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ABSTRACT:  The reaction of iodo-bicyclo[1.1.1]pentanes with potassium phthalimide yields phthalimide-substituted bicy-

clo[1.1.0]butanes (BCBs), which upon hydrazinolysis afford the corresponding aminomethyl-BCB products. 

The Gabriel amine synthesis is a classic method for the prepa-

ration of primary amines.1 In this textbook reaction, potassium 

phthalimide reacts with alkyl halides to afford N-al-

kylphthalimides, which can be hydrolyzed or hydrazinolyzed to 

primary amines (Scheme 1A). Among the medicinal chemistry 

community, there is a widespread interest in the synthesis of 

bioisosteres incorporating higher fraction sp3-character.2 Bicy-

clo[1.1.0]butanes (BCBs) have emerged from obscurity as 

strained laboratory curiosities3 to the limelight as versatile 

linchpins for the construction of sp3-rich molecules.4 Moreover, 

BCBs have been used as covalent reactive groups in biochemi-

cal tool compounds.5  Recently, we disclosed a general reaction 

between iodo-bicyclo[1.1.1]pentanes (BCPs) and nucleophiles 

to yield substituted BCBs6, building from a prior observation by 

Wiberg.7 Such iodo-BCPs can be prepared in one step from 

commercial acid-BCPs by a modification of the Gandelman 

photo-Hunsdiecker reaction.8 Under thermal conditions, iodo-

BCPs react with primary and secondary amines, thiols, and sul-

finates as nucleophiles to afford substituted BCB compounds 

(Scheme 2B). Distal to the iodide, a bridgehead electron-with-

drawing group such as carboxamide or ester seems to be re-

quired.9 Herein, we disclose that potassium phthalimide reacts 

with iodo-BCPs 2 in polar aprotic solvents to form aminome-

thyl-BCBs 3. Hydrazinolysis of 3 leads to primary amines 4 

(Scheme 2C). 

Scheme 1. Gabriel amine synthesis applied to BCP to BCB 

transformation. 

 

 

Scheme 2. Synthesis of iodo-BCP-amides 2a 

 

Twenty iodo-BCP-amides 2 were prepared by HATU-mediated 

coupling of iodo-BCP-COOH 1b and amines (Scheme 2). We 

reasoned that amides would be more resilient than esters during 

the BCP to BCB rearrangement reaction and subsequent hydra-

zinolysis. Next, we heated 2q and phthalimide with a variety of 

bases in sulfolane, a high-boiling aprotic solvent10 (Table 1, En-

tries 1–6). Although DBU appeared to provide BCB 3q in 20% 

NMR yield, we found that the conjugate base of phthalimide 

(Table 1, Entry 7), afforded modest improvement in yield to-

gether with operational simplicity. Other solvents were not 

found to improve the yield (Table 1, Entries 8–16).  

Table 1. Optimization of iodo-BCP-amide substitution reac-

tiona 

 
a2q (1.0 equiv), phthalimide (1.2 equiv), and base (1.2 equiv) were heated 

to 100 °C in solvent (0.1 M final concentration) for 4 h unless otherwise 

noted. bNMR yields using 1,2,4,5-tetramethylbenzene as an internal stand-

ard. cPotassium phthalimide used. d16 h reaction time. 
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Scheme 3. Substrate scope of BCB-phthalimides 3a 

 
aIsolated yields following silica gel chromatography. BCP iodide 2 (1.0 equiv), potassium phthalimide (1.2 equiv), and sulfolane (0.1 M 

final concentration) were stirred at 100 °C for 16 h. See Supporting Information for full experimental details.

We previously found that these rearrangement reactions suffer 

from a competition between conversion to desired product and 

undesirable elimination side-products.6 While we were not able 

to improve the yield of the reaction beyond 30%, we used our 

best conditions from Table 1 to probe the scope of the thermal 

phthalimide and BCP-I reaction.  

