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Abstract: Reaction of 2-(cyanomethyl)aziridines with N-bromosuccinimide in dichloromethane resulted in the formation of 4-bromo-3-[(arylmethylidene)amino]butanenitriles in high yield. The latter β-amino-(-bromobutanenitriles were converted into separable trans- and cis-2-[(arylmethylidene)amino]cyclo​propanecarbonitriles through a 1,3-cyclisation by reaction with potassium t-butoxide, thus culminating in a two-step ring transformation of 2-(cyanomethyl)aziridines into N-alkylidene 2-aminocyclopropanecarbonitriles.
Key words: Amino nitriles, cyclizations, 2-(cyanomethyl)aziridines, carbocycles, ring opening.

In the literature, 1-(benzylideneamino)- and 1-[(diphenylmethylene)​amino]cyclopropanecarbonitriles 1 and 2 have received considerable attention as synthetic precursors of 1-aminocyclopropanecarboxylic acid 3 (α-ACC),2-4 1-amino-1-(aminomethyl)cyclopropane,5 1,2-diamino​cyclobutane,6 functionalized dichloroaziridines,7 2-azetidinones,8 and, more recently, 1-aminocyclopropanecarbonitriles acting as cysteine protease inhibitors.9 The synthesis of the β-analogs of cyclopropanes 1 and 2, i.e. 2-(benzylideneamino)- and 2-[(diphenylmethylene)amino]cyclopropanecarbonitriles 4 and 5, has not been described so far, probably due to the potential occurrence of cis/trans diastereomers and the fact that vicinally donor-acceptor substituted cyclopropanes undergo rapid ring opening reactions.10 However, β-amino nitriles 4 and 5 are of interest as potential precursors of β-aminocyclopropanecarboxylic acids (β-ACCs), which are known to be useful conformationally constrained β-amino acid derivatives11,12 and intermediates in further synthesis.13 Furthermore, β-aminocyclopropanecarbonitriles 4 and 5 are closely related to N-cyclopropylimines,14 which found synthetic application in the thermal15 and photochemical16 rearrangement to 1-pyrrolines.
Recently, the first transformation of 2-(cyanomethyl)aziridines into methyl N-(2-cyanocyclopropyl)benzimidates 6 was reported,17 albeit in low overall yield (5-10%). In the present paper, an alternative and synthetically improved approach towards N-alkylidene 2-aminocyclopropanecarbonitriles 4 and 5 is described.
According to a literature procedure,17,18 2-(cyanomethyl)aziridines 8 were prepared in excellent yields upon treatment of 2-(bromomethyl)aziridines 7 with 1 equivalent of potassium cyanide in DMSO and heating at 60-70 °C for 2-3 hours (Scheme 1). The N-benzhydryl aziridine 7f was prepared by treatment of 2,3-dibromopropylamine hydrobromide with diphenylmethylidenamine, followed by reduction with NaBH4.19
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Figure 1
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Scheme 1 

Subsequently, 1-(arylmethyl)-2-(cyanomethyl)aziridines 8 were ring opened and oxidized to 4-bromo-3-(arylmethylidenamino)butanenitriles 9 by reaction with 1.05 – 1.5 equivalents N-bromosuccinimide (NBS) in dichloromethane under reflux (72-97% crude yield) (Scheme 2, method A). Besides imines 9, some minor side products were observed in the reaction mixtures resulting from hydrolysis. Aldimines 9a-e were used as such in the next step due to their hydrolytic instability, and no attempts were made to purify the latter aldimines. Only the more stable ketimine 9f was isolated in high purity by column chromatography on silica gel. The transformation of aziridines 8 into imines 9 bears some analogy with the convenient conversion of N-benzyl (-amino-(-chloronitriles into (-chloro-(-(N-benzylidene)aminonitriles via transient N-chloroamines using t-butylhypochlorite.20
In order to investigate the mechanism of the transformation of aziridines 8 to imines 9 by means of NBS, the reaction was performed under various reaction conditions. Upon treatment of aziridine 8f with NBS (1.05 equiv) and AIBN (0.1 equiv) in CH2Cl2 under reflux (Scheme 2, method B), the conversion was complete after 5 hours, and ketimine 9f was isolated in 61% yield. More interesting was the fact that the reaction of aziridine 8f with NBS was also very efficient upon irradiation by means of a 60 W tungsten lamp for 2 hours at 0 °C (Scheme 2, method C). The formation of imines 9 could also be accomplished upon reaction with bromine, although more side-products resulting from hydrolysis (e.g. benzaldehyde) were formed after aqueous work up. The transformation of aziridine 8f to ketimine 9f with NBS was inhibited in the presence of a radical inhibitor like 2,2-diphenyl-1-picrylhydrazyl (DPPH) or 3,5-di-tert-butyl-4-hydroxytoluene (BHT). Treatment of aziridine 8f with NBS (1.05 equiv) in CH2Cl2 in the presence of BHT (1.05 equiv) under reflux afforded benzhydrylamine 11 in high yield after neutralization of the initially isolated hydrochloride 10.
The above described observations led to the mechanistic proposal as shown in Scheme 3. The transformation is initiated by generation of small amounts of bromo radicals, formed by photolysis of NBS or, more likely, by homolytical dissociation of bromine, present as an impurity in the NBS or formed by reaction of NBS with catalytic amounts of hydrogen bromide.21 The aziridine 8 then undergoes a bromo radical-mediated N-bromination with formation of N-bromo aziridinium salt 12 and concomitant formation of bromide. The resulting strained aziridinium salt 12 is susceptible to ring opening by bromide to provide N-bromoamine 13, which undergoes 1,2-dehydrobromination to furnish imine 9. The hydrogen bromide liberated in the proposed reaction pathway reacts fast with NBS to provide a mild source of Br2 in a low concentration.22 Termination of the reaction to amines 11 via immediate ring opening of aziridine 8 by hydrogen bromide through aziridinium salt 14, formed by hydrogen transfer from DPPH or BHT to bromo radicals becomes the main reaction in the presence of DPPH or BHT.

