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Abstract: Imidazolidines bearing tert-butoxycarbonyl groups on both nitrogen atoms have been
prepared in order to test their ability to act as acyl anion equivalents. Proton abstraction was achieved
successfully at C-2, between the two nitrogen atoms, using the base sec-butyllithium. The resulting
organolithium was trapped with a variety of electrophiles. The imidazolidine can be cleaved with acid
to generate the desired carbonyl compound. Using chiral imidazolidines and aldehyde electmphxles the

carhon-carbon hond formation occurred with low diastereoselectivities, © 1998 Elsevier Science ©td
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group attached to the nitrogen atom.! The concept of dipole-stabilised organolithium species is continuing to
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find varied use for the preparation of many novel compounds.? Of particular merit is the ability of the N-zeri-
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outoxycarbonyl group io allow proton abstraction G- to the nitrogen atom.> We have recenily studied the ability

to form a-amino-organolithium species between two such anion-stabilising N-Boc groups in imidazolidines.4
Herein we report full details of our procedure for the deprotonation at C-2 of imidazolidines and their reaction
with a variety of electrophiles. The subsequent cleavage of the imidazolidine generates a carbonyl group and the
imidazolidines therefore constitute formal acyl anion equivalents.

The ability of two N-Boc groups to allow cumulative stabilisation of an organolithium species has not been
investigated. Katritzky has reported that the most stable conformer of 2-lithio-1,3-diacylhexahydropyrimidines

has double O-Li co-ordination.> However, the presence of the additional stabilising group does not cause a
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substantial increase in the stability of the organolithium species. Proton abstraction studies with 1,3-dibenzoyl-

or 1,3-dipivaloyl-imidazolidine resulted in self-condensation or mixtures of products.

We wished to test the ability of imidazolidines bearing N-Boc groups to form an organolithium at C-2, to
condense with a variety of electrophiles and to cleave to the carbonyl product. In addition, the use of the
saturated imidazolidine ring system, as opposed to the unsaturated imidazole ring system, allows the
investigation, using chiral imidazolidines, of asymmetric induction in the addition to prochiral electrophiles. We

therefore prepared the imidazolidines 1, (£)-2 and optically-pure 3-6.
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We have reported the preparation of the imidazolidines 1-6 using a one-pot condensation reaction of th
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procedure the imidazolidines 1-6 were prepared in good yield (54-75%). An effective base for proton
abstraction at C-2 of N-Boc pyrrolidine is sec-butyllithium3 and, of a number of bases tested for the
deprotonation of the imidazolidine 2, sec-butyllithium was found to give the best results. No proton abstraction
was observed using 'BuOK, KHMDS, NaHMDS, "BuLi, ‘BuMgCl or BuyMg. The extent of deprotonation
was determined by quenching the reaction with deuterated methanol to give the imidazolidine 7. The resuits of
this study are given in Table 1.

H /Boc H ,Baoc
: N> i, SBuLli, -78 °C N 5
N ii, CD30D N>
~ N " N
H Boc H Boc
2 7

Entry SBuLi solvent additive time(h) Yield7 D (%)

(%)
1 2.2 THF — 0.25 79 90
2 2.2 THF — 0.5 77 >95
3 22 THF — 1 75 >95
4 2.2 EnO — 1 58 >95
5 2.2 THF — 2.5 65 >95
6 1.2 THF — 1 83 65
7 1.2 Et;0 1 69 75
8 1.2 T'HF IMEDA 6 74 10
9 2.2 THEF  TMEDA i 84 0

It was possible to determine the extent of deuteration of the imidazolidine from the !H NMR spectrum. The
proton at C-2 in the product 7 appears as a 1H singlet at  4.61 ppm (CDCl3), whereas the starting material 2
has a 2H singlet at 8 4.63 ppm (CDCl3). Optimum conditions involved the use of 2.2 equivalents of sec-
butyllithium in THF for about 30 minutes (Entry 2). Some decomposition occurs even over short reaction times
and this is accentuated in diethyl ether (Entries 4, 7). However, no products resulting from self-condensation or
other reaction pathways could be isolated or detected. Incomplete deuteration occurs using only one equivalent
of sec-butyllithium or in the presence of TMEDA (Entries 6-9). The organolithium maintains considerable

ability at -78 °C in THF, as judged by guenchi hours (Entry 5).

2.5 hours (Entry

In the same way, the imidazolidines 1 and 3-6 were treated with two equivalents of sec-butyllithium in
THF, followed by quenching with deuterated methanol. From the imidazolidine 1, the major product 8 (68%) is
a result of ring-opening of the imidazolidine after proton abstraction at C-4. This suggests that the partial

decomposition using imidazolidine 2 is probably a result of proton abstraction at C-4. The use of only one
equivalent of sec-butyllithium also gave the ring-opened product 8, together with a low yield of the imidazolidine
9 (21%, >95% D) after 15-30 minutes. Problems were also encountered on attempted deprotonation of the
imidazolidine 3. In all cases, numerous compounds were formed, probably due to competing proton abstraction
at C-4 (benzylic).
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Deprotonation of the imidazolidine 4 resulted in a high yield of a mixture of imidazolidines with deuterium
incorporation at C-2 (>95% D) and at C-4 (50% D). Reducing the amount of sec-butyllithium to one equivalent
prevented proton abstraction at C-4 and the imidazolidine 10 was formed in good yield (79%, 95% D).
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prone to proton abstraction at C-4 and gave a low yield of a mixture of products, containing the imidazolidine 6
with up to 35% D at C-2 and 15% D at C-4. It is likely that in this case elimination of methoxide (and ring-
opening of the imidazolidine) is taking place.