Twenty iodo-BCP amides 2a–t were converted to the corre-

sponding BCB-phthalimides 3a–t (Scheme 3). After verifying 

the heat stable adamantyl amide 3a could be prepared, we pre-

pared tert-butyl ester 3b and benzyl ester 3c, which were toler-

ated in the reaction. Heterocyclic amides such as pyrrolidine-

derived 3e, tetrahydroisoquinoline-derived 3f, and phenylpiper-

idine-derived 3g were all tolerated. Ketones 3j and 3r, which 

are susceptible to both enolization and nucleophilic attack, were 

isolated in 24% and 18% yield respectively. Single-crystal X-

ray diffraction analysis confirmed the structural assignment of 

the BCB skeleton with Boc-protected piperazine 3q (Scheme 

4). 

 

Scheme 4. X-ray structures of iodo-BCP-amide 2q and BCB-

phthalimide 3q 
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Finally, we attempted the conversion of BCB-phthalimides 3 to 

aminomethyl-BCBs 4. We expected this might be challenging 

due to the highly reactive nature of the BCB central C–C σ 

bond.3A Out of the twenty BCB-phthalimides 3a-t, we were able 

to isolate 13 aminomethyl-BCBs 4 following treatment with hy-

drazine (Table 2).11 Each compound was purified by reverse-

phase HPLC with ammonium acetate buffer and isolated as the 

acetate salt. An X-ray crystal structure of 4a confirmed the ionic 

bond along with a bound water molecule (Table 2).  

Table 2. Hydrazinolysis of BCB-phthalimides 3 to aminome-

thyl-BCBs 4a 

 
a3 (1.0 equiv) and hydrazine hydrate (5.0 equiv) were stirred in THF (0.1 

M final concentration) at 23 °C for 16 h. bIsolated yields after reverse-

phase HPLC. 

 

We demonstrated an application of the classic Gabriel synthesis 

to form BCBs bearing a primary amine handle. Traditionally, 

the Gabriel sequence is performed with primary alkyl halides, 

while secondary/tertiary alkyl halides are not well tolerated. 

Iodo-BCPs are a special kind of tertiary alkyl halide that un-

dergo substitution accompanied by skeletal rearrangement 

when they are heated with a nucleophile. We expanded our 

scope of nucleophiles (1°, 2°  amines, thiols, and sulfinates)6 to 

include phthalimide, which has important utility as an amine 

precursor.  

The process we describe in this paper to make aminomethyl-

BCBs uses no organometallic reagents or transition metals. 

Moreover, the starting material iodo-BCPs are readily synthe-

sized from commercially-available and inexpensive acid-BCPs. 

Despite these advantages, our current sequence is limited by 

low yields of the 2 to 3 rearrangement reaction, which deserves 

further investigation and optimization. Currently we are work-

ing to try and improve the conversion and suppress decomposi-

tion pathways. Ultimately, we hope to be able to expand upon 

library compound collections by adding amine-functionalized 

BCB reagents with this chemistry. 

ASSOCIATED CONTENT  

Supporting Information 

General experimental procedures and spectroscopic data for all 

new compounds. X-ray crystal structures of 2q, 3q, 4a. This mate-

rial is available free of charge via the Internet at http://pubs.acs.org.  

ACCESSION CODES 

CCDC 2315016, 2336718, 2336719 contain the supplementary 

crystallographic data for this paper. These data can be obtained 

free of charge via www.ccdc.cam.ac.uk/data_request/cif, or by 

emailing data_request@ccdc.cam.ac.uk, or by contacting The 

Cambridge Crystallographic Data Centre, 12 Union Road, 

Cambridge CB2 1EZ, UK; fax: +44 1223 336033. 

AUTHOR INFORMATION 

Corresponding Authors 

*michael.mandler@bms.com 

*manivel.pitchai@syngeneintl.com 

ACKNOWLEDGMENTS  

The authors are thankful to Discovery Analytical Sciences 

Department, Biocon Bristol Myers Squibb Research Centre 

(BBRC), Bangalore, India for Analytical support. The authors 

acknowledge Dr. Luciano Mueller (BMS) for NMR consulta-

tions as well as Dr. Heidi Perez (BMS) and Dr. Nancy Huynh 

(BMS) for helpful discussions. 

REFERENCES 

1. (A) Gibson, M. S.; Bradshaw, R. W., The Gabriel Synthesis 

of Primary Amines. Angew. Chem. Int. Ed. 1968, 7, 919-930; (B) 

Gabriel, S., Ueber eine Darstellungsweise primärer Amine aus den 

entsprechenden Halogenverbindungen. Ber. Dtsch. Chem. Ges. 1887, 

20, 2224-2236. 