(-Bromobutanenitriles 9 comprise a suitable molecular framework to perform a 1,3-cyclisation protocol. However, the base-induced ring closure of a three-carbon unit with an anion-stabilizing group at C1, a suitable protected amino function at C2 and a leaving group at C3 has been studied only to a limited extent. All attempts to cyclize tert-butyl 3-(N,N-dialkylamino)-4-bromobutanoates to tert-butyl β-aminocyclopropane​carboxylates under basic conditions have been described to be unsuccessful and resulted in the synthesis of tert-butyl 4-(dialkylamino)alk-2-enoates via ring opening of an intermediate aziridinium bromide intermediate.23 Recently, interesting results were published on the diastereoselective synthesis of N-(diphenylmethylene)-2-[2-phenylsulfonyl)vinyl]cyclopropylamines via ring closure of N-(diphenylmethylene)-1-iodo-5-(phenylsulfonyl)pent-3-en-2-amines in basic medium.24 Moreover, it was reported that if the nitrogen was protected with a single protecting group (such as tosyl, Boc or methoxycarbonyl), or even together with an additional benzyl group, basic treatment did not result in the desired cyclopropanes.
Taking this information into account, the cyclization of β-amino-(-bromobutanenitriles 9 - in which the nitrogen is protected as an alkylideneamino moiety - to 2-aminocyclopropanecarbonitriles 4 and 5 was studied with confidence. The intended cyclopropanation of 4-bromo-3-(arylmethylidenamino)butanenitriles 9 was investigated with potassium t-butoxide17 under different conditions (Scheme 4 and Table 1).25 The aldimines 9a-e could be cyclized to cyclopropanes 4a-e with moderate to good diastereoselectivity (trans/cis 4: 69/31 – 74/26) upon treatment with potassium t-butoxide in tetrahydrofuran at room temperature (3-14 h) (Table 1, entries 1 and 3-6). These diastereomers 4a-e could be separated by column chromatography on aluminum oxide, albeit in low isolated yields (14 – 35%) due to partial hydrolysis and ring opening of the labile N-benzylidene protected donor-acceptor-substituted aminocyclopropanes.
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Scheme 3 

The cyclopropanes cis-4b,c,e were isolated in addition to N-benzylbenzamides 15b,c,e as minor impurities resulting from a formal disproportionation reaction.26 The identification of amides 15 was based on the 1H NMR spectral data (300 MHz, CDCl3) with a typical resonance around 4.6 ppm (d, 2H, J = 5.5-5.8 Hz, CH2) and a broad singlet at 6.3-6.4 ppm (NH), an IR band at 3305-3318 cm-1 (NH) and (GC-)MS data showing molecular ion peaks (367/69/71 for M+ of 15b, 240 for M+H+ of 15c and 280/82/84 for M+H+ of 15e). A slightly higher isolated yield (26%) of the mixture of cyclopropanes 4a was achieved via bulb-to-bulb high-vacuum distillation (Table 1, entry 2). Increasing the temperature of the cyclization reaction of 9a with potassium t-butoxide in THF to reflux temperature resulted in an increased reaction rate (reaction time of 1 h), but in a lower trans-diastereoselectivity (Table 1, entry 2). The trans-diastereoselectivity was also diminished upon performing the cyclization reaction in the presence of 1.5 equiv 18-crown-6 (Table 1, entry 7). The cyclopropanation of the ketimine 9f to the more stable cyclopropanes 5 was also investigated upon treatment with potassium t-butoxide (Table 1, entries 8-11). When THF was used as solvent, the ratio of cyclopropanes trans/cis 5 was 57:43 after 0.5 h at reflux temperature, whereas the ratio increased to 63:37 after 1 h 45 min at 0 °C. Lowering the reaction temperature to –78 °C at the start of the reaction and subsequently increasing the temperature to –20 °C for 5 h resulted in a mixture of trans:cis 5 72/28. Upon treatment of imine 9f with potassium t-butoxide in tert-butanol for 1.5 h at 40 °C, cyclopropanes 5 were formed in a inverted diastereomeric ratio trans:cis 41:59 with 100% conversion of the starting material 9f (entry 11). These diastereomers trans and cis 5 were separated in high purity and reasonable yield by column chromatography on silica gel.
The results mentioned above indicate that the diastereoselectivity for the trans cyclopropane 5 in THF increases upon lowering the reaction temperature. This result can be reasonably explained since the steric interaction in intermediate B between the nitrile group, although inherently of small size,25 and the diphenylmethylidenamino group (Figure 2), which should disfavor the formation of the cis-cyclopropane 5, becomes a more important factor at lower temperature. It should be noted that the observed diastereoselectivity in the formation of cyclopropanes 5 is lower than the reported diastereoselectivity in the synthesis of the more sterically substituted N-(diphenylmethylene)-2-(2-(phenylsulfonyl)vinyl)cyclo​propylamines at –78 °C in THF.24 Besides the temperature effect on the diastereoselectivity, also a solvent effect seems to be operative (entry 11). Switching to a polar protic solvent favors the formation of cis-cyclopropane 5. This effect might be due to a stabilizing dipolar interaction brought about by the solvent between the cis-substituted polar substituents in intermediate B.
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Scheme 4 