These deprotonation and deuterium quench studies indicate that the N-Boc derivatives are better able to
promote proton abstraction and electrophilic quench at C-2, than the corresponding N-benzoyl or N-pivaloyl
derivatives. In addition, high yields of products resulting from quenching the desired organolithium can be
obtained, provided that the substituents at C-4 and C-5 are chosen carefully. In agreement with other studies, the
additional stabilisation afforded by the second N-Boc group does not appear to be substantial. This is illustrated
organolithium species by dipole stabilisation.

Having determined that the best substrates for proton abstraction at C-2 were the imidazolidines 2, 4 and 5,
we investigated the quench of imidazolidine (£)-2 with a variety of different electrophiles. These are illustrated
in Table 2. It was possible to form different C-2-substituted imidazolidines 12 by quenching the organolithium
with alkyl or acyl halides (or phenyl isocyanate). With ketone electrophiles, cyclohexanone gave only recovered
starting material, possibly due to enolization, and benzophenone resulted in the blue radical anion but none of the
desired product.
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2 12

Table 2. Deprotonation and electrophilic quench of imidazolidine 2

Entry E* E Product Yield 12

(9%

\C;
1 Mel CH; 12a 42
2 PhCH,Br CH,Ph 12b 40
3 PhNCO CONHPh 12¢ 50
4 H,C=CHCH,Br CH,CH=CH,  12d 48
5 MeOCOCI COMe 12e 63
6 PhCOCI COPh 12f 58
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Of particular signiﬁcance is the ability to quench the organolithium with prochiral electrophiles. Addition of
pivaldehyde or 2-methylpropanal to the organolithium generated from the imidazolidine 2 gave only a low yield
of recovered starting material. However, using aromatic aldehydes, good yields of the desired products 13-15
were obtained. In all cases an inseparable mixture of diastereomers were isolated. The ratio of diastereomers
was poor (up to 2:1, as determined by !H NMR spectroscopy) and this may reflect the relatively long distance
from the chiral centres of the imidazolidine 2 to the incoming prochiral centre of the electrophile. This result is
similar to that obtained for the corresponding dioxolanes, the organolithium of which has been prepared by tin-

lithium exchange.”

H Boc b Boc
NN i, *BuLi, -78 °C N OH
LA~y AGHO oy,
el |_.| I; v }!l l‘{ mi

Boc Boc
2 .

Ar Yield (%) Ratio Product
Ph 52 21 13
N-MoaOC M. &8 24 14
p-MeOCgH; 58 2:1 14
p-ClICgHs 55 1.5:1 15

The highly diastereoselective alkylation or reduction of 2-acyl-imidazolidines, bearing N-alkyl groups8 or of
chiral N-Boc oxazolidines,”9 is known and could provide a solution to the poor selectivitics achieved in the
carbon-carbon bond formation to 13-15. Reduction of the imidazolidine 12f, E = COPh, with sodium
borohydride-lithium iodide, according to the literature method, gave the product 13 with a disappointingly poor
selectivity (87%, 2:1).

In an attempt to increase the stereoselectivit
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stereoselectivity was poor. It appears, therefore that N,N'-bisBoc-imidazolidines, bearing alkyl substituents at
C-4 and C-5 are capable of proton abstraction at C-2 and electrophilic quench, aithough the stereoselectivity on
addition to prochiral aldehyde electrophiles is low. The reasons for the lack of diastereoselectivity (in contrast
with the related oxazolidines or N-alkyl imidazolidines) presumably lie with the two planar sp? hybridised
nitrogen atoms, which cannot relay the stereochemical information. The imidazolidine 17 was isolated as the
mixture of stereoisomeric acetates in order to ease purification from the byproduct resulting from attack of sec-
butyllithium onto benzaldehyde.

Finally, in order to demonstrate that the N,N'-bisBoc-imidazolidine can act as an acyl anion equivalent, the

imidazolidine needs to be cleaved to generate the new acyl group. The imidazolidine 12b was treated with

1 e I +h A ta heodral tha i 1.4 A th Tdaheda 10
triflucroacetic acid in dichloromethane in order to hydrolyse the imidazolidine ring and give the aldehyde 18.
g 3 J W PR P, S N At i o B P

1 I ‘ﬁll'dl 1 L'UldIIllI]U(.)’(JUIlLXd.IIS was recovered from this reaciion as its msm luoroaceiate sait lﬂ ﬂlgh ylexu
(90%). Phenyl acetaldehyde 18 was isolated in low yield, due to its propensity to undergo aldol self
condensation under acidic conditions, unless the hydrolysis was performed in the presence of 2.4-
dinitrophenylhydrazine (2,4-DNPH). This in situ trapping of the aldehyde 18 gave the hydrazone 19 in good
isolated yield (85%).
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In summary, we have demonstrated that N.N'-bisBoc-imidazolidines are capable of acting as acyl anion
equivalents. Proton abstraction at C-2 gives the organolithium which can be quenched with a variety of
electrophiles to give 2-substituted imidazolidines. The use of chiral imidazolidines and aldehydes as electrophiles
results in products with low stereoselectivity at the new hydroxyl-bearing chiral centre. Hydrolysis of the

imidazolidine rine allows isolation of the carbonvl compound with recoverv of the 1.2-diamine
aliows 1solation of the carbonyl corr Ve i €.

