s was determined by transforming

3,7

the adduct to the cyclic compounds as described previously. The absolute

Table 3. Reaction of 2 with hetero-substituted allylic organometallic compounds

Isomer ratio, %8

entry X Min Product % C-E aC-E C-T 8C-T T/E C/aC
1 (Me ZnBr 16 67 13 2 73 12 571 6/1
2 Me Ti(OiPr)3 18a 20 32 20 30 18 171 271
3 Me A!Et3L! 18a 14 19 19 39 23 2/2 271
4 OPh ZnBr 18b 54 5 4 50 41 10/1 1/1
S OPh A!E13Ls 16b 21 11 5 $9 2% S/ 2/1
[ Me ZnBr 16¢ 50 15 12 42 31 3/1 1/t
7 SMe B{Guelz 16¢c 42 16 17 38 29 2/1 1/1

8C. Cram. aC; anti-Cram. T; threo. E; erythro. For these nomenclatures, see

ref. 3.
\/k/‘oza"’
X n >
\/\/M- Me NH

15
15a; X =« OMe 16a; X = OMe 16
b; X = OPh b; X = OPh
c; X = SMe €; X = SMe

stereochemistry was not determined, since an suthentic heteroatom-substituted
amino acid was not available, The stereochemistries of 16b and 18¢c were
tentatively assigned by analogy with the stereochemistry of 16a, Quite
fnterestingly, the threo isomer predominated over the erythro isomer regardless
of the metal used. As previousliy reporteds, the resction of croty!l 9-BBN

(X = CHS) gives the erythro adduct predominantly via the cyclic transition state
17. The heteroatom substituted aliylic organometals take the Z-geometry
owing to the coordination abilfty of the heteroastoms toward Zn. Ti, Al, snd Bs.
Therefore, the reaction presumably proceeds through 18 to give the threo isomer
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predominantly.

In conclusion, organozinc reagents give the best result among the organo-
metellic resgents examined. This ts presumably due to their soft characteris-
tics which enable to attack selectively the imino carbon of 1. Organoboron
compounds are also soft, but only sllylic boron derivatives can react with 1;

alkyl-boron compounds produce the coordination compound rather than the alkylation
product.

L CO,Bu \/L{
CO,Bu
L/M\/\|\/x ; 2 erythro

rq«" hﬁ?\\fi,hﬂ4 X = Mo
i

EXPER IMENTAL

General iInformation concerning Instrumentation and materfals Is described
prevlously.3'7

Reactions of 2 with benzyl organometals. The reaction of benzylzinc
reagent ls representative. To a solution of 0.5 mmol of benzyt Grignard
reagent In 10 ml of dry THF was added 1.1 eq of ZnBr2 dlssolvedsln dry THF (0.5M)
at -78°C under N2, After stirring for 10 min, 0.5 mmo! of 27 was added to the
solution. The mixture was aliowed to warm up to room temperature. The

stirring continued overnlight, and the reaction was quenched with water. Crude
product was purified by silica gel column chromatography with hexane-ether

{10 : 1) as an eluant.

Buty] 2-(N-(l-phenylethyl)amino)-3-phenylpropanoate (3). lH MR((III‘)

§ of major isomer, 0.83 (3H, t, J = 6Hz), 1.22 (3H, d, ) = 6Hz), 1.0-1.5 (4H, m),
1.83(1H, br), 2.81(2H, d, J=7Hz), 3.38(1H, t, J e 6Hz), 3.57(1H, q, J = 6Hz),
3.78(2H, t, J « 8H2), 7.05(SH, S), 7.11{5H, S}; & of minor isomer, 0.83(3H, t,

J = 6Hz), 1.22(3H, d, } « 6Hz), 1.0-1.5(4H, m), 1.83(1H, br), 2.74(2H, d,
J
7

= THz), 3.10(1H, t, J = 7Hz), 3.57 (IH, q, J = 6Hz), 3.93 (2H, t, J = 6Hz),
05(SH, s), 7.11(3H, s): IR(CCl,) 700, 770, 790, 1040, 1180, 1460, 1500, 1740,

2980, 3320 cm !; MS calcd for C, HyyNO, m/z 325.2040, found m/z 325.2048.