Table 1
Overview on the reaction of 4-bromo-3-aminobutanenitriles 9a-f with 1.5 equiv of KOt-Bu.
	Entry
	Product
	Reaction

Conditions
	Yield

(%)a
	dr

(trans/cis)b

	1
	4a
	THF, r.t., 3 h
	17c
	72/28

	2
	4a
	THF, , 1 h
	26c
	65/35

	3
	4b
	THF, r.t., 14 h
	35c,d
	74/26

	4
	4c
	THF, r.t., 14 h
	14c,d
	74/26

	5
	4d
	THF, r.t., 14 h
	20c
	69/31

	6
	4e
	THF, r.t., 3 h
	26c,d
	72/28

	7
	4e
	THF, r.t., 3 h
	nde
	59/41f

	8
	5
	THF, , 0.5 h
	53
	57/43

	9
	5
	THF, 0 °C, 1 h 45 min
	nde,g
	63/37

	10
	5
	THF, -78 °C ( -20 °C, 5 h
	50
	72/28

	11
	5
	t-BuOH, 40 °C, 1.5 h
	52
	41/59

	aCombined yield of the two trans/cis diastereomers. bDetermined via GC-analysis or 1H NMR analysis (300 MHz, CDCl3) of the crude reaction mixture. c(Partial) decomposition during purification on column or destillation. dThe isolated cis-isomer 4 was contaminated with small amounts of the corresponding N-benzylbenzamide 15. eYield not determined. fReaction performed in the presence of 1.5 equiv 18-crown-6. gConversion of imine 9f was 94%.
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Figure 2 Intermediates in the synthesis of trans-cyclopropane 5 (A) and cis-cyclopropane 5 (B)
The herein reported transformation of 2-(cyanomethyl)aziridines 8 into N-(arylmethylidene) protected 2-aminocyclopropanecarbonitriles 4 and 5 has several advantages in comparison with the previously reported synthesis of methyl N-(2-cyanocyclopropyl)​benzimidates 6 from aziridines 8.17 While the latter ring transformation consisted of a three-step procedure with poor overall yield (5-10%), the present transformation involves only two steps with an overall yield up to 34%. Furthermore, in contrast to the imidates 6, imines 4 and especially benzophenone imine 5, can be separated into the diastereomerically pure trans- and cis-cyclopropanes on preparative scale via column chromatography. Moreover, protection of the amino function of the β-ACC precursors as a (diphenylmethylidene)amine instead of an imidate functionality offers a more convenient N-protection for further synthetic elaboration.27 To demonstrate the inherent reactivity of the donor-acceptor-substituted cyclopropanecarbonitriles 4, the reductive ring opening of cyclopropane 4a to (-amino nitrile 1628 was performed in 47% isolated yield utilizing sodium borohydride in methanol at room temperature for 26 hours(Scheme 5). (-Amino nitriles can be considered as precursors of pharmacologically important (-amino acids.29
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Scheme 5 

In conclusion, the stepwise efficient synthesis of β-(arylmethylidene)amino-(-bromobutanenitriles has been accomplished via ring opening of 1-(arylmethyl)-2-(cyanomethyl)aziridines with N-bromosuccinimide. The former (-halogenated nitriles were (-deprotonated and cyclized with moderate to good diastereoselectivity towards the corresponding N-alkylidene β-aminocyclopropanecarbonitriles. These new donor-acceptor-substituted cyclopropanes can be considered as precursors of biologically relevant β-aminocyclopropanecarboxylic acid and are potentially useful building blocks in synthetic chemistry.

1H NMR spectra were recorded at 270 or 300 MHz with CDCl3 as solvent and tetramethylsilane as internal standard. 13C NMR spectra were recorded at 68 or 75 MHz with CDCl3 as solvent. Tetrahydrofuran was distilled over sodium benzophenone ketyl. Dichloromethane and tert-butanol were distilled from calcium hydride, while other solvents were used as received from the supplier.
Synthesis of 1-(arylmethyl)-2-(cyanomethyl)aziridines 8
Aziridines 8 were prepared according to a method previously described.17
1-Benzhydryl-2-(cyanomethyl)aziridine 8f
Yield: 65%; white crystals; mp 80.6 ( 81.5 °C; Rf  = 0.18 (petroleum ether – EtOAc, 4:1).
IR (NaCl): 2253 cm−1.