imidazolidine ring allow n of the carbonyl compound with recovery of the 1,2-diamir

All experiments involving organolithiums were carried out under an inert atmosphere of argon or nitrogen.
Diethyl ether and THF were distilled from sodium benzophenone ketyl. Hexane was distilled from sodium

uging a nnlvctvrene
ey it A

reference (1602 cm'l). IH nuclear magnetic resonance (NM ) spectra were run on a Brucker AM250 (250
1t Hy
(ppm) relative to tetramethylsilane (TMS) as the reference and J values are given in Hz. 1
Brucker AM250 (62.9 MHz) or AM300 (75.5 MHz) instrument, with CDCl3 (8 77.2 ppm) as the reference.
Mass spectra were run on a Kratos Profile instrument. Elemental analyses were carried out by Butterworth
Microanalytical Consultancy Ltd., Teddington, Middlesex, UK.
The preparation of the imidazolidines 12a and 12b has been reported in full elsewhere.®

Proton abstraction of the imidazolidine 1

\'r Ty

IN,IN' -UIS-[CIT Dutoxycarbonyl 1 -amino- d -aza- Dul—J ene U
sec-Butyllithium (0.32 cm3, 0.40 mmol) was added to the imidazolidine 1 (100 mg, 0.37 mmol) in THF (2 cm?)
under nitrogen at -78 °C. After 15 min d4-methanol (0.4 cm?) was added and the mixture was allowed to warm
to room temperature. The solvent was evaporated and the residue was purified by column chromatography on
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CH,=CH), 4.86—4.73 (IH, bm, NCHN), 4.35-4.24 (lH, bm, NCHN), 1.50 {QH, s, C(CH3)3} and 1.45 [9H,
s, C(CH3)3); 8¢ (75 MHz, CDCl3) 155.0 (C=0), 131.8 (CH,=CH), 93.1 (CH,=CH), 81.9 [OC(CH3);], 50.0
(CHy), 28.3, 28.2 [C(CH3)3] (Found : M*, 272.1745. C 3H,4N,04 requires M, 272.1736); m/z 273 (1%,
MH), 272 (4, M), 215 [57, M - C(CH3)3], 144 [13, M - CH,CH - CO,C(CH3)3], 87 [40, M - CH,CH -
C(CHa); - CO,C(CH3)sl, 70 [19, M - 2 x CO,C(CH3)31, 57 [100, C(CHa)al.

2722y TV LA AV & ARSI RIS 0 2722

Proton abstraction of the imidazolidine 2

N,N'-Bis-tert-butoxycarbonyl-2-deutero-1,3-diazabicyclo[4.3.0]nonane 7

sec-Butyllithium (0.76 cm3, 0.98 mmol) was added to the imidazolidine 2 (146 mg, 0.45 mmol) in THF (2 cm3)
under nitrogen at -78 °C. After 30 min d4-methanol (0.4 cm3) was added and the mixture was allowed to warm
to room temperature. The solvent was evaporated and the residue was purified by column chromatography on
silica gel, eluting with light petroleum (b.p. 40-60 °C)-EtOAc (10:1) to give the imidazolidine 7 (109 mg, 75%)
as needles, m.p. 118-120 °C; R 0.40 [light petroleum (b.p. 40-60 °C)-EtOAc (10:1)]; Vmax. (KBr) cm-! 1690
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.6 7
C17H29DN204 requires M, 327.2268); m/z 327 (0.1%, M), 270 [30, M - C(CH3)3}, 213 [23, M-H -2
C(CHaj)3], 57 [100, C(CHj3)3]; (Found: C, 62.04; H, 9.37; N, 8.45. C;7H29DN,Q4 requires C, 62.35; H,
9.56; N, 8.56%).

N,N'-Bis-tert-butoxycarbonyl-2-(N"-phenylcarboxamidyl)-1,3-diazabicyclo[4.3.0Jnonane 12¢
In the same way as the imidazolidine 7, the imidazolidine 2 (200 mg, 0.61 mmol), sec-butyllithium (1.03 cm3,
1.29 mmol) and pheny! isocyanate (0.15 cm?, 1.35 mmol) gave, after purification by column chromatography
on silica gel, eluting with light petroleum (b.p. 40-60 °C)-EtOAc (5:1), the imidazolidine 12¢ (137 mg, 50%) as
needles, m.p. 155-156 °C; R¢ 0.44 [light petroleum (b.p. 40-60 °C)-EtOAc (5:1)]; Vmax. (KBr) cmr'! 1710, 1685
and 1530 (C=0); dy (300 MHz, CDCls) 9.28 (1H, bs, NH), 7.56 (2H, d, J 7.5, Ph), 7.31 (2H., t, J 7.5, Ph),
7.09 (1H, d, J 7.5, Ph), 5.57 (1H, bs, NCHN), 3.37 (1H, td, J 10 and 3, NCH), 3.07 (1H, td

LS S PO AN RalN ) ALk, iid, AZRy N3y .!

