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Aporphine-benzylisoquinoline dimers represent a small group of alkaloids; they 
have been found only in three genera, Thalictrum (Ranunculaceae), Hernandia 
(Hernandiaceae) and Berberis (Berberidaceae). At the present time, only two 
dimeric aporphine-pavine alkaloids have been found in Tltalictrum. The first 
aporphine-benzylisoquinoline alkaloid to  be fully characterized was thalicarpine 
by Kupchan (13) in 1963. The dimeric alkaloids found in the genus ThaIictrum 
have been discussed in reviews on Tlialictrum alkaloids by Schiff and Doskotch 
(34) in 1!3TO, 310110~ et al. (1'7) in 19'71 and Tomimatsu (33) in 1963, 1967 and 1976. 
-It the preqent time, more than 20 dimeric alkaloids are knon-n. 

The present review iq concerned with a presentation of a complete liqting of 
the dimeric aporphine-benzylisoquinoline and aporphine-pavine alkaloids together 
with their physical and spectral data a+ n-ell as their sources. Hernandaline and 
related alkaloids, intermediate to the aporphine-benzylisoquinoline dimer;. are 
not included in this review since they have been included in the aporphine alkaloids 
revien-.l 

The dimeric aporphine-benzylisoquinoline alkaloids are divided into three 
group<: The tlzalicarpiiie-type in nhich the ether linkage is between C-9 of the 
aporphine and C-2" of the disubstituted 4",3"-benzylisoquinoline unit; the 
fet idiize-type in n-hich the ether linkage is between C-9 of the aporphine and C-2" 
of the disubstituted 3",4~'-benzylisoquinoline moiety; and the pakistariiwe-type in 
nhich the ether linkage lies between C-9 of the aporphine and C-4" of an arme- 
pavine residue. Within each section, the material has been arranged according to  
an ascending order of substitution pattern. For each alkaloid the description in- 
cludes the structure, the molecular formula and molecular weight, the melting 
point and specific rotation, and n hen available the uv, ir, nnir, and mass spectral 
data. as well as the circular dichroism curve. The numbering of the skeleton is 
according to the accepted ruling. 

'H. C;L-IS.IUDEIU, 11. LEBOECF and .1. C.i\-k. .%porphine .Ilkaloids. Llojdia,  38: 2T.5 
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11 

0 

Unless stated otherwise, the uv (nm, log e) spectra were obtained in ethanol; 
the ir (cm-') spectra in nujol; and the nmr spectra in deuteriochloroform (60 
MHz). Chemical shifts are in 6 units, and the coupling constants are in He. 

1 THALICTROGAMINE C J L O S S Z  668.309743 

UT: 230 sh (4.39), 277 (4.11), 298 sh (3.98), 307 sh (3.82) 
I R :  3520 (24) 
NRIR: (24) (25) (32) 
MASS: 
CD: (CH3OH)[~],,,+l86O0O, [B]z;j-19300, [O]310-28200 (42) 
SOURCES: 

[cz]""D: $135" ( ~ = 0 . 2 ,  CHIOH) (24) 
(24) 

668 (Rf+), 47G, 326, 309, 192 (base) (24) 

Thalzctrurn @olygantiun (24) , Thalictr~~m dioicunl (31), Thalzcfruin reLolutum (42) 

3.83 3.92 

3.79 

4 dromat l c  H .it 6.51 , 6.57 ( 3  HI . 
2 PESNSYLT7AN.4RIIKE C I Q H ~ & Z  668.309743 
MP: 

UT': 

MASS: 
SOURCES : 

128-129" (acetone-ether), 107-108" (ether) (25) 

(CHIOH) 276 sh (4.07), 284 (4.17), 297 sh (4.11), 312 sh (4.06) (25) 
[a]2j0D: $119" ( ~ = 0 . 9 4 ,  CHIOH) (26) 

S R I R :  (25) 
668 (&I+), 462, 326, 325, 309, 206 (base) (25 )  

Th a l i c  t I II tiz p o 1 ygam ii tiz (25) (26) 
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3.03 3.92 

2.47 

I t  
2.53 

2.47 

2.53 

8.20 H 

CH,O 
3 8 0  3.94 

3 THALICTROPIKE CaoH4~OsNz 
RIP: 167" (24) 

UV: 

S M R :  (24) (25)  (32) 
11.4SS: 682 (If-), 4 i 6 ,  326, 310, 206 (base) (24) 
SOURCES: 

