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Metallation of Benzylic Amines via Amine-Borane Complexes
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Abstract: Formation of borane complexes of N, N-dimethylbenzylamine, N,N-dimethyi(l-
naphthyl)methylamine, N,N-dimethyl(2-naphthyl)methylamine, N -methyltetrahydroisoquinoline and
N-methylisoindoline facilitates regioselective metallation of these systems using BuLi, giving

intermediate benzylic anions which react with a range of electrophiles to give products in good yield.
© 1998 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

In 1991 Kessar and co-workers described how the use of BF3 as a Lewis acid activator facilitated the
o-metallation of a range of tertiary amines, including benzylic, allylic and even saturated types, using either
lithium lelramethylpmendlde (LTMP) or SBuLi.l.2 In some cases the Lewis acid complexes showed

corresponding free amine usually reacts at C-4.

We became interested in this approach to amine substitution, and recently described some preliminary
results which demonstrated that isolable borane complexes, such as 2, also undergo interesting metallation
reactions.3 Recent reports from the group of Gall and Mioskowski, which described enolate chemistry of

amine-borane complexes 3 and 4, have further extended the utility of these complexes. 4.5
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Herein we describe our results in the area of tertiary amine metailation in full, including studies of naphthyl-

substituted systems not described in our earlier communication.
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RESULTS AND DISCUSSION

We initially focused on N,N-dimethylbenzylamine 5 as a substrate for metallation studies. Metallation
of this substrate with PBuLi is reported to proceed slowly in Et;O at room temperature to give exclusively
ortho-substituted products 6, whereas access to a-substituted products 7 is possible by the use of
butylsodium or PBuLi-'BuQK tures.0

. (i) "BuLi-'BuOK
i/\f : (i) "BuLi, Et,0, RT rl/\ hexane (\
- s —— -
P NMe: (ii) electrophile ‘\)\.aNMel (ii) electrophile '\?kT-NM"Z
E
6 &) )

We reasoned that borane adduct formation would enhance the CH acidity at the benzylic position in 5 whilst
removing the donor ability of the amine lone pair which presumably facilitates orzho-lithiation in the free
amine. It was therefore anticipated that borane complexation of 5 would promote rapid metallation of the
system, and would provide the unusual and less readily accessible benzyl anion regiochemistry. Preliminary
experimenis showed that both borane and chloroborane react with 5 to give stable, analytically pure, adducts,
whilst other boranes, such as BCI(CgHy); and BCI,Ph clearly formed adducts (TLC), but these were not
stable to work-up and purification. In subsequent metallation trials the readily available borane adduct 2
proved most amenable to substitution chemistry. Treatment of borane adduct 2 with 2 equivalents of "BuLi

in THF at room temperature (LDA was ineffective), followed by cooling to -78 ‘C and addition of an

v

appropriate electrophile gave good yields of the desired benzylic substituted products, Table 1
Table 1: Substitution of Borane Complex 2 via Metallation
BHs (i) "BuLi, THF, RT BH;  EOH, reflux Q,
N > y — NM
NMe2 (i) electrophile e NMe» : €2
(-78 “C 10 RT) 1 !
r p o)
2 (8) 4]
electrophile D,0 ¥ Me;SiCl § Mel B Ed B allylBr § BnBr 1 PhCHO | 'BuCHO ¥ PhCOPh CiICO;Me 1 CO,
(2)=(8) (%) | 982 70 54 | 59 64 35 44Y - - 53 -
(8)—(7) (%) - 90 86 87 92 96 95 - - - -
QD& | - 7 61 | 64 - 44 56 62b 51 62 59

a - The recovered material showed 76-92% deuterium incorporation by 1H NMR Spectroscopy.

b - Only the major (erythro) diastereomer was isolated (see text).

¢ - Indicates yield of 7 obtained, avoiding isolation of intermediate 8, by directly heating the crude reaction mixture
from the metallation to reflux in EtOH. In the cascs of reactions using 'BuCHO, PhCOPh and CO» isolation of the

intermediate 8 proved difficult.



Examination of the 1H NMR spectrum of the deuterated product indicated that metallation had indeed
proceeded in a highly regioselective fashion at the benzylic (a-position), rather than the ortho, position. This
was confirmed by close examination of the TLC and NMR spectra of the silylated product 7 (E = SiMey),
which showed no trace of the ortho-silylated product, synthesized independently by direct metallation of
ion of the amine-borane complex requires two equivalents of
base. We suspect that this may be partially due to the high affinity of the complexes for water, since many of
the product complexes gave analytical data consistent with retention of water of crystallisation. Although in
the case of 2 analytically pure, dry, material could be obtained, we still observed lower yields on reducing the
amount of base employed. It is also possible that some limited destruction of the borane complexes occurs by
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nucleophilic attack of "Buli

good range of electrophiles to give a-substituted products, it being possibie in most cases to isolate
complexes 8 in which the borane group is retained. It did not prove possible to carry out a second substitution
on the initially formed borane-amine complexes 8 in which an alkyl group had been introduced, and even in
the case of 8 (E = SiMe3) we were unable to demonstrate that metallation occurred on exposure to

alkyllithium bases.
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these cases deprotonanon usmg fRuli agam occurs excluswcly on the aromatic nucleus, the situation bemg

complicated by metallation at two competing sites in each case (approximate percent metallation at each site

is shown).”
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As in the case of 2, it was expected that borane complexation would change this outcome and result instead

in metallation at the benzylic position. The required aminc-borane complexes 11 and 12 were easily prepared

(i) Me,NH-HCI, NaOH _ ?HE‘ (i) "BuLi, THF, 0 °C R NMe
- - — 2
reod (ii) BH3-SMe; (1.7 equiv.) R NMez (ii) electrophile Y
THF, RT (-78 “C to RT) E
(iii) EtOH, reflux
(11) R = 1-naph. (13) R = 1-naph.

(12) R = 2-naph. (14) R = 2-naph.
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AS aniicipaied, réaciion under our established condiiions ied o producis of benzylic subsiiiution in ail cases,
with no products from substitution of the naphthalene nucleus being detected, Table 2. Few reactions were
carried out using the 1-naphthyl derivative 11, since in all cases these reactions gave low yields due to a
competing displacement reaction of the nitrogen function by PBuLi to give 15a. For example, in the case of
anion quenching with D,0, only 50% of deuterated product was recovered, the hydrocarbon 15a accounting
for another 34% of the material. By omitting the usual electrophilic quench, the yield of 15a could be
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substitution products 15b and 15c in 63% and 58% yieids respectively. We have not investigated this process
further, but it presumably involves either direct displacement of the amino function, or the intervention of
carbenoid intermediates.

In the reactions involving addition to aldehydes, mixtures of isomers were obtained, the degree of
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complex 2, we have assigned the stereochemistry of the major adduct as erythro in each case, based on the

established trends in 'H NMR coupling constants in such vicinal aminoalicohols described by Munk et al. 3

Table 2: Substitution of Complexes 11 and 12 via Metallation

ciectrophile | DoO | Mel J MesSiCi | PhCHO § PrCHO® f cy-hexCHOP § PhCOPh | CO,

(1) - (13) (%)| 508 45 - - - - 40 45

(12) > (14) (%)| 983 66 63 79(6:1)¢ | 74(1.22DC | 65(1.2:1)¢ 75 72

a - The recovered material showed ca. 100% deuterium incorporation by 11 NMR SPectroscopy.

b - Electrophilic quench by inverse addition

¢ - Diastercoisomer ratio, determined by integration of IH NMR spectrum of crude reaction mixture.
De; nnetonot sanntinems ~F tha D cnehthel nnmmlaw 1T cinen srneer A Tnlamt ierionoa n ranse AL avvhhatitastad nsniann
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14 in very acceptable yields of 63-79%, Table 2. For reasons that are not clear, in the case of enolisable
aldehyde partners an inverse quench procedure (anion added by cannula to excess aldehyde) gave higher
yields of adduct than the standard method.

We also tested the borane activation method on the borane complex 16, derived from N-methyl-

S

isolate Only the product amines 17 (thlS aiso avoided the issue of the stereochemical outcome at the reacting

carbon centre, relative to the existing asymmetric centre at nitrogen), Table 3.



Table 3: Substitution of Complex 16 via Metallation

l N (i) BuLi, THF, RT m
+ ——————————————-
o N s w Y ew - [V, ¥ N
NG N S 1) eiecaopnue INIVIC
LBy (78 °'C o RT) ~Y
(iii) EtOH, reflux E
(16) an
1 — 1 - T 1 . | ——
electrophile | DO [ Mel J Me3SiC1 J PhCHO [ CICO,Me 4 allylBr | CO,
(16) — (17) (%)| 1002 | 79 64 | 60b | 63 | 59 | 55
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- Two diastercoisomers were obiained in a rato of 8:1.

G

As we had hoped, the metallation of 16 shows the same modified regiochemistry previously described for
the Lewis acid methodology employing BF3. In fact the chemical yields of 17 for the reactions shown in
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(taking into accouni the 94% yield in the separate compiex-forming siep). This underlines the uiility of our
method, especially if the borane complexation can also be used as a nitrogen protecting group, or to facilitate
handling and purification (since the complexes are usually easily handled solids and are often more amenable

to flash chromatography on silica-gel than the free tertiary amines).
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electrophilic quench occurring sy to the BHj group, e.g. 18 — 19.7
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N/ (i) *BuLi WAL
+ —— +
RN (ii) electrophile P
H;B° (CHp),OTBS wR? “(CHy,0TBS
(18) 19)

In this case the intermediate organolithium was shown to be configurationally stable at the low temperatures
employed (-78 °C), and the extent of the syn-directing effect was explored using a number of the substituted

complexes 19
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alkylation of the amine—borane complex 20 derived from N-methylisoindoiine, which appear to follow the

same trend. 10



12928 M. R. Ebden et al. / Tetrahedron 54 (1998) 12923-12952
Me
N 40 BH3
N-
U\/ ~Me
(Zlu) Me
Xy +.BH3 (i) "BuLi, THF, 0°C EtOH e
1 N_ NS~ ) + e —— ] P N= Me
Me (ii) Mel, -78 *C reflux
.Me

(20) M +BH3 (22) (63%)

For example, treatment of the readily accessible N-methylisoindoline-borane complex 20 with "BuLi in
THEF, followed by addition of methyl iodide, gave the anticipated substituted complexes 21 as a 5:1 mixture

of diastereomers favouring 21a, the isomer alkylated syn to boron (75% combined yield). The

diastereoselectivity observed in this reaction seems remarkable given the similar sizes of the BH 5 and CHj
gentino aomanialls, of wirn awenat tha LRehintad totavmandiaian 44 bl Al im0 motalal Facld al oy
BLUUPS, TOpLLldlly SiNCE We CAPCAL UIC HULAWU 1ICHHCULdLC WU e LU lugulduuua.uy UISMdDIC \dlU UICICIOL

the selectivity depends upon the electrophilic quenching step) 1 This situation differs from that found in the
aziridine work, where the intermediate is configurationally stable, and the syn selectivity is tentatively
ascribed to an attraction between the BH3 group in the complex and the electropositive lithium in the LiC4Hq
base employed (i.e. the observed selectivity is determined at the deprotonation step).

