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MULTIPLE TRITIUM LABELLING OF (+)-7-CHLORO-8-HYDROXY-t-PHENYL-3-METHYL- 

2,3,4,5-TETRAHYDRO-lIj-3-B€NZAZEPINE (SCH23390) 

Steven D .  Wyrlck, Darryl L. McDougald, and Rlchard B. Mailman* 
Divislon of Medicinal Chemistry and Natural Products, School of 
Pharmacy and Department of NeuropharmacoIogy,* School of Medl- 
clne, Unlverslty of North Carolina, Chapel Hill, N. C. 27514 

SUlrHARY 

We prevlously reported the synthesls of the antldopmlnerglc- 
antlpsychotlc agent SCH23390 labelled wlth trltlum In the 9 
posltlon of the benrazeplne ring system at a speclflc actlvlty 
of 5.6 Cl/mmole as the racemlc mlxture. Here, we report the 
preparatlon of the hlgher speclflc actlvlty (+)-Isomer of 
SCH23390 labelled wlth trltlum In both aromatic rlngs as well 
as the N-methyl group. Multlple labelllng was achleved by re- 
ductlve debromlnatlon with carrier-free trltlum gas of a dl- 
broml nated N-normethy I der 1 vat I ve over 5% Pd/C and subsequent 
N-methylatlon wlth hlgh speclflc actlvlty methyl Iodide. The 
speclflc activity obtalned for the Nor-SCH23390 was 8.8 Cl/mmole 
and 93.8 Ci/mmole for the SCH23390. 

Keywords: ~+~-7-chloro-8-hydroxy-l-phenyl-2,3,4,5-tetrahydro-1~-3-benzazepIne, 

~+~-7-chIoro-8-hydroxy-l-phenyI-3-methy1-2,3,4,5-tetrahydr~l~-3-benzazeplne, 

palladium catalysis, deuterlum, trltlum, SCH23390 

INTRODUCTION 
3 Recent receptor blndlng studles,' J 2  using (~)-[9-~H]SCH23390 have suggested 

that thls dopamlnergic benzareplne derivative, once thought to be the flrst selec- 

tive D dopamlne antagonlst, may actually be Interacting with two or more subpopu- 1 
latlons of D1 dopamine  receptor^.^ The racemlc trltlated product prevlously pre- 

pared In our laboratory' had a speclflc actlvlty of 5.6 Ci/mmole. Slnce the dextro 

Isomer demonstrates far greater pharmacological actlvlty than the levo Isomer and a 

higher speclflc activity was desired In order to perform further biochemical and 

autoradlographic studles, we prepared (+)q HISCH23390 label led In both aromatlc 

rings as well as the N-methyl group at a speclflc activity of 93.8 Cl/mmole 

(326 mCI/mg). 

(+I-[ HlSCH23390 was the (+I-[ H1N-nor-SCH23390 at a specific actlvlty of 8.8 Cr/ 

3 

Also obtalned from thls synthesls as the lmnedlate precursor to the 

3 3 
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Trifrum Labeling of SCH23390 687 

m o l e  (33 mCI/mg) whlch Is also t o  be u t l l i z e d  fo r  b lo log lca l  studies I n  our group. 

The (+)-[ HlSCH23390 was prepared by Pd/C catalyzed reduct lve debrmlnat lon o f  the 

corresponding (+)-9,13-dIbranInated N-normethyl der iva t lve  wi th t r l t l u m  gas followed 

by N-methylatlon wl th C H31. 