1H NMR (300 MHz, CDCl3):  = 1.64 (d, J = 6.05 Hz, 1 H), 1.85-1.92 (m, 1 H), 1.93 (d, J = 3.30 Hz, 1 H), 2.45 (dd, J = 5.6, 17.20 Hz, 1 H), 2.61 (dd, J = 4.8, 17.20 Hz, 1 H), 3.57 (s, 1 H), 7.19-7.44 (m, 10 H).
13C NMR (75 MHz, CDCl3):  = 21.3, 33.4, 34.3, 77.7, 117.1, 127.2, 127.4, 128.4, 128.5, 142.6, 142.8.
MS (ES, pos. mode): m/z (%) = no M+, 167 (100).
Anal. Calcd for C17H16N2: C, 82.22; H, 6.49; N, 11.28. Found: C, 81.90; H, 6.73; N, 11.05.
Synthesis of 4-bromo-3-(diphenylmethylidene)amino​butanenitrile 9f
The synthesis of 4-bromo-3-(diphenylmethylidene)​aminobutanenitrile 9f is described as a representative example for the synthesis of 4-bromo-3-(arylmethylidenamino)butanenitriles 9. To a solution of aziridine 8f (0.25 g, 1 mmol) in dry CH2Cl2 (5 mL) was added NBS (0.19 g, 1.05 mmol). The reaction mixture was stirred under reflux for 6 h. The solvent was evaporated under reduced pressure and the residue was redissolved in CCl4 (5 mL) and cooled at –20 °C for 1 h. Succinimide was filtered off and the filtrate was evaporated in vacuo to afford 4-bromo-3-(diphenylmethyl​idene)aminobutanenitrile 9f (0.32 g, crude yield 97%) which was purified by column chromatography (silica gel, petroleum ether-Et2O, 4:1).

Yield 61%; colorless viscous oil; Rf = 0.13 (petroleum ether – Et2O, 4:1).
IR (NaCl): 2251, 1624 cm−1.

1H NMR (300 MHz, CDCl3):  = 2.74 (d, J = 6.05 Hz, 2 H, CH2CN), 3.44 (dd, J = 6.05, 10.18 Hz, 1 H, CH(H)Br), 3.53 (dd, J = 6.88, 10.46 Hz, 1 H, CH(H)Br), 3.92 (m, 1 H, CHN), 7.23-7.67 (m, 10 H, 10(CHar).

13C NMR (75 MHz, CDCl3):  = 23.5, 34.7, 58.6, 117.2, 127.5, 128.1, 128.7, 128.8, 128.9, 130.8, 135.4, 138.6, 171.6.

MS (ES, pos. mode): m/z (%) = 327/29 (100) [M + H]+.

3-(N-Benzylidene)amino-4-bromobutanenitrile 9a
Yield 72%; brown viscous oil.
IR (NaCl): 2249, 1639 cm−1.

1H NMR (270 MHz, CDCl3):  = 2.79 (dd, J = 16.59, 7.29 Hz, 1 H), 2.91 (dd, J = 16.86, 7.06 Hz, 1 H), 3.52 (dd, J = 11.29, 8.69 Hz, 1 H), 3.59 (dd, J = 11.84, 8.74 Hz, 1 H), 3.68-3.76 (m, 1 H), 7.29-7.69 (m, 5 H), 8.34 (s, 1 H).

13C NMR (68 MHz, CDCl3):  = 23.4, 34.5, 66.4, 117.0, 128.3, 128.39, 128.43, 134.3, 164.0.

MS (EI, 70 eV): m/z (%) = 252 (M+; 1); 212 (13); 157 (13); 128 (19); 105 (81), 91 (22); 77 (100); 59 (16).
3-[(4-Bromophenyl)methylidene]amino-4-bromo​butanenitrile 9b
Yield 97%; brown viscous oil.
IR (NaCl): 2250, 1643 cm−1.

1H NMR (300 MHz, CDCl3):  = 2.78 (dd, J = 16.65, 7.6 Hz, 1 H), 2.88 (dd, J = 16.79, 4.68 Hz, 1 H), 3.49 (dd, J = 10.46, 6.60 Hz, 1 H), 3.61 (dd, J = 10.46, 6.05 Hz, 1 H), 3.72-3.81 (m, 1 H), 7.57 (d, J = 8.53 Hz, 2 H), 7.66 (d, J = 8.53 Hz, 2 H), 8.33 (s, 1 H).

13C NMR (75 MHz, CDCl3):  = 23.7, 34.5, 66.9, 117.0, 126.1, 130.1, 131.8, 133.7, 162.9.

MS (70 eV): m/z (%) = 328/30/32 (M+; 18); 288/90/92 (100); 235/7 (45); 208/10 (18); 195/97 (34); 182/4 (20); 155/7 (14); 130 (36); 102 (14), 89 (18); 75 (11).

3-[(4-Methylphenyl)methylidene]amino-4-bromo​butanenitrile 9c
Yield 94%; brown viscous oil.
IR (NaCl): 2250, 1642 cm−1.

1H NMR (300 MHz, CDCl3):  = 2.40 (s, 3 H), 2.77 (dd, J = 16.79, 7.43 Hz, 1 H), 2.89 (dd, J = 16.79, 4.68 Hz, 1 H), 3.49 (dd, J = 10.46, 6.33 Hz, 1 H), 3.62 (dd, J = 10.46, 6.60 Hz, 1 H), 3.71-3.79 (m, 1 H), 7.24 (d, J = 8.26 Hz, 2 H), 7.67 (d, J = 7.98 Hz, 2 H), 8.34 (s, 1 H).

13C NMR (75 MHz, CDCl3):  = 21.5, 23.8, 34.8, 67.1, 117.2, 128.7, 129.4, 132.4, 142.1, 164.0.

