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Abstract: By double alkylation of chiral isoquinoline formamidines, a 71%
yield of the bis-1,3(1-tetrahydroisoquinolinyl)propane was formed in >95% ee.
Macrocyclization using 2-bromoacetyl bromide gave the [9]-ring
diazaheterocycle (11) and the [18]-ring tetra-azaheterocycle (12) in 24 and
57% vyields, respectively. After reduction of these lactams, the title compounds
13 and i5 were obtained. X-ray structures are presented for these novei
chiral ring systems. © 1998 Elsevicr Scicnce Ltd. Al rights reserved.

We wish to describe a route to novel, chiral macroheterocycles which are formed using

chiral formamidines and their h|gh! efficient acymmnfrih nll{\/lnﬁnne (thnmn 1\ We have
previously shown' that tetrahydroisoquinolines 1, as well as other orochlral se(;(_)ndarv amines, can
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be readily transformed into their chiral formamidines 3, by simple replacement of dimethylamine in

the formamidines, 2. Metalation, followed by aikyiation with various alkyl halides resulted in the
new C-1 substituent in 4 with very high diastereoselectivity (>95%). Removal of the chiral auxiliary,

wia hudrasina_nccietad hudrahveie nravidad tha 1 _anthatibiitad iaamttinalina B im hink anla /L.0Q00/ )
via NyGraZine-assiSist nyaGroysis, proviGea ne 1-sUosiiuied isoquintiing o iN nign ee's (>9070)
i occ irred to us that thic could notentially he a route to macrocvclic chiral heterocyelag, if
e WA thvl l‘lull, e it I WAlWw (A 4 |l|uv|vv,v||v b AEE AT IRA~ A"} W’Ul\l“, i
bifunctional electrophiles were employed. Thus, rings of various sizes could conceivably be

constructed with their attending chirality and provide novel materials for a host of synthetic studies
(e.g. ligands, hosts, co-solvates, etc.).? Scheme 2 illustrates the path to be taken. Thus, alkylation
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of the lithio-isoquinoline 8 with an o, w-dihaloalkane would presumably lead to the bis-isoquinoline
7 with S-configuration at C-1 in both isoquinoline systems. A second reaction using bifunctional
alkanes would then lead to the macrocycle, 6. We now wish to describe our early attempts to
secure chiral macrocycles of the type, 6.

The study began (Scheme 8) by treating the readily prepared isoquinoiine formamidine 3
containing the chirality brought along with the valinoi auxiiiary '*  When 3 was treated with n-
nita adduct was directly

duced in 71% overall

[P F I T o P - ey ale o

DUIyIIIInIUI’n IOIIOWBO Dy dUUIIIUn or IOUIIUUUplUdeIe anu e
hydrolyzed, to remove the formamidine moiety the bls-lsoqumoh 9 s pr
ta Q

(o)
d

viald Tha lattar wae ramnlataly nhnrnnh:rnorl ac a rructallina ria analvtical nnd chiral
yIUIU. THIT 1aulsl vwwaQw UUlIIFIUlGly Wil Al “ag \leu;ullu A3 FIvAL TRy vl
HPLC data showed that it was >95% enantiomerically pure. T. e crude t+Boc derivative 9a was

subjected to chiral HPLC analyses (Chiracel OD) and showed it contained >95% of the S,S-
enantiomer (vide supra). There was also present about 2-4% of the R,R-enantiomer and 2-3% of
the meso (R,S) isomer. In order to assess these ratios, the racemic bis-isoquinoline was also
prepared, via the achiral formamidines™ and on HPLC analyses (Chiracel OD) of its t-Boc
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derivatives, showed two peaks in the ratio of 3:1 (Fig. 1a). This indicates that the meso (50%) and
one of the enantiomers \23%, appear as overlapping peaks. The other enantiomer is clearly

g c
separated and visible. When the chiral derivative 9a was similarly examined (Fig. 1b), it showed
no detectable presence of the other enantiomer, and the meso nrndnr‘t must also be present in less

