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The family of tetrahydroisoquinoline alkaloids has attracted
considerable attention because of their biological activity and
novel structures.” Natural alkaloids. such as saframycins.”
renjemm}-'n:ins,3 and ecteinascidin 743." which are shown in
Figure | possess potent antitumor, antibiotic. and antimicro-
bial activities. A number of methods to svnthesize these
alkaloids have been published recently. 1o

Efforts to develop strategies to svnthesize these alkaloids
have encountered the keyv stereochemical issue of installing
the common ¢is relationship at the C1 and C3 positions of the
core structures. Several interesting approaches include radical
cylization” the addition of organometallic compounds followed
by ionic hvdrogenation, and intermolecular® or intramolecular
Pictet-Spengler reaction.”

We were interested in inducing a cis relationship for the
related piperidine rings in the course of alkaloid svnthesis under
reductive cyclization.' and we wanted a new way that uses
the existing C3 stereocenter of a natural product to induce the
desired stereochemistry between C 1 and C3 by stereoselective
hvdrogenation (Scheme 1). For this approach, we used L-dopa
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Figure 1. Structures of saframycins, renieramycins, and ecteinascidim
743,

as the starting material and prepared an oxalate anude 3. The
oxalate amide moiety would provide a cvclic imine ester 2 via
the Bischler-Napieralski reaction. which could be reduced
stereoselectively to afford the required cis relationship, and
then azide-ester cyclization would afford lactam 1 containing
a[3.3.1] ring system.

Preparation of the substrate 5 was accomplished by the
known procedures starting with L-dopa” and the product was
converted to acetate 6 in quantitative vield (Scheme 2). Depro-
tection of the Boc group of 6 was carried out using AlCla. and
the corresponding anmine product was treated with ethyl oxalyl
chloride to vield oxalate amide 7 in 81% vield. The Bischler-
Napieralski reaction of 7 with P-Os in CHCl; under refluxing
condition afforded the cyclic imine ester 8 in 79% yield.
However. use of POCla the common reagent. under various
solvents resulted in decomposition only. Reduction of 8 under
hydrogen atmosphere with Pd/C provided a ca. 1:4 mixture of
tetrahydroisoquinoline isomers 9a and 9b in 18% and 74%
vields. The major product 9b was converted to 10 by protec-
tion with methy1 chloroformate (81%). Then hydrolysis of 10
to alcohol (60%). reaction with diphenylphosphory] azide
(DPPA) to give the corresponding azide (65%).'~ and Stau-
dinger reaction with this azide provided the desired lactam 11
in 51%yield. The other azide isomer obtained by the identical
method from 9a did not afford any lactam moiety under the
same reaction conditions.

To find a more practical route toward the lactam 11. we
tried a sequential reductive process to obtain 11 from 13
{Scheme 3). Compound § was transformed to 12 using DPPA
to furnish the azide functional group. This was followed by a
three-step sequence from 12. deprotection of the Boc group
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Scheme 2. Reagents and conditions (a) Ac:0, Et:N, DMAP/CH-Cl,,
99%: (b) AICLs, CH2Cla: (¢) CICOCO:EL, NaHCOs, 81% for 2 steps:
{d) P20s, CHCL,, reflux, 79%. (e) Hs, PA/C, 74%: (1) C1CO-Me,
pyridine/CH:Cls, 81%6; (g) K:CO:, MeOH, 60%; (h) DPPA, DEAD,
PPhs, 63%; (1) PPhs, THEF-H:O, 31%.

m

COOEt

D? COOMe

Scheme 3. Reagents and conditions (a) DPPA, DEAD, PPhs, 70%;
(b) AICL, CH:Cla: (¢) CICOCOEL, NaHCO4, 61% for 2 steps, (d)
P20s, CHCls, reflux, 79%: (¢) Ha, MeOH, Pd/C, 54%; () C1CO:Me,
pyridine/CH-Cls, quantitative yield.

with AICl;, oxalate formation with ethy] oxaly] chloride. and
the Bischler-Napieralski reaction with P~Os to provide cyclic
imine ester 13 in 39% total vield.