3 

3 

DISCUSSION 

We have prevlously demonstrated the lack o f  r e a c t l v i t y  o f  the a ry l  ch lo r ine  I n  

SCH23390 toward hydrogen01 ysls under deuteratlon and t r l t l a t i o n  cond l t I~ns .~There-  

fore, debromination o f  an a ry l  dlbromlde precursor 2 followed by N-methylation wi th 

high spec l f l c  a c t l v l t y  methyl lodlde appeared a t t r a c t i v e  f o r  the preparation o f  

higher spec l f l c  a c t l v l t y  SCH23390. 

ployed except t h a t  4-branostyrene oxlde.Instead o f  styrene oxide was reacted wlth the 

amlne 1 t o  a f fo rd  the a ry l  b r a l n a t e d  minoalcohol  9. 
benzazeplne nucleus 2 was af fected with concentrated H2S04. 

f i r s t  attempted v i a  the  N-acetyl-D-leuclne s a l t  as reported fo r  the nonbromlnated 

d e r i ~ a t l v e , ~  a y s t a l l l z a t l o n  o f  the s a l t  was never achleved even with a var ie ty  of 

organic solvents. Therefore, the (+)-camphor-10-sulfonlc acid s a l t  was prepared and 

recrys ta IJ lzed  from CH3CN-MEOH(4:1) t o  a f fo rd  the (+)-isomer o f  ,3 In 81% enantlomer- 

I c  p u r i t y  (Figure 1 ) .  Subsequent 0-denethylation wlth48XHBr and a ry l  brominatlon 

w l th  Brq/HoAcas described e a r l i e r  afforded the (+)-9,13-dl bromo-N-normethyl SCH23390 

(2) whlch would serve as the precursor t o  the t r l t l a t e d  (+)-SCH23390 as well as the 

(+)-N-normethyI der lvat lve.  

o f  5% Pd/C afforded the dldeuterated product Q. 

deuterium incorporetlon indicated conslderable isotoplc d i l u t i o n  had occurred probably 

lnvolv lng the ac t lve  hydrogens on the oxygen and ni t rogen atoms (do= 50.68%, d,=40.54% 

and d =8.63%). Upon exposure o f  2 t o  5.0 C I  o f  car r le r - f ree  t r i t i u m  gas under s iml ia r  

conditions, 195 mC1 of  98% radiochemical ly pure 7 was obtalned with a spec l f l c  a c t i v i t y  

of 8.8 Cl/mmoie (33 mCl/mg) i nd i ca t i ng  a 57% improvement i n  spec i f i c  a c t i v i t y  over our 

prevlous procedure. An N-methylatlon model react ion using uniabel led ,$ and 1.0 equlva- 

len t  o f  methyl lodlde I n  methanol a t  roan temperature fo r  24 h afforded (+)-SCH23390 In  

66% yleld.  The analogous react lon o f  7 wi th C3H31 ( spec i f i c  a c t l v l t y  = 85 Ci/mmole, 

Amersham) afforded 6.0 mCl of  (+)-[ HlSCH23390 a t  a spec l f l c  a c t i v i t y  of 93.8 Ci/mmole 

The synthet lc scheme o f  G o l d  and Chang’ was em- 

Rlng closure t o  the racemlc c 

When reso lu t ion  was 

3 

Exposure o f  2 t o  1.0 atm of deuterlum gas I n  the  presence 

However, mass spectral analysis of 

2 

4 

% 
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(326 mCI/mg).. As Ind ica ted  by t h l s  y l e l d ,  t h e  product a t  t h l s  h igh  s p e c i f i c  a c t i v i t y  is 

extremely unstable toward handl lng such as chromatography (see Experimental Proce- 

dures). 

EXPERIMENTAL PROCEDURES 

A l l  chemlcals were used as recelved from t h e  manufacturer. Me l t lng  po ln ts  were ob- 

obtained on a Mel-Temp apparatus and are uncorrected. 'H-NMR spectra were obtalned on 

a JEOL FX-60 MHz FT spectrometer us lng TMS as a reference. Radiopur i ty  was determined 

us ing a Bloscan BID 100 Image Analyzer. T r i t i u m  was counted us ing a Packard Mlnaxl 