NCH), 2.93 (1H, bs, CH), 2.42 (1H, bs, CH), 1.87-1.72 (2H, m, CHy), 1.51 [9H, s, C(CH3)3]

and 1.38-1.22 (44 O (7€ N> YN
\..\\.,113)35 aild 1.50-1.44 (411, §, \,nz\,ny, uc (/5 IVINZ, Uiiiiy)

10 and 3,

. Pt
> en

=

e

-

.

o

¢

i

C

e

-

"

:

[

o

P

~ o ONn O resov PR O

(Aryl C), 128.9, 123.9, 119.5 (Aryl CH), 82.1, 80.8 {OC(CHs)3], 73.3, 65.0, 63.4 (CH), 30.3, 29.5 (C

28.4, 28.2 [C(CHa3)s], 24.2 (CHj) (Found : MH*, 446.2665. C4H3¢N30s5 requires MH, 446.2655); m/z 445
(0.1%, MH), 325 (50, M - PhNHCO), 268 [4, M - PhNHCO - C(CH3)3], 224 [10, M - PhNHCO -
CO,C(CH3)3], 123 [26, M - PhNHCO - 2 x CO;C(CH3)s], 119 (34, PhNCO), 91 (31, PhN), 77 (42, Ph), 57
{100, C(CH3)3].

N,N'-Bis-tert-butoxycarbonyl-2-prop-2'-enyl-1,3-diazabicyclo[4.3.0]nonane 12d

In the same way as the imidazolidine 7, the imidazolidine 2 (200 mg, 0.61 mmol), sec-butyllithium (1.0 cm3,
1.29 mmol) and allyl bromide (0.12 cm3, 1.35 mmol) gave, after purification by column chromatography on
silica gel, eluting with light petroleum (b.p. 40-60 °C)-EtOAc (10:1), the imidazolidine 12d (101 mg, 45%) as a
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wax, m.p. 65-67 °C; R¢ 0.42 [light petroleum (b.p. 40-60 °C)-EtOAc (10:1)]; Vmax. (KBr) cm! 1700 and 1675

(=N K. (00 MH> ONDC1.) §0O1. 576 (1H m. CH=CH-), 532 (1H ¢ IA NCOHNY S 11. 806 (1H

(C=0); 8y (300 MHz, CDCl3) 5.91-5.76 (1H, m, CH=CH,), 532 (1H, ¢, J 4, NCHN), 5.11-506 (1H, m,
CH=CH,>), 5.05-5.02 (1H, m, CH=CH}>), 3.09 (1H, td, J 11 and 3, NCH), 2.96 (1H, td, J 11 and 3, NCH),
2.74 (1H, bd, J 14, CH), 2.67-2.53 (3H, m, CH and CH,), 1.85-1.69 (2ZH, m, CH,), 1.46 [18H, s, 2 x
C(CH3)3] and 1.38-1.17 (4H, m, CH,CH;); 8¢ (75 MHz, CDCl3) 155.5, 152.6 (C=0), 133.5 (CH=CH,),
118.2 (CH=CH;), 80.3, 80.1 [OC(CHj3)1], 73.0, 64.6, 62.0 (CH), 38.6, 30.8, 29.7 (CH;), 28.4 [C(CH3)3],
24.8, 24.1 (CH3) (Found : M*, 366.2520. CogH34N204 requires M, 366.2518); m/z 367 (35%, MH), 366 (13,
M), 325 (48, M - CH,CH=CH3), 268 [19, M - CH,CH=CH; - C(CHj)3], 224 [18, M - CH,CH=CH; -
CO,>C(CH3)al, 211 {39, M - CH,CH=CH; - 2 x C(CH3)3l, 167 [37, M - CH,CH=CH, - C(CH3)1 -

CO,C(CH3)a], 123 [100, M - CH,CH=CH; - 2 x CO;C(CHa)3], 57 [58, C(CHa)3}.

N,N'-Bis-tert-butoxycarbonyl-2-(methoxycarbonyl)-1,3-diazabicyclo{4.3.0Jnonane 12e
In the same way as the imidazolidine 7, the imidazolidine 2 (500 mg, 1.53 mmol), sec-butyllithium (2.59 cm3,

3.37 mmol) and methyl chloroformate (0.30 cm3, 3.83 mmol) gave, after purification by column
chromatography on silica gel, eluting with light petroleum (b.p. 40-60 °C)-EtOAc (10:1), the imidazolidine 12e

£2 7T cence LA\ oo ..‘,.-A‘I.-‘.‘ .._ - TN TN Oﬁ. D.NY7 T ,-I-. PN ..,-. ,-... Ml sn AN LN O Taf A~ 71N 10N
\J /3 Hig, G570) a8 N€€QIes, 1L.p. /v-/4 s RfU.L/ [HEIE PETOIEUIT {0.P. 4U-0U "L J-CIVAT (1U] UJ’Vmax \I\Dl)
cm-! 1740 and 1710 (C=0); dy (300 MHz, CDCl3) 5.40 (iH, s, NCHN), 3.76 (3H, s, OCH3), 3.45 (iH, id, J

10 and 3, NCH), 3.05 (1H, td, J 10 and 3, NCH), 2.78 (1H, bd, J 11, CH), 2.61 (H, bd, J 11, CH), 1.88-
1.71 (2H, m, 2 x CH), 1.45 [9H, s, C(CH3)3], 1.42 [9H, s, C(CH3)3] and 1.38-1.27 (4H, m, CH,CH;); 8¢
(75 MHz, CDCl3) 170.9 (CH30C=0), 154.7, 153.5 (NC=0), 81.2, 81.1 [OC(CHj3)3], 72.2, 64.7, 63.1 (CH),
52.2 (CH30), 30.3, 29.8 (CH,), 28.4, 28.2 [C(CH31)3], 24.3, 24.2 (CH;) (Found : MH*+, 385.2334.
Ci9H33N,0¢ requires MH, 385.2339); m/z 385 (6%, MH), 325 (46, M - CO,CH3), 224 [10, M - CO,CH3 -
CO,C(CH3)3], 211 [39, M - CO,CHj - 2 x C(CH3)3], 123 [29, M - CO,CH; - 2 x CO,C(CH3)31, 57 [100,
C(CH3)3].