MS (70 eV): m/z (%) = 264/6 (M+; 5); 224/6 (100); 171 (72); 144 (63); 131 (90); 118 (50); 91 (27).
3-[(2-Chlorophenyl)methylidene]amino-4-bromo​butanenitrile 9d
Yield 95%; brown viscous oil.
IR (NaCl): 2251, 1635 cm−1.

1H NMR (300 MHz, CDCl3):  = 2.82 (dd, J = 16.65, 7.0 Hz, 1 H), 2.89 (dd, J = 16.79, 4.95 Hz, 1 H), 3.51 (dd, J = 10.46, 6.60 Hz, 1 H), 3.64 (dd, J = 10.46, 6.33 Hz, 1 H), 3.81-3.89 (m, 1 H), 7.29-7.42 (m, 3 H), 8.07 (dt, J = 7.71, 1.10 Hz, 1 H), 8.82 (s, 1 H).

13C NMR (75 MHz, CDCl3):  = 23.8, 34.4, 67.0, 116.9, 127.1, 128.7, 129.8, 132.0, 132.5, 135.6, 161.0.

MS (70 eV): m/z (%) = 284/6/8 (M+; 8); 244/6/8 (100); 191/3 (60); 164/6 (50); 151/3 (70); 138/40 (42); 130 (36); 102 (31); 89 (26); 75 (22).

3-[(4-Chlorophenyl)methylidene]amino-4-bromo​butanenitrile 9e
Yield 71%; brown viscous oil.
IR (NaCl): 2251, 1643 cm−1.

1H NMR (300 MHz, CDCl3):  = 2.78 (dd, J = 16.65, 7.6 Hz, 1 H), 2.89 (dd, J = 16.65, 4.5 Hz, 1 H), 3.49 (dd, J = 10.46, 6.60 Hz, 1 H), 3.62 (dd, J = 10.46, 6.33 Hz, 1 H), 3.73-3.81 (m, 1 H), 7.41 (d, J = 8.53 Hz, 2 H), 7.72 (d, J = 8.53 Hz, 2 H), 8.34 (s, 1 H).

13C NMR (75 MHz, CDCl3):  = 23.8, 34.5, 67.1, 117.0, 129.0, 129.9, 133.4, 137.6, 162.9.

MS (70 eV): m/z (%) = 284/6/8 (M+; 12); 244/6/8 (100); 191/3 (67); 164/6 (46); 151/3 (63); 138/40 (40); 130 (29); 102 (15); 89 (25); 75 (17).

Synthesis of 3-(benzhydrylamino)-4-bromobutyro​nitrile hydrochloride 10
To a solution of aziridine 8f (0.124 g, 0.5 mmol) in dry CH2Cl2 (3 mL) was added NBS (0.093 g, 0.525 mmol) and BHT (0.116 g, 0.525 mmol). The reaction mixture was stirred under reflux for 5 h. The reaction mixture was poured into 0.5 N aq. NaOH (5 mL) and extracted with CH2Cl2 (3 ( 10 mL). After drying (MgSO4) of the combined organic extracts, filtration and evaporation under reduced pressure, the residue was redissolved in dry Et2O (20 mL). At 0 °C, a saturated solution of dry hydrogen chloride in dry diethyl ether was added and the resulting precipitate was filtered off to afford 3-(benzhydrylamino)-4-bromobutyronitrile hydrochloride 10 (0.161 g, yield 88%).

White solid; mp 151.4 – 151.8 °C.

IR (KBr): 3006, 2944, 2911, 2690, 2644, 2478, 2360, 2256 (weak), 1572, 1488, 1466, 1455 cm−1.

1H NMR (300 MHz, CDCl3):  = 2.66 (dd, J = 4.68, 17.34 Hz, 1 H, CH(H)CN), 2.80 (dd, J = 9.8, 17.20 Hz, 1 H, CH(H)CN), 3.32 (dd, J = 4.40, 12.66 Hz, 1 H, CH(H)Br), 3.42-3.49 (m, 1 H, CHN), 3.66 (dd, J = 2.6, 12.52 Hz, 1 H, CH(H)Br), 5.55 (s, 1 H, CHPh2), 7.41-7.52 (m, 6 H, 6(CHar), 7.59-7.61 (m, 2 H, 2(CHar), 7.75-7.77 (m, 2 H, 2(CHar), 10.36 and 10.96 (each br s, each 1 H, NH.HCl).

13C NMR (75 MHz, CDCl3):  = 19.2, 28.4, 52.7, 65.2, 115.8, 128.8, 129.2, 129.9, 130.1, 130.6, 132.2, 133.0.

MS (ES, pos. mode): m/z (%) = no [M + H]+, 167 (100).

Anal. Calcd for C17H18BrClN2: C, 55.83; H, 4.96; N, 7.66. Found: C, 56.16; H, 4.59; N 7.66.

Synthesis of 3-(benzhydrylamino)-4-bromobutyro​nitrile 11
To a suspension of hydrochloride 10 (44 mg, 0.12 mmol) in EtOAc (2 mL) was added 2N aq. NaOH (0.5 mL). The reaction mixture was stirred at room temperature for 5 minutes. After separation of the organic layer, drying (MgSO4), filtration and evaporation under reduced pressure, 3-(benzhydrylamino)-4-bromobutyronitrile 11 (40 mg, yield 100%) was obtained which was not purified further.

Colorless viscous oil.

IR (neat): 3318, 2249 cm−1.