[CX]"OD: +120" ( ~ = 0 . 3 ,  CHIOH) (24) 
225 (4.46), 278 (4.12), 298 sh (3.88), 310 sh (3.70) (24) 

I R :  (CHCl,) 3500 (24) 

Tiialictriim p o l y g a n ~ u i z  (24), Thalictrzlm dzoicunz (31) 

3.82 3.88 

682 .825392 

OCH, CH,O 
2.41 

8.18 H 

CH, 0 

2.47 

3.58 

4 TH.4LILUTIDISE 
joIZ5'D: - i 4  (c=O.11, CH30H)  (44) 
UT-: 
IR: (CHCI,) 3540 (44) 
SME: (41) 
1XAGS: GSP (AI-), 490, 340, 324, 192 (base) (44) 
CD: [ 8 ~ ~ ~ ~ + 1 8 0 0 0 0 ,  [8]?;4-16100, [8]3oe-l3900 (44) 
SOURCES: Thulzctrtinz retoZz(!tm (44) 

(CHaOH) 280 (4.38), 304 sh (1.21) (14) 

682,325392 
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3.88 

5 a r o m a t i c  H at  6.50 - 6.70. 

5 THALIPINE CssHiaO~Np 668.309743 
[CY] '~~D: $141" (c=O.19, CH30H) (42) 
U V :  282 (4.49), 303 sh (4.34), 316 sh (4.19) (42) 
NMR: (90 RIHz) (42) 
MASS: 668 (AI+), 476, 340, 324, 192 (base) (42) 

SOURCES: 
CD: (CH30H) [0]23j+214000, [O]rri-I9OOO, [8]30?-14800 (42) 

Thulzcfrrmr polygamuni (28), Tiinltcfruni rerolutum (40) (42) 

3.79 3.88 

1 dromar i c  H a t  6.49 ( 2 H )  , 6.59(! HI 

6 THAL3IELATIIiE C d L O J 2  682 325392 
hIP: 131-135" (15) 
[aj""D: +110" ( ~ = l ,  C2H:OII) (15) 
XbIR: (25) (32) 
hlASS. 682 (AT+), 490, 324, 293, 192 (base), 190 (li) 
SOURCES: Thalzctriini 1 1 2 7 ~ 1 ~ 1 s  var.  elnfi ini  (15) (16) (18), Thalzctritni d z o i c w n  (31), Thalicfrunt 

re;'oZutitnz (41) 
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3.79 3.88 

137 

4 drornaLic  H a t  6.52 I 6.55 , 6.60 ( 2  H )  

CioHarOsN, 680.309743 

[a]'@"D: +31.9 (c=O.l5, CHC1,) ( 5 )  
UT-: 265 (4.5T), 330 14.15) ( 5 )  
SOURCES: Synthesis ( 5 )  

8 TH.iLIDOXISE CraHa608Sz 682.325392 

Us': 
[ C ~ ] ~ ~ - ' D :  +113' i ~ = 0 . 2 ,  CH3OH) 132) 

ICH?OH) 2T5 14.231. 296 sh 11.08). 310 sh 14.02) 132) 
I R :  (CHC13) 3540 132) ' 

XMR: (25) 132'1 
M.4SS: 682 (M"), 4T6, 340, 324, 206 (base) (32)  
SOURCES: Thalcttrunz diacunz ( 3 2 ) .  

no thalidoxine was obtained 131). 
I n  a subsequent reinvestigation of Thalicirztm dio ir i in i ,  
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9 PESNSYLYSNIXE C40H4608N2 682.325392 

UV: 
NMR: (25) 
MASS: 
C D  
SOYRCES: 

MP: 112-113" (25) 
[ct]""D. 7131' ( ~ = 0 . 7 ,  CH3OH) (25) 

284 (4.26), 304 (4.18), 320 sh (4.05) (25) 

(CHsOH) [8113i+235000, [Blzib-8900, [8]30,-6500 (42) 
682 (U+), 176, 340, 324, 206 (base) (25) 

Thalzctricm polyganiiun (25) (26), Thalictrum dzoicum (31), Thalictrum revolufum 
(42) (45) 

3.82 3.90 

4 a romat i t  H at 6.52 , 6.56.  6.59 I 6.62 . 