4000 Series L l q u l d  S c l n t l l l a t l o n  Counter (ex te rna l  standard) w l th  Sc in t l verse  @ 

(Flsher)  count ing so lu t lon .  S i l i c a  gel p l a t e s  (UV) were used f o r  a n a l y t i c a l  and prep- 

a r a t l v e  work. A Cary 15 u l t r a v l o l e t  spectrometer was used f o r  s p e c l f l c  a c t i v i t y  deter- 

mination. Elemental composltlons o f  novel compounds were determined by h igh r e s o l u t i o n  

mass spectrometry us lng an AEI  MS-902 mass spectrometer. Opt ica l  r o t a t l o n s  were ob- 

ta ined uslng an Autopol I l l  automatlc po lar lmeter .  

~~-N-~2-(4-Bromopheny1)-2-hydroxyethy1]-3-chIorcl-4-methoxyphenethyIamIne (2). 

The procedure of Gold and Chang5 was used. Compound d3 (6.4 g, 0.0344 m o l )  and 6.9 g 

(0.0344 mol) o f  4-bromoetyrene ox ide were d isso lved and r e f l u x e d  overn ight  in 50 ml o f  

a c e t o n i t r i l e .  The so lvent  was evaporated I n  vacuo and t h e  gummy res idue column chro- 

matographed on s l l l c a  gel us lng CH2C12-MeOH-NH40H(90:10:1) t o  a f f o r d  7.4 g (56%) o f  a 

tan  so l ld ;  mp = 181-183OC. 'H-NMR (CDC13, RIS) 6 7.65-6.70 [m, 7H. Arll,], 4.62 [m, 

'L 

lH,-CEOH], 3.90 [S, 3H, OCti3] 3.08-2.50 Cm, 6H, (C322'3] and 2.40 [S, lH, Nl] .  

(+)-7-ChIoro-8-methoxy-l-(4-bromopheny1)-2,3,4,5-tetrahydro-lH-J-benzazepine (3). 

The racemlc carb lno l  2 (7.4 g, 0.019 moll was added i n  p o r t i o n s  t o  60 ml o f  conc. 

H SO 

t l o n  mixture was then s t l r r e d  a t  8OC for 0.5 h and then a t  room temperature for 1.5 

h. 

lowed by 40 g o f  s o l l d  NaOH malnta ln lng t h e  temperature( 30°C. 

t a t e  was ext racted i n t o  CH CI the  organic  e x t r a c t s  d r i e d  (Na SO ) and evap- 

o ra ted  In vacuo t o  a f f o r d  6.7 g (96%) of l l g h t  ye l low s o l l d .  Accumulated crude 

product from m u l t l p l e  preparat lons were column chromatographed on s l l l c a  gel 60 w l th  

% 

?, 

w l t h  s t l r r l n g  mainta in ing t h e  temperature a t  512°C throughout. The dark reac- 2 4  

The mlxture was poured i n t o  500 g o f  Ice; 100 ml o f  conc. NH40H was added fo l -  

The gumny p r e c i p i -  

2 2' 2 4  
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CH2C12-MeOH-NH40H (95:5:1) to afford a total of 9.2 g of racemic yellow solid; 

mp=136-137'C. 'H-NHI (CDC13,TwS) 6 7.49 [d, 2H, Ar-H's 112, 141, 7.00 [d, 2H, 

Ar-H's111, 151, 7.19 Cs, lH, Ar-Hfi], 6.50 [s, lH, Ar-H#91, 4.19 [m, lH, C.1, 3.78 

[s, 3H, ocH_31, 3.20-2.50 Em, 6H, (C42)3] and 2.27 [s, lH, Nil. 
product (7.7 9, 0.021 mi) and 4.9 g (0.021 mi) of (+I-camphor-10-sulfonlc acld were 

dissolved with heating In 70 mi of CH3CN-MEOH(4:l). 

cool slowly, the resultant salt preclpltate was collected and washed with cold C H p  

and dried to afford 3.7 g of colorless solld; mp=173-176'C. 