1H NMR (300 MHz, CDCl3):  = 1.95 (br s, 1 H, NH), 2.58 (dd, J = 6.88, 16.79 Hz, 1 H, CH(H)CN), 2.67 (dd, J = 6.33, 16.79 Hz, 1 H, CH(H)CN), 3.10-3.16 (m, 1 H, CHN), 3.59 (dd, J = 3.2, 10.87 Hz, 1 H, CH(H)Br), 3.67 (dd, J = 5.23, 10.73 Hz, 1 H, CH(H)Br), 4.94 (s, 1 H, CHPh2), 7.21-7.48 (m, 10 H, 10(CHar).

13C NMR (75 MHz, CDCl3):  = 22.6, 35.6, 51.6, 64.1, 117.3, 127.2, 127.3, 127.66, 127.69, 128.79, 128.85, 142.1, 143.0.

MS (ES, pos. mode): m/z (%) = no [M + H]+, 167 (100).

Synthesis of trans-2-[(diphenylmethylene)amino]​cyclopropanecarbonitrile 5 and cis-2-[(diphenyl​methylene)amino]cyclopropanecarbonitrile 5

The synthesis of cyclopropane 5 is described as a representative example for the synthesis of cyclopropanes 4 and 5.

PROCEDURE A: To a solution of nitrile 9f (0.16 g, 0.5 mmol) in dry THF (2 mL) was added KOt-Bu (84 mg, 0.75 mmol). The reaction mixture was heated under reflux for 0.5 hours. The solvent was evaporated, the residue was redissolved in Et2O (10 mL), filtered over MgSO4 and evaporated in vacuo to afford a mixture of cyclopropanes trans-5 and cis-5 (crude yield 81%), which were separated by column chromatography (silica gel, cyclohexane-EtOAc, 4:1). Yield trans-5 31%; yield cis-5 22%.
PROCEDURE B: To a solution of nitrile 9f (0.16 g, 0.5 mmol) in dry tert-butanol (10 mL) was added KOt-Bu (84 mg, 0.75 mmol). An immediate purple-brown colouring was observed and the reaction mixture was stirred at 40 °C for 1.5 hours. The solvent was evaporated, the residue was redissolved in Et2O (10 mL), poured into water (5 mL) and extracted with Et2O (3(5 mL). Washing of the combined organic extracts with brine (5 mL), drying (MgSO4), filtration and evaporation of the solvent in vacuo afforded a mixture of cyclopropanes trans-5 and cis-5 (crude yield 92%), which were separated by column chromatography (silica gel, petroleum ether-EtOAc, 9:1). Yield trans-5 21%; yield cis-5 31%.

Trans-2-[(diphenylmethylene)amino]cyclopropane​carbonitrile 5
White crystals; mp 71.8 – 72.5 °C; Rf = 0.14 (petroleum ether – EtOAc, 9:1).
IR (KBr): 2237, 1617 cm−1.

1H NMR (300 MHz, CDCl3):  = 1.48 (ddd, 1 H, J = 7.5, 6.2, 5.2 Hz, CH(H)), 1.62 (ddd, J = 9.6, 4.9, 4.9 Hz, 1 H, CH(H)), 1.94 (ddd, J = 9.4, 6.2, 3.2 Hz, 1 H, CHCN), 3.43 (ddd, J = 7.6, 4.7, 3.0 Hz, 1 H, CHN), 7.25-7.57 (m, 10 H, 10(CHar).
13C NMR (75 MHz, CDCl3):  = 8.0, 17.2, 43.3, 120.5, 128.2, 128.3, 128.5, 128.9, 129.3, 130.6, 136.0, 139.0, 170.8.
MS (ES, pos. mode): m/z (%) = 247 (100) [M + H]+.
Anal. Calcd for C17H14N2: C, 82.90; H, 5.73; N, 11.37. Found: C, 82.63; H, 5.82, N, 11.26.
Cis-2-[(diphenylmethylene)amino]cyclopropane​carbonitrile 5
White crystals; mp 95.3 – 96.1 °C; Rf = 0.07 (petroleum ether – EtOAc, 9:1).
IR (neat): 2239, 1620 cm−1.
1H NMR (300 MHz, CDCl3):  = 1.39-1.49 (m, 1 H, CH(H)), 1.63-1.75 (m, 2 H, CH(H) and CHCN), 3.24 (ddd, J = 7.0, 6.0, 5.3 Hz, 1 H, CHN), 7.24-7.54 (m, 8 H, 8(CHar), 7.65-7.70 (m, 2 H, 2(CHar).
13C NMR (75 MHz, CDCl3):  = 8.1, 16.8, 40.1, 119.5, 128.2, 128.78, 128.83, 129.1, 130.6, 136.3, 139.0, 170.5.
HRMS Calcd for C17H14N2: 246.1152. Found: 246.1148.
Anal. Calcd for C17H14N2: C, 82.90; H, 5.73; N, 11.37. Found: C, 82.56; H, 5.71; N, 11.32.
2-[(Phenylmethylene)amino]cyclopropanecarbonitrile 4a
Combined yield trans-4a and cis-4a 26%, after bulb-to-bulb high-vacuum destillation (Toven = 100-130 °C, P = 0.3 mmHg); 17%, after column chromatography (basic aluminium oxide, petroleum ether – EtOAc, 4:1).
Trans-4a
Yield 6% (after column chromatography); light yellow oil; Rf = 0.26 (silica gel, petroleum ether – EtOAc, 4:1); spectral data obtained from a mixture of trans-4a/cis-4a 7/3.