Butyl 2-{(N-benzyl-N-{1-phenylethyl)aminoacetate (4). ]H hNR.(CCI4) 50.94
(3H, t, J ~ 6Hz), 1.37(3H, d, J = 6.5 Hz), 1.2-1.6(7H, m), 3.12(1H, d, ) = 9Hz),

3.40(1H, d, J = 9Hz), 3.75(2H, s), 4.05(2H, t, J=6Hz), 4.14(1H, q, ) = 6.5Hz),

7.27(SH, s), 7.32(SH, s): IR(CCl ) 700, 740, 1030, 1160, 1190, 1460, 1500,
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1740, 2960 cm'l; MS calcd for C21H27N02 m/z 325.2040, found m/z 325.2050.
Phenylalanine butyl ester (5). Hydrogenation of 3 and esterification of D-
phenylalanine were carried out as described prevlously.3 4 hNR(CCl4) 6 0.90
(3H, t, J = 6Hz}, 1.1-1.7¢(4H, m), 1.50(2H, s}, 2.81{(IH, dad, ]} = 12,5, 7.5Hz},
3.05(1H, dd, }J = 12.5, SHz), 3.65 (IH, dd, | « 7.5, SHz}, 4.03(2H, t, } = 6Hz},
7.16(5H, s}; IR(CCI4) 730, 780, 900, 1180, 1720, 2760 cm'l; MS calcd for
C,H N02 m/z 221.1415, found m/z 221.1402.

1319
Preparation of 8-(-)-phenylmenthyl N-methoxy-iminoacetate (10). 8-(-)-
Phenyimenthol was prepared in 79% yleld from pulegone according to the
llteraturesa; l“kgs -26° (c 2.0, EtOH). 8-{-)-Phenyimenthy! giyoxyliate was

prepared 1n 56% yield from bromoacetic acid according to the method of Kornblum.9

To 8 solution of 1.83g(6.35 mmol) of 8-(-)-phenyimenthyl glyoxylate dissolved in
50 ml of ethanol was added 0.3g(leq) of methoxyamine dissolved in 5 ml of
pyridine, and the mixture was stirred overnight under reflux. The reaction
mixture was concentrated, and the residue was taken up with ether, washed with
water, dried over Nk804 and the solvent wes evaporated. The desired imine was
obtained 1n 96% yield. ‘H hNR(CCl4) 6§ 0.89{(3M, d, J « S.5Hz), 1.20{3H, ),
1.31 (3H, s), 1.4-2.0(8H, m), 3.94(3H, s), 4.85(1H, dt, J =11, 4Hz), 6.76 (1H, s),
7.21{5H, s}; IR(CCI4) 670, 760, 780, 1050, 1200, 1270, 1600, 1700, 1730 ; MS
calcd for C gHy,NO, m/2z 317.1989. found m/z 317.1986; (o124 -4.83(c26.4,

1927
CHCls).

Reactions of 10 with allylic organometals. The ailylic organometallic
reagents were prepatred as described previously. The reaction was carried out
according to the reported procedure.3 The product 12a was isclated by a
column chromatography on silica gel (hexane:ether » 10 : 1). The two
dlastereomers exhibited very simitar ‘H NVMR spectra, so the diastereomer ratio was
determined by the 'SC NMR spectra. 'H NRICCI,) 60.88(3H, d, J = Hz),

Pol-1.7 (9H, m), 1.21 (3H, s}, 1.31 (3H, s), 2.04 (2H, dd, } = 6, 6Hz}, 3.07 (IH,
t, J = 6Hz), 3.42 (3H, s}, 4.74 (IH, dt, | = 11, 4Hz), 4.92-5.08 (2H, m},
5.44-5.77 (IH, m), 7. 2 {SH, S); l3C NVR (CDCIS) 6 of major isomer, 172.16,
151.24, 133.02, 127.67, 125.27, 124.95, 117.62, 75.28, 62.02, 61.47, 50.10,
41.31, 39.51, 34.33, 33.31, 31.02, 27.09, 26.42, 25.35, 21.55;, S of minor isomer,
172.06, 151.04, 133.02, 128.15, 125.10, 124.95, 117.62, 75.06, 62,06, 61.47,
50.27, 41.31, 39.46, 34.66, 33.31, 31.28, 28.34, 28.27, 25.88, 21.78; IR (CCI‘)
700, 790, 920, 1000, 1040, 1100, 1200, 1380, 1400, 1450, 1500, 1600, 1740, 2940,

2980, 3500 cm"; MS calecd for C,,H,.NO, m/z 359.2459, found m/z 359.2466.

