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ABSTRACT: We report the first enantioselective total synthesis and stereochemical assignment of (—)-psychotridine. Application
of our diazene-directed assembly of enantiomerically enriched cyclotryptamines afforded a highly convergent synthesis of the pen-
tameric alkaloid, allowing its detailed structural assignment. Highlights of the synthesis include introduction of four quaternary
stereocenters with complete stereochemical control in a single step via photoextrusion of three molecules of dinitrogen from an
advanced intermediate and metal-catalyzed C—H amination in complex settings.

The oligomeric cyclotryptamine alkaloids are a subset of pyrroloindoline natural products comprised of multiple C—C linked
cyclotryptamine units.' This structurally fascinating family of alkaloids possesses a range of intriguing biological activities, such as
analgesic and antifungal properties, and cytotoxicity against human cancer cell lines.' Notably, these alkaloids pose a considerable

challenge to chemical synthesis due to the C3a—C3a’ and C3a—C7' linkages, the corresponding C3a-quaternary stereocenters on
each cyclotryptamine subunit, and the presence of multiple basic nitrogen atoms. While several polycyclotryptamine alkaloids have

been prepared through chemical synthesis using innovative strategies,” other complex members with unknown stereochemistry

1f>4

have not been accessed.'™ The pentameric alkaloid (—)-psychotridine (4), first isolated from an extract of Psychotria beccaroides in
1974, inhibits aggregation of washed isolated human platelets, exhibits cytotoxicity against HTC rat hepatocellular carcinoma cells,
and displays dose-dependent reduction of capsaicin-induced pain via a non-opioid pathway.’ Despite being the subject of biological

studies and commercially available,’ (—)-psychotridine (4) has no stereochemical assignment and it is depicted without absolute or
relative stereochemistry in the literature.*” Herein, we report the first total synthesis and complete stereochemical assignment of (-)-

psychotridine (4). The application of our diazene-directed assembly of enantiomerically enriched cyclotryptamines®”® led to a high-
ly convergent synthesis of the pentameric alkaloid 4, allowing its detailed structural assignment.
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Figure 1. Representative cyclotryptamine alkaloids.



Scheme 1. Retrosynthetic analysis of (—)-psychotridine (4).
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While many polycyclotryptamines contain a C3a(Csp3)—-C3a'(Csp3) linkage that unites a single cyclotryptamine with a larger
fragment with repeating C3a(Csp3)-C7'(Csp2) linkages (Figure 1, alkaloids 1 and 2), a subset of these alkaloids contain a

C3a(Csp3)-C3a'(Csp3) linkage that combines a dimeric fragment with an equal or larger fragment (Figure 1, alkaloids 3 and 4)."
While the stereochemistry of (—)-psychotridine (4) was not assigned, its structure was reported to be consistent with a pentameric
cyclotryptamine alkaloid with a C3a(Csp3)—C3a'(Csp3) linkage (Figure 1, alkaloid 4) connecting a cyclotryptamine-dimer and a
cyclotryptamine-trimer (Figure 1, alkaloid 4). Examination of the naturally occurring trimeric alkaloids (—)-hodgkinsine (1) and (-)-
hodgkinsine B (2) along with the related tetrameric alkaloid (—)-quadrigemine C (3) reveals alkaloids 1 and 2 as substructures of
alkaloid 3 (Figure 1). This led to our hypothesis that (—)-quadrigemine C (3) may be a substructure of (—)-psychotridine (4), leading
to our identification of the (3aR,3a'R,3a"R,3a"'S,3a™" R,8aR,8a'R,8a"R,82a"'S,8a""R)-stereoisomer out of 32 possible stereoisomers of
alkaloid 4 (Figure 1) as the most promising candidate and the target of our synthetic studies.

Our retrosynthetic analysis for (—)-psychotridine (4) is illustrated in Scheme 1. We anticipated securing all five quaternary stere-
ocenters of the pentameric alkaloid 4 via diazene-directed fragment assembly.’”® We envisioned the completely stereocontrolled
formation of four quaternary stereocenters in a single step via the photoextrusion of three molecules of dinitrogen from tris-diazene
pentamer 6. Tris-diazene pentamer 6 could arise from oxidation of a mixed sulfamide,’® that could be generated through a conver-
gent union of two fragments, trimer sulfamate 7 and dimer amine 8. Dimer amine-diazene 8 could be prepared in one step from a
dimeric C3a—sulfamate ester we have previously accessed.’ In turn, trimer sulfamate-diazene 7 could be prepared by derivatization

of a dimeric diazene previously prepared in our (—)-quadrigemine C (3)’ synthesis via sequential Ir-catalyzed Cg,,—H amination
(C7'-N bond formation), diazene synthesis, and a Rh-catalyzed C,,;—H amination (C3a"-N bond formation). Importantly, the versa-
tility of our diazene-directed assembly of cyclotryptamine fragments combined with the plausible connective homology of alkaloids
3 and 4 could allow rapid access to the pentameric alkaloid 4 from key intermediates accessed in our synthesis of the tetrameric
alkaloid 3.



Scheme 2. Synthesis of diazene trimer sulfamate (-)-7.
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Reagents and conditions: (a) #v (300nm) 25 °C, 71%; (b) MeSO,N3, [Cp*IrCl,],, AgNTf,, AgOAc, CICH,CH,CI, 23 °C, 72%; (c)
NaH, THF, 0 °C; Ph,P(O)ONH,, 23 °C, 86%; (d) AgOTf, DTBMP, 23 °C, 68%; (e) 2,6-difluorophenyl sulfamate, Rhy(esp),,
Ph(Me),CCO,H, PhI(OAc),, MgO, 5A<MS, i-PrOAc, 22 °C, 22 h, 37% (66% BRSM). Ar = 2,6-difluorobenzene.