10 THALICARPINE C&asO812 696.34 104 1 

UV: 282 (4.33), 301 (4.22) (3i) 
IR :  2935, 1600, 1505, 1460, 1060, 950 (39) 
KMR: (32) 
MtlsS: 696 (>IT), 490, 324, 293, 206 (base), 204 (17) 
SOURCES. 

RIP: 153-155" (38) 
[ctyI2'"D: +78" ( c = l ,  CHCls) (38) 

Thalictrum dasycarpunt (11) (13) (36) (21), Thalzctrum dioicum (31), Thalzctrumfend- 
leri (33), Thalictrum jlauum (39), Thalictrum foetidum ( l ) ,  Thalzctrum minus (19), 
Thalzctrum mznus ssp. elatum (18), Thalictrum minus race B ( i) ,  Thalictrum poly- 
gamum (8), Thalictrum revolutum (36) (41), Hernandia ovigera (6) (38) (47). 

4 m t r h o x )  d t  3.80 ( G H ) ,  3.83 , 3.91 - 
1 a romdt i c  H a t  6.53 , 6.56 ,6 .60 6.62 

11 OXOTHBLICARPISE 
RIP: 219-220" (dec.) (46) 

L T :  237 (4.52), 271 (4.44), 286 sh (4.34), 343 (3.93) (413) 
[Q!]*'"D: +115" (~=0.1 ,  CHCI,) (46) 
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I R  
SXIR:  (46) 
SOURCES. Hernandzii  o~igera (46) 

1020, 1200, 1600, 1660, 2815 (46) 
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1 r n r r h o x b  a t  3 7 1  ,376(bH),4.02 , 4 . 0 4 . 4 . 0 6  

4 d r n r n d I i L  H d i  6 4 1 ,  6 5 1 ,  6 8 2  

694.325392 12 DEHYDROTHAiLICARPISE (Thalictrucarpine) c 4 1 I1 1E 0 .s 1 

31P: 186-187" (12) 
[a]**'D: f54" ( c = l ,  CHC13) (4) 
UV: 268 (4.82), 331 (4.34) (4) 
I R :  2817, 2762, 1613, 1464, 1250, 1124 (12) 

MASS. 
SOURCES: 

S M R :  (1) 
694 (AIL), 488, 338, 206 (base), 204, 150 (17) 

Thalictrum niinus ssp. elafzrni (4), Thulictriim dasycnrpiini (12). Heriiaiidzn oiigera 
( 4 i )  

6 rnrrhoxi  a i  3.72 , 3.74 (6 H) , 3.88 , 3.96 , 3.99 . 
k d r o r n d r i c  H dr 6.41 , 6.52 , 6.77 [ ? H I  , 6.88 , 7.04 . 

13 THL\LILUTISE 
;a]'O'D: 
LX-: 

-92" rc=0.175, CH OH) (44) 
282 (4.401, 303 sh 11.283, 312 sh (4.23) f44i 

I R .  (CHCl;) 3530 f44) 
S l I R .  (44) 

7 12.335955 
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MASS: 712 (At+), 506, 372, 356, 340, 206 (base) (44) 
CD: [e]z39+198000, [81275-19300, [e]30i-15900 (44) 
SOURCES: Thalictrum renolutum (44) 

3 aromat ic  H a t  6.53 , 6.56 , 6.58 . 

14 0-DESMETHYLADIANTIFOLISE* C4iH rsO &z 712.335955 
MP: 125-126' (19) 

I R :  3505 (19) 
NMR: (19) 
SOURCES: 

[CY]~~"D: +18' (~=0 .4 ,  CHC13) (19) 

Thalictrum minus (19), Thalictrunt minus race B (14) 
*Revised structure (14). 

6 me tho \ !  a t  3 .77 ,  3 . 8 0 ( h H ) ,  3 .83 ,  3 . 9 6 ( 6 H ) .  

1 a r o m a t i c  €1 d r  6 .43 ,  6.50 , 6.60 ( 2  H )  . 

15 THALIADANINE CuH4sO&z 712.335955 

UT: 

XMR: (14) 
MASS: 

SOURCES: 

[a]26"D: +81" (~=0.41, CHIOH) (14) 

I R :  (CHC13) 3540 (14) 
281 (4.33), 302 (4.18), 312 (4.11) (no shift in base) (14) 

712 (&I-), 520, 370, 354, 192 (base) (14) 

Thalzctrum minus race B (14) 
CD: [e]z4,+166OGO, [e]z,,-l7600, [O]mE-15900 (14) 
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- m e t h o x v  a t  3.79(1?H), 3.89, 3 . 9 6 ( b H ) .  

i a r o m a t i c  H a t  6.45, 6.51 , 6.56 , 6.58, 6.68 . 