IR (NaCl): 2239, 1637 cm−1.

1H NMR (300 MHz, CDCl3):  = 1.55-1.64 (m, 2 H), 1.89 (ddd, J = 8.94, 7.02, 3.03 Hz, 1 H), 3.54 (ddd, J = 7.02, 5.09, 3.03 Hz, 1 H), 7.37-7.47 (m, 3 H), 7.66-7.70 (m, 2 H), 8.49 (s, 1 H).

13C NMR (75 MHz, CDCl3):  = 6.7, 16.3, 48.6, 120.3, 128.0, 128.7, 131.2, 135.3, 162.7.

MS (70 eV): m/z (%) = 170 (M+, 21), 169 (7), 117 (100), 90 (55), 89 (30), 77 (5), 63 (8), 51 (5).

Anal. Calcd for C11H10N2: C, 77.62; H, 5.92; N, 16.46. Found: C, 77.28; H, 6.24; N 16.08.

Cis-4a
Yield 2% (after column chromatography); light yellow crystals; mp 64.1 – 64.5 °C; Rf = 0.13 (silica gel, petroleum ether – EtOAc, 4:1).

IR (KBr): 2237, 1634 cm−1.
1H NMR (300 MHz, CDCl3):  = 1.49-1.56 (m, 1 H), 1.65-1.70 (m, 1 H), 1.87 (ddd, J = 9.36, 6.5, 6.5 Hz, 1 H), 3.37 (ddd, J = 6.7, 6.7, 4.8 Hz, 1 H), 7.37-7.47 (m, 3 H), 7.76-7.80 (m, 2 H), 8.51 (s, 1 H).

13C NMR (75 MHz, CDCl3):  = 6.9, 16.0, 45.6, 119.1, 128.3, 128.6, 131.2, 135.6, 162.5.

MS (70 eV): m/z (%) = 170 (M+, 27), 169 (11), 117 (100), 90 (49), 89 (27), 77 (7), 63 (9), 51 (7).

Anal. Calcd for C11H10N2: C, 77.62; H, 5.92; N, 16.46. Found: C, 77.37; H, 6.03; N, 16.24.

2-{[(4-Bromophenyl)methylene]amino}cyclopropane​carbonitrile 4b
Combined yield trans-4b and cis-4b 35%, after column chromatography (basic aluminium oxide, petroleum ether – EtOAc, 4:1).
Trans-4b
Yield 8%; light yellow crystals; mp 89.9-91.3 °C; Rf = 0.28 (silica gel, petroleum ether – EtOAc, 4:1).
IR (KBr): 2239, 1639 cm−1.

1H NMR (300 MHz, CDCl3):  = 1.56-1.63 (m, 2 H), 1.89 (ddd, J = 8.26, 7.71, 3.03 Hz, 1 H), 3.54 (ddd, J = 6.7, 5.4, 3.03 Hz, 1 H), 7.55 (m, 4 H), 8.44 (s, 1 H).

13C NMR (75 MHz, CDCl3):  = 6.8, 16.3, 48.5, 120.1, 125.6, 129.4, 131.9, 134.2, 161.4.

MS (70 eV): m/z (%) = 248/50 (M+, 10), 195/7 (92), 169 (18), 168/70 (18), 116 (100), 89 (92), 63 (19).
Anal. Calcd for C11H9BrN2: C, 53.04; H, 3.64; N, 11.25. Found: C, 52.83; H, 3.44; N, 10.99.
Cis-4b
Yield 4%; light yellow crystals; mp 110.5-110.9 °C; Rf = 0.10 (silica gel, petroleum ether – EtOAc, 4:1).
IR (KBr): 2239, 1630 cm−1.
1H NMR (300 MHz, CDCl3):  = 1.50-1.70 (m, 2 H), 1.88 (ddd, J = 9.08, 6.5, 6.5 Hz, 1 H), 3.36 (ddd, J = 6.7, 6.7, 4.68 Hz, 1 H), 7.54 (d, J = 8.53 Hz, 2 H), 7.65 (d, J = 8.26 Hz, 2 H), 8.46 (s, 1 H).

13C NMR (75 MHz, CDCl3):  = 7.0, 16.1, 45.5, 118.9, 125.6, 129.6, 131.9, 134.4, 161.3.

MS (70 eV): m/z (%) = 248/50 (M+, 42), 195/7 (92), 169 (15), 168/70 (18), 116 (100), 89 (84), 63 (18).

2-{[(4-Methylphenyl)methylene]amino}cyclopropane​carbonitrile 4c
Combined yield trans-4c and cis-4c 14%, after column chromatography (basic aluminium oxide, petroleum ether – EtOAc, 4:1).
Trans-4c
Yield 10%; light yellow crystals; mp 81.9-82.4 °C; Rf = 0.31 (silica gel, petroleum ether – EtOAc, 4:1).
IR (KBr): 2239, 1631 cm−1.

1H NMR (300 MHz, CDCl3):  = 1.53-1.63 (m, 2 H), 1.87 (ddd, J = 8.94, 6.74, 3.03 Hz, 1 H), 2.39 (s, 3 H), 3.52 (ddd, J = 7.02, 5.09, 3.03 Hz, 1 H), 7.22 (d, J = 7.98 Hz, 2 H), 7.57 (d, J = 8.26 Hz, 2 H), 8.46 (s, 1 H).