WV Mwilw WA W WU TWE W EuRT WY L=

than 2%, under the major enantiomer peak. After further re actlons to form the macrocycles 13 and

el =i

15, no impurities were detected. A number of attempts were made to link the two nitrogen atoms in
9 to the 9-membered ring (oxaly! chloride, 1,2-dihaloethanes, etc.) but all gave very poor yields of
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Figure 1. (1a) Chiral HPLC trace of racemic-meso mixture of Boc-9a. (1b) Chiral HPLC
trace of product 9 from 3, as its Boc-detivative.
many products. Nevertheless, a small amount of what was thought to be the [9]-ring diamide
macrocycle was isolated from the oxalyl chloride runs, and characterized, after lithium aluminum
hydride reduction as the “"} ring macroheterocycle 15. After extensive sruay, it was found that o-

jenerate the amide 10 w'rnch coulc
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Table 1. Cyclization of 10, at various concentrations, to 11 and 12.
Entry 10 (conc, mM)*  Yield of 11 (%)°  vield of 12 (%)°

1 26.0 19 24
2 9.5 27 41
3 8.8 27 42
4 7.3 24 34
5 7.0 24 51
6 6.7 15 49

a) Performed in acetonitrile. b) Isolated yields of material.



we can obtain the [9]-ring system and the [18]-ring system in 24 and 51% yields, respectively.
Interestingly, the systematic dilution of the bromoamide 10 had little effect on the yield of the [9])-
ring system, 11 and in fact seemed to slightly lower the yield with lower concentrations. On the
other hand the [18]-ring yields appear to generally increase with more dilution in acetonitrile. The
24 and 51% yields achieved for 11 and 12, respectively, at this stage of our study and the ability to
cieaniy separate the two products was deemed acceptabie to continue. Lithium aiuminum hydride
reduction of 11 and 12 gave the reduced macroheterocyclic amines 13 and 15 in 94 and 55%

Alda rasm bl me Argotallioa aalidas
yiciuo, 1cop bllVEly, ao uiy tanine sondas.
In order to examine the nature of these macrocycles, X-ray structures were taken to both
verify the global structures, and to assess the configuration. Both are given in Figures 2 and 3. In
igure 2, the X-ray of 15 is given and since the sample was crystallized from acetone, there is
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Figure 2a. Caicuiated minimum Figure 2. X-ray of 15 containing an
energy of 15. N-lone pairs are shown. acetone molecule below the ring plane.

MacSparton Plus (MAC generated structure).

present in the crystal structure, below the plane of the ring, an acetone molecule. We also
calculated the minimal energy of 15 and this is given in Figure 2a. The large cavity size in 15 (~ 5-
6A) will allow a fair number of “guests” to be incorporated while the possibility of two metals to be
incorporated in each of two 5-ring chelates is also reasonable. Addition of a metai or moiecuiar
“guest” will almost surely change the conformation of 15, but this has not yet been done.




For the [9]-ring heterocycle 13 which, to date, we have only been able to prepare as a single
enantiomer in 24-25% yield, the X-ray structure is shown in Figure 3. As seen from both the
calculated structure and the X-ray structure, the 9-ring is not unusual as medium rings go, but the
lone pairs on the two nitrogen atoms are pointing in different planes. Due to the constraints in the
ring system, it appears that bringing the lone pairs to ligate to a metal may be difficult. Future
studies will determine what, if any, interesting chelating properties may be found in 13.

Studies are in progress to assess the behavior of the [18]-ring 15 and the [9]-ring 13 in a

~f 5rocesses fedi steedom .. ..,.l recod

variety of processes requiring cnirai Lugi"uuun

LiAiHg
1 (
N

Vi
{
94% N D

r12?  Eleaiew A D VWV ems
[ RV rlgun:a A-lay

Valine-derived Dimethylaminoformamidine, 2. A mixture of (8)-valinol (12.4 g, 0.12 mol)
and DMF-dimethyl acetal (15.0 g, 0.13 mol) was heated at 40°C under Ar for 3h. After coolmg to nt,
the volatiles were removed in vacuo and the resulting clear oil was dissolved in dry THF (50 mL)
and added to a suspension of NaH (4.47 g, 0.19 mol) in THF (50 mL). The mixture was stirred at rt
for 3h. After cooling to 0°C, iodomethane (26.4 g, 0.19 mol) was added and the resulting mixture
was stirred at ambient temperature overnight. Water was added to the reaction mixture, and THF
was removed in vacuo. The aqueous solution was extracted with ethyl acetate and the combined
organic layers were washed with brine solution and dried over anhydrous sodium sulfate. Vacuum

distillation provided 12.6 g (61%) of formamidine 2 as a colorless oil: b.p. = bU > (0.25 mm Hg);

NMR (300 MHz, CDCl,) §; 0.64 (d, J = 4.41 Hz, 3H), 0.86 (d, J= 4.41 Hz), 1.71 (ddd, J=13.5, 12.9,
6.9 Hz, 1H), 2.77 (ddd, J = 8.1, 6, 4.2 Hz, 1H), 2.83 (s, 6H), 3.33 (s, 3H), 3.3 (dd, J=9.3, 7.8 Hz,
1H), 3.50 (aa J=9.3, 4.2 Hz, 1H), 7.21 (S, 1H).'"