2. (A) Oderinde, M. S.; Mao, E.; Ramirez, A.; Pawluczyk, J.; 

Jorge, C.; Cornelius, L. A. M.; Kempson, J.; Vetrichelvan, M.; Pitchai, 

M.; Gupta, A.; Gupta, A. K.; Meanwell, N. A.; Mathur, A.; Dhar, T. G. 

M., Synthesis of Cyclobutane-Fused Tetracyclic Scaffolds via Visible-

Light Photocatalysis for Building Molecular Complexity. J. Am. Chem. 

Soc. 2020, 142, 3094-3103; (B) Subbaiah, M. A. M.; Meanwell, N. A., 

Bioisosteres of the Phenyl Ring: Recent Strategic Applications in Lead 

Optimization and Drug Design. J. Med. Chem. 2021, 64, 14046-14128; 

(C) Wei, W. X.; Cherukupalli, S.; Jing, L. L.; Liu, X. Y.; Zhan, P., 

Fsp3: A new parameter for drug-likeness. Drug Discov. Today 2020, 

25, 1839-1845; (D) Cox, B.; Booker-Milburn, K. I.; Elliot, L. D.; 

Robertson-Ralph, M.; Zdorichenko, V., Escaping from Flatland: [2+2] 

Photocycloaddition; Conformationally Constrained sp3-rich Scaffolds 

for Lead Generation. ACS Med. Chem. Lett. 2019, 10, 1512-1517; (E) 

Levterov, V. V.; Panasiuk, Y.; Sahun, K.; Stashkevych, O.; Badlo, V.; 

Shablykin, O.; Sadkova, I.; Bortnichuk, L.; Klymenko-Ulianov, O.; 

Holota, Y.; Lachmann, L.; Borysko, P.; Horbatok, K.; Bodenchuk, I.; 

Bas, Y.; Dudenko, D.; Mykhailiuk, P. K., 2-Oxabicyclo[2.2.2]octane 

as a new bioisostere of the phenyl ring. Nat. Commun. 2023, 14; (F) 

Mykhailiuk, P. K., Saturated bioisosteres of benzene: where to go next? 

Org. Biomol. Chem. 2019, 17, 2839-2849; (G) Guo, W. X.; Gharbaoui, 

T.; Lizza, J. R.; Meng, F. F.; Wang, Y. X.; Xin, M. S.; Chen, Y. P.; Li, 

J.; Chen, C. Y., Practical Asymmetric Synthesis of a Bicyclic 

Pyrrolidinol. Org. Process Res. Dev. 2022, 26, 2839-2846; (H) Stepan, 

A. F.; Subramanyam, C.; Efremov, I. V.; Dutra, J. K.; O'Sullivan, T. J.; 

DiRico, K. J.; McDonald, W. S.; Won, A.; Dorff, P. H.; Nolan, C. E.; 

Becker, S. L.; Pustilnik, L. R.; Riddell, D. R.; Kauffman, G. W.; 

https://doi.org/10.26434/chemrxiv-2024-8xc0d ORCID: https://orcid.org/0000-0003-4681-7473 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

http://pubs.acs.org/
https://doi.org/10.26434/chemrxiv-2024-8xc0d
https://orcid.org/0000-0003-4681-7473
https://creativecommons.org/licenses/by/4.0/


 

Kormos, B. L.; Zhang, L.; Lu, Y.; Capetta, S. H.; Green, M. E.; Karki, 

K.; Sibley, E.; Atchison, K. P.; Hallgren, A. J.; Oborski, C. E.; 

Robshaw, A. E.; Sneed, B.; O'Donnell, C. J., Application of the 

bicyclo[1.1.1]pentane motif as a nonclassical phenyl ring bioisostere in 

the design of a potent and orally active gamma-secretase inhibitor. J. 