Under hvdrogen atmosphere with Pd/C (Scheme 3). a lactam
product was obtained as a single isomer in 34% vield and the
protection of the lactam-amine product with chloromethyl-
formate vielded the lactam 11 in quantitative vield. confirm-
ing the desired reductive sequential cvclization from com-
pound 13. It seemed that the single isomer formation would be
attributed to the formation of lactam followed by hydrogenation
of double bond.

We have developed a short path to the 1.3-cis-substituted
core skeleton of tetrahvdroisoqunolines, using the Bischler-
Napieralski reaction followed by reductive cyclization. We
are applving this short approach to svnthesize natural tetrahy -
droisoqunoline compounds.

Experimental Section

(.5)-2-(fert-Butoxycarbonylamino)-3-(3,4-dimethoxyphenyl)
propyl acetate (6). To a solution of (S)-2-(tert-butoxyvcarbonyl-
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anino)-3-(3 4-dimethoxypheny)propyl alcohol 5 (311 mg, 1
mmol) in anhydrous CH-Cl: (L0 mL) were added Ac-O (0.95
mL. 10 mmol). EtaN (1.4 mL. 20 mmol) and DMAP (10 mg).
After stirred for 2 h at 1t. the reaction solution was dissolved in
water and extracted with CH>Cl- (20 mL x 3), dried over
anhydrous MgSO; and concentrated in vacuo. The resulting
residue was purified by silica gel column chromatography
(n-hexane/EtOAc 2 : 1) to give the product 6 (350 mg. 99%)
as a white solid. 'H-NMR (400 MHz. CDCl3) 66.81 (1H. d, J=
88 Hz). 6.72-6.70 (2H. m). 4.78 (LH. b. NH). 4.07 (1H. m).
4.05 (2H. m). 3.87 (3H, s, OMe). 3.85 (3H. s, OMe). 2.81 (1H,
m). 2.73 (1H. dd. J = 7.2. 14 Hz). 2.09 (3H.s). 1.42 (9H. s).
C-NMR (100 MHz, CDCl3) § 170.7. 155.1. 148.8. 147.7,
1296, 121.2, 112.2, 111.2. 794, 65.0, 558, 55.5.50.5. 37 3.
28.2.20.7. EI-HRMS calcd for CigHA--NO; 353.1838. found:
353.1831.

(8)-2-(tert-Ethyloxalylamino)-3-(3,4-dimethox yphenyl)
propyl acetate (7). To a solution of 6 (2.83 g. 8.02 mmol) in
anhydrous CH-Cl- (40 mL) was added AlCl; (2.14 g. 16.04
mmiol). followed by the addition of COCICOOEt (1.78 mL,
16.04 mmol) after 1 h. The reaction nuxture was stirred for 30
min, and solid NaHCO:(2.02 g. 24.06 mmol) was added. After
1 h. the reaction mixture was then treated with aqueous satu-
rated NaHCO: solution slowly and water and extracted with
CH:Cl: (70 mL x 3). The organic phases were washed with
brine. dried over anhvdrous MgSQO, and concentrated in vacio.
The residue was purified by silica gel column chromatography
(n-hexane/EtOAc 1 : 1) to afford 7 (2.29 g. 81%) as a white
solid. '"H-NMR (400 MHz. CDCl3) 5 7.31 (I1H. d. /=88 Hz.
NH). 6.80(¢1H.d,./= 8.8 H2).6.72 (1H, m). 4 43 (1H. m), 4.34
(2H.q./=7.2Hz).4.12 (2H. m). 3.87 (3H. s. OMe). 3.86 (3H.
s. OMe). 2.85 (2H, m). 2.11 (3H. s). 1.39 (3H, t,J= 7.2 Hz).
C-NMR (100 MHz, CDCl3) § 170.7. 160 4. 156.1. 149.0,
1479 1286, 121.1. 1120, 111.2,64.1.63.2.55.8.55.7.50.1.
36.6, 20.7. 13.8. EI-HRMS caled for Ci-H-aNO- 353.1473,
found: 353.1478.