In conclusion, we have shown that amine-borane complexes, derived from benzylic amines are capable
ng complementary metallation regiochemistry
to the free amines. Studies are presently directed at examining the scope of this approach with non-benzylic
amines and to using the method for asymmetric synthesis by employing chiral boranes. The origins of the
diastereoselectivity (and the enantioselectivity when SBuLi-sparteine is employed as base) in the substitution

reactions of 20, along with further applications of this chemistry in the synthesis of chiral amines must await

We are grateful to Pfizer Central Research, Sandwich, U.K., and for a Royal Socicty of Chemistry
Hickinbottom Fellowship, which have provided the funding to support this project.
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chloroform or Nujol mulls. High resolution mass spectra were acquired on a VG Micromass 70E or AEI MS-
902 mass spectrometer using electron impact (EI), chemical ionization (CI) or fast atom bombardment (FAB)

using meta-nitrobenzyl alcohol (NBA) as the matrix. Microanalytical data were obtained on a Perkin-Elmer
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Bruker AM 400 (400MHz) or a Jeol EX-270 (270MHz) spectrometer at ambient temperature. The chemical

in Hertz. The ratio of isomer mixtures were determined using !H NMR spectroscopy. Carbon - 13 NMR

ectrometer at amhbient temneratura "l"hn multinlicitiec
indicated were obtained using a DEPT sequence. Reaction progress was monitored by thin layer
chromatography (TLC) using Merck silica gel 60 F,54 precoated glass plates which were visualised with

ultraviolet light and developed by staining with either basic potassium permanganate solution or agqueous

”
»
{
»
"

otherwise stated.

Preparation of benzyldimethylamine-borane complex 2
BH 3-dimethylsulfide complex (2.28 ml, 1.82 g, 24 mmol) was added dropwise to a stirred solution of
freshly distilled N,N-dimethylbenzylamine (3.33 ml, 3.00 g, 22.2 mmol) in THF (40 ml) at -78 °C under a N3

atmosphere. The solution was stir or 15 min at which time TL.C (50 % Et,0 in petroleum ether) showed
complete consumption of starting material. Thus the reaction was quenched with water (10 ml) at -78 °C and
the mixture allowed to warm to room temperature bef pouring into water (50 ml) and diethyl ether (50

ml). The organics were separated and the aqueous layer extracted further with diethyl ether (2 x 50 ml). The
organics were then combined, washed with 2N HCI (50 ml), saturated brine (50 ml), dried over MgSOy4 and
concentrated under reduced pressure to yield 2 as a white solid which was recrystallised from petroleum

ether / dichloromethane (10 / 1) to yield analytically pure 2 (3.08 g, 93 %), m.p. 103 °C; (Found: C, 72.37; H,
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(CH,), 128.2 (Ph-CH), 128.8 (Ph-CH), 130.9 (Ph-C) and 132.0 (Ph-CH); m/z (EI) 146 (M* - 3H, 21%), 135

General procedure for the substitution of 2 via metallation: silylation to give 8 (E=SiMe3)

A solution of "BuLi (1.25 ml of a 1.6 M solution in hexanes, 2 mmol) was added dropwise to a
as then warmed to room temperature for 1h, before recooling to -78 °C and addition of (CH3)3SiCl (0.63
reaction mixture allowed to warm to room temperature for 30 min before addition of saturated NaHCO;

ml). The combined organic extracts were then washed with saturated brine (ca. 20 ml), dried over MgSO4
and concentrated under reduced pressure to yield a colourless oil. The crude material was then purified on
silica gel (5 % Et;0 in petroleum ether as eluent) to give 8 (E = SiMe3) as a colourless oil which solidified
upon drying under high vacuum (161 mg, 70 %), m.p. 40-41 °C; ¥ max (CHCl2 Yem-1 2951, 2418 (B-H), 2332
(B-H), 2278 (B-H), 1468, 1167, 864 and 840; 8y (250 MHz, CDCl3) 0.21 (9H, s, Si(CH3)3), 0.8-2.6 (3H, v.

), 2.61 (3H, s, NCH3), 3.55 (1H, s, PhCH), 7.09 (1H, m, PhH), 7.32-7.40 (3H, m

(
127.8 (Ph-CH), 127.9 (Ph-CH), 128.6 (Ph-CH), 130.5 (Ph-CH), 133.3 (Ph-CH) and 136.0 (Ph-C); m/z (EI)

==77 ===,

207 (M - BH3, 5%), 192 (8), 163 (7), 149 (M - Si(CH3)3, 16), 134 (M - BH3 - Si(CH3)3, 100) and 91 (11),
(HRMS: found M+ - BH3, 207.1432. C,H4BNSi -BHj3 requires M, 207.1443).

Methylation of 2 to give 8 (E = Me)
The general procedure for carbanion formation and substitution was followed using complex 2 (180

mg, 1.21 mmol) in THF (10 ml), "BuLi (1.51 ml of a 1.6 M solution in hexanes, 2.42 mmol) and methyl

todide (0.38 ml, 6.1 mmol). Purification of the colouriess oil by flash chromatography (5 % EtOAc in
petroleum ether) gave 8 (E = Me) as a colourless oil (108 mg, 54 %), Vmax (CHCl3 ¥em-! 2952, 2362 (B-H),

4+ v a

.74 3H, d, J 7.2,

L 4

2276(B-H), 1467, 1457 and 1165; 8y (250 MHz, CDCl3) 0.8-2.5 (3H, v. br., BH3), 1



CHC 1, s H 1,5, NCH

1), 2,45 (3H, 5, NCH3), 2.49 (3H, s

(68 MHz, CDCl3) 16.7 (CH3), 44.9 (NCH3), 52.4 (NCH3), 70.0 (CH), 128.3 (Ph-CH), 128.4 (Ph-CH), 128.8

(Ph-CH), 130.0 (Ph-CH), 132.2 (Ph-CH) and 136.9 (Ph-C); m
BH3, 5), 134 (M - BH;3 - CH3, 49), 105 (100), 91 (24), and 77 (9), (HRMS: found M+ - H, 162.1460.

CigH:¢BN - H reauires M, 162, 1454)

~ s o~~~ LR e | uire A 1%

Ethylarion of 2 to give 8 (E = Et)
The general procedure for carbanion formation and substitution was followed using complex 2 (149

mg, 1 mmol) in THF (10 ml),

LG a2

MBuli (1.25 ml

fa 1.6 M solution

n in hexanes, 2 mmol)

(=]

ml, 5 mmol). Purification of the colourless oil by flash chromatography (5 % EtOAc in petroleum ether) gave
8 (E = Et) as a white solid (105 mg, 59 %), m.p. 59-61 °C, (Found: C, 74.82; H, 11.78; N, 7.88. C;1H2BN
requires C, 74.60; H, 11.38; N, 7.91 %); D max (CHCI3 Yem-1 2952, 2853, 2417 (B-H), 2364 (B-H), 2275 (B-
H), 1466, 1318, 1164, 1002 and 860; 8y (250 MHz, CDCls) 0.67 (3H, t, J 7.4, CH;CHa), 1.94 (1H, ddq, J
12.8, 12.2 and 7.4, CHHCH3), 2.40 (3H, s, NCH3), 2.50 (3H, s, NCH3), 2.75 (1H, dqd, J 12.8 7.4 and 3.2,
CHHCH3), 3.71 (1H, dd, J 12.2 and 3.2, PhCH) and 7.30-7.41 (SH, m, PhH); &c (68 MHz, CDCl3) 11.5
(CH3), 22.2 (CH;), 45.5 (NCH3), 52.7 (NCH3), 77.0 (CH), 128.2 (Ph-CH), 128.4 (Ph-CH), 128.8 (Ph-CH)
and 134.8 (Ph-C); m/z (EI) 177 (M*, 2 %), 167 (27), 149 (M - C,Hjs, 100), 134 (M - BH3 - C;Hs, 38), 91

(14) and 71 (43), (HRMS: found M+, 177.1692. C;;H,0BN requires M, 177.1689).

Allylation of 2 to give 8 (E = aliyl)

The general procedure for carbanion formation and substitution of was followed using complex 2
(149 mg, I mmol) in THF (10 mi), "BuLi (1.25 mi of a 1.6 M solution in hexanes, 2 mmoi) and aliyi
bromide (0.43 ml, 5 mmol). Purification of the oil by flash chromatography (5 % Et20 in petroleum ether)
gave 8 (E = ailyi) as a colouriess oil (124 mg, 64 %), Vmax (CHCl3)em-! 2952, 2851, 2419 (B-H), 2355 (B
H), 2277 (B-H), 1643, 1467, 1456, 1162, and 993; 8y (250 MHz, CDCl3) 0.8-2.5 (3H, v. br., BH3), 2.44 (3H,
s, NCH3), 2.51 (3H, s, NCH3), 2.73 (1H, m, PhCHCHH), 3.53 (1H, m, PhACHCHH), 3.87 (1H, dd, J 12.1 and
3.4, PhCH), 4.86 (1H, dd, J 10.1 and 1.6, CH=CHH), 5.02 (1H, dd, J 17.0 and 1.6, CH=CHH), 5.36 (1H, m,
CH=CH>) and 7.26-7.41

(CH), 117.6 (CH»), 128.3 (Ph-CH), 128.9 (Ph-CH), 134.0 (Ph-CH), and 134.3 (Ph-C); m/z (EI) 188 (M* - H,



Benzylation of 2 to give 8 (E = benzyl)
The general procedure for carbanion formation and substitution was followed using complex 2 (149
mg, 1 mmol) in THF (10 ml), "BuLi (1.25 m! of a 1.6 M solution in hexanes, 2 mmol) and benzyl bromide

(0.60 ml, S mmol). Purification

'-n

of the oil by flash chromatography (50 % dichloromethane in hexane) gave 8
(E = benzyl) as a white solid (84 mg, 35 %), m.p. 90-91 °C; Vmax (CHCl3 ¥Ycm-1 2416 (B-H), 2367 (B-H),
2276 (B-H), 1603, 1467, 1163 and 994; 6y (250 MHz, CDCl3) 0.8-2.35 (3H, v. br., BH1), 2.44 (3H. s,

NCHs), 2.62 (3H, s, NCH3), 3.14 (1H, dd, J 12.0 and 12.0, PhCHH) 4.05 (1H, dd, J 12.0 and 2.5, PhCHH),
4.18 (1H, dd, J 12.0 and 2.5, CHN(CH3),), and 6.95-7.38 (10H, m, PhH); 8¢ (68 MHz, CDCl3) 36.1 (CH>),
45.4 (CH3), 52.9 (CH3), 77.2 (CH), 126.1 (Ph-CH), 128.1 (Ph-CH), 128.3 (Ph-CH), 128.5 (Ph-CH), 128.9
(Ph-CH), 129.2 (Ph-CH), 134.4 (Ph-C) and 138.0 (Ph-C); m/z (EI) 239 (M*, 0.3 %), 206 (5), 181 (M -
N(CH3)2 - BH3, 38), 165 (9), 134 (100), 118 (5), 104 (11), 91 (21) and 77 (8), (HRMS: found M+, 239.1847.
CisH2oBN requires M, 239.1845).