methanol). 

of colorless needles; mp = 193-195'C. [a%' = +28.6' (01, methanol). The 1.2 g 

of resolved salt was stlrred vigorously In 0.5 N NaOH and ether for 2 h. 

phase was dried (Na SO ) and evaporated in vacuo to afford 750 mg of colorless 

solld as free base; mp=160-161°C. [a$ = +21.0° (-1, methanol). In order to 

determine the enantiomerlc purity of the resolved b r m  derivative, the bromlne was 

reduced off to produce a known compound5. Canpound 3 (resolved) (104 mg, 0.272 mnol) 

and 250ul of Et N in 3.0 ml of dry THF were stirred In the presence of 50 mg of 5% 

Pd/C under 1.0 a t m  of deuterlum gas at rcun temperature for 16 h. 

purlficatlon of the corresponding debrminated product afforded 83 mg (100%) of a 

s ~ I - s o I  Id. bl,25 = +23.8"C (-1, ethanol), (lit. [a], 

lndlcates an enantlomeric purity for 3 of 81% ( + I -  isomer. 

(+)-7-ChIor~8-hydroxy-1-(4-bromopheny1),2,3,4,5-tetrahydro-lH-3-benzazepine ( 4 ) .  

A mixture of 630 mg (1.72 mnol) of (+)-3 and 30 ml of 48% HBr were stirred at 100°C 

for 12 h. 

CH2Ci2 and sat'd N a M 3 .  

In vacuo to afford 348 mg (5711 of a tan solld; mp=llO-llZ'C. 

acetone). 'H-NM? (CDC13 + DMSO-d6,m) 6 7.71-6-90 [m, 5H, Arz5], 6.42 [s, lH, 

Ar-H - #9], 4.15 [m, lH, CHH, 3.55-2.51 Em, 6H, (CH2)31 and 2.22 [s,lH, Na. 
~+~-7-Chlor~&hydroxy-9-brol-~4-brocnophenyI~-2,3,4,5tetrahydr~1H-3-benzarep1ne 

(5). To a solution of 340 mg (0.966 mi) of (+)-t In 5.0 mi of glacial acetic acld 
-r 
was added a solution of 155 mg (0.966 ml) of bromine In 1.0 m i  of glacial acetic 

acld dropwise with stlrring at rcun temperature. 

The racemic 

After allowlng the solution to 

= +20.5' (c=l, 

A second recrystailization from 40 ml of CH3CN-MEOH(4:l) afforded 1.2 g 

The ether 

2 4  

2, 

3 
isolation and 

5 25 
= +38.3O). Thls 

?, 

2, 

. %  

The volatlles were evaporated In vacuo and the residue partltloned be- 

The organlc phase was dried (Na SO ) and evaporated 
2 4  25 

[a], +29.2' ( S f ,  

The bromlne disappeared imnediate- 
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l y  and a f t e r  5 mln t h e  v o l a t i l e s  were evaporated i n  vacuo t o  a f f o r d  344 mg (83%) Of 

a l i g h t  tan s o l i d  which was pure by TLC i n  CH2CH2-MEOH-NH40H (9O:lO:l). 

236-240°C. [a], 

# 's  12, 143, 7.00 [d, 2 ~ ,  Ar-H #Is 11, 153, 7.21 [s, lH, Ar-H #6], 4.83 [m, lH,  

C.]. and 3.43-2.32 [m, 6H, (cH_2)3]. m/e = 428.9133 ( C  H Br  ClNO r e q u i r e s  

mp = 
25 

= +41.3" (01, DMF). 'H-NFFI (DMSO-d6, TMS) 6 7.51 [d, 2H, Ar-H 

16 14 2 

428 -91 32 

2 
(t)-7-Ch lor-8- hydroxy-1 -pheny 1-2,3,4,5-tetrahydro-l H-[9,13- H ( n)]3-benzazep I ne 

( 6 ) .  A s o l u t i o n  o f  120 mg (0.278 mmol) of 5 and 500 !-tI o f  t r i e t h y l a m i n e  I n  5.0 m l  of 
-rG- 

dry THF was s t i r r e d  f o r  4 h a t  room temperature i n  t h e  presence o f  100 mg of 5% Pd/C 

under 1.0 atm o f  deuterium gas. 

p i p e t  column and t h e  v o l a t l l e s  evaporated I n  vacuo. 