(S)-Ethyl-3-(acetox ymethyl)-6,7-dimethoxy-3,4-dihydro-
isoquinoline-1-caxhoxylate(8), A mixture of 7 (1.67 g. 4.73
mmol) and P-0s (9.4 g. 33.12 mmol) in anhydrous CHCl; (50
mL) was refluxed at 80 °C for 12 h. Then. the reaction mixture
was cooled by an ice-water bath. slowly treated with NaOH
2M solution until pH = 9 and extracted with CH-Cl: (30 mL x
3). The combined organic laver was dried over anhydrous
Na-SO; and concentrated /7 vacuira. The resultant residue was
purified by silica gel column chromatography (n-hexane/EtOAc
1: 1) to yield the product 8 (1.25 g. 79%) as a reddish liquid.
'H-NMR (400 MHz, CDCls) & 7.23 (1H. ). 6.72 (1H. s).
4.53-4.33 (4H. m). 3.93 (3H. s. OMe). 3.89 (3H. s. OMe).
3.83(1H. m), 2.75(1H. dd. /=356, 16 Hz), 2.63 (1H.dd. J =
14,284 Hz). 2.10 (3H. 5). 1.43 (3H. 1./ = 7.2 Hz). "C-NMR
(100 MHz. CDCl3) 3 171.0.165.0.159.5.151.9.147.6.130.7.
118.7, 1104, 110.1,66.9.62.0, 56 4. 56.1. 56.0, 27.8. 21.0, 14 .2.
EI-HRMS calcd for Ci-HaNQe 3351369 found: 335.1361.

Ethyl-3-(acetoxymethy])-6,7-dimethoxy-1,2,3 d-tetrahydro-
isoquinoline-1-carhoxylate isomers (9). Compound 8 (652
mg, 1.95 mmol) in MeOH (15 mL) was hydrogenated with
catalytic amount of Pd/C 10% (103 mg) for 2 h under H: gas
atmosphere ina balloon. After filtration through a Celite layer.
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the filtrate was evaporated i vaciro and the resulting residue
was purified by silica gel column chromatography (n-hexane/
EtOAc 1: Lto 1 :2)to give the product 9aas a colerless liquid
(131 mg. 18%) and the product 9b (4835 mg, 74%) as a vellow-
ish liquid. Compound 9a: 'H-NMR (400 MHz. CDCl;) § 6.94
(LH. 5). 6.38 (1H, s). 4.63 (1H, 5), 4.32 (1H. m), 4.19 (2H. m),
4.00 (1H. m). 3.86 (3H. 5. OMe). 3.85 (3H. s. OMe). 3.57 (1H.
m), 2.60 (IH. m), 2.13 (3H. s), 1.29 (3H. t, J = 7.2 Hz).
Compound 9b: '"H-NMR (400 MHz. CDCls) § 6.89 (1H. s).
6.59 (LH. s). 483 (LH. s). 435-3.16 (4H. m). 3.86 (3H. s.
OMe), 3.84 (3H, 5, OMe), 3.16 (1H. m). 2.65 (IH. m), 2.12
(3H. s). 1.34 (3H. 1./ =7.2 Hz).”C-NMR (100 MHz. CDCl5)
61723, 171.0. 148.2. 147.5,126.9. 123.8. 112.0. 108.4. 67.6.
61.5. 601, 5583, 5582, 51.1. 31.2, 209, 143 EI-HRMS
caled for Ci-H=3NOg 337.1525, found: 337.1521.