Reaction of 2 with benzaldehyde to give 8 (E = CH(OH)Ph]

The general procedure for carbanion formation and substitution was followed using complex Z (149
mg, 1 mmol) in THF (10 ml), ®BuLi (1.25 mi of a 1.6 M solution in hexanes, 2 mmol) and benzaldehyde
(0.51 mi, 5 mmoi). Purification of the oil by flash chromatography (10 % Et20 in petroieum ether) gave 8 [E
= CH(OH)Ph] as a white solid (114 mg, 44 %), Vmax (CHCl3Ycm-1 2952, 2417 (B-H), 2352 (B-H), 2276 (B-
H), 1467, 1454, 1332, 1163 and 1003; 6y (250 Mz, CDCl3) 0.9-2.6 (3H, v. br, BH3), 2.55 3H, s, N
2.61 (1H, d, J 6.7, D,0 exchangeable, OH), 2.85 (3H, s, NCH3), 3.84 (1H, d, J 2.9, CHN(CH3),), 6.37 (1H,
dd, J 6.7 and 2.9, CHOH) and 7.01-7.31 (10H, m, PhH); ¢ (68 MHz, CDCl3) 48.6 (CH3), 54.3 (CH3), 72.6

(CH), 80.1 (CH), 126.0 (Ph-CH), 127.2 (Ph-CH), 127.7 (Ph-CH), 127.9 (Ph-CH), 128.8 (Ph-CH), 131.2 (Ph-

C) and 141.8 (Ph-C); m/z (EL) 224 (M™- BH3 - 9 %), 196 (31), 134 (100), 105 (10), 91 (i1) and 77 (7),

(HRMS: found M* - OH - BH3, 224.1441. C16H2,BNO - OH and BH requires M, 224.1439).
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Reaction of 2 with methyl chloroformate to give 8 (E = CO5!
The general procedure for carbanion formation and substitution was followed using complex 2 (149
61

mg. 1 mmol) in THF (10 ml); "Bul.i (1,25 ml of a 1.

chloroformate (0.39 ml, 5 mmol). Purification of the oil by flash chromatography (10 % Et;0 in petroleum
ether) gave 8 (E = CO;Me) as a colourless oil (102 mg, 53 %), Vmax (CHCl; ¥cm-! 2953, 2850, 2417 (B-H),

2373 (B-H), 2280 (B-H), 1742, 1466, 1372, 1151, 1005 and 908; dy1 (250 MHz, CDCl3) 0.75-2.6 (3H, v. br.,

BH2), 2.53 (3H, s, NCH1), 2.87 (3H, s, NCH1), 3.73 (3H, s, CO,CH»), 4.67 (1H, s, PhCH) and 7.38-7.5%

77777777 Gy FEeE = = TS5 A it 7 =

(5H, m, PhH); 8¢ (68 MHz, CDCl5) 46.7 (CH3), 50.2 (CH3), 52.3 (CH3), 73.8 (CH), 128.5 (Ph-CH), 129.3
(Ph-C), 130.3 (Ph-CH), 131.5 (Ph-CH) and 168.7 (C=0); m/z (CI) 205 (M* - H, 12 %), 194 (M+ - BH3, 100),

149 (M* - CO,CH3), 27), 134 (M* - BH3 - CO,CH3, 86), 118 (22), 91 (23) and 77 (9), (HRMS: found M+ -
H, 205.1379. C1;HsBNO; - H requires M, 205.1389).

General procedure for the decomplexation of substituted amine-borane complexes: preparation of 7
(E = SiMe3)?

A solution of amine-borane complex 8 (E = SiMe3) (48.6 mg, 0.22 mmol) in EtOH (15 ml) was
heated at reflux overnight before TLC (50 % Et;O in petroleum ether) indicated complete decomplexation of

the starting material. The reaction solution was therefore concentrated under reduced pressure and the residue

partitioned between diethyl ether (3 mi) and saturated NaHCOj3 solution (3mli), the organics were separated
and washed further with saturated brine (ca. 3ml), dried over MgS0O, and concentrated under reduced
pressure to yield a colourless oil 7 (E = SiMe3) (41.0 mg, 50%), Umax (CHCl3)em - 2949, 2821, 2773, 1598,
1488, 1461, 916, 891, 863, and 840; dy1 (250 MHz, CDCl3) 0.04 (9H, s, Si(CH3)3), 2.32 (6H, s, N(CH3)2),

F-4 & § s T T, © 4 ATT

3 (5H, m, PhH); 0c (68 M

-~ 17y

P+ V4
2.66 (iH

!’1"\"’\’3 ra) nYe BN b Y ]
, 8, PhlC H) and CDCl3) -1.2 Ox{CHz3 )3), 4

(CH), 125.5 (Ph-CH), 128.0 (Ph-CH) and 143.0 (Ph-C); m/z (EI) 206 (M* - H, 34 %), 177 (16), 161 (12), 134
(M - Si(CHs)3, 100) and 91 (17), (HRMS: found M* - H, 206.1366. C12H,;NSi -H requires M, 206.1375).

Decompiexarion io give 7 (E = Me)i3
The general procedure for decomplexation was followed using complex 8 (E = Me) (92 mg, 0.564

TY

L A TSN
mmol) in EtOH

1 L PR

(15 mi). Puniicaiion of the oil by fiash chromatogiz
129

Me) as a yellow oil (72 mg, 86 %), Vmax (CHCl3)/cm
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7.22-7.34 (5H, m, PhH); 8¢ (68 MHz, CDCl2) 20.0 (CH3), 43.0 (2 x NCHa1), 65.9 (CH

G I N

127.6 (Ph-CH), 128.2 (Ph-CH) and 143.4 (Ph-C); m/z (EI) 149 (M+, 5 %), 134 (M - CH3, 100), 118 (5), 105
(9), 91 (8) and 77 (5), (HRMS: found M+, 149.1202. C

Decomplexation to give 7 (E = Er)i4
The general procedure for decomplexation was followed using complex 8 (E = Et) (56 mg, 0.316
mmol) in EtOH (15 ml) to recover amine 7 (E = Et) as a yellow oil (45 mg, 87 %), D max (CHCl3 Yem-t 2942,
2859, 2824, 2780, 1492, 1456, 1359, 1104, 1003 and 864; dy (250 MHz, CDCI3) 0.72 3H, t, J 7.4,
CH,CH3), 1.74 (1H, m, CHHCH3), 1.94 (1H, m, CHHCH2), 2.19 (6H, s, N(CHa)7), 3.06 (1H,

4.7, PhCH), 7.20-7.36 (SH, m, PhH); 8¢ (68 MHz, CDCl3) 10.9 (CH3), 26.1 (CH,), 43.0 (2 x NCH3), 72.6

(CH), 127.0 (Ph-CH), 128.0 (Ph-CH), 128.6 (Ph-CH) and 140.2 (Ph-C).

Decomplexation to give 7 (E = allyl)15

The general procedure for decomplexation was followed using complex 8 (E = allyl) (55 mg, 0.29
mmol) in EtOH (15 ml) to recover amine 7 (E = allyl) as a yellow oil (47 mg, 92 %), Vmax (CHCl3)/cm"!
2946, 2825, 2781, 1641, 1455, 1356, 992 and 911; dy (400 MHz, CDCl3) 2.19 (6H, s, N(CH3)2), 2.51 (ZH,
m, PACHC H3), 3.27 (1H, dd, J 8.8 and 5.3, PhCH), 4.93 (1H, dd, J 10.2 and 1.5, CH=CHH), 4.98 (1H, dd, J
i7.4 and 1.5, CH=CHH), 5.62 (iH, m, CH=CHj), 7.22-7.37 (5H, m, PhH); 8¢ (68 MHz, CDCi3) 37.8 (CH2),
42.7 (2 x CHa), 70.5 (CH), 116.4 (CH,), 127.0 (Ph-CH), 127.9 (Ph-CH), 128.6 (Ph-CH), 135.6 (CH) and
139.9 (Ph-C); m/z (CI) 176 (M+ + H, 25 %), 174 (M - H, 22), 146 (11), 134 (M - C3Hs, 100), 104 (10) and

91 (23), (HRMS: found M+ + H, 176.1435. C1,H 7N + H requires M, 176.1439).

Decomplexation to give 7 (E = benzyl)16

N sam

The gencral pI’OCCGUI‘C for accomplexanon was foiiowed usmg complex 3 (b oenzyi ) a5 mg,

mmol) in EtOH (15 ml) to recover amine 7 (E = benzyl) as a yellow oil (39 mg, 96 %), Umax (CHCl3)/cm!

12.8 and 9.7, PhCHHCH), 3.31 (1H, dd, J 12.8 and 4.8, CHN(CH3)2), 3.45 (1H, dd, 7 9.7 and 4.8,
VWL EITIOTIN nndd £ OV 1 AL /1INTT . DL IN. & F£O AATYee YOI} 20 Q /LY AN QO (D o MLI_\ 7T 77 (I
FOCIHICIL) dIIU U.70-/.240 (1VUI1, III, I'lir1), OC \VO IviIlL, WIAL3Z ) OF7.7 \LI1) ), FL.7 \4& A 113 ),y (&) \\11),

125.7 (Ph-CH), 127.0 (Ph-CH), 127.8 (Ph-CH), 127.9 (Ph-CH), 128.7 (Ph-CH), 129.2 (Ph-CH), 139.35 (Ph-
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84), 116 (30), 91 (87) and 75 (45). (HRMS: found M* - H, 224, 1443. C;¢H¢N - H requires M, 224.1439).

p-

The general procedure for decomplexation was followed using complex 8 [E = CH(OH)Ph] (52.2 mg,
85-87 °C (lit.%, m.p. 87.5-89 °C); vmax (CHCl3)/cm-! 2828, 2784, 1492, 1467, 1454, 1097 and 890; 8y (250

7.25 (10H, m, PhH); 8¢ (68 MHz, CDCl3) 44.1 (2 x CH3), 72.4 (CH), 77.5 (CH), 126.1 (Ph-CH), 126.8 (Ph-

(CI) 242 (M* + H, 16 %), 240 (10), 224 (M - OH, 24), 197 (16), 134 (M - C7H70, 100), 107 (9) and 91 (19),

CH(OH) Buj

(E =

mmol) in THF (10 ml), "Buli (1.25 ml of a 1.6 M solution in hexanes, 2 mmol) and pivaldehyde (0.54 ml, 5

in petroleum ether) indicated complete decomplexation of the starting material. The reaction mixture was

CH(OH)'Bu] a white solid (137 mg, 62 %), m.p. 81-5 °C; ¥ max (CHCl3)cm-! 3253 (O-H), 2949,

7(E=

(6H, s, N(CHs),), 3.44 (1H, d, J 10.0, CHN(CH3)2), 3.73 (1H, d, J 10.0, CHOH), 7.12- 7.16 (2H, m, ArH)

74.3 (CH), 127.4 (Ph-CH), 127.7 (Ph-CH), 130.0 (Ph-CH) and 134 (Ph-C); m/z (FAB) 222 (M* + H, 100 %),

1aH23NG +

Y

H requires M, 222. 1858).
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The general substitution—decomplexation procedure was followed using complex 2 (149 mg, 1 mmol)

in THR 1IN MY NRLT 041 98 mnl ~Ff o Il(hﬁ'nnlnfinn:.‘k nnnnnn D mamnnl)l and lhane man o [RreRopaS B
411 R REAR AV LXkR ), A2UA l A& 1114 UL 4 1.V 1V1 DUILULIVIL 111 IIVAGLIVD, & 1HHIIVLI) QL U WIILUPIWIIULIU \U o7 5 mu }
in THF (1.5 ml). Standard decomplexation and purification on silica gel (2 % MeOH in CHCI3 as eluent)