........... \YZY H VS Eavernmeisdina L] A maiviiiva ~Af tatrahudraicnnniinalina 1 117 o 0O 0NQ
IbquIIIUIIIIt‘: vatliie rForNmainiygineg, 9. A HHAWUIG Ul ICUaliyUWviouyuinivinic 1 (1 1.7 u, V.o
m farmamidine 2 (168 a 010 mol) and a catalvtic amount of camphorsulfonic acid in tglLene

Ul/, IVHTIQTTHIUNIT & (1TUV.U 4, V. IV THIVH Alid @ vAidiy v QIHVKEIR Vi Sl IV el
(82 mL) was heated at reflux for 3 d. The mixture was cooled to rt and the solvent was removed |
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vacuo l:!as Ch{ennatenranhu {eilira nal havanae/onthyl anatatafiriathul amina 7 5:9:N B rociiltad
C ¥ i i apiiy \@mea gos, NncAQned/ Sulyr attlail&/lieulyr aifinic, 7.5.€.v.J) 1o5uncl
in 22g (96%) of formamidine 3 as a yellow oil. Kugelrohr distillation provided a colorless oil: b.p. =
190°C (0.005 mm Ha): fol. -62.7 (¢, 9.73. CHCL)Y: IR (NaCh v 2870. 1843 cm™ 'H NMR {300 MHz

A $h 1p "B« £ (G, 9,70, L), TR INAVE Y, 287U, 105 ¢ ) Wi GV I,
CDCl,) &; 0.87 (d, J = 6.8 Hz, 3H), 0.88 (d, J= 6.6 Hz, 3H), 1.78 (m, 1H), 2.79-2.89 (m, 3H), 3.35 (s,
3H), 3.37 (m, 1H), 3.54 (m, 3H), 4.55 (dd, J = 30, 17.1 Hz, 2H), 7.16 (m, 4H), 7.42 (s, 1H). “C NMR
(75 MHz, CDCl,) &; 18.6, 20.0, 29.2, 30.8, 44.3, 46.7, 58.9, 71.4, 76.2, 100.0, 126.1, 126.4, 128.7,

S,S-( ) Bls lsoqumoline, 9. The tetrahydroisoquinoline formamidine 3 (5.00 g, 0.02 mol) was
degassed by heating the flask under vacuum with a heat gun, followed by cooling and back filling
the flask with argon. This was repeated four times. THF (64 mL) was added and the solution was
cooled to -100°C. n-Butyllithium (2.1M solution in THF (9.6 mL, 0.02 mol) was added and the
resulting solution was stirred for 30 min. 1,3-Diiodopropane (3.40 g, 0.01 mol) was added
dropwise at -100°C, and the mixture was stirred for 3 d. The reaction mixture was quenched with
methanol, and the solvent was removed in vacuo. Flash chromatography (silica gel, hexanes, ethyl
acetate, triethyl amine, 4:1:0.25) provided the crude product which was dissoived in 95% ethanol

(85 mi). Hydrazine monohydrate (0.04 moli), and acetic acid (0.02 mol) were added and the
mixture was stirred at t for 14h under argon, and the solvent was removed in vacuo. Flash
rhramataniranhy (O O Thavanace/athul asatata/mothannal/iriathvyl amina A RB29:-N RN E nravidad
UII!UIIIULU&IGPII \Ul lzulzlllUI\G|IG°IGlll I QUCLQLG/TTTITGUH ATV B IITU YT Qililit, *T.w.ow.G.WV.W. V. PIUVIUUU
2 ‘! N (71%\ Nnf Q aec an nff whita enlid- mn — 1141 B.412 BN Tl AN (n - N AR CHCL Y IR INlaC)