Cyclic lactam (11). To a solution of 9b (72 mg, 0.21 mmol)
in anhydrous CH~Cl- (10 mL) were added anhydrous pyridine
(35 pL, 0.43 mmol) and CICOOMe (33 uL, 0.43 mmol) succes-
sively. After 3 h. the solvent was removed under reduced
pressure and the resultant residue was purified by silica gel
column chromatography (n-hexane/EtOAc 1 : 1) to vield the
protected amine (67 mg. 81%) as a colorless liquid. H-NMR
(400 MHz, CDCl3) 8 7.06 (1H. s), 6.23 (1H. s), 3.54 (0.55H.
§). 5.45 (0.45H. 5). 4.81 (0.45H. m). 4.60 (0.55H. m). 4.35-
4.17 (3H. m), 4.03 (1H. m), 3.87 (3H. s, OMe). 3.86 (3H. s.
OMe). 3.79 (1.7H. 5). 3.76 (L.3H. ). 3.00 (1H. dd. S = 6. L6
Hz).2.80 (1H. m). 2.04 (1.7H. 5). 2.00 (1.3H. 5). .30 (3H. m).
PC-NMR (100 MHz. CDCls) & 170.8, 170.7, 170.4. 136.3.
1558, 148.5, 147.7, 1476, 123.7.123.4. 120.8, 1200, 111.5.
111.3. 109.1, 64.8. 64.2, 61.4, 61.3. 36.9. 36.7, 35.7. 35.6.
529.528 48.1.47.7.298.29.6. 20.6. 13.9. EI-HRMS caled
for C)5H~sNQg 393.1380). found: 395.1385. Anhvdrous K-COs
(19 mg. 0.133 mmol) was added to the solution of the pro-
tected amine above (107 mg. 0.27 minol) in anhydrous MeOH
(10 mL). After stirred for | h at rt. the reaction mixture was
treated with water and extracted with EtOQAc (20 mL x3),
dried over anhydrous Na-SO, and concentrated in vacuo. The
resulting residue was purified by silica gel column chroma-
tography (n-hexane/EtQAc 1 : 2) to vield the alcohol (35 mg.
60%) as a colorless liquid. 'H-NMR (400 MHz. CDClx) 8 7.07
(0.65H. s). 7.01 (0.35H. 5). 6.63 (0.35H. 5). 6.61 (0.65H. s).
3,65 (0.63H, s). 5.60 (0.35H. s), 4.64 (1H, m). 3.95-3.73
(12H. m). 3.75-3.44 (2ZH. m). 3.02-2.97 (1H. m). 2.80-2.60
(1H. m).To a solution of the resultant alcohol (22 mg. 0.063
mmol) in anhydrous THF (2 mL) at O °C were added PPha (38
mg. 0.143 mmol). DEAD (23 pL. 0.143 mmol). After 3 min.
DPPA (31 pL. 0.143 mimol) was added and the mixture was
stirred at 1t for 2 h. The reaction mixture was treated with H-O
(0.4 mL), then evaporated in vaciro and purified by silica gel
column chromatography (n-hexane/EtOAc | @ 1) to afford
azide 10 (15.4 mg. 65%) as a colorless liquid. "H-NMR (400
MHz, CDCl1) 8 6.98 (0.6H. s), 6.96 (0.4H. s), 6.66 (1H, s).
5.58 (0.6H.s). 549 (0.4H. 5). .60 (0.4H. m). 4 43 (0.4H. m).
3.88 (3H. s). 3.86 (3H. s), 3.8 (3H, s). 3.79 (1.6H. s), 3.77
(L4H. s). 3.70-3.65 (IH. m). 3.35-3.29 (IH. m). 3.05-2.95
(1H. m), 2.87-2.79 (1H. m). The mixture of azide 10 (10 mg.
0.027 mmol), PPh: (13 mg. 0.035 mumol) in THF/H-O (8
mL/0.2 mL) was stirred overnight at rt. After evaporation in
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reduced pressure, the resultant residue was purified by silica
gel column chromatography (EtOAc/MeOH 20 : 1) to vield
lactam 11 (4.2 mg. 51%) as a white solid. '"H-NMR (400 MHz.
CDCl3) 8 6.86 (1H, s), 6.60 (1H. s), 6.50 (0.3H. s, NH). 6.36
(0.7H. s.NH). 5.42 (0.3H.5). 5.31 (0.7H. 5). 4.98 (0.7H. bm).
4.85 (0.3H, bm). 3.88 (3H, s, OMe), 3.84 (3H. s. OMe). 3.74
(3H.s). 3.38¢(1H.dd. J=72.164Hz). 320 (I1H.dd. /= 1.2,
12Hz). 2.70 (1H. d.J = 17.6 Hz). “"C-NMR (100 MHz. CDCl)