), m.p. 107-108 °C (lit.52 m p. 106-107 °C); v

™
P '/ Vnax

(CHCl3)em-1 3258, 2950, 2832, 2788, 1596, 1492, 1461, 1002 and 971; 6y (250 MHz, CDC13) 2.06 (6H, s,
N(CH;)2), 4.48 (1H, s, CHN(CH3)3), 6.86-7.31 (13H, m, PhH) and 7.73 (2H, d, J 7.5, PhH); & (68 MHz,
CDCl3) 45.8 (2 x CH3), 77.0 (CH), 78.8 (C), 125.4 (Ph-CH), 126.2 (Ph-CH), 126.4 (Ph-CH), 126.9 (Ph-CH),

1779 (Dh_("HH\ 1277 A4 (Dh_MLT
Bl \EMTAL)y LLiT “

1\ ¢ Annd M+ 212 1282 L. NN rannirac A 21Q 1Q80)
VA7 )y WEADGVAS . SUUHU VL Ty J10.0000, 81740V TCQUIITS ivi, 2138.10509)
Divort conthocic nf T IF = (CNAMo) Frnm 217
arst CLs SYTUnCSIS O 7 (0 = LU 20l jJioimn 4

The general substitution—decomplexation procedure was followed using complex 2 (149 mg, 1 mmol)
in THF (10 ml), "BuLi (1.25 ml of a 1.6 M solution in hexanes, 2 mmol) and methyl chloroformate (0.39 ml,

5 mmol). Standard decomplexation and purification on silica gel (20 % EtOAc in petroleum ether as eluent)

gave 7 (E = CO>sMe) as a colourless oil (120 me. 62 %), V... (CHCl2VYem

& \ ~ Lt J TR W WAV IRAAWLL WAL (MM AR e V' B 117 AN - ar k4 b 3 ? b
1153 and 986; 8y (250 MHz, CDCls) 2.25 (6H, s, N(CHs);), 3.70 (3H, s, CO,CH3) (1H, s,
CHN(CH:)») and 7.32-7.45 (SH, m, PhH): 8~ (6] z, CDCl3) 43.3 (2 x NCH3), 51.9 (CH»), 75.0 (CH)
RS ASNRR 254 SR A a8y dady 222287y WL \VY AVRSAL, NS R ARRARSS )y AT \Semi Gy T2 Y NRS,

The general substitution—decomplexation procedure was followed using complex 2 (149 mg, 1 mmol)
(10 ml), BuLi (1 of a 1.6 M solution in hexanes, 2 mmol) and CO» gas (bubbled through the

to yield the amino acid 7 (E = CO;H) as a white solid (105 mg, 59 %), m.p. > 270 °C; (Found: C, 66.81; H,
7.54; N, 7.60. Calc. for C;pH13NO,; C, 67.02; H, 7.30; N, 7.82 %); Vgax (Nujol mull)/cm-1 2922, 2853,



Synthesis of theborane complex of N,N-dimethyl-1-naphthylmethylamine 11

s

i-Naphthoyl chioride (5.34 g, 28 mmol) was added portionwise to a biphasic mixture of

dimethylamine hydrochloride (6.54 g, 80.1 mmol) and NaOH (4.54 g, 0.114 mol) in H2O (50 ml) and EtOAc

P semn s we e

{50 mi) at O "C. The reaction mixture was stirred vigorously for 1 h at which time TLC (20 % EtOAc in
Et0) indicated complete consumption of starting material. Thus the phases were separated and the organic
iayer washed with 1 M HCI solution (2 x 50 mi), 2 M NaOH soiution (50 mi), brine (50 mi) before being
dried over MgSOy4 and concentrated in vacuo to yield the desired amide as an orange oil (5.17 g, 93 %), 19
Vmax (CHCl3)/cm-1 3062, 2942, 2869, 2810, 1674 (C=0), 1418, 1234, 1056 and 1026; 6y (250 MHz, CDCl3)
2.82 (3H, s, NCH?5), 3.26 (3H, s, NCH3), 7.41-7.56 (4H, m, ArH) and 7.78-7.89 (3H, m, ArH); 8¢ (68 MHz,
CDCls3) 34.3 (CH3), 38.3 (CH3), 123.4 (Ar-CH), 124.4 (Ar-CH), 124.7 (Ar-CH), 125.9 (Ar-CH), 126.5 (Ar-
CH), 128.0 (Ar-CH), 128.5 (Ar-CH), 129.0 (Ar-C), 133.0 (Ar-C), 134.3 (Ar-C) and 170.3 (C=0); m/z (EI)
199 (M*, 79 %) 186 (5), 156 (22), 127 (100), 113 (9) 84 (45) and 79 (8); (HRMS: found M+, 199.0994.

C12H1aNO requires M, 199.0997).

17"

BH ;-dimethylsulfide complex (3.91 ml, 41.9 mmol) was added dropwise to a stirred solution of the

»pared as described above (5.00 g, 25.1 mmol) in THF (60 ml) at 0 °C under a N3 atmosphere. The

11 as a white solid (4.04 g, 81 %), m.p. 103 °C; (Found: C, 78.23; H, 9.18; N, 7.07. C;3H gBN requires C,
236

8.42; H, 9.11; N, 7.03 %); v 6 (B-H), 2320 (B-H), 2272 (B-H), 1720,

~max

(CHCl; Yem-1 2952, 2860,

Ty 22y L0 L |

1466, 1164, 1136 and 1012; 8 (400 MHz, CDCl3) 1.10-2.40 (3H, v. br., BH3), 2.53 (6H, s, N(CH3)2), 4.55
7.50-7.61 (4H, m, ArH), 7.92 (2H, m, ArH) and 8.13 (1H, d, J 8.5, C(2)H); 8¢ (68 MHz,

g 7 £ N\ Taay asay Jaaadd gy Fas& \&E2,y 2235 SRS S5, SRS T2 s A



The general substitution—decomplexation procedure was followed using complex 11 (100 mg, 0.5
mmol) in THF (5 ml), "BuLi (0.63 ml of a 1.6 M solution in hexanes, 1 mmol) and methyl iodide (0.16 ml,

2.5 mmol). Standard decomplexation and purification on silica gel (2 % Et;O in petroleum ether then EtOAc

as eluents) gave 1-pentylnaphthalene 15a as an oil (40 mg, 40 %), 857 (270 MHz, CDC13) 1.07 (3H, t, 7 7.0,

CH>), 1.56 (4H, m), 1.91 (2H, quintet, J 7.5), 3.22 (2H, t, J 7.5, ArCH,), 7.45-7.68 (4H, m, ArH), 7.85 (1H,

d, 779, ArH), 799 (1H, d, J 7.6, ArH) and (8.20 (1H, d, J 7.6, ArH); 8¢ (68 MHz CDCl, CH,), 22.6

41
Ny

(CH,), 30.6 (CH3), 32.0 (CHy), 33.1 (CH3), 123.9 (Ar-CH), 125.3 (Ar-CH), 125.5 (Ar-CH), 125.6 (Ar-CH),
125.8 (Ar-CH), 126 4 (Ar-CH), 128.7 (Ar-CH), 1319 (Ar-C), 133.9 (Ar-C) and 139.0 (Ar-C); m/z (EI) 198

M+, 35 %), 155 (M - C3Hy, 4), 141 (M - C4H,, 100) and 128
max (CHCl3)Yem-1 2948, 2861, 2821, 2776, 1458, 1372, 109

v
iaA =

oil (45 mg, 45 %) v
CDCl3) 1.47 (3H, d, J 6.6 Hz, CHCH3), 2.27 (6H, s, N(CH3)3), 4.02 (1H, q, J 6.6, CHCH3), 7.24-7.53 (3H,
m, ArH), 7.59 (1H, 4, J 7.0, ArH), 7.74 (1H, d, J 8.1, ArH) 7.85 (1H, dd, J 7.3 and 2.3, ArH) and 8.37 (1H,
dd, J 7.3 and 1.7, ArH); 8¢ (68 MHz, CDCl3) 19.1 (CH3z), 43.5 (2 x NCH3), 62.2 (CH), 123.8 (Ar-CH),
124 4 (Ar-CH), 1253 (Ar-CH), 125.4 (Ar-CH), 125.6 (Ar-CH), 127.2 (Ar-CH), 128.8 (Ar-CH), 131.2 (Ar-

LY -y )

C), 134.0 (Ar-C) and 140.8 (Ar-C); m/z (EI) 199 (M*, 19 %), 184 (M - CHa, 100), 168 (5), 155 (M -

Deliberat vnlnrpmpnt of nitrogen usin 2 various | b 1tvl lithiums: 1-Pentylnaphthalene 15a

A solution of "BuLi (0.63 ml of a 1.6 M solution in hexanes, 1 mmol) was added dropwise to a

mplex 11 (100 mg, 0.5 mmol) in THF (5 ml) at -78 °C under a N atmosphere. The solution

L2 2212 ERRLY, i

solution of ¢
was then allowed to warm to 0 °C over 1 h, before adding saturated NH4Cl solution (10 ml). The phases
were separated and the aqueous layer extracted further with Et;O (2 x 10 ml). The combined organic
extracts were then washed with saturated brine (ca. 20 ml), dried (MgSO4) and concentrated under reduced
pressure to vield a vellow oil. Purification on silica gel (2 % EtOAc in petroleum ether as eluent) gave 15a

as a colourless oil (59 mg, 60 %). All data were consistent with those described above.



M. R. Ebden et al. / Tetrahedron 54 {1998

Methyl-1-butylnaphthalene 15b

A solution of sec-BuLi (0.77 ml of a 1.3 M solution in cyclohexane, 1 mmol) was added dropwise to
.78 °C under a N3 atmosphere. The solutio

SeiiUSpasva . ulis

ted further with Et;Q (2 x 10 ml), The combined oreganic

). The combined organic
extracts were then washed with saturated brine (ca. 20 ml), dried (MgSOy) and concentrated under reduced

pressure to yield an oil. Purification on silica gel (2 % EtOAc in petroleum ether as eluent) gave 15b as a

colourless oil (62 mg, 63 %), Vmax (CHCI3)cm-! 3065, 2940, 2870, 1510, 1307, 1277 and 1137; 3y (400

MHz, CDCl5) 0.92 (3H, d, J 6.5, CHCH3), 0.98 (3H, t, J, 7.5, CH,CH3), 1.25 (1H, m), 1.45 (1H, m), 1.86
(1H, m), 2.79 (1H, dd, J 12.0 and 6.5, ArCHH), 3.14 (1H, dd, J 12.0 and 6.5, ArcCHH), 7.30 (1H, d, J 7.0,
ArH), 741 (1H,t, J 7.0, ArH), 7.51 (2H, m, ArH), 7.74 (1H, d, J 8.8, ArH), 7.87 (1H, d, J 7.5, ArH) and 8,04

1-(2,2-dimethylpropyl)naphthalene 15¢

A solution of terr-BuLi (0.59 mi of a 1.7 M solution in pentane, 1 mmol) was added dropwise to a
solution of complex 11 (100 mg, 0.5 mmol) in THF (5 ml) at -78 °C under a N, atmosphere. The solution
was then warmed to 0 °C for 1 h, before adding saturated NH4Cl solution (10 ml). The phases were
separated and the aqueous layer extracted further with Et;O (2 x 10 ml). The combined organic extracts
were then washed with saturated brine (ca. 20 ml), dried (MgSO4) and concentrated under reduced pressure

to vield an oil. Purification on silica gel (petroleum ether as eluent) gave 15¢ as a colourless oil (58 mg, 58
%), Vmax (CHCl3)cm-1 3048, 2940, 2864, 1510, 1279, 1138 and 1073; 8y (270 MHz, CDCi3) 1.03 (5H, s

C(CH1)1), 3.07 (2H, s, ArCH3), 7.33 (1H, d, J 7.0, ArH), 7.49 (3H, m, ArH), 7.77 (1H, d, J 7.5, ArH), 7.87
(1H, m, ArH) and 8.16 (1H, d, J 7.5, ArH); m/z (EI) 198 (M*, 18 %), 183 (M - CH3, 9) and 142 (M - C4Hy,

100); (HRMS: found M+, 198.1410. C;5H 13 requires M, 198.1409).