726.351604 16 ADIANTIFOLISE 
MP: 143-144" (2) 
[ c Y ] ~ ~ ~ D :  +90" (c=0.11, CHIOH) (2) 
UV: 283 (4.51), 302 (4.39), 312 (4.34) (2) 
XMR: (32) 
XkSS:  
CD: [e12,1+234000, !e12j5-31200, [ ~ ] ~ ~ ~ - 3 3 8 0 0  (3) 
SOURCES: 

521, 520, 519, 206 (base) ( 2 )  

Thalictruni niinus var. adiantifolircni (2, 31, Tha/icfricwi minus race B (7, 14), Tha- 
lictrzcm winus  (19) 

2.4 4 

2.47 
It 

3 dromat t c  H a t  6.55 ( 2  H ) ,  6.60 . 
6 m e t h o \ \  d r  3.78(hH) ,  3.82,389,394,596 . 

17 THALMISELIXE C ~ Z H X O I O S ~  742.346518 
MP: 96-98" (ether-heptane), 108-110" (CzH,OH) (22) 

UT-: 283 (5.46*?) (22) 
I R :  3480. 2970, 1620, 1590, 1525, 1480, 1425, 1405, 1330, 1275, 1230, 1215, 1200, 1125, 1060, 1025, 

880, 780 (221 
S M R :  (100 MHz) (22) 
MASS: 742 (11-1, 521, 320, 519, 222, 206 (22 )  
SOURCES: 

  CY]^^"^): +22' (c=0.9, CH3OH) (22) 

Thahcfriim miniis var. elatuni (22)  



1 $2 

2.45 

It 
2.50 
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6 methoxy at 3.73 , 3.16 , 3.83 , 3.89 
2 aromatic H at 6.43 , 6.48 

18 THALMELATIDINE C ~ ~ H U O ~ O X ; ~  740 I 330869 
MP: 120-122" (20) 
[CZ]~~'D: +47" ( c = l ,  CHC13) (20) 
IR:  950 (20) 
Nm?: (20) 
SOURCES: Thalictnim minus (19), Thalicfri~m minibs ssp. elatum (20) 

7 merho\! dr 3 6 2 ,  3 7 8 ,  380(6H3), 3 9 0 , 3 9 6 ( 6 H )  

3 arcmatic H zit 6.41 (2 H I  , 6.50 . 

19 FETIDIKE (Foetidine)* 

;cu]~~"I~: +121 ( c = 2 . 5 i ,  CH,OH) (23) 
VI-: 

XMR: (220MHz) (1) 
MASS: 476, 341 (AI--), 327, 284, 206 (base), 191, 1 7 i  (10) 
SOURCES: Thalicfruiizfoe!idicn2 (9) (23) 

MP: 132-135" (23) 

220 (4.80), 280 (4.36), 305 (4.24) (9) 
IR: 3400, 2830, 2800, 1605, 1580, 1515 (9) 

*Revised structure (1). 

CaoH,sOs?lT2 682.325392 
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8.12 

C H 3 0  

3 d r o r n a r i i  H :it 6 . 4 2 ,  6 . 5 2 ( 2 H )  

20 REVOLUTOPISE 
[aI2jcD: $126" ( ~ = 0 . 1 ,  CH3OH) (42) 
US-: (CHsOH) 281 (4.40), 302 (4.24), 314 sh (4.151 142) 
I R :  (KBr) 3410 (42) 
KMR: (40) (42) 
MASS: 668 (M+j, 667, 476, 340, 324, 192 (base) (42) 
CD: 
SOURCES: Thalicir~m rerolz~fitm (40) (42) 

(CH30H) [fl],,o+43000, [fl]z;j-5300, :fl]10j-4700 (42) 

-CH, 

668,309743 

1 m e t h o s y  ~t 3.65, 3 . 7 5 ,  3.83 , 3.86 , 

5 a r o m d r i i .  H .I[ 6 . 4 6 ( ! H ) , 6 . 5 6  I 6 . 6 7 ( ? H ) .  