CH2C12- sa t ' d  NaHC03, t h e  o rgan ic  layer  d r i e d  (Na SO 1 and evaporated 

vacuo t o  a f f o r d  87 mg o f  a brown gum. 

CH2Ci2-MeOH-NH OH (9O:lO:l) a f fo rded  27 mg (43%) o f  pure product  as a ye l l ow  

so l i d ;  mp = 85-87OC. [a]: = +9.8" ( c= l ,  DMF). 'H-NMf? (CDC13, MS) 6 7.41- 

6.78 Cm, 5H, A r j 5 3 ,  6.40 Cs, 0.4 H, Ar-H #9)3, 4.12 [m, lH, CHI, 2.51-3.45 Cm, 6H, 

(cH_2)3] and 2.20 (s, l H ,  NY]. 

50.68%. dl (mfe =274) = 40.54% and d2 (m/e -275) = 8.63%. 

-2 

The c a t a l y s t  was f l l t e r e d  o f f  through a C e l i t e  

The res idue  was shaken w i t h  

2 4  

Column chromatography on s i l i c a  gel w i t h  

4 

Mass spec t ra l  data Ind i ca tes  d (m/e =273) = 0 

( t ) -7 -ChIor~8-hydroxy- l -pheny1-2 ,3 ,4 ,5 - te t rahydro- lH-~9,13-  3 H2(n)]3-benzazepIne 

(7 ) .  

o f  d ry  THF was s t i r r e d  f o r  4 h a t  room temperature i n  t h e  presence of 10 rng o f  5% 

Pd/C under 5.0 C i  (0.086 mnol) o f  c a r r i e r - f r e e  t r i t i u m  gas. 

f i l t e r e d  o f f  through a Celi te-Na SO p l p e t  column and t h e  f l l t r a t e  d i l u t e d  w i t h  

methanol and evaporated I n  vacuo t o  a f f o r d  565 mC1 o f  crude product. TLC-radioscan 

Ind icated 68% radiochemical p u r i t y .  Th i s  ma te r ia l  was chromatographed on two 20 x 

20 cm x 0.25 mn s i l i c a  gel 60 p l a t e s  w i t h  CH2C12-MeOH-NH40H (9O:lO:l) using the 

dibromo precursor  5 and un labe l l ed  product  as re fe rence  standards. The approp r ia te  

band was scraped i n t o  CH2C12-MeOH (4:1), t h e  s i l i c a  gel f i l t e r e d  o f f  and t h e  

f l l t r a t e  evaporated I n  vacuo. The res idue  was d l sso l ved  i n  100 ml o f  absolute 

ethanol and counted t o  a f f o r d  195 m C I  (6.0 mg, 63% chemical y l e l d )  of product  

which was 98% radiochemical ly  pure by  TLC-radloscan (CHZCl2-MeOH-NH40H 9O:lO:l). 

A 10 m l  a l i q u o t  from t h e  above s tock s o l u t i o n  was evaporated and t h e  res idue  

A s o l u t i o n  of 15.1 mg (0.035 mnol) o f  ,5 and 100 U I  of t r i e t h y l a m i n e  I n  1.0 m l  
7 

The c a t a l y s t  was 

2 4  

c 
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dlssolved I n  10 m l  of methanol and scanned from 330-260 m I n  an u l t r a v i o l e t  

spectrometer I n  order  t o  determlne t h e  s p e c l f l c  a c t l v l t y .  

i d e n t l c a l  t o  t h a t  obta lned for t h e  unlabel  l ed  product  ( E = 2508, Amax = 283 nm). 