[ i b
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The general substitution—-decomplexation procedure was followed using complex 11 (199 mg, 1

AN in THE(I0mI DRul i (128 minfal A enlntinn in havanae 2 mmal) and hanrzanh Mo~ €
AZAREENSAJ i AAAR AV IikiJy  AFUALL \ Redees 111E VUL QLU UV OULUUIVLL 1L MUVAGHIVOy & 141111V ] GEiN UUIIWPIIUI!ULAV \V.7& s, 4
mmol). Standard decomplexation and purification on silica gel (2 %, 4 % and 8 % Et;O in petroleum ether as
ehient) oave 13 = (‘rnH\Dh ac a white enlid (1AS mo AN %)Y mn 108112 °Cxy __ { 2 \Yem-1 2978
CAUCAL, BRYS 22 1D = ANV a8 @ WAl S0UC (152 g, 4V 70, MLP. aVi-1.4 L, v sl il J40 S
(O-H), 3088, 3062, 3033, 2957, 2873, 2833, 2789, 1448, 1187, 1055, 1042 and 1034; 8y (250 MHz, CDCl;)
206 (EH ¢ NHCHN\AN AGR(TH ¢ A ATIS.T D (177 m ArIN- 8~ (AR M2 ITHMLYAS Q) v )
LU \VE Ry Oy LN\Nad Y L)y TN \ Lddy Oy LMALEL Yy Ve T JTHUL (R 7KLy IRhy LALEZ Jy U \VU VARG, A3 ) TIL0 & A Il )
77.2 (CH), 78.7 (C), 125.4-130.1 (17 x Ar-CH), 132.4 (Ar-C), 132.7 (Ar-C), 135.5 (Ar-C), 145.8 (Ar-C) and
TAQ & F A N 2alde FOTN 2ELQ (RA+ o 1 & 02N 22 /ON AN F2AN NN 7TAN 104 10NN\ 1£7D /£8 141 1A 1NE
IRT. 3 \AT- ), AWVZ A1) D00 VAT + 1, 3 70), D23 \7), 223 \O%), aUU (1%), 10% (1UU), LOD \UJ), 141 (4], 1UD

Reaction of 11 with CO3 to give 13 (E = CO,H)

Tf okl 3 e X L WV ¥ ot 1 __. 44 /1NN

€ general subsiiiution~decomplexation procedure was foilowed using complex i1 (1060 mg, 0.5

mmol) in THF (5§ ml), ®BuLi (0.625 ml of a 1.6 M solution in hexanes, 1 mmol) and CO; gas (bubbled

at [ S At P S, ~a ~O 9y O 1N _r N o F RPN R | 1 I R i, o oo ~ g . | I LA )
mnrougie ue redacuon mixuure at -/5 © 10r 1uU min). dSldnddrd deCompicxdalon gave da s011d wiicl wds

triturated from Et; O to yield the amino acid 13 (E = CO,H) as a white solid (51.5 mg, 45 %), m.p. 220-3 °C;

........ M.l NOOND "NOZA 1L£1A F_MN 121
Umax (Nujoi mull)/cm~* 2923, 2853, 1612 (C=0), 131

e
S
o0
o
]
~~
®
o
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S
E
e
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o

(Ar-CH), 125.9 (Ar-CH), 126.4 (2 x Ar-CH), 128.6 (Ar-CH), 128.7 (Ar-CH), 131.8 (Ar-C), 132.1 (Ar-C),

133.8 (Ar-C) and 168.4 (C=0); m/z (EI) 229 (M+, 1.4 %) 199 (18), i84 (M - CO,H, 1(0), 168 (8), 155 (35)

127 (27); (HRMS: found M*, 229.1109. C14H 5sNO» requires M, 229.1103).

Synthesis of theborane complex of N,N-dimethyl-2-naphthylmethylamine 12

2-Naphthoyl chloride (4.00 g, 20.98 mmol) was added portionwise to a biphasic mixture of
dimethylamine hydrochloride (4.90 g, 60 mmol) and NaOH (3.40 g, 85 mmol) in H»O (40 ml) and Et,0 (40
ml) at 0 °C. After stirring vigorously for 2 min EtOAc (20 mi) was added and stirring continued for 1 h at
which time TLC (20 % EtOAc in Et;0) indicated complete consumption of starting material. Thus the
phases were separated and the organic layer washed with 1 M HCI solution (2 x 50 mi), 2 M NaOH solution

(50 ml), brine (50 ml) before being dried over MgSO4 and concentrated in vacuo to yield the desired amide

i) U
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as a white solid (4.18 g, 100 %), m.p. 82-83 °C (lit. m.p. 87-88 "C)20; vs; (CHCl Yem-1 2994, 2934, 1622
(C=0), 1574, 1496, 1399, 1130, 1077 and 863; 8y (400 MHz, CDCl3) 3.03 (3H, s, NCH3), 3.16 (3H, s,
NCH3), 7.52 (3H, m, ArH), 7.86 (3H, m, ArH) and 7.91 (1H, s, C(1)H); 8¢ (68 MHz, CDCl;) 35.1 (CH3),

39.3 (CH3), 124.1 (Ar-CH), 126.3 (Ar-CH), 126.5 (Ar-CH), 126.7 (Ar-CH), 127.5 (Ar-CH), 127.9 (Ar-CH),

128.1 (Ar-CH), 132.3 (Ar-C), 133.3 (Ar-C)

waayy Aetdeed (L

); m/> (E1) 100 M+ AR OL

185
T \Aekj AT \VR 5 TU 7Oy, 10
(M - N(CH3),, 100), 127 (M - CON(CHa3);, 78), 101 (5) and 77 (7), (HRMS: found M+, 199.1001.
C3H3NO requires M, 199.0997).

BH 3-dimethylsulfide complex (0.81 ml, 8.53 mmol) was added dropwise to a stirred solution of

AT 9
IR

1n
LR 38

atmnenhare The
phere. Ing

”
aNg atmos

solution was stirred for 10 min before removing the ice bath and stirring overnight. The solution was then

nartitioned hetween saturated NH.Cl solution (300 m and Fta0) (50 m) The aroanic laver wac cenarated and
pTeTeTavTRAw I ey - MRSLASARSLEAS A ARG VWAL N\o Y ALALJ WRAANA AR LT \MV ARRERA)S A AN SLpoteriaw Ama) v W WL WAL ML WAL B RA
the aqueous layer extracted further with diethyl ether (2 x 50 ml). The organics were then combined, washed
with saturated brine (50 ml), dried over MgSO, and concentrated under reduced pressure to yield crude

product which was recrystallised from EtOAc providing complex 12 as a white solid (0.95 g, 95 %), m.p.
145-6 °C; umax (CHCl3)em-! 2951, 2387 (B-H), 2321 (B-H), 2272 (B-H), 1465, 1300, 1165 and 1134; 6y
(400 MHz, CDCl3) 0.9-2.7 (3H, v. br., BH3), 2.56 (6H, s, N(CH3)2), 4.15 (2H, s, ArCH>), 7.43 (1H, dd, 7 8.4
and 1.6, ArH), 7.55 (2H, m, ArH), 7.80 (1H, s, C(1)H) and 7.86 (3H, m, ArH); ¢ (68 MHz, CDCl3) 49.7 (2
x CHj3), 67.5 (CH»), 126.5 (Ar-CH), 126.8 (Ar-CH), 127.6 (Ar-CH), 128.0 (2 x Ar-CH), 129.2 (Ar-CH),

[Ty

31.

>0

(Ar-CH),

128 6 (C(2)), 132.8 (Ar-C) and 133.2 (Ar-C); m/z (CI) 198 (M* - 1,5 %), 186 (53), 171 (40),

7 (30), 142 (100), 129 (22) and 74 (45); (HRMS: found M* - H, 198.1454. C3HgBN - H requires M,

198.1457).

reneral procedure for substitution—decomplexation of 12 to give amines 14: methylation to give 14

(R = Me)?1

A solution of "BuLi (0.412 ml of a 1.6 M solution in hexanes, 0.66 mmol) was added dropwise to a
solution of complex 12 (66 mg, 0.33 mmol) in THF (3.5 ml) at -78 “C under a N3 atmosphere. The solution
was then warmed to 0 °C for 1h, before recooling to -78 °C and addition of methyl iodide (0.10 ml, 1.7
mmol) as a single portion. After 2 min the deep brown colouration had dissipated so the cooling bath was
removed and the reaction mixture allowed to warm to room temperature for 30 min before the addition of

saturated NaHCO;5 solution (10 ml). The phases were separated and the aqueous layer extracted further with
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diethyl ether (2 x 10 ml). The combined organic extracts were then washed with saturated brine (ca. 20 ml),

dried over MgSO4 and concentrated under reduced pressure to yield a colourless oil. This oil was diluted in

EtOH (10 ml) and heated at reflux overnight before the reaction mixture was concentrated under reduced

ture w nc
pressure and purified on silica gel (EtOAc then 2 % MeOH in EtOAc as eluents) to yield 14 (E = Me) a
colourless oil (44 mg, 66 %), Vmax (CHCl3)em-1 2937, 2862, 2822, 2778, 1457, 1372, 1309, 944, 895 and
860; by (400 MHz, CDCl3) 1.45 (3H, d, J 6.5, CHCH3), 2.24 (6H, s, N(CHs)7), 3.38 (1H, q, J 6.5, CHCH3),
7.46 (3H, m, ArH), 7.70 (1H, s, C(1)H) and 7.80 (3H, m, ArH); 3¢ (68 MHz, CDCl3) 20.3 (CH3), 43.5 2 x
NCH3), 66.2 (CH), 125.5 (Ar-CH), 125.8 (Ar-CH), 125.9 (Ar-CH), 126.0 (Ar-CH), 127.6 (Ar-CH), 127.8
(Ar-CH), 128.0 (Ar-CH), 132.76 (Ar-C), 133.4 (Ar-C) and 141.9 (Ar-C); m/z (EI) 199 (M+* 14 %), 184 (M -

CH3, 100), 168 (4), 155 (26), 141 (9), 128 (6) and 72 (14); (HRMS: found M+, 199.1362. C 4H ;7N requires

M, 199.1361).