21 THAI,IRES'OLISE CmH4dhS2 
11P: 123-126" (44) 
;a]2"D: 1 9 5 "  ( ~ ~ 0 . 1 ,  CH30H) (441 
UT-: 
n m .  (44) 
MASS:  632 (XI", 47G, 341, 340, 324, 206 (base) (4441 
CD: 
YOURCEb: 

(CH30H) 270 sh (4.31jJ 280 (4 40), 301 (4.24), 310 sh (4.18) (44) 

[fl]?, f122000, jB]~j--12800, rfl'-co-11700 (441 
Tiinl?rfriini re ,  o / i ~ t u m  (42) (44 i 

682,325392 
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3 methoxy a t  3.80 , 3.87 (6H) . 
3 a r o m a t i c  H a t  6.46 , 6.52 , 6.57 . 

22 THALIREVOLUTINE C4i"~OsNz 696.341041 
MP: 105-108" (44) 

UV: 270 sh (4.31), 280 (4.38), 302 (4.21), 315 sh (4.10) (44) 
NMR: (44) 
MASS: 696 (M+), 490, 355, 340, 324, 206 (base) (44) 

SOURCES: Thalictrum reoolutztm (44) 

[CY]~'"D: +134 ( ~ = 0 . 1 ,  CH30H) (44) 

CD: [8]z40+240000, [8]z~~-26100, [8]aoo-20m (44) 

1 m e t h o l y  a t  3.78,3.80, 3.87c6H) 

7 d r o m d [ t L  H a t  6 .42 ,6 .52 ,  6 . 5 7 ,  6.75(2H) 

23 PAKISTASINE CmH4006Nz 608.288617 
MP: 154-156" (30) 
[ayj25"D: +106" (~=0 .57 ,  CH3OH) (30) 
UT: 206 (4.69), 218 (4.61), 270 sh (4.13), 277 (4.21), 307 (4.07) (30) 
IR:  3450, 2860, 2800 (30) 
S M R :  (30) 
MASS: 608 (XI+), 402, 312, 296, 206 (base), 107 (30) 
OHD: 
SOURCES: Berberis baluchistanica (29) (30) 

(CHaOH) a360+226", 01uj+2736~, a2jz-1120S0, 01240-6698' (30) 
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24 l-O-lIET"I~L-P.-IKISTASISE C d L O . J 2  
hlP: 117" (30) 

GV: 207 (4.881, 225 sh (4.75), 270 sh (1.28), 277 (4.37), 304 (4.16) (30) 
NRIR: 130) 
MASS: 822 (&I-), 116, 326, 310, 267, 206 (base), 190 (30) 
ORD: ((ZH3OH) a360+130", a310+l~0 i5 ,  a~4j-11O8i0, a):0-10881' (30) 
SOCRCES: Synthesis (30) 

[C~]*""D: +85" (~=0.40, CHsOH) (30) 

622.304266 

6.57 6.61 

3.88 3.84 

OCH, CH,O 

1 drorn.i!ic H d i  7 0 2  ( q  , I =10.0 H z )  

25 1,10-I ) I -O-~IETHTLP~~KIST~CiISE C ~ B H U O ~ S ~  
11P: 139-141" (30) 
[aj*"D: +66' (~=0.10 ,  CHaOH) (301 
UT-: 
IE: ICHCls) 2855, 2800 130 
SME: 1.30) 
M A S S :  ('36 (II-), 430, 340, 324. 206 fbase'i, 190, 107 (30) 
ORD: (C";OH, ~ H C - G O G G ~ ,  a? -T04Dc, 0131 --Boio, a,2r-246" (301 
SOURCE<. Synthesis (291 ( 3 0 )  

215 (1.60), 270 sh (4.27), 2 i 7  (4.29), 301 (4 09) '301 

636.319915 
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2.51 

26 PABISTANAMINE* C38H4206~2 622.3042 
MP: 215" (HCl) (30) 

UV: 
I R :  1640, 1670 (30) 
NMK: (30) 
MASS: 622 (MT), 608, 416, 326, 310, 267, 206 (base), 190, 107, 91 (30) 

SOURCES: Berberis  baluchis~aizzca (29) (30) 

and closely related t o  i t ,  pakistanamine has been included in this review. 