0169.8,154.7. 149.0, 147.6. 124.7. 124 .4, 111.4, 109.6, 36.5,
56.0.55.9, 53.1.47.1. 42.5.32.6. EI-HRMS calcd for C;sHs
N-0s 306.1216, found: 306.1217.
(8)-2-(tert-Ethyloxalylamino)-3-(3,4-dimethoxyphenyl) pro-
pyl azide (12). To a solution of § (623 mg. 2 mmol) in
anhydrous THF (20 mL) at 0°C were added PPh; (577 mg. 4.4
mmol). DEAD (693 L., 4.4 mmol). DPPA (950 uL. 4.4 mmol)
consecutively. After stirred at rt for 2 h. the reaction mixture
was treated with H-O (1 mL). then evaporated in vacuo and
purified by silica gel column chromatography (n-hexane/
EtOAc 2 : 1) to afford the product 12 (470 mg. 70%) as a
colorless liquid. 'H-NMR (400 MHz, CDC15) §6.81 (1H.d,./ =
8 Hz), 6.75-6.72 (2H. m), 4.71 (1H, b, NH), 3.94 (1H. m),
3.87 (3H. s. OMe). 3.86 (3H. s. OMe). 3.42-3.26 (2H. m).
2.86-2.67 2H, m). 1.43 (9H. 5). "C-NMR (100 MHz, CDCls)
31550, 14891477, 1295, 121.2, 112.1. L111.3, 79.6. 55.8.
55.7,53.0,51.2,37.5, 28.2. EI-HRMS caled for CisH=:N4O4
336.1798. found: 336.1800.
(8)-Ethyl-3-(azidomethyl)-6,7-dimethoxy-3 4-dihydroiso-
quinoline-1-carboxylate(13). To a solution of 12 (350 mg,
1.04 mmol) in anhydrous CH-Cl> (10 mL) was added AICI;
(278 mg. 2.08 mmol). After 1 h. COCICOQEt (173 uL, 1.56
mmol) was added. The reaction mixture was stirred at 1t for 30
min and solid NaHCO: (263 mg, 3.12 mmol) was slowly
added. Being stirred at rt for | h, the reaction nuxture was then
treated with satrated NaHCO; solution slowly. water and
extracted with CH:Cl» (20 mL x3). The organic phases were
washed with brine. dried over anhydrous MgSO; and concen-
trated in vacuro. The residue was purified by silica gel column
chromatography (n-hexane/EtQAc 1: 1) to afford the oxalate
amide product (213 mg. 61%) as a colorless liquid. 'H-NMR
(400 MHz. CDCl3) 6 6.83-6.70 (3H. m), 4.38-4.29 (3H. m),
3.88 (3H. s. OMe). 3.87 (3H. s. OMe). 3.52-3.38 (2H. m).
2.92-2.79 (2H, m), 1.40 (3H. t, J = 7.2 Hz). "C-NMR (100
MHz. CDCl:) 6 160.3.156.1. 149.1, 148.0, 128 5. 121.2. 112.0.
111.3. 63.4, 55.8. 52.3. 50.5, 37.0, 13.9. EI-HRMS caled for
CisHxN4Os 336.1434. found: 336.1429. A mixture of the
oxalate amide (127 mg. 0.378 mmol) and P>0s (751 mg. 2.65
nmio) in anhydrous CHCl;s (10 mL) was refluxed at 80 °C for
12 h. Then. the reaction mixture was cooled by ice-water bath.
slowly treated with NaOH 2 M solution until pH = 9 and
extracted with CH-Cl. (20 mL x3). The combined organic
laver was dried over anhydrous Na>SOy and concentrated in
vacuo. The resultant residue was purified by silica gel column
chromatography (n-hexane/EtQAc | : 1) to yield the product
13 (77 mg, 64%) as a liquid. "H-NMR (400 MHz, CDCls) &
7.28 (1H. s). 6.73 (IH. s). .45 (2H. m). 3.93 (3H. 5. OMe).
3.89(3H, s, OMe), 3.75 (2H. m). 3.61 (1H. m). 2.79 (1H, dd,
J =356, 15.6 Hz). 2.70 (1H, m), 1.42 (3H. t. J = 7.2 Hz).
PC-NMR (100 MHz. CDCls) 3 64.7. 1592 1519, 1476.
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130.3, 118.6. 110.4. 110.1, 62.0. 57.3. 536.0. 535.9. 54.9. 28.2.
14.1. EI-HRMS caled for CisHigNsO; 318.1328. found:
318.1329.