227733773
Absolute stereochemistry of 12a, Hydrogenation of 12a over Pd(OH)2 catalyst
was carried out as described prevtously.3 The hydrolysis of the resulting

saturated ester was perfermed by refiluxing the ester in 6N HCI for 6 hr.
After neutralization with a saturated aqueous N32C03 solution, the organic layer

was separated. The aqueous layer was extracted with CHCIS. The combined
organic layers were concentrated and 8-phenylmentho! was recovered. The
aqueous layer was acidified and extracted with THF. The combined organic
layers were dried and concentrated. The norvaline thus obtained exhibited
Iall";a's of +12.0° (c 1.2, 6N HCl).

Preparation of 12b via prenylzinc resgent. The reaction of 10 with prenylzinc
reagent wes carried out in the same procedure described above. Preparation of
prenylzinc reagent was described prevlously.3 ’H NVR (CDCIJ. 400MHz )

§ 0.857 (3H, d, ] = 6.40Hz), 0.960 (3H, s}, 1.004 (3H, s}, 1.237 (3H, s},
1.329 {3H, s}, 2.387 (IH, s}, 2.962 (1H, s}, 3.447 (3H, s), 4.752 (IH, dt,
J = 3.97, 6.71 Hz), 4.87-4.97 (2H, m), 5.68-5.76 (IH, m). The isomer could
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not be detected by 400 MH:z lH NVR analysis. We also examined l:,C NVR analysis
to make clarify whether the adduct was obtained as a single isomer. 13C-NW2
(CDCla) 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 (C£l4) 700, 790, 1000, 1040, 1100, 1380, 1400, 1600, 1740, 2940,
2980, 3500 cm-l; MS calcd for C24H37NO3 m/z 387.2771, found m/z 387.2760.

Reactlons of hetero-substituted allylic organometals (15). The allylic

metals were generated as described prevlously.a The reaction of 1Sa with 2

s representative. To a solutfon of | nmot of ally! methy! ether dissolved in
10 ml of dry THF was added 1.2 eq of n-BuLi dissolved in hexane under N2 at -30°C.
After stirring for 30 min at this temperature, 1.1 eq of ZnBr2 dissolved in THF
was added to the solution and then | mmole of 2 was added. The reaction
mixture was allowed to warm up to room temperature over a period of 12hr,

The reaction was quenched by H20 and the product was isolated via the usual
work-up procedure. The major isomer (C-T) in entry | was isolated in a pure
form, but other {somers could not be tsolated. Oniy the chemical shifts

of Cl}b of minor Isomers are shown. The isomer ratio was determined by the
signals of OCHs. Although the stereochemistry of the major isomer was
determined unambiguously as mentioned later, the stereochemistries of minor
lsomers were tentatively assigned by the analogy of the previous resultsa' 7.8
on the reagent, substrate, and reaction types. The same procedure was

used for 16b and 16c.

Butyl 3-methoxy-2-(1-phenylethylamino)-4-pentencate (16a). "W R (oD,
400MHz) 6 of C-T, 0.908 {3H, t, J = 7.32Hz), 1.320 {(3H, d, J = 6.41Hz), 1.32-1.39
(2H, m), 1.51-1.56 (2H, m), 1.964 (IH, br), 3.222 (3H, s}, 3.372 (IH, d,

J = 6.10Hz), 3.751 (IH, m), 3.796 (IH, q. ) = 6.41Hz), 3.95-4.03 (2H, m), 5.26-
5.33 (2H, m), 5.73-5.83 (IH, m), 7.294 (SH, s); S of C-E 3.261 (3H, s): & of

aC-E, 3.253 (3H, s}; & of aC-T, 3.216 (3H, s); IR (CCI4) 700, 760, 1100, 1180,

1450, 1490, 1730, 2960, 3320(br)cm'l; MS calcd for C, H NO3 m/z 305.1989, found

18527
m/z 305.1982.