Silylation of 12 to give 14 (E = SiMe3)

The general substitution—decomplexation procedure was followed using complex 12 (199 mg, 1
mmol}) in THF (10 ml), "Buli (1.25 ml of a 1.6 M solution in hexanes, 2 mmol) and (CH3)3SiCl (0.63 ml, 5
mmol). Standard decomplexation and purification on silica gel (25 % EtOAc in petroleum ether as eluent)
gave 14 (E = SiMe3) as a yellow oil (161 mg, 63 %), Vmax (CHCl3)/cm-1 3058, 2952, 2863, 2820, 2772,
1507, 1251, 1037 and 836; 8y (250 MHz, CDCi3) 0.01 (9H, s, Si(CH?3)3), 2.34 (6H, s, N(CH3)2), 2.84 (iH, s,
ArCH), 7.36-7.49 (3H, m, ArH), 7.61 (1H, s, C(1)H) and 7.74-7.82 (3H, m, ArH); 8¢ (68 MHz, CDCl;) -1.1
(Si(CH3)3), 47.2 (2 x NCH3), 68.2 (CH), 124.9 (Ar-CH), 125.7 (Ar-CH), 125.8 (Ar-CH), 127.0 (Ar-CH),
127.5 (2 x Ar-CH), 127.6 (Ar-CH),; m/z (EI) 257 (M+, 3 %), 242 (2), 184 (M - Si(CHa)3, 100), 153 (2) and
84 (15); (HRMS: found M+, 257.1592. C;¢H3NSi requires M, 257.1600).

Reaction of 12 with benzaldehyde to give 14 [E = CH(OH)Ph]

The general substitution—decomplexation procedure was followed using complex 12 (100 mg, 0.5
mmol) in THF (5 mi), "BuLi (0.63 ml of a 1.6 M solution in hexanes, I mmol) and benzaldehyde (0.26 mi,
2.5 mmol). Standard decomplexation and purification on silica gel (50 %, 66 % EtOAc in petroleum ether
then EtOAc as eluents) gave firstly the minor erythro isomer of 14 [E = CH(OH)Ph] as a yellow oil (13 mg,
9 %), Vmax (CHCl3)cm-! 3303 (O-H), 3062, 2944, 2872, 2835, 2791, 1410, 1202 and 1051; &y (400 MHz,

- [ 7atd ~

d, J 10.3, CHN{CH3)7), 5.13 (iH, d, 7 10.2, CHOH), 7.05-7.46

CDCly) 2.29 (6H,

s, N(CH3)2), 3.72 (IH,
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(8H.m, ArH), 7.51 (1H, s, C(1)H) and 7.75 (3H, m, ArH); 8¢ (68 MHz, CDCl1) 40.9 (2 x CHz), 71.0 (CH),
75.7 (CH), 125.9-127.9 (10 x Ar-CH), 129.5 (Ar-C), 130.1 (Ar-C), 132.8 (Ar-C) and 141.5 (Ar-C); m/z (CT)

292 (M* + 1,34 %), 274 (M - OH, 11), 247 (M - N(CHa)», 22), 214 (5), 184 (100), 170 (5), 141 (6) an

11) L E At s

2
Pt

07
(15); (HRMS: found M* + H, 292.1680. C0H;NO + H requires M, 292.1701), followed by mixed fractions
of the two sterecisomers (45 mg, 31 %) followed by erythro 14 [E = CH(OH)Ph] as a yellow oil (57 mg, 39
%, 79 % overall), L max (CHCis)Ycm-1 3420 (O-H), 3062, 3029, 3001, 2958, 2872, 2828, 2783, 1408, 1058
and 1040; dn (400 MHz, CDCl5) 2.37 (6H, s, N(CH3)3), 3.37 (1H, d, J 4.1, CHN(CHa)7), 5.38 (1H, d, J 4.1,
CHOH), 7.04 (SH, m, ArH), 7.22 (1H, d, J 8.5, ArH) and 7.35-7.75 (6H, m, ArH); & (68 MHz, CDCl3) 44.2
(2 x CHa), 72.7 (CH), 77.6 (CH), 125.5-128.6 (10 x Ar-CH), 132.72 (Ar-C), 132.8 (Ar-C), 134.3 (Ar-C) and

141.1 (Ar-C); m/z (CI) 292 (M* + 1, 66 %), 274 (M - OH, 39), 247 (M - N(CHz)3, 40), 235 (7), 213 (7), 184
(100), 135 (39), 105 (55); (HRMS: found M+ + H, 292.1695. C2qH,;NO + H requires M, 292.1701).

Reaction of 12 with CO;3 to give 14 (E = CO,H)

The general substitution—decomplexation procedure was followed using complex 12 (100 mg, 0.5
mmol) in THF (5 ml), "BuLi (0.625 ml of a 1.6 M solution in hexanes, 1 mmol) and CO+ gas (bubbled
through the reaction mixture at -78 °C for 10 min). Standard decomplexation gave a solid which was
triturated from EtyO to yield the amino acid 14 (E = CO,H) as a white solid (82.5 mg, 72 %), m.p. 206-8 °C;
Vmax (Nujol muil)icm-t 3372 (O-H), 2920, 2853, 1620 (C=0), 1309, 1153 and 816; 8y (270 MHz, CDCl3)
2.58 (6H, s, N(CH3)2), 443 (1H, s, ArCH), 7.65 (3H, m, ArH) and 7.99 (4H, m, ArH); ¢ (68 MHz, CDCl3)
42.1 (2 x CH3), 74.8 (CH), 126.0 (Ar-CH), 126.5 (2 x Ar-CH), 127.6 (Ar-CH), 127.9 (Ar-CH), i28.1 (Ar-
CH), 128.4 (Ar-CH), 132.6 (Ar-C), 132.7 (Ar-C), 132.9 (Ar-C) and 168.4 (C=0); m/z (EI) 229 (M*, 0.9 %),
184 (M - COzH, 100), 168 (7), 141 (5) and 128 (4); (HRMS: found M+, 229.1103. C4H 5sNO; requires M,

229.1103).

Reaction of 12 with benzophenone to give 14 [E = C(OH)Ph3]

The general substitution—decompiexation procedure was foiiowed using compiex iZ (100 mg, 0.5
mmol) in THF (5 ml), "BuLi (0.63 ml of a 1.6 M solution in hexanes, 1 mmol) and benzophenone (0.46 g,
2.5 mmol). Standard decompliexation and purification on silica gei (10 % Et,O in petroieum ether as eiuent)

gave 14 [E = C(OH)Ph;] as a white solid (139 mg, 75 %), m.p. 80-82 °C; Umax (CHCl3)/cm-! 3284 (O-H),
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fi enolizabie carbonyl elecirophiies:

preparation of 14 [E = CH(OH)cy-hex]

i a 1.6 M soluiion in hexanes, 1 mmoi) was added dropwise io a
solution of complex 12 (100 mg, 0.5 mmol) in THF (5 ml) at -78 °C under a N, atmosphere. The solution
was then warmed io O °C for ih, before dropwise addition of the brown reaction mixture to a soiution of
cyclohexane carboxaldehyde (1.21 ml, 10 mmol) in THF (5 ml) at -78 °C (duration ca. 6 min). Stirring was
then continued for 5 min before the addition of saturated NaHCO3 soiution (10 mi). The phases were
separated and the aqueous layer extracted further with diethyl ether (2 x 10 ml). The combined organic
extracts were then washed with saturated brine (ca. 20 mi), dried over MgSO4 and concentrated under
reduced pressure. The resulting oil was diluted in EtOH (10 ml) and heated at reflux overnight before the
reaction mixture was concentrated under reduced pressure yieiding a mixture of diastereomers (i.2 : 1).
Purification on silica gel (50 % EtOAc in petroleum ether, EtOAc then 1 % MeOH in EtOAc as eluents) gave

firstiy the minor (threo) diastereomer of 14 {E = CH(OH)cy-hex] as a coiouriess oii (40.3 mg, 27 %), Umax

(CHCl3Yem-! 3360 (O-H), 2932, 2855, 2790, 1415 and 1041; 8y (400 MHz, CDCl;) 1.12-1.80 (11H, m,

CsH11), 2.20 (6H, s, N(CH3)2), 3.64 (1H, d, J 10.5, CHN(CH3)5), 4.01 (1H, dd, J 10.6 and 3.1, CHOH),
7.27 (1H, dd, J 8.4 and 1.6, C(3)H), 7.51 (2H, m, ArH), 7.57 (1H, s, C(1)H) and 7.84 (3H, m, ArH); 3¢ (68
MHz, CDCl3) 25.1 (CH3), 26.1 (CH»), 26.4 (CHy), 26.7 (CHa), 31.1 (CHp), 39.0 (CH), 40.7 (2 x CH3), 70.6
(CH), 71.6 (CH), 126.0-129.0 (7 x Ar-CH), 131.0 (Ar-C), 132.9 (Ar-C) and 133.0 (Ar-C); m/z (CI) 298 (M+

+ 1, 70 %), 280 (M - OH, 6), 253 (M - N(CH3z)2, 17), 235 (12), 214 (4), 200 (13), 184 (100), 139 (15);

(HRMS: found M+ + H, 298.2197. CyoH,NO + H requires M, 298.2171), then mixed fractions containing

both diastereomers (20.4 mg, 14 %) followed by the major (erythro) diastereomer of 14 [E = CH(OH)cy-hex]
as a colourless oil (35 mg, 24 %, 65 % overall), Vyay (CHClaYem-! 3399 (O-H), 2932, 2854, 2783, 1508,

H3),),3.38 (1H

1411, 1248 and 1041; 8 (400 MHz, CDCl3) 0.97-1.72 (11H, cm, CgH11), 2.29 (6H, s, N(CH
O H) and 7.25-7.85 (TH, m,

d J 3.8 CHN(CH1)?),3.89 (1H, m, CHOH), 437 (1H, br. s, D, (:)e_)(_(_:h?_1[1_%3;;]3]“i

LS PR IS FL 4 Y 23747 -2y a22 =
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ArH); 8¢ (68 MHz, CDCl3) 25.5 (2 x CHp), 26.4 (CHp), 28.8 (CH3), 29.4 (CH>), 39.8 (CH), 44.0 (2 x CH2)
73.2 (CH), 74.2 (CH), 125.9 (2 x Ar-CH), 127.6 (Ar-CH), 127.7 (2 x Ar-CH), 128.0 (Ar-CH), 129.0 (Ar-
CH), 133.0 (2 x Ar-C) and 134.7 (Ar-C); m/z (CT) 298 (M+ + 1, 87 %) 280 (M - OH, 31), 253 (M - N(CHz),,

20), 235 (11), 214 (9), 184 (100), 141 (29), 129 (31) and 111 (15); (HRMS: found M* + H, 298.2168.
CaoH27NO + H requires M, 298.2171).