Synthesis of key fragment (—)-7 commenced from diazene-dimer 9, an intermediate we have previously prepared via our single-
step aryl-alkyl diazene synthesis involving silver-promoted coupling of readily available C3a—bromocyclotryptamine and C7—
hydrazidocyclotryptamine monomers.’ Photolysis of diazene 9 as a thin film with 300 nm light afforded the C3a'—-C7" dimer (+)-10

in 71% yield.” Exposure of dimer (+)-10 to dichloro(pentamethylcyclopenta-dienyl)iridium (IIT) dimer (10 mol%) and methanesul-

fonyl azide under optimal conditions," afforded the dimeric sulfonamide (+)-11 in 72% yield as a single regioisomer. Treatment

of sulfonamide (+)-11 with sodium hydride and O-(diphenylphosphinyl)hydroxylamine provided the desired nucleophilic dimer
hydrazide (+)-12 in 86% yield. Portionwise addition of silver(I) trifluoromethanesulfonate to a mixture of hydrazide (+)-12 and
bromide (+)-13 (2.5 equiv) directly delivered diazene trimer (+)-14 in 68% yield, representing one of the most challenging applica-
tions of our direct aryl-alkyl diazene synthesis in complex settings.” Treatment of trimer (+)-14 to Rh-catalyzed intermolecular

C3a-H amination,"

stopping the reaction at half conversion to minimize undesired double amination side products, afforded the
trimeric sulfamate (-)-7 in 37% yield with 44% yield of recovered trimer (+)-14 (66% yield based on recovered starting material).
The selective amination of the C3a"’—H methine of trimer (+)-14 over its three activated C2 methylenes afforded the necessary pre-

cursor for convergent assembly of the key diazene intermediate 6 (Scheme 1).



Scheme 3. Total synthesis of (-)-psychotridine (4).
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Reagents and conditions: (a) pyridine, MeCN—-H,O, 70 °C, 89%; (b) DMAP, THF, 23 °C, 83%. (c) 1,3-dichloro-5,5-
dimethylhydantoin, 1,8-diazabicyclo[5.4.0Jundec-7-ene, MeOH, 23 °C, 83%; (d) Av (300 nm), 25 °C, 58%; (e) TBAF, THF, 23 °C,
87%; (f) EtNMe," AlH;, PhMe, 65 °C, 65%.

Hydrolysis of the sulfamte ester 15,’ prepared in two—steps from cyclotryptamine derivatives, provided the dimeric amine (+)-8 in
89% yield. Treatment of trimeric sulfamate (-)-7 with dimeric amine (+)-8 (1.2 equiv) in the presence of 4-(N,N-
dimethylamino)pyridine (DMAP, 2.4 equiv) gave the mixed pentameric sulfamide (+)-16 in 83% yield. Oxidation of the sulfamide
(+)-16 with 1,3-dichloro-5,5-dimethylhydantoin (DCDMH) in the presence of 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) in meth-
anol® furnished the tris-diazene pentamer (+)-6 in 77% yield, setting the stage for our planned diazene-directed and completely ste-
reocontrolled fusion of all cyclotryptamine fragments. In the event, irradiation of tris-diazene pentamer (+)-6 as a thin film with 300
nm light for 8 h delivered fully C—C linked cyclotryptamine pentamer (+)-17 in 58% yield as a single diastereomer. Significantly,
the desired product results from the cleavage of six C—N bonds, extrusion of three molecules of dinitrogen, the formation of three
C—C bonds, and completely stereocontrolled formation of four quaternary stereocenters. Unveiling of the five indoline nitrogens by
treatment of the pentamer (+)-17 with tetrabutylammonium fluoride followed by exhaustive methyl carbamate reduction using
alane—dimethylethylamine complex’ gave (—)-psychotridine (4) in 57 % yield over two steps. All spectroscopic data and the optical
rotation (observed [(‘J.]D23 =-31 (¢ =0.51, CHCLy); lit.: [a]p = —38 (c = 1, CHCl;)) for our synthetic (-)-psychotridine (4) were con-
sistent with literature values. Furthermore, we purchased’ and analyzed a natural sample of (-)-psychotridine (4) from Psychotria
Iyciflora to acquire more detailed set of 'H and *C NMR data for comparison with our synthetic (—)-psychotridine (4).” Based on
the consistency of the data for our synthetic (-)-psychotridine (4) and both the available literature data and the additional data we
obtained for a natural sample of (-)-psychotridine (4)” we assigned the structure of (—)-psychotridine (4) as the
(3aR,3a'R,3a"R,32"'S,32""R,8aR,8a'R,8a"R,8a"'S,8a""R) pentamer depicted in Figure 1 and Scheme 3.

In summary, we report the first total synthesis of (—)-psychotridine (4). Our synthesis leveraged the modular and directed assem-
bly of stereochemically defined cyclotryptamine monomers to introduce all five quaternary stereocenter with complete absolute and
relative stereochemical control. Highlights of the synthesis include introduction four quaternary stereocenters with complete stereo-
chemical control in a single step via photoextrusion of three molecules of dinitrogen from an advanced intermediate and application
of Ir- and Rh-catalyzed C—H amination chemistry in complex settings. The hypothesis concerning a common biosynthetic lineage
for polycyclotryptamines (—)-2—4 led to our projected stereochemistry for (—)-psychotridine (4). The consistency of the characteri-
zation data for our synthetic sample of (—)-psychotridine (4) with available literature data (—)-psychotridine (4), in addtion to com-
parison with an expanded data set we acquired using a natural sample of psychotridine (4),” confirmed their identical molecular
structure, thereby allowing our unambiguous stereochemical assignment of the pentameric alkaloid 4.
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