. MU /U)W Qo QI VEHE VWHHILD DU, L. = 11 1.DT 1 V.Y Wy (UG TV (v = VLUV, W), BT Ny Y,
nND Na1a 1409 1L NMD /AnN MLls ORI S 4 27 (v DL 41 0N 14 Q72 (v ALY 2 40 e OLI
Jovg, U 10, 1894, T INIVIM (OUU Winig, widuly) 6, 1.0/ (1T, 2riy, 1.0U"1.90 \ifl, &), £.19 Vo, &),
2.71-2.91 (m, 4H), 3.00 (ddd, J=12.6, 7.5, 5.1 Hz, 2H), 3.25 (dt, J= 12.6, 5.4 Hz, 2H), 4.01 (dd, J=
QA A2 Ho 2 70771468 (m QN 30O NMBR (75 M- CDCIYR:- 9298 200 R84 ANQ EE R 198 R
U7y *roy 114, £ I), AL N B B RV \I|l, wi ll, o IT¥IVIL ] \l ~ VI 1L, Vl—lula) U, LL.0, LCI.J, WALy YV, WV, Ty
125.8 126.0. 120.2 1351 139.4. MS(FAR) m/e (rel. inten.): 307 (M+1. 83) 205 (41). 158 (45) 132
Ly AN 1 1 NS \l’ T s v lomy LI L l, T\WW/ 7T l'I\J\I I_\U’ LR TR \lol- il l, ST \lvrr I, UU’, NS \—r l’, LW ) \_TUI, LIRS J =4
(100); HRMS; calcd. for C,,H, (N, + 1, 307.2096, found: 307.2179. The HPLC (Fig. 1b) was taken of

the +-Boc derivative and showed >95% ee.
Racemic and Meso Bis-lsoquinoline, 9. The tetrahydroisoquinoline tbutyl formamidine'
corresponding to 3 (1.00 g, 4.06 mmol) was degassed by heating the flask under vacuum with a
heat gun, followed by cooling and back filling the flask with argon. This was repeated four times.
THF (13.5 mL) was added and the solution was cooled to -78°C. n-Butyllithium (2.2M solution in
hexanes, 2.03 mL, 4.47 mmol) was added and the resulting solution was stirred for 30 min. 1,3-
Diiodopropane (0.720 g, 2.44 mmol) was added dropwise at -78°C, and the mixture was stirred for
36h. The reaction was quenched by the addition of methanol, and the soivent was removed in
vacuo. Fiash chromatography (silica gel, hexanes, ethyi acetate, triethyi amine, 4:1:0.25) provided
the crude product WhICh was dissolved in 95% ethanol (20 mL). Hydrazme monohydrate (0.44 mL,
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135.1, 139.4.
(x)-t-Boc protected Bis-lsoquinoline, 9. To a solution of the above bis-isoquinoline 9 (104
mg, 0.34 mmol) and triethylamine (205 mg, 2.03 mmol) in dichloromethane (1.7 mL) was added t-
Boc anhydride (443 mg, 2.03 mmol) at 0°C. The mixture was warmed to rt and stirred 15h. The
solvent was removed in vacuo and baseline material was removed by flash chromatography (silica
gel, hexanes/ethyl acetate, 4:1) which provided 148 mg of 9. HPLC analysis showed >95% ee

(Chiracel OD column, Hexanes/2-propanol, 97:3, 1.00 ml/min).
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Bmnmvanunlioatinm ~f C C / A\ & 8. 44 mw;mad 49 T m rmfliivie s mmivdiires ~f Alareina a INEA ~
mavivevyviicalivii vl 9,977y W 11 aillu 1. 10 a TelIUAl lg rnxuuar Q1 uidltiilie 3 (V.04 9,
1 7R mmnl and cadinim aarhAanata (N 7R a 7 04 mmnall in O ON (MOE4 mil A wae addad o anlitinn Af
1.70 MMoy anG soGIUM Carvonaig (v./7o g, 7.ua mimoiy in UrguiN (201 M) Was aatea a sGilion O
hromoaceatul hromide (D! a 1768 mmoh in CH CN (Em!l ) via a aurinaa niimn (02584 mt /hr § mli
v'vlllv“vu‘,l AENSTEIINANY \v-\lv u, el N l'.lllv" HI I .3v|‘ \U ll'h, Vied A \Jyl.l |8U HHIIIH \V-I—V—r l'lulll’ A" 2R BRI
syringe). Once the addition was complete, the reaction mixture was heated at reflux an additional
24h. The mixture was cooled to rt and concentrated in vacuo. Flash column chromatograph