Reaction of 12 with isobutyraldehyde to give 14 [E = CH(OH)'Pr]

The general inverse addition procedure for the substitution—decomplexation was followed using
complex 12 (100 mg, 0.5 mmol) in THF (5 ml), BuLi (0.63 ml of a 1.6 M solution in hexanes, 1 mmol) and
isobutyraldehyde (0.91 ml, 10 mmol) in THF (5 ml). Standard decomplexation gave a mixture of
diastereomers (1.2 : 1). Purification on silica gel (50 % EtOAc in petroleum ether then EtOAc as eluents)
recovered firstly the minor (threo) diastereomer of 14 [E = CH(OH)iPr] as a colourless oil (42 mg, 33 %),
Vmax (CHCl3)/cm-1 3361 (O-H), 3059, 2962, 2873, 2834, 2789, 1413, 1275, 1124 and 1005; 3y (400 MHz,

CDCI3) 0.79 (3H, d, J 6.7, CHCH3), 1.01 (3H, d, J 6.7, CHCH3), 1.45 (1H, d of septets, J 2.0 and 6.7,
CH(CHa)3), 2.21 (6H, s, N(CH3)3), 3.56 (1H, d, J 10.5, ArCH), 4.06 (1H, dd, J 10.5 and 2.0, CHOH), 7.26

/7O N ETY

m, ArH); &¢c (68 Miiz,

-~ 2 ~T s ¥ FaVE RN & ot

(iH, 4, J 9.7, C(3)H), 7.49 (CH, m, ArH), 7.58 (iH, s, C(i)H) and 7.81-7.86 (3H,

CDCl3) 14.4 (CH3), 20.9 (CH3), 28.9 (CH), 40.8 (2 x NCH3), 71.6 (CH), 71.7 (CH) 126.0 (Ar-CH), 126.1
(Ar-CH), 127.4 (2 x Ar-CH), 127.6 (Ar-CH), 127.9 (Ar-CH), 129.1 (Ar-CH), 130.9 (Ar-C), 132.9 (Ar-C) and
133.0 (Ar-C); m/z (CI) 258 (M++1, 100 %), 241 (M - OH, 8), 213 (M - N(CH3)2, 26), 184 (59) and 141 (26);
(HRMS: found M+* + H, 258.1844. C17H,3NO + H requires M, 258.1831), then mixed fractions containing
both diastereomers (28 mg, 22 %) followed by the major (erythro) diastereomer of 14 [E = CH(OH)iPr] as a
coiouriess oii (25 mg, 20 %, 75 % overail), Vmax (CHCl3)/cm™* 3408 (O-H), 3053, 2560, 28

J

1410, 1056 and 1041; dy (400 MHz, CDCI3) 0.82 (3H, d, J 6.6, CHCH3), 0.95 (3H, d,

~ww If“ IR Pt 4 Vel o oY

1.30 (1H, m, CH({CHs)7), 2.25 (6H, s, N(CH3)2), 3.25 (iH, d, J 4.2, ArCH), 3.7

CHOH), 7.48 (2H, m, ArH), 7.57 (1H, J 8.5 and 1.7, C(3)H) and 7.73-7.84 (4H, m, ArH); 8¢ (68 MHz,

wn
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¥
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CDCis) 18.5 (CHa), 19.3 (CH3), 30.4 (CH), 44.1 (2 x NCH3), 73.5 (CH), 75.5 (CH), 125.8 (Ar-CH), i25.5
(Ar-CH), 127.5 (Ar-CH), 127.6 (Ar-CH), 127.7 (Ar-CH), 127.9 (Ar-CH), 128.8 (Ar-CH), 132.92 (Ar-C),

o An-t\ A‘n a4 ATT AN n-lﬂ Fa \

Va3 + ﬂ x \ V2t Y S AN ~ANnN
{(M*++ 1, 35 %), 240 (M - OH, 40), 213 (M - N{CH3)3, 34), 200

~

133.0 (Ar-C), 135.5 (Ar-C); m/z (EI) 253

(16), 184 (100), 141 (44); (HRMS: found M* + H, 258.1875. C17HzNO + H requires M, 258.1858).
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Et20 (3 x 20 ml) before basifying the aqueous phase to pH >10 with 2N NaOH solution and re-extracting
with Bt (2 ¥ 20 m\  Tha lattar araanic avtrante wara thon snmhinad wachad with heina drad MAQN N\
FYAUAE Al JNF \W/ O &V LRLL) A At UlEOINWY WAL GVIO YWl LWL WRLIUVLIIVAS, VW AROLIWAL YVl ULlilv,y WIALU UYRERUNS G )

and concentrated in vacuo to yield the crude product as a yellow oil. Purification by silica gel

°C under a N atmosphere. The solution was stirred for 15 min at which time TLC (50 % Et,O in petroleum

reduced pressure. The resulting white solid was then recrystallised from cyclohexane—dichloromethane (50 :

i) to yieid the title borane compiex as a whiie crysiailine solid {(1.99 g, 86 %), m.p. 92-54 °C, (Found: C,
74.39; H, 10.19; N, 8.37. CoH¢BN requires; C, 74.57; H, 10.01; N, 8.70 %); Vmax (CHCl3)/cm-! 2416 (B-

(C(3)H3), 61.3 (C(1)H3), 126.7 (Ar-CH), 126.8 (Ar-CH), 127.3 (Ar-CH), 128.6 (Ar-CH), 130.1 (Ar-C) and
130.6 (Ar-C);, m/z (FAB) 160 (M* - 1 59 %), 136 (62), 107 (19), 91 (i4) and 77 (i6), (HRMS: found M* - i,

0.
160.1302. C1H 5N - H requires M, 160.1298).
Alternatively the compiex 16 was prepared by addition of BHj-dimethyisuifide compiex (1.93 mi,
20.4 mmol) dropwise to a stirred solution of starting tetrahydroisoquinoline (3.0 g, 20.4 mmol) in anhydrous
hexane (50 mi) at 0 °C. The resuiting suspension was stirred for 24 h, fiitered and dried in vacuo to yieid 16

as a white solid (3.07 g, 94 %). All data were consistent with those described above.
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Silylation of tetrahydroisoguinoline—borane ¢ complex 16 to give 17 (E = SiMe; )IG

The general procedure for the substitution—decomplexation of complex 2 to give 7 was followed

using complex 16 (161 mg, 1 mmol) in THF (10 ml), ®BuLi (1.25

mmol) and (CH3)3SiCl (0.63 ml, S mmol). Standard decomplexation and purification on silica gel (CHCl3 as
eluent) gave 17 (E = SiMe?) as a colourless oil (140 mg, 64 %), Vgmax (CHCl: Yem-1 3212, 2946, 2845, 2789,
1643, 1455, 1096, 908 and 864; oy (250 MHz, CDCl3) 0.32 (9H, s, Si(CH3)3), 2.49 (3H, s, NCH3), 2.57-2.91
(3H, m, ArCH,CHHN), 3.15 (1H, m, ArCH,CHHN), 3.20 (1H, s, ArCHN) 6.91 (1H, d, J 7.0, ArH) and
7.00-7.14 (3H, m, ArH); 8¢ (68 MHz, CDCl3) -2.1 (Si(CH3)3), 26.7 (C(4)Hz), 45.5 (NCH3), 50.5 (C(3)H,),
58.6 (CH), 124.1 (Ar-CH), 125.3 (Ar-CH), 126.1 (Ar-CH), 128.5 (Ar-CH), 133.8 (Ar-C) and 137.4 (Ar-C):

m/z (EI) 219 (M*, 3 %), 218 (6), 172 (11), 161 (55), 146 (M - Si(CHj)3, 26), 118 (100), 104 (10), 90 (55), 77
(12) and 72 (21), (HRMS: found M+, 219.1422. C;3H,;NOSi requires M, 219.1443).

Merhylation of tetrahydroisoguinoline~borane complex 16 to give 17 (E = Me)?3

The general procedure for the substitution—decomplexation of complex 2 to give 7 was followed
using complex 16 (161 mg, 1 mmol) in THF (10 ml), "BuLi (1.25 ml of a 1.6 M solution in hexanes, 2
mmol) and methyl iodide (0.31 ml, 5 mmol). Standard decomplexation and purification on silica gel (EtOAc,
5 % then 10 % MeOH in EtOAc as eluents) gave 17 (E = Me) as a yellow oil (136 mg, 79 %), ¥V max
(CHCl3¥cm-1 3206, 2913, 2849, 2799, 1463, 1370, 1104 and 908; 6y (250 MHz, CDCli3) 1.37 (3H, d, J 6.6,
CHCH,), 2.46 (3H, s, NCH3), 2.61 (1H, ddd, J 11.8, 7.2 and 5.3, ArCHHCH;,N), 2.84 (2H, m,
ArCHHCHHN), 3.01 (1H, ddd, J 11.8, 5.8 and 5.8, ArCH,CHHN), 3.59 (1H, q, J 6.6, ArCHN) and 7.04-
7.14 (4H, m, ArH); 6c (68 MHz, CDCl3) 19.5 (CH3), 28.0 (C(4)H3), 42.9 (NCH3), 48.9 (C(3)H3); 58.9 (CH),
125.6 (Ar-CH), 125.6 (Ar-CH), 126.7.(Ar-CH), 128.5 (Ar-CH), 133.7 (Ar-C) and 139.6 (Ar-C); m/z (EI) 160
M+ -1, 6 %), 159 (7), 146 (M - CH3, 100), 131 (9), 115 (13), 91 (6) and 77 (6); (HRMS found M+ - H,
160.1080. C;;H 5N - H requires M, 160.1126).
Reaction of tetrahydroisoquinoline-borane compiex 16 with PhCHO o give 17 [E = CH(OH)Phj!a
The general procedure for the substitution—decomplexation of 2 to give 7 was followed using

complex 16 (161 mg, 1 mmol) in THF (10 ml), "BuLi (1.25 ml of a 1.6 M solution in hexanes, 2 mmol) and

benzaldehyde (0.51 ml, 5 mmol). Standard decomplexation gave a mixture of diastereomers (8 : 1).
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CH(OH)Ph] as a white solid (107 mg, 42 %), m.p. 101-103 °C (lit.!2, m.p.

(erythro) diastereomer of 17 [E

(1H, dt,J 11.4 and 6.1, ArCH,CHHN), 2.60 (3H, s, NCH3), 2.65 (2H, t, J 5.6, ArCH,CH;N), 2.92 (1H, dt, J

CHOR), 6.88 (1H, t, J 7.0, ArH), 6.90-7.09 (5H, m, ArH) and 7.18-7.22 (3H, m, ArH); 8¢ (68 MHz, CDCl;)

CH), 126.8 (Ar-CH), 127.5 (Ar-CH), 128.6 (Ar-CH), 129.9 (Ar-CH), 132.5 (Ar-C), 136.6 (Ar-C) and 141.2

77 (4), (HRMS: found M+ + H, 254, 1536. C7H;yNO + H requires M, 254.1545), then mixed fractions

20 AT e
(i vitiiag

-

a white solid (13 mg, 5 %, 58 % overall), m.p. 91-93 °C; vmax (CHCl3)cm-1 3272, 2946, 2856, 2810, 1603,

ArCHHCH,N), 2.90 (1H, ddd, J 13.5, 6.2 and 2.8, ArCH,CHHN), 3.05 (1H, ddd, J 17.2, 11.2 and 6.2,

8.9, CHNMe), 5.94 (1H, d, J 7.6, CHOH), 6.80 (1H, m, ArH), 7.09 (2H, m, ArH) and 7.29 (7H, m, ArH); ¢

(Ar-CH), 127.8 (Ar-CH), 128.0 (Ar-CH), 128.1 (Ar-CH), 128.5 (Ar-CH), 129.8 (Ar-CH), 132.0 (Ar-C),

(23) and 77 (10), (HRMS: found M+, 253.1435. C;7HsNO requires M, 253.1467).