N,N'-Bis-tert-butoxycarbonyl-2-(benzoyl)- 1,3-diazabicyclo[4.3.0 Jnonane 12f

In the same way as the imidazolidine 7, the imidazolidine 2 (200 mg, 0.61 mmol), sec-butyllithium (0.86 cm3,
1.29 mmol) and benzoyl chloride (0.16 cm3, 1.35 mmo ) ave, after punﬁcan n by column chromatography
cilinn ~al alicéla szreale 1. s L AN £N O g ~ i k%l A ac
Sliica gCl, Ciultl L

. S . gL znm\
muuaza ame 1L {120 ﬂlg, DN ¢
1\ Fa £.8 » PN b ¥ s
1V an

AN T ra ¥a W 1. 1 -y
C)-EtOAc (10:1)]; Vimax. (KBr) cmr! 17
7.

u

)

1680 (C=0); OH (5UU MHz, (,l)(.l3) 8.21-8.13 (&H m, Ph) 7.58-7.50 (1H Ph), 7.47-7.41 (2H, m, Ph),
6.43 (1H, s, NCHN), 3.63 (1H, td, J 10.5 and 3, NCH), 3.01 (1H, td, J 10.5 and 3, NCH), 2.75 (1H, bd, J
11, CH), 2.69 (1H, bd, J 11, CH), 1.84-1.75 (2H, m, CH,), 1.58-1.34 (4H, m, CH,CH,) and 1.26 [18H, s,
2 x C(CH3)3]; 8¢ (75 MHz, CDCl3) 198.4 (PhC=0), 153.3 (NC=0), 136.6 (Aryl C), 133.2, 129.2, 128.3
(Aryl CH), 81.2, 81.1 [OC(CH3)3], 70.1, 64.7, 63.6 (CH), 30.4, 29.9 (CH,), 28.4, 28.2 [C(CH3)3], 24.6,
24.3 (CH,) (Found : M*, 430.2450. C

24H34N20g4 requires M, 430.2468); m/z 430 (2%, M), 325 (8, M -
PhCQ), 269 [50, M - PhCO - CO,C(CH3)3], 213 [100, M - PhCO - 2 x C(CH3)3], 123 120, M - PhCO - 2 x
COLC(CHN.T 10§ (44 DhOOY 57 (65 C(OHN.)
NSRRI PR, AVUS T, DU Sy U LU, AR 5.
N,N'-Bis-tert-butoxycarbonyl-2-(1’-hydroxy-1'-phenyl)methyl-1,3-diazabicyclo[4.3.0]nonane 13
In the same way as the imidazolidine 7, the imidazolidine 2 (199 mg, 0.61 mmol), sec-butylithium (0.97 cm?,
1721 mma) and hanzaldahuda /N 1A ~m3 1 87 mmal) gave aftar sarificatinn hy rnlismn cheamatagranhy An
dedd LAMLIVL) GllG ubua‘uuvuyuu AVelu vy LoJ4a AIIIIJUL} EQV\-’, alilvi pwulwauuu UJ AZELRRIRRS uluuulatusla ll’ Vil
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eilina oal aliiting ith Lioht matralanem (hn ANAN N TN A A (101 tha frddamalidiens 12126 o KVEY 0o o
11N Q 5:1, Ciutl 15 WILLL HigliL PCLLUICU 11 \U.P FUTUY U JTLNAL 1V ), UIC HTIIU U AJ L1V 1IE, JLUjad a
1 1 NN 1M1 O, T N AT 1 Fg AL S OFN TILa A

2:1 mixture of cuasrereomers as a powdaer, m.p. ¥y¥-1ul "US Kf UL/ |1 1gm petroieum {b.p. QU "U-EIUAC
,,,,,,,,,, AN T o vy - - Eo s

(10:1)]; Vmax. (KBr) cm-! 3350 (OH), 1690 and 1660 (C=0); &y (300 MHz, CDCls) 7.37-7.22 (5H, m, Ph),
5.66-5.63 (1H, m, CHOH), 5.29 (0.35H, bs, OH), 5.10-5.04 (1H, m, NCHN), 2.89-2.79 (1H, m, NCH),
2.57-2.43 (1H, m, NCH), 2.36 (0.35H, d, J 11, CH), 2.27 (0.65H, d, J 11, CH), 1.87 (0.65H, bs, OH),
1.72-1.65 (3H, m, CH and CH;), 1.52 [3H, s, C(CHj)3], 1.50 [12H, s, C(CH3)3], 1.39 [3H, s, C(CH3)s],
1.36-1.05 (2H, m, CH,) and 0.95-0.55 (2H, m, CH;); 8¢ (75 MHz, CDCl;) 158.2, 152.3 (C=0), 140.5,
140.2 (Aryl C), 127.9, 127.85, 127.8, 127.7, 127.6, 127.2 (Aryl CH), 82.1, 81.4, 81.2, 80.6 [OC(CH3)1],