Butyl 3-phenoxy-2-(1-phenylethylamino)-4-pentenoate (16b). 'H NR(CDC,,
400MHz) & of C-T, 0.875 (3H, t, J = 7.33Hz), 1.348 (3H, d, J = 6.71Hz), 1.26-1.41
(2H, m). 1.49-1.54 (2H, m), 2.077 (1H, br), 3.577 (1H, d, | = 6.11Hz). 3.859 (IH,
Q. J = 6.71Hz), 4.823 (1H, dd, J = 6.11, 5.80Hz), 5.24-5.36 (2H, m), 5.96-6.05
(1H, m), 6.85-6.92 (3H, m), 7.19-7.25 (2H, m), 7.275 (SH, s); & of C-E, 3.590 (IH,

d, | = 6.11Hz); & of aC-E, 3.277 (IH, d, J = 3.66Hz); &8 of aC-T, 3.371 (IH, d,

] = 6.10Hz), these signals were due to the proton at the a-amino carbon; IR (CCI
1

700, 760, 790, 1490, 1600, 1730, 2960, 3320 cm " ; MS calcd for C23H29N03 m/z
367.2146, found m/z 367.2155.

Buty!l 3-methylthio-2-(]1-phenylethylamino)-4-pentencate (16c). lH NWR(CDCIs.
400MHz) & of C-T, 0.92 (3H, t, } = 6.5Hz), 1.32 (3H, d, §J » 6.5Hz), 1.2-1.7 (4H,
m), 1.97 (3H. s), 3.09 (IH, br), 3.19 (IH, m), 3.35 (IH, d, J = 6.5Hz), 3.69 (IH,
q, J = 6.5Hz), 3.93 (2H, t, J =« 7Hz), 4.8-5.1 (2H, m), 5.5-5.9 (IH, m), 7.21 (5H,
s); &6 of C-E, 1.89 (3H, s); & of aC-E, 1.95 (3H, s}; & of aC-T, 1.88 (3H, s),
these s:gnals were due to SCH3; IR (CClq) 700, 760, 790, 920, 1200, 1460, 1740,

2980cm™ ' ; MS calcd for C18H27N02$ m/z 321.1761, found m/z 321.1772.

Stereochemistry of 18a. The lodocyclization of 16a was carried out as
3.7

4!

described previously.
4-Butoxycarbonyl-5-methoxy-7-{lodomethyl)-3-(1-phenylethyl)perhydro-1,3-0ox8z1n-2-

1
one (19). HNR (C13  4o0Miz) 0.841 (3H, t, ] = 7.63Hz), 1.284 (2H, sex,
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J = 7.63Hz), 1.354 (3H, d, J = 7.32Hz), 1.547 (2H, quintet, J = 7.63Hz), 2.632
(311, s), 3.132 (1H, dd, J = 4.58, 2.14Hz), 3.275 (IH, d, ] = 9.77Hz), 3.745 (1H,
dd, ) = 6.09, 2.14Hz), 4.121 (1H, ¢, J = 7.63Hz), 4.092 (1H, ¢, ] = 7.63Hz),
4.256 (1H, dd, J = 9.77, 8.54Hz), 5.803 (IH, q, J = 7.32Hz), 7.250 (S5H, s);

§ of the proton at C-4, 3.328 (IH, d, ] = 4.28Hz). The relative stereochemistry
was determined by the coupling constants; J = 9.77Hz for threo isomer and

) = 4.28Hz for the erythro isomer. IR ((Il4) 690, 720, 900, 1020, 1050, 1090,
1130, 1180, 1290, '370, 1420, 1450, 1690, 1740, 2920, 2960; MS calcd for
C|9H26N05l m/z 475.0853, found m/z 475.0838. Stereochemistries of 16b and ¢
were assigned by deducing from the result of 16a, and thus the assignment was
not unambiguous.
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