V
(silica gel, hexanes/ethvl acetate, 10:1) provided 147 mg (24%) of 11 as a colorless oil and 314 mg
(51%) of 12 as pale yellow ocil. Both compounds were used without further purification in the next
step.
Reduction of 11 to 13. To a solution of lactam 11 (52 mg, 0.150 mmol) in THF (1.5 mL) was
added a 1.0M solution of LAH in THF (0.30 mL). The reaction mixture was stirred for 16h at which
time water (10 mL) and 10% aq NaOH (10 mL) were cautiously added and the resuiting solution
was stirred for 3h. The solution was extracted with CH,Cl, (5 X 25 mL) and the combined organic
layers were dried over anhydrous sodium suifate. Flash chromatography (silica gel, hexanes/ethyl

R TR Y | S e a4 o e

acetate/trsetnyl amine, 8.5:1.0:0.5) gave 47 mg (94“/0) of 13 as a clear oil which crysramzea on

PO PRV NP Vo o N d=) PV Y el 3 s TSP W all A

standing: m.p. = 14¢-14¢ 5°C (diethyi ether); Loqo-wo 7 (c = 0.21, CHCI,); IR (NaCi) v; 2930, 1488,

1446, 1108, 906 cm™; 'H NMR (300 MHz, CDCI,) §; 1.56 (m, 6H), 1.84 (m, 2H), 2.22-2.31 (m, 2H),
.60-2.85 (m, 8H), 29 -3.11 (m, 4H), 4.21 (m, 2H), 708 7.18 (m, 5H); *C NMR (75 MHz, CDCI,) §;
4

H

24.3, 27.7, 35.5, 48.3, 56.9 ,638 125.1, 125.7, 127.4, 128.4, 136.1, 140.4; MS (E )m/e (rel int) 332
(M*, 12), 158 (100), 145 (63), 117 (38). Anai. caicd. for C,;H,,N,: C, 83.09, H, 8.49, N, 8.43: found:
el e Yulal] i1 o 3 vl »of | ¥ = AN

U, 03.U1, N, 8.00, N, 8.4V

Nandesndinm ~f 40 ba 447 T m ombidicmin Al lambaven A (A4 A mmme N OANL v n a IV e TLIE /O ] A\ 2
neuuctLIiuln vl 1€ L 9. ] a DUIILIVN O alldill T4 (o149 11y, V.IJVU0 IHHoi) i 1mr (g 1K) waos
adAAd A 1 DA anbitdtimn Afl ALL {a TLIE /1D 7D rml Y Tha rannatinn miviiira wina atirrnd far 18k anAd than
AUUITU a [1.UVIVE OUIULIAIT Ut AT TE HES \C.IC I|II..,. e icacliil 1HHALWUIC yWwao oliliGu 1 (Ul ailill ticli
was quenched by the addition of water, and 20% ag NaOH (10 mL). The resulting solution was
stirred for 3h and extracted with CH,ClL, (5 X 50 mL). The combined organic layers were dried over
anhydrous sodium sulfate. Flash chromatography (silica gel, hexanes/ethyl acetate/triethyl amine,

8.5:1.0:0.5) gave 154 mg (51%) of 15 as a clear oil which crystallizes on standing: m.p. = 97-99°C
(acetone); [a],-8.5 (c = 0.15, CHCI,); IR (NaCl) v; 29270, 1476, 1113; 'H NMR (300 MHz, CDCl.) §;
1.64 (m, 2H), 1.76-1.91 (m, 4H), 2.58 (m, 2H), 2.75-2.94 (m, 8H), 3.20 (m, 2H), 3.78 (m, 2H), 7.05-
7.14 (m, 5H); *C NMR (75 MHz, CDCL,) §; 25.1, 36.5, 43.7, 52.8, 62.2, 125.6, 125.6, 127.8, 128.7,
134.4, 139.7. HRMS: calcd. for C,H. N, + 1, 665.4505, found: 665.4589. Anal. calcd. for C H.N,:
C, 83.09, H, 8.49, N, 8.43: found: C, 82.38, H, 8.39, N, 8.43.
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