Med. Chem. 2012, 55, 3414-3424; (I) Garry, O. L.; Heilmann, M.; 

Chen, J.; Liang, Y.; Zhang, X.; Ma, X.; Yeung, C. S.; Bennett, D. J.; 

MacMillan, D. W. C., Rapid Access to 2-Substituted 

Bicyclo[1.1.1]pentanes. J. Am. Chem. Soc. 2023, 145, 3092-3100; (J) 

Wiesenfeldt, M. P.; Rossi-Ashton, J. A.; Perry, I. B.; Diesel, J.; Garry, 

O. L.; Bartels, F.; Coote, S. C.; Ma, X.; Yeung, C. S.; Bennett, D. J.; 

MacMillan, D. W. C., General access to cubanes as benzene 

bioisosteres. Nature 2023, 618, 513-518. 

3. (A) Kelly, C. B.; Milligan, J. A.; Tilley, L. J.; Sodano, T. M., 

Bicyclobutanes: from curiosities to versatile reagents and covalent 

warheads. Chem. Sci. 2022, 13, 11721-11737; (B) Wiberg, K. B.; 

Ciula, R. P., Ethyl Bicyclo [1.1.0]Butane-1-Carboxylate. J. Am. Chem. 

Soc. 1959, 81, 5261-5262; (C) Wiberg, K. B.; Lampman, G. M.; Ciula, 

R. P.; Connor, D. S.; Schertler, P.; Lavanish, J., Bicyclo[1.1.0]butane. 

Tetrahedron 1965, 21, 2749-2769; (D) McNamee, R. E.; Thompson, 

A. L.; Anderson, E. A., Synthesis and Applications of Polysubstituted 

Bicyclo[1.1.0]butanes. J. Am. Chem. Soc. 2021, 143, 21246-21251. 

4. (A) Tyler, J. L.; Aggarwal, V. K., Synthesis and 

Applications of Bicyclo[1.1.0]butyl and Azabicyclo[1.1.0]butyl 

Organometallics. Chem-Eur. J. 2023; (B) Yan, H.; Liu, Y.; Feng, X.; 

Shi, L., Hantzsch Esters Enabled [2π+2σ] Cycloadditions of Bicyclo 

[1.1.0] butanes and Alkenes under Photo Conditions. Org. Lett. 2023, 

25, 8116-8120; (C) Liang, Y. J.; Paulus, F.; Daniliuc, C. G.; Glorius, 

F., Catalytic Formal [2π+2σ] Cycloaddition of Aldehydes with 

Bicyclobutanes: Expedient Access to Polysubstituted 2-

Oxabicyclo[2.1.1]hexanes. Angew. Chem. Int. Ed. 2023; (D) Wang, H. 

M.; Erchinger, J. E.; Lenz, M.; Dutta, S.; Daniliuc, C. G.; Glorius, F., -

Selective Difunctionalization of Bicyclobutanes Enabled by 

Photoredox-Mediated C-S σ-Bond Scission. J. Am. Chem. Soc. 2023, 

145, 23771-23780; (E) Wang, H. M.; Shao, H. L.; Das, A.; Dutta, S.; 

Chan, H. T.; Daniliuc, C.; Houk, K. N.; Glorius, F., Dearomative ring 

expansion of thiophenes by bicyclobutane insertion. Science 2023, 381, 

75-81; (F) Kleinmans, R.; Dutta, S.; Ozols, K.; Shao, H. L.; Schäfer, 

F.; Thielemann, R. E.; Chan, H. T.; Daniliuc, C. G.; Houk, K. N.; 

Glorius, F., -Selective Dearomative [2π+2σ] Photocycloadditions of 

Bicyclic Aza-Arenes. J. Am. Chem. Soc. 2023, 145, 12324-12332; (G) 

Walczak, M. A. A.; Krainz, T.; Wipf, P., Ring-Strain-Enabled Reaction 

Discovery: New Heterocycles from Bicyclo[1.1.0]butanes. Acc. Chem. 

Res. 2015, 48, 1149-1158; (H) Fawcett, A., Recent advances in the 

chemistry of bicyclo- and 1-azabicyclo[1.1.0]butanes. Pure Appl. 

Chem. 2020, 92, 751-765; (I) Golfmann, M.; Walker, J. C. L., 

Bicyclobutanes as unusual building blocks for complexity generation 

in organic synthesis. Commun. Chem. 2023, 6; (J) Dasgupta, A.; 

Bhattacharjee, S.; Tong, Z.; Guin, A.; McNamee, R. E.; Christensen, 

K. E.; Biju, A. T.; Anderson, E. A., Stereoselective Alder-Ene 

Reactions of Bicyclo[1.1.0]butanes: Facile Synthesis of Cyclopropyl- 

and Aryl-Substituted Cyclobutenes. J. Am. Chem. Soc. 2024, 146, 

1196-1203; (K) Milligan, J. A.; Busacca, C. A.; Senanayake, C. H.; 

Wipf, P., Hydrophosphination of Bicyclo[1.1.0]butane-1-carbonitriles. 