The s p e c l f l c  a c t l v l t y  was determlned to  be 8.8 Cl /mmo l  (33 mCi/mg). 

~+~-7-Chlor~8-hydroxy- l -phenyI -3-methy1-2 ,3 ,4 ,5 - te t rahydr~lH-3-benzazeplne 

(SCH23390). To a s o l u t i o n  o f  t h e  corresponding N-normethyl precursor  (40 mg, 0.147 

mnol) I n  2.01711 o f  methanol was added 21 mg (0.147 mmol) o f  methyl Iod ide and t h e  

r e a c t l o n  was al lowed t o  stand ove rn igh t  a t  room temperature. The v o l a t l l e s  were 

evaporated under a stream o f  N2 and t h e  res ldue  p a r t i t i o n e d  between CH2CI2-sat'd 

NaHCo3. The organlc  phase was d r i e d  (Na SO ) and evaporated i n  vacuo t o  a f f o r d  a 

brown gum which was p u r l f l e d  by chromatography on two 20 x 20 on x 0.25 m s i l i c a  

ge l  60 p l a t e s  (Ui2CI2-MeOH-NH40H 9O:lO:l) a f f o r d i n g  28 mg (66%) of a l i g h t  ye l low 

The spectrum was 

2 4  

. . .  
sol I d  which was l d e n t l c a l  t o  t h e  product  prepared previously.' 

TMS) 6 7 . 3  [m, 5H, ArH5], 7.13 Cs, 1H. Ar-H #6], 6.35 Cs, lH,  Ar-H #91, 4.25 C t ,  lH,  

CHI, - 3.80-2.42 Em, 6H, (Ct j2 )3 ]  and 2.28 c s ,  3H, NCti3]. 

(+ )-7-Ch I or-8-hydroxy-1 -pheny 1-2,3,4,5-tetrahydro-lH-CNC ti -9,13-. H 4 n)]3-benza- 

zeplne ([3H]SCH23390) (8). A 25.6 m l  (50 mCI, 0.0055 m o l )  a l i q u o t  o f  t h e  above 

e thano l l c  s o l u t l o n  o f  ,7 was concentrated t o  $ 1.0 m l  I n  vacuo and added t o  100 mCl  

(0.0018 mmol) o f  [ Hlmethyl I od ide  (85 Cl/mmol, Amersham) i n  1.0 m l  o f  toluene. 

TLC-radioscan ana lys i s  of t h e  r e a c t l o n  a f t e r  s tanding 16 h a t  room temperature in- 

d i ca ted  t h e  major component t o  be t h e  methylated product  as we1 I as excess 7 and 

minor decomposition products. 

stream o f  N 

n e a r l y  t o  dryness I n  vacuo. The res idue  was Immediately column chromatographed on 

5.0 g O f  s i l i c a  gel 60 w i t h  CH2C12-MEOH-NH40H (95:S:l). 

curred. 

s l l l c a  gel p l a t e s  w i t h  CH2C12-MEOH-NH40H (95:5:1) a f fo rded  6.0 mCI o f  product  which 

was $ 9 4 1  pure by TLC-radioscan. The product  was s to red  I n  500 m l  o f  absolute 

ethanol a t  4-5°C. The s p e c l f l c  a c t l v l t y  was 93.8 Cl/mmol (326 mCl/mg). 

'H-NMR (DMSO-d6, 

3 3 
I 2 

2, 

3 

% 

The r e a c t l o n  volume was reduced t o  $1.0 m l  under a 

3 I n  t h e  hood t o  remove any unreacted [ Hlmethyl Iod ide and then taken 
2 

Extensive decomposition OC- 

Subsequent chromatography o f  t h i s  ma te r la l  on two 20 x 20 an x 0.25 mm 
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