71.3, 77.0, 76.9, 75.0 (NCHN and CHOH), 64.7, 64.5, 62.1, 61.7 (NCH), 30.5, 30.1, 29.7, 294 (CH,),

sdy W1 = A

8,
C

d 7,
2/
Y21 249 246 230 238 (CH5) (Found : MH+ 4332711, Cs:H::N-Q: reaguire
j -l < A4 it w Sy et 0T \ i

28.5, 28.4, 28.3 [C(CH3); < S
aaaaa 0.0 v\ 23373, 5.5, 3 NARZ ) \A Vui c AVALR T, TIJLT 1A CPAATGHINIUS 10U

MH, 433.2703); m/z 433 (0.1%, M), 325 [37, M - CH(OH)Ph], 269 [35, MH - CH(OH)Ph - C(CHs)3], 168

{i4, M - CH(OH)Ph - C(CHz3)3 - CO,C(CH3)s], 107 {29, CH(OH)Ph], 57 {100, C(CH3)sj

N N'_Ric_tart_bhutaxrvearbony 1201 bhydrayv_ 1. a_mothavunhonvllmoathyul_1 2_Adiarahicve I Fd 3 Nhaoynans

AN IN THrSTIvAL UuLUA]Lu’UU’l.yl raa il "_yul U./\r_y 4 l}ﬂ YLCIILIIA)’II’LCIL LJILC eI yl™ L, T ul—u(,uulbjb T o Ul’lu'm'&c

In the same way as the imidazolidine 7, the imidazolidine 2 (200 mg, 0.61 mmoi), sec-butyllithium (1.02 cm3,
1.29 mmol) and p-methoxybenzaldehyde (0.13 cm?, 1.53 mmol) gave, after purification by column
chromatography on silica gel, eluting with light petroleum (b.p. 40-60 °C)-EtOAc (7:1), the imidazolidine 14
(157 mg, 56%) as a 2:1 mixture of diastereomers, as a powder, m.p. 110-112 °C; Ry 0.13 [light petroleum (b.p.
40-60 °C)-EtOAc (7:1)]; Vmax. (KBr) cm! 3340 (OH), 1690 and 1660 (C=0); 8y (300 MHz, CDCl3) 7.17 (2H,
d, J 8.5, Ar), 6.86 (2H, d, J 8.5, Ar), 5.64-5.57 (1H, m, CHOH), 5.25 (0.35H, bs, OH), 5.06-4.96 (1H, m,

NCHN), 3.81 (3H, s, OCHj3), 2.92-2.78 (1H, m, NCH), 2.58-2.43 (1H, m, NCH), 2.45-2.33 (0.35H, m,
CH), 228 (0.65H. bd. J 12. CH). 1.85 (0.65H. bs. OH), 1.72-155 (3H. m. CH and CHy), 1.52 I3H. s
i), .28 (U.00R, 04, J 14, LH), 1.0 (L.OOR, DS , V), L/2-1.00 (282, m, U and UH2), 1.0z 124, S,
CICHAN.T 18N T1OH ¢ C(CH-N-.T1 120 M2 ¢ OrOHL.T 128107 (DU e CHLY and N 0.0 SQ (I o
NIRRTy LIV [ LLXEy Oy NANKL3)T], 107 D01, B, LALILS) T, 1.JJ71. UL (&L, U, X13) allG V.70-U.J7 \&i1, I,
O 878 ML, OTYOLLY 1€0 8 1802 (=0 1206 127 € fA1 M 192 Q 17272 197Q 112 & 112 4
Cr12), OC (70 MINZ, CLALIZ) 109.5, 137.5 (L=U), 132.0, 1340 (ATYI LU}, 1£0.0, 140.9, 127.0, 1135.0, 115.4,
113.3 (Aryl CH), 82.0, 81.4, 81.2, 80.6 [OC(CH3)3], 77.2, 76.9, 76.8, 74.5 (NCHN and CHOH), 64.8,

64.5, 62.1, 61.7 (NCH), 55.3, 55.2 (OCH3), 30.6, 30.2, 29.7, 29.4 (CH;), 28.5, 28.4, 28.3 [C(CH3)3],
24.9, 24.6, 23.9, 23.8 (CHy) (Found : MH*, 463.2828. CysH13N204 requires MH, 463.2808); m/z 463
(0.3%, MH), 325 [13, M - CH(OH)C¢H;OMe], 137 [33, CH(OH)C¢H4OMe], 123 [10, M -
CH(OH)CgH4OMe - 2 x CO,C(CH3)3], 57 [100, C(CH3)3].