[a]'5"D: f20" ( ~ = 0 . 3 4 ,  CH30H) (30) 
206 (4.86), 225 sh (4.63), 280 (4.12), 310 sh (3.61) (30) 

ORD: (CH30H) ~u,ta-2333", a2s5+220OC, Ct360+82O (30) 

*Pakistanamine is a proaporphine-benzylisoquinoline; since it is the precursor of pakistanine 

6.62 w 6.55 

H H 3.80 nm 3.62 1 

2.52 - CH, 2.35 

4 a romat i c  H d t  7.02 

27 PESXSYLPA4VIKE C ~ O H ~ D S K Z  680.3097 
MP: 122-123" (26) 
[a]2joD: -174" (~=0.6,  CH3OH) (26) 
US-: 230 (4.62), 280 sh (4.38), 288 (4.40), 308 sh (4.23), 320 sh (4.15) (26) 
XMR: (26) 
M B S S :  680, 649, 648, 637, 529, 475, 355, 340, 204 (base) (26) 
SOURCES: Thalictrunz polyganzunt (26) 
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28 PESSSTLPAVOLISE CdL20&';2 666.2941 
MP: 145-146" (26) 

UT': 230 (4.47), 280 sh (4.06), 288 (4.131, 306 sh (4.01), 320 sh (3.96) (26) 
XMR: (26) 
MASS: 666, 515, 461, 355, 326, 201 (base) (26) 
SOURCES: Thalicirunz poIggamuni (26) 

[a]*'"D: -245" (~=0.66, CHIOH) (26) 

I 4.01 ( d d  ; J E 6 . H z )  

H 0 

OH H 
4.43 ( d d ; J = 6 . H z )  

4 m e t h o \ )  a t  3 . 7 5 ,  3.78 ( 6 H )  , 3.91 . 
4 a r o m a t i c  H a t  6.45 , 6.49, 6.55 ( 2  H) . 
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dzmers and aporphine-parine dimers.  
T.ABLE 1. Calculated molecular weights of aporphine-benzylisoquinoline 

608.2886 C ~ ~ H ~ O O & Z  Thalidoxine 8 
Pakistanine 23 Pennsylvanine 9 

622.3043 C ~ S H ~ Z O ~ N I  Fetidine 19 
1-0-methylpakistanine 24 Thalirevoline 21 

636.3199 C3gH4406Nz Oxothalicarpine 11 

666 2941 C3gH4208Nz Dehydrothalicarpine 12 

668.3097 C3gH4408N2 Thalicarpine 10 
Thalictrogamine 1 Thalirevolutine 22 
Pennsylva2amine 2 712.3359 CaiHtsOgNz 
Thalioine J Thalilutine 13 

*Pakistanamine 26 692.2733 C40H400gNz 

1,10-Di-0-me thylpakis tanine 25 694.3264 CaiH46OeNz 

Pennsylpavoline 28 696 3410 CiiH4S08Nz 

Revoiutopine 20 0-Desmethdadiantifoline 14 
680.3097 CaoHiaOsSz Thaliadanine 15 

Dehvdrothalmelatine 7 726 3516 C4zH5oOgNz 
Pennsylpavine 27 Adiantifoline 16 

Thalictropine 3 Thalmelatidine 18 

Thalmelatine 6 Thalmineline 17 

682.3254 C40H4605x2 740.3309 CazH480mNz 

Thalilutidine 4 742.3466 C ~ Z H ~ G O ~ G N ~  

*Proaporphine-benz ylisoquinoline. 

TABLE 2. ,Vanies a i d  synonyms of aporphine-benz?liso¶uznoline 
dimers and aporphane-paLane dzniers. 

Adiantifoline 16 Revolutopine 20 
Dehydrothalicarpine 12 Thaliadanine 15 
Dehydrothalmelatine 7 Thalicarpine 10 
0-Desmethyladiantifoline 14 Thalictrogamine 1 
1,10-Di-0-methylpakistanine 25 Thalictropine 3 
Fetidine 19 Thalictrucarpine 12 
Foetidine 19 Thalidoxine 8 
1-0-methylpakistanine 24 Thalilutidine 4 
Oxothalicarpine 11 Thalilutine 13 
Pakistanine 23 Thalipine 5 
*Pakistanamine 26 Thalirevoline 21 
Pennsylpavine 27 Thalirevolutine 22 
Pennsylpavoline 28 Thalmelatidine 18 
Pennsylvanamine 2 Thalmelatine 6 
Pennsylvanine 9 Thalmineline 17 

*Proaporphine-benz ylisoquinoline. 
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