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Abstract – The formal synthesis of the triple reuptake inhibitor (-)-GSK1360707 is 

described.  The synthesis features an intramolecular cyclization and a double 

alkylation sequence to produce the 3-azabicyclo[4.1.0]heptane skeleton.  An 

advantage of this route is the absence of PCB generation which plagued an earlier 

route. 

The 3-azabicyclo[4.1.0]heptane skeleton is an important ring system in medicinal chemistry.  Compounds 

containing this ring system have been shown to be human orexin receptor antagonists,1 triple reuptake 

inhibitors,2 and might serve as a building block in the synthesis of glycomimetics, peptidomimetics and 

secondary-structure inducing elements.3  Typical methods for introduction of the cyclopropane ring  

involve sulfur ylide chemistry,3 Simmons-Smith reaction,1b rhodium(II) acetate carbene chemistry1b and 

enyne cycloisomerization.4  GSK1360707 is a potent serotonin, noradrenaline, and dopamine reuptake 

(triple reuptake) inhibitor that was under development at GlaxoSmithKline for the treatment of major 

depressive disorder (MDD).2  Previously, we disclosed a new synthetic route to GSK1360707 based on 

double alkylation methodology to form the cyclopropane ring (Scheme 1).5  Despite its many advantages, 

the overall process suffers from one major drawback.  It produces PCB 77 (3,3’,4,4’-tetrachloro-1,1’- 

 
 

Scheme 1.  Reagents and conditions: (a) Pd(OAc)2, PPh3, DIPEA, DMF, PhMe, H2O; (b) LiOtBu, CH2ICl, 
NMP   
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biphenyl, an EPA regulated substance) as a minor product of the Suzuki coupling step between vinyl triflate 

1 and 3,4-dichlorophenylboronic acid 2.  This impurity is formed via dimerization of the 

3,4-dichlorophenylboronic acid.6   

Due to the potential PCB issue associated with homocoupling of the dichlorophenylboronic acid (Scheme 

1),5 we decided to explore other routes toward GSK1360707 that avoid cross coupling of a dichlorophenyl 

moiety.7  With this in mind, we envisioned that the commercially available 3,4-dichlorocinnamic acid is an 

attractive starting material containing the key C-C bond.  Michael addition between ethyl cyanoacetate 7 

and 3,4-dichlorocinnamic ester 6 could provide, after some manipulations, access to ester 5 (Scheme 2).  A 

double alkylation reaction similarly to our previous route would deliver cyclopropane 4.  In this paper, we 

describe an alternative synthesis of 3-azabicyclo[4.1.0]hept-4-ene-1-carboxylate 4, which was previously 

converted to (-)-GSK1360707 in 4 steps.5       

 

 

Scheme 2.  Retrosynthetic analysis toward an alternative route to cyclopropane 4 
 

The synthesis began with the formation of enoate 6 via the esterification of carboxylic acid 8 using EtI, and 

K2CO3 in DMF (Scheme 3).  Michael addition of ethyl cyanoacetate 7 to enoate 6 was performed using 

Cs2CO3/NMP to give diester 9.  While sodium alkoxides were reported in the literature for similar Michael 

additions,8 we found that Cs2CO3/NMP produced more robust conditions on scale.  After hydrogenation of 

the nitrile to the corresponding amine using PtO2,
8 treatment with K2CO3 in EtOH/H2O gave the lactam as 

a 1:1.4 cis/trans mixture by HPLC.  Equilibration to the trans isomer 10 was accomplished using KOH in 

EtOH.  While it was expected that both isomers could be progressed, the equilibration was performed to 

simplify the analysis of this and subsequent intermediates.  Attempts to perform the cyclization and 

isomerization in one step were not efficient due to competing ester hydrolysis.  Next, the nitrogen was 

protected with Boc2O to give lactam carbamate 11.  The Boc protecting group served two purposes – it was 

needed to form the enecarbamate moiety in compound 59 and to later intercept intermediate 4 from our 

original synthesis of GSK1360707 (Scheme 1).5  Thus, reduction of the lactam carbamate 11 was carried 

out with Super Hydride (LiBHEt3) followed by dehydration of the resultant hemiaminal to give 

enecarbamate 5.9 
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Scheme 3.  Reagents and conditions: (a) EtI, DMF, K2CO3, 93%; (b) ethyl cyanoacetate, Cs2CO3, NMP, 60 
oC, 61%; (c) (i) H2, PtO2, EtOH, AcCl; (ii) K2CO3, EtOH, H2O; (iii) KOH, EtOH, 87%; (d) Boc2O, Et3N, 
DMAP, CH2Cl2, 95%; (e) (i) LiBHEt3, PhMe, -78 oC; (ii) TFAA, DMAP, 2,6-lutidine, 70%; (f) LiHMDS, 
CH2ICl, THF, 65%; (g) LiHMDS, THF, DMPU, 91% 
 
 
Installation of the cyclopropane moiety was next investigated.  Our original conditions to form the 

cyclopropane included an intermolecular alkylation with CH2ICl followed by an intramolecular 

displacement of the remaining chloride.5  This double alkylation was performed in one pot using LiOtBu 

in NMP.  Unfortunately, these conditions failed to cleanly produce the desired cyclopropane 4 from 

enecarbamate 5.  The use of NaH/THF was also investigated without any success.  As a result, a two step 

strategy was pursued.  First alkylation of enecarbamate 5 was accomplished with LiHMDS and CH2ICl to 

give chloride 12.  Additives such as LiCl, TMEDA and DMPU gave lower yields in the alkylation reaction.  

No attempt was made to determine the relative stereochemistry of 12.  However, the NMR and mass 

spectra were consistent with the proposed structure.  Finally, chloride 12 was treated with LiHMDS and 

DMPU at room temperature to give cyclopropane 4,10,11 which was spectroscopically identical to that 

previously reported.5  It is also worth mentioning that in the absence of the olefin in 1212 we were unable to 

close the cyclopropane ring using LiHMDS/THF/DMPU even at elevated temperatures.   A simple 

benzylic activation was not enough to induce the intramolecular alkylation.  

In conclusion, we have shown that cyclopropane 4 can be synthesized via an alternative, PCB free route.  

Thus a formal synthesis of (-)-GSK1360707 was accomplished.  The key steps in this synthesis are a 

lactam carbamate reduction and an intramolecular cyclopropanation.  The intramolecular 
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cyclopropanation has proven to be versatile as it is applicable to different substrates (3 and 5).    
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