N,N'-Bis-tert-butoxycarbonyl-2-(1'-hydroxy-1'-para-chlorophenyl)methyl-1,3-diazabicyclo[4.3.0]Jnonane 15

In the same way as the imidazolidine 7, the imidazolidine 2 (200 mg, 0.61 mmol), sec-butyllithium (1.02 cm3,
1.29 mmol) and p-chlorobenzaldehyde (0.22 g, 1.53 mmol) gave, after purification by column chromatography
on silica ael elutmo with light netrn]ﬁ um (b. P 40-60 °C)-EtOAc (7:1), the imidazolidine 18 (158 mg, 55%) as a

21 alitg A, LAIWLIAY g JlutPibe s L2480

1.5:1 mixture of diastereomers, as needles, m.p. 115-117 °C; Ry 0.36 {light petroleum (b.p. 40-60 °C)-EtOAc

Y (KR cm-l ’2‘1<< (OH). 1695 gnd 1660 (C=0V X (UMY NALL» Ch(l,
max. \noil)y Cil JJJ \\WVii), 1070 diiu VU A=), O \JUU VAL, i)

v
5.57 (1H, m, CHOH), 5.45 (0.4H, bs, OH), 5.09-4.98 (1H, m, NCH
2.60-2.46 (1H, m, NCH), 2.40 (0.4H, bd, J 10, CH), 2.30 (0.6H, bd, J 10, CH),

1.55 (3H, m, CH and CH,), 1.52 [3.5H, s, C(CHj3)3], 1.49 [11H, s, C(CHj)3], 1.38 [3. SH s, C(CHa)3],
1.37-1.06 (2H, m, CH>) and 1.02-0.60 (2H, m, CHy); 8¢ (75 MHz, CDCl3) 156.4, 152.3 (C=0), 139.1,

U'I
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1380 (Arvl CY 1336 1334 (Arvl CY 1201 17286 1280, 1279 (Arvl CHY 826 217 814 QN K
AAAAA VERL Y4 Nrjy LIy AJJT (4R YR o)y d&T.dy 1LaUNT, 1LUNY, LieF \£ar )i ily, V.U, UL.7, V1.7, UV.O
(INCOTINT T79 T6€Q TEE TAE (NCUN and COUALIN £4Q £4 & £ 1 €17 (NOCLIDY 2104 102 207
fviivinmsy)3y, 7/7.4, 16.0, /0.5, /4.0 (UNUIN aila Lnun), 4.0, 64.9, O<«.1, OL./7 (INL11j, JU.0, JU.5, 2Y./,
29.4 (CH,), 28.4, 28.3, 28.2 [C(CH3)3], 24.9, 24.6, 23.9, 23.8 (CHy) (Found : MH*, 467.2304.

C24H35CIN,Og requires MH, 467.2313); m/z 467 (7%, MH), 325 [17, M - CH(OH)CgH4Cl], 141 [32,
CH(OH)CgH4CI], 124 (29, CHCgH4CD), 111 (32, CgH4CD), 57 [100, C(CH3)3).

Proton abstraction of the imidazolidine 4

N,N'-Bis-tert-butoxycarbonyl-2-(1'-hydroxy-1'"-phenyl)methyl-4,5-dimethyl-imidazolidine 16
In the same way as the imidazolidine 7, the imidazolidine 4 (134 mg, 0.47 mmol), sec-butyllithium (0.37 cm?,

0.47 mmol) and benzaldehyde (0.06 cm?3, 0.6 mmol) gave, after purification by column chromatography on
. 40-60 °C)-acetone (7:1), the imidazolidine

~ i AW virreemael s vide

ine 162 (6
CHC3) em! 3350 (OH)

SoixNoal

—

S’

[y
-~
i~

:JI:/

4.93 (1H, bs, OH), 3.33 (2H, bs, NCHCHN), 1.35 [9H, s, C(CH3)3], 1.28 [9H, s, C(CH3)3], 1.24 (6H, bs,
2 x CHj3); 0¢ [75 MHz, (CD3),S0] 152.7 (C=0), 142.4 (Aryl C), 128. 2 127 5, 127.3 (Aryl CH), 80.5, 79.8
[OC(CH3)3)], 77.1, 74.8 (CHOH and NCHN), 60.7, 59.4 (CH), 28.3, 28.2 [C(CH3)3], 18.8 (CH3) (Found :
MH?~, 407.2555. C3pH34N»O5 requires MH, 407.2546); m/z 407 (3%, MH*), 299 [7, M - CH(OH)Ph], 107
[100, CH(OH)Ph], 77 (82, Ph), 57 [38, C(CH3)3], and the imidazolidine 16b (60 mg, 30%) as an oil, Rf 0.14
[light petroleum (b.p. 40-60 °C)-acetone (7:1)]; Vmax. (CHCl3) cm-l 3345 (OH), 1690 (C=0); 8y (300 MHz,
CDCl3) 7.35-7.18 (5H, m, Ph), 5.61-5.55 (1H, m, CHOH), 5.20-5.12 (1H, m, NCHN), 3.57 (1H, bs,

NCH), 3.23 (1H, bs, NCH), 1.51 [9H, s, C(CH3)3], 1.43 [9H, s, C(CHa)1], 1.21 (3H, d, J 6.5, CHj) and

n‘m (3H bs., CH:): &~ (758 MHz CDC1Y 1512 (C=O) 1400 {Anrl ™ 192980 177 R 27 & (Arv]l COHN

\~rii, Py Mex13 )y UT 7Y VRILL, ksl ) 12000 (v, aTvLY Iyl Nojy R&0.V, 1470y 147,90 \4M1)Yyl wilj,
Ol 4 OMNn Q FOLN/HNYIT W ~Le O T~ TTLAYY T TIYNT Ty TY v 1 E Y s N ) 1N "
81.5, su.8 (UC(CHj3)3], /6.8, 75.7 Hj3)3j, 19.3, 192
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(CH3) (Found : MH*, 407.2542. Cy;H34N,O5 requires MH, 407.2546); m/z 407 (4%,
CH(OH)Ph], 107 [10, CH(OH)Ph], 77 (12, Ph), 57 [100, C(CH3)s].