Org. Lett. 2016, 18, 4300-4303; (L) Borgini, M.; Huang, Q.-N.; Chen, 

P.-P.; Geib, S. J.; Houk, K. N.; Wipf, P., Rhodium(I)-Catalyzed 

Annulation of Bicyclo[1.1.0]butyl-Substituted Dihydroquinolines and 

Dihydropyridines. J. Am. Chem. Soc. 2024, 146, 14927-14934; (M) 

Thai-Savard, L.; Charette, A. B., Synthesis of 2-substituted 

bicyclo[1.1.0]butanes via zincocyclopropanation using bromoform as 

the carbenoid precursor. Chem. Commun. 2023, 59, 5273-5276. 

5. (A) Tokunaga, K.; Sato, M.; Kuwata, K.; Miura, C.; 

Fuchida, H.; Matsunaga, N.; Koyanagi, S.; Ohdo, S.; Shindo, N.; Ojida, 

A., Bicyclobutane Carboxylic Amide as a Cysteine-Directed Strained 

Electrophile for Selective Targeting of Proteins. J. Am. Chem. Soc. 

2020, 142, 18522-18531; (B) T. Mukaiyama, P. C. Chua and J.-M. 

Vernier, International Patent, WO 2021173923 A1, 2021; (C) B. 

Lefker, K. Gibson, M. Spendiff, P. Humphries, S. Bucknell, W. 

Zawodny and R. Porter, International Patent, WO 2022051596 A1, 

2022; (D) Kaur, A.; Lin, W. F.; Dovhalyuk, V.; Driutti, L.; Di Martino, 

M. L.; Vujasinovic, M.; Löhr, J. M.; Sellin, M. E.; Globisch, D., 

Chemoselective bicyclobutane-based mass spectrometric detection of 

biological thiols uncovers human and bacterial metabolites. Chem. Sci. 

2023, 14, 5291-5301. 

6. Mandler, M. D.; Mignone, J.; Jurica, E. A.; Palkowitz, M. 

D.; Aulakh, D.; Cauley, A. N.; Farley, C. A.; Zhang, S. S.; Traeger, S. 

C.; Sarjeant, A.; Paiva, A.; Perez, H. L.; Ellsworth, B. A.; Regueiro-

Ren, A., Synthesis of Bicyclo[1.1.0]butanes from Iodo-

Bicyclo[1.1.1]pentanes. Org. Lett. 2023, 25, 7947-7952. 

7. Wiberg, K. B.; Mcmurdie, N., Mechanism of the Solvolysis 

of Bicyclo[1.1.1]Pentyl-1 Derivatives. J. Org. Chem. 1993, 58, 5603-

5604. 

8. Kulbitski, K.; Nisnevich, G.; Gandelman, M., Metal-Free 

Efficient, General and Facile Iododecarboxylation Method with 

Biodegradable Co-Products. Adv. Synth. Catal. 2011, 353, 1438-1442. 

9. Suresh, R.; Orbach, N.; Marek, I., Synthesis of 

Stereodefined Polysubstituted Bicyclo[1.1.0]butanes. J. Am. Chem. 

Soc. 2024, 146, 13748-13753. 

10. Tilstam, U., Sulfolane: A Versatile Dipolar Aprotic Solvent. 

Org. Process Res. Dev. 2012, 16, 1273-1278. 

11. Ing, H. R.; Manske, R. H. F., CCCXII.—A modification of 

the Gabriel synthesis of amines. J. Chem. Soc. 1926, 129, 2348-2351. 

 

 

 

https://doi.org/10.26434/chemrxiv-2024-8xc0d ORCID: https://orcid.org/0000-0003-4681-7473 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi.org/10.26434/chemrxiv-2024-8xc0d
https://orcid.org/0000-0003-4681-7473
https://creativecommons.org/licenses/by/4.0/