COzH)

Reaction of tetrahydroisoquinoline-borane complex 16 with CO3 to give 17 (E

1 s
10

1

1Y

o~

to give 7 was followed using compiex

r A
or 4

1

The generai substitution—decompiexation procedure

1

1

(160 mg, 1 mmol) in THF (10 ml), ®BuLi (1.25 ml of a 1.6 M solution in hexanes, 2 mmol) and CO; gas

L ]

for i5 min). Standard decompiexation gave a soiid which

1y

1

~-

~

-

~

(bubbied through the reaction mixture at -78 "C

CO7H) as a white solid (106 mg, 55 %), m.p. 189-

was triturated from Et»O to yield the amino acid 17 (E

1
ul

; Umax (Nujol m

An G
U5 O

736; 8y (250 MHz, D6-DMSO) 2.70 (3H, s, NCH3), 2.84-3.07 (3H, m, NCHHCH3), 3.46 (1H, m,

AT TUS TN Y

Tr

DMSO) 25.8 (C(4)H>), 42.3 (CH3), 48.2 (C(3)H,), 67.8 (C(1)H), 126.0 (Ar-CH), 126.8 (Ar-CH), 127.0 (Ar-



CH), 128.3 (Ar-CH), 131.0 (Ar-C), I’

- CO2H, 56), 136 (19), 105 (6) and 91 (9). (HRMS: found M* + H, 192.1014. C;;H3NO, + H requires M,
192.1025).

Reaction of tetrahydroisoguinoline—borane complex 16 with CICO Me to give 17 (E = CO>Me)
The general substitution—-decomplexation procedure of 2 to give 7 was followed using complex 16
(160 mg, 1 mmol) in THF (10 ml), "BuLi (1.25 ml of a 1.6 M solution in hexanes, 2 mmol) and methyl
chloroformate (0.39 ml, 5 mmol). Standard decomplexation and purification on silica gel (10 % Et;0 in
petroleum ether as eluent) gave 17 (E = CO,Me) as a colourless oil (129 mg, 63 %), Vmax (CHCl3 Vem-!
2952, 2858, 2801, 1732 (C=0), 1454 and 1294; dy (250 MHz, CDCl3) 2.51 (3H, s, NCH3), 2.66 (1H, ddd, J
11.5, 7.0 and 6.0, ArCHHCHb»). 2.87 (1H, ddd, J 16.4, 6.0 and 5.0, ArCH,CHH), 3.01 (1H, ddd, 7 16.4, 7.0
and 6.0, ArCH,CHH), 3.29 (1H, ddd, J 11.3, 6.0 and 5.0, ArCHHCH}3), 3.75 (3H, s, COCH3), 4.31 (1H, s,
CHCO»CH3) and 7.10-7.23 (4H, m, ArH); 8¢ (68 MHz, CDCl3) 28.5 (C(4)H>), 43.7 (NCH3), 48.7 (C(3)H»),
1.9 (CHz3), 67.8 (CH), 125.8 (Ar-CH), 126.2 (Ar-CH), 127.1 (Ar-CH), 129.0 (Ar-CH), 131.5 (Ar-C), 134.2
(Ar-C), 172.8 (C=0); m/z (FAB) 206 (M* + H, 38 %), 146 (M - CO,CH3, 100), 135 (39), 123 (19), 109 (32),

5 (53) and 55 (100); (HRMS: found M+ + H, 206.1181. C;2H sNO; + H requires M, 206.1183).

Allylation of tetrahydroisoquinoline~borane complex 16 to give 17 (E = allyl)?4

The general substitution—decomplexation procedure of 2 to give 7 was followed using complex 16
(160 mg, 1 mmol) in THF (i0 mi), BuLi (1.25 mi of a 1.6 M soiution in hexanes, 2 mmol) and aliyi bromide
(0.43 ml, 5 mmol). Standard decomplexation and purification on silica gel (25 % EtOAc in petroleum ether
as eiueni) gave 17 (E = ailyi) as a colouriess oii (111 mg, 55 %), Vmax (CHCI3 yicm-! 2537, 2851, 2796, 1639,
1453, 1372, 1096 and 914; 8y (250 MHz, CDCl3) 2.48 (3H, s, NCH3), 2.55-2.73 (3H, m, NCHHCH; and
CH,CH=CHpy), 2.81 (ZH, dd, J 5.9 and 5.9, NCH;CH?), 3.13 (1H, m, NCHHCHzy), 3.36 (1H, dd, J 5.5 and
5.5, ArCH)), 5.05 (2H, m, CH=CH?>), 5.78 (1H, dddd, J 17.1, 10.2, 6.7 and 6.7, CH=CH>) and 7.07-7.15
(4H, m, ArH); &¢c (68 MHz, CDCl3) 26.6 (C(4)H>), 38.8 (CH3), 42.8 (CH3), 48.5 (C(3)H3), 63.5 (C(1)H),
116.1 (CH»), 125.6 (Ar-CH), 125.8 (Ar-CH), 127.2 (Ar-CH), 128.6 (Ar-CH), 134.7 (Ar-C), 135.9 (CH) and

137.6 (Ar-C); m/z (EI) i86 (M™ - 1, 86 %) 175 (32), 162 (66), 147 (M - CpHs, 100), 131 (38) and 105 (i

(HRMS: found M+ - H, 186.1284. C3H 7N - H requires M, 186.1282).

Lini 7
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Preparation of 2-methylisoindoline-borane complex 2025
(i) N-methylphthalimide 26

A solution of methylamine hydrochloride salt (18.2 g, 0.27 mol) in H50 (50 ml) was added to a

refluxing solution of phthalic anhydride (37.0 g, 0.25 mol) in glacial acetic acid (150 ml). Triethylamine
(30.1 g, 0.30 mol) was then added cautiously and reflux maintained for 30 min at which time TLC (3 x 25 %
Et,O in petroleum ether) showed complete consumption of starting material. The reaction mixture was
allowed to stir overnight before pouring the white suspension into H,O (800 ml) and filtering to recover N-

methyiphthaiimide as a white crystailine solid (27.6 g, 69 %), m.p. 132-134 °C (iit.28, m.p. 130-132 °C); 3y
(400 MHz, CDCl,) 3.19 3H, s, NCH3z), 7.71 (2H, dd, J 5.4 and 3.0, ArH) and 7.85 (2H, dd, J 5.4 and 3.0,
ArH)

(ii) 2-methylisoindoline~borane complex 20

BH3-dimethylsulfide (18.0 ml, 190 mmol) was added dropwise to a stirred suspension of the
phthalimide prepared as described above (12.4 g, 77 mmol) in THF (100 ml) at room temperature before
heating the mixture at reflux for I h. Dimethyi suifide was then removed by distiliation at which time TLC
(25 % Et,0 in petroleum ether) indicated remaining starting material. Reflux was maintained for a further 16
h before the reaction mixture was partitioned between EtOAc (100 mi) and saturated NaHCO35 solution (100
ml). The organics were separated and the aqueous layer extracted further with EtOAc (2 x 100 ml). The
organics were then combined, dried (MgSO,) and concentrated in vacuo to yield a crude white solid which
was recrystallised to analytical purity from petroleum ether—dichloromethane to yield complex 20 (10.4 g, 91
%), m.p. 102-103 °C; (Found: C, 73.40; H, 9.66; N, 9.24. CoH4BN requires C, 73.52; H, 9.60; N, 9.53 %);
Vmax (CHCl3)/em-1 2995, 2945, 2862, 2351 (B-H), 2316 (B-H), 2270 (B-H), 1464, 1450, 1159, 962 and 889;

’\ "' STTY AY

rs PO ™YY ~ DA ATY -
7 (3H, v. br,, BfA3), 2.82 3H, s

s ANN AT Vel

Sy (400 MHz, CDCl3) 1.

L W
d, J 14,.0 NCHH) and 7.20-7.31 (4H, m, ArH); 8¢ (68 MHz, CDCl3) 51.9 (CHs), 68.2 (2 x CHy), 122.6 (2 x

=
F
«
w
‘.\/
SN
]
o0
~~
(3]
s
e
S
—
$a
<
2z

~r™ A sw ox

Ar-CH), 127.8 (Z x Ar-CH) and 136.3 (Z x Ar-C); m/z (ED) 146 (M* - 1, 21 %), 132 (M - BH3, 24), 117 (

BH; - CHj, 4), 105 (100), 56 (64).

Substitution of isoindoline complex 20 ro give the diastereomeric complexes 21a and 21b

A Tl £ NMD..T: /N "V\ 1 L . 1 A \ RPN [P A_ PRI | ~1 1 it A o
A SO1uuon 01 *burl \v mi O a 1.4 vl SOIuUtion in neéxancs, 1 ninodi) was aaaca UIupwisc v a

solution of complex 20 (74 mg, 0.5 mmol) in THF (5 ml) at -78 °C under a N; atmosphere. The solution was



UiIes ivi,

wasemn RA
161.1376), followed by 21b as a colourless oil (10 mg, 12 %, 75 % overall), Vmax (CHCl3)/cm-! 2945, 2860,

ARTNAL AR AL BERA AW

oy

1

11

n
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mi) and heated at reflux overni

1 ala._a
TY /”N
(20

wing subsiitution as
I PV o
n oiu

1,2-Dimethylisoindoline 2227

1

1Y
roulo

‘1

mmol) as a single portion. After 10 min the cooling bath was removed and the reaction mixture allowed to
oil was,diluted i

solution (5 ml). The phases were separated and the aqueous layer extracted further with Et;0 (2 x 10 ml).
concentrated under reduced pressure to yield a yellow oil. Purification of the crude reaction mixture by flash

*C; Ymax (CHCl3)cm-! 2996, 2944, 2858, 2356 (B-H), 2274 (B-H), 1463, 1452, 1349, 1162 and 890; 8y
14.3, ArCHH), 4.15 (1H, q, J 6.9, CHCH), 4.53 (1H, d, J 14.3, ArCHH) and 7.17-7.33 (4H, m, ArH); 3¢ (68

Ar-CH), 135.6 (Ar-C) and 141.9 (Ar-C); m/z (EI) 161 M+, 2 %), 160 (30), 146 (M - BH;, 14), 132 (M - BH;
7.0, CHCHs;), 2.46 (3H, s, NCH;), 4.00 (1H, d, J 14.9, ArCHH), 4.57 (1H, d, J 14.9, ArCHH), 4.61 (1H, q, J
(CH), 122.5 (Ar-CH), 122.7 (Ar-CH), 128.2 (2 x Ar-CH), 135.1 (Ar-C) and 141.4 (Ar-C); mv/z (EI) 161 (M,
nBuLi (1.43 ml of a 1.4 M solution in hexanes, 2 mmol) and iocdomethane (0.32 ml, 5 mmol). The resulting
ether) indicated complete decomplexation of the starting material. The reaction mixture was therefore

(HRMS: found M+, 161.1377. C1oH 16BN requires M, 161.1376).

L

-3 AR Y A aS & 4 Vot s tall

A1

Ve e 4

st 1

¥

1

s

concenirated under reduced pressure and purified on siiica gel (Z % ihen 5 % MeOH in CHCI3 as elueni) o

give 22 as a brown oil (93 mg, 63 %), Vmax (CHCl3)cm-! 2969, 2929, 2845, 2781, 1602, 1456, 1354, 1059
CHCH;), 4.23 (1H, d, J 11.5, ArCHH) and 7.11-7.23 (4H, m, ArH); 8¢ (68 MHz, CDCl3) 18.2 (CH3), 40.0
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(NCHz), 60.6 (CH3), 65.3 (CH), 121.6 (Ar-CH), 121.9 (Ar-CH), 126 7 (2 x Ar-CH), 1302 (Ar-C) and 144 8
(Ar-C); m/z (EI) 147 (M+, 4 %), 146 (9), 132 (M - CHs, 100) 7 (8); (HRMS: found M*, 147.1045
CigHaN + H requires M, 147.104R)
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