Cycelic lactam (11). Compound 13 (28 mg. 0.088 mmol) in
MeOH (7 mL) was hydrogenated at 1t for 6 husing Pd/C 10%
(14 mg). After filtration through a Celite laver and evapora-
tion in vacuun, the resultant residue was purified by silica gel
column chromatography (EtOAc/MeOH 10 : 1) to give the
lactam product (11.8 mg, 34%) as a colorless oil. 'H-NMR
(400 MHz. CDCl5) 6 6.83 (1H. 5). 6.60 (1H. s). 6.39 (1H. s.
NH), 4.34 (1H, s), 3.86 (3H, s. OMe). 3.82 (3H. 5, OMe), 3.80
(2H.m).3.22 (2H. m).2.77 (1H.bs. NH). 2.65 (IH.d. /= 17.2
Hz). “C-NMR (100 MHz, CDCly) & 172.1. 148.7. 147.4.
12691246, 111.6. 1098, 57.2. 56.0, 55.9. 483, 43.2, 33 4.
EI-HRMS caled for Ci5Hi6N-Os 248.1161. found: 248.1161.
To a solution of the above lactam (10 mg. 0.04 mmol) in
anhydrous CH-CI: (5 mL) were added anhydrous pyridine (4
pL, 0.048 mmol) and CICOOMe (7 pL, 0.08 mmol) succes-
sively. After stirred overnight at rt. the reaction mixture was
evaporated under reduced pressure and purified by silica gel
column chromatography (EtOAc/MeOH 10 : 1) to vield the
product 11 (11 mg. 99%) as a white solid. 'H-NMR (400
MHz, CDCl») 66.86 (1H, 5). 6.60 (1H, 5). 6.50 (0.3H. s, NH),
6.36 (0.7H.s.NH). 542 (0.3H. 5). 5.31 (0.7H. 5). $.98 (0.7H.
bm). 4.83 (0.3H, bm). 3.88 (3H, s. OMe), 3.84 (3H, s, OMe),
374 (3H.s). 3.38(1H.dd./=7.2.16.4Hz). 3.20 (1H. dd. /=
1.2. 12 Hz). 270 (1H.d. J=17.6 Hz). *C-NMR (100 MHz,
CDCl2) 6 169.8. 134.7. 149.0. 147.6. 124.7. 124.4. 111.4. 109.6,
56.5. 56.0. 559, 53.1. 47.1. 42.5. 32.6. EI-HRMS calcd for
C1sHigN-Os 306.1216. found: 306.1217.
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