Proton abstraction of the imidazolidine 5
N,N'-Bis-tert-butoxycarbonyl-2-(1'-hydroxy-O-ethanoyl-1'-phenyl)methyl-4,5-dipropyl-imidazolidine 17
In the same way as the imidazolidine 7, the imidazolidine 5 (200 mg, 0.56 mmol), sec-butyllithium (1.42 cm3,

1.52 mmol) and benzaldehyde (0.20 cm?, 1.97 mmol) gave, after purification by column chromatography on
silic Qel luti ing with hohr nPtrn]e um (b.p. 40-60 °C)-acetone (10:1), the alcohol (222 mn\ as a mixture of

hashL =18 RV L LW TUTUY o Al Uil LR L8l \&&& an a 1IJ1AAL

dlastereomers £ 0.25 [light petroleum (b.p. 40-60 °C)-acetone (10:1)], which was treated with acetic anhydride

N2 a3 Y AA ;rznal in pyridine 4.0 ¢ 3N ar TN O Far D A Tha mivéiiea wae aynnneatad oddad sx ocar Nas™
(V. &0 VLT, L.t TR ]l 313 P llUll L (4.v Citi Jal /v L1l L U, 1IN IHALUL WwWad OV 1 AlCU, aUUCU LU ddl. INav-1
(12 cm?) and washed with CH,Cl, (3 x 6 cm?). The combined extracts were dried (Na;SOy), filtered and

purified by flash chromatography on silica gel, eluting with light petroleum (b.p. 40-60 °C)-acetone (10:1), to
give the imidazolidine 17 (148 mg, 52%) as a 2:1 mixture of diastereomers as an 0il; Ry 0.24 [light petroleum
(b.p. 40-60 °C)-acetone (10:1)]; Vmax, (CHCl3) cm! 1750 and 1700 (C=0); dy (300 MHz, CD30D) 7.39-7.21
(5H, m, Ph), 6.47 (0.6H, s, PhCH), 6.12 (0.4H, bs, PhCH), 5.75 (0.6H, d, J 4, NCHN), 5.57 (0.4H, m,
NCHN), 3.96 (0.4H, bs, NCH), 3.85 (0.4H, bs, NCH), 3.71 (0.6H, bs, NCH), 3.36 (0.6H, bs, NCH), 2.11
(3H, s, CH3), 1.55 [TH, s, C(CH3)a], 1.52 [5.5H, s, C(CH3)31, 1.40 [5.5H, s, C(CHj)3], 1.30-0.96 (8H, m,

2 x CH,CH3) and 0.96-0.68 (6H, m, 2 x CHz); &¢c (75 MHz, CD3;0D) 170.3, 169.5 (OC=0), 155.2, 153.4
(NC=0), 137.1 (Aryl C), 128.0, 127.9, 127.7 (Aryl CH), 81.0, 80.7 [OC(CH3)3], 74.9, 74.2, 73.6 (NCHN

S =N AJ 7.1 Nojy LLONS, L& djy Ua.v LM 2z SO IR LSS § 8
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and PhCH), 622, 620 (NCH, 373, 368 346 (CHy), 273, 272, 27.1, 266 [C(CHy)s), 199, 19.
(COxCHy), 197, 196 (CHy), 132, 13. 7 (CH3) (Found : MH*, C20H 44N 0 requires

2.
14, M - CH; - C(CH3)3 -
- 2 x CO,C(CH3)3l, 57

9, M - CH; - Ph - C(CH3)3], 3
COzC(CH’;)g], 255 [25 M - LH3L02 Ph - ?.XC( 13)3], 243 [99, M - CH’;
[100, C(CH3)s].

Orto'

Hydrolysis of the imidazolidine 12b

Phenylacetaldehyde 2,4-Dinitrophenylhydrazone 19
The imidazolidine 12b (291 mg, 0.7 mmol), 2,4-dinitrophenylhydrazine (191 mg, 0.96 mmol) in CH,Cl; (60
cm?) and TFA (12 cm?) was stirred at 0 °C for 2 h. The mixture was added to water (60 cm3) and washed with

The combined organic extracts were dried (Mgsn,\ filtered evangrated and murified by

1 8y W i) ( T A 344 ). i i galiil o/ A wllC Gl 1Y NS4 )y L11VEITA, AL Qi puianaliag Uy

- v\ oo aly H 1 na » <, ~ FTNG1N ~ viwra tha

flash chromatography on silica gel, eluting with light petroleum (b.p. 40-60 °C)-EtOAc (10:1), to give the
-------- T 717 ;e QLI no mondlac: 2aa o 194 19L O™ 715 1) 174 tNL O™y SAONN R AT MATY N 11 NE
Ayuldsunc 1> (174 UHig, 0270 } dd HOCUWICS, 111D, 1£494+140 o \llt. YV 149-1L0 L) ()H \JW IVu'lL, CL3UL ) 11U

(1H, s, NH), 9.11 (1H, d, J 2.5, Ar), 8.33 (1H, dd, J 9.5 and 2.5, Ar), 7.98 (1H, d, J 9.5, Ar), 7.59 (1H, ¢, J
6, CH=N), 7.44-7.19 (5H, m, Ph), 3.76 (2H, d, J 6, PhCH>) and, after freeze drying the aqueous layer, the
bis-trifluoroacetate salt of 1,2-diaminocyclohexane as needles (163 mg, 68 %), m.p. (dec.) 191-192 °C.
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