13C NMR (75 MHz, CDCl3):  = 6.6, 16.2, 21.6, 48.7, 120.4, 128.0, 129.5, 132.8, 141.7, 162.7.

MS (ES, pos. mode): m/z (%) = 185 (100) [M + H]+.
Anal. Calcd for C12H12N2: C, 78.23; H, 6.57; N, 15.21. Found: C, 77.88; H, 6.60; N, 14.84.
Cis-4c
Yield 4%; light yellow crystals; mp 109.6-110.0 °C; Rf = 0.14 (silica gel, petroleum ether – EtOAc, 4:1).

IR (KBr): 2239, 1631 cm−1.

1H NMR (300 MHz, CDCl3):  = 1.51 (ddd, J = 9.22, 6.74, 5.6 Hz, 1 H), 1.66 (ddd, J = 6.33, 5.50, 4.95 Hz, 1 H), 1.85 (ddd, J = 9.36, 6.5, 6.47 Hz, 1 H), 2.39 (s, 3 H), 3.35 (ddd, J = 6.7, 6.7, 4.95 Hz, 1 H), 7.21 (d, J = 7.71 Hz, 2 H), 7.67 (d, J = 7.98 Hz, 2 H), 8.47 (s, 1 H).

13C NMR (75 MHz, CDCl3):  = 6.8, 16.0, 21.6, 45.6, 119.2, 128.2, 129.3, 133.0, 141.5, 162.4.

MS (ES, pos. mode): m/z (%) = 185 (100) [M + H]+.
2-{[(2-Chlorophenyl)methylene]amino}cyclopropane​carbonitrile 4d
Combined yield trans-4d and cis-4d 20%, after column chromatography (basic aluminium oxide, petroleum ether – EtOAc, 4:1).
Trans-4d
Yield 11%; light yellow crystals; mp 50.0-50.4 °C; Rf = 0.43 (silica gel, petroleum ether – EtOAc, 4:1).
IR (KBr): 2241, 1630 cm−1.

1H NMR (300 MHz, CDCl3):  = 1.60-1.65 (m, 2 H), 1.92 (ddd, J = 8.7, 7.3, 2.9 Hz, 1 H), 3.63 (ddd, J = 6.33, 5.78, 3.03 Hz, 1 H), 7.25-7.43 (m, 3 H), 7.89-7.92 (m, 1 H), 8.94 (s, 1 H).

13C NMR (75 MHz, CDCl3):  = 7.1, 16.5, 48.7, 120.1, 127.0, 128.0, 129.9, 132.1, 132.4, 135.1, 159.4.

MS (ES, pos. mode): m/z (%) = 205/7 (60) [M + H]+.
Anal. Calcd for C11H9ClN2: C, 64.56; H, 4.43; N, 13.69. Found: C, 64.29; H, 4.56; N, 13.53.
Cis-4d
Yield 2%; light yellow crystals; mp 60.4-60.8 °C; Rf = 0.31 (silica gel, petroleum ether – EtOAc, 4:1).
IR (KBr): 2240, 1630 cm−1.

1H NMR (300 MHz, CDCl3):  = 1.53-1.61 (m, 1 H), 1.70 (ddd, J = 6.33, 5.50, 4.68 Hz, 1 H), 1.91 (ddd, J = 9.08, 6.5, 6.47 Hz, 1 H), 3.45 (ddd, J = 6.7, 6.7, 4.68 Hz, 1 H), 7.28-7.40 (m, 3 H), 8.12-8.15 (m, 1 H), 8.97 (s, 1 H).

13C NMR (75 MHz, CDCl3):  = 7.2, 16.3, 45.8, 119.0, 127.2, 128.8, 129.7, 132.1, 132.6, 134.9, 159.3.

MS (70 eV): m/z (%) = 204/6 (M+, 28), 151/3 (100), 124/6 (28), 89 (38).
Anal. Calcd for C11H9ClN2: C, 64.56; H, 4.43; N, 13.69. Found: C, 64.18; H, 4.51; N, 13.60.

2-{[(4-Chlorophenyl)methylene]amino}cyclopropane​carbonitrile 4e
Combined yield of trans-4e and cis-4e = 26%, after column chromatography (basic aluminium oxide, petroleum ether – EtOAc, 4:1).

Trans-4e
Yield 14%; light yellow crystals; mp 89.5-89.9 °C; Rf = 0.30 (silica gel, petroleum ether – EtOAc, 4:1).
IR (KBr): 2240, 1638 cm−1.

1H NMR (300 MHz, CDCl3):  = 1.55-1.63 (m, 2 H), 1.89 (ddd, J = 8.26, 7.71, 3.03 Hz, 1 H), 3.54 (ddd, J = 6.60, 5.50, 3.03 Hz, 1 H), 7.39 (d, J = 8.53 Hz, 2 H), 7.62 (d, J = 8.26 Hz, 2 H), 8.45 (s, 1 H).

13C NMR (75 MHz, CDCl3):  = 6.8, 16.4, 48.5, 120.2, 129.0, 129.2, 133.8, 137.2, 161.3.

MS (ES, pos. mode): m/z (%) = 205/7 (100) [M + H]+.

Anal. Calcd for C11H9ClN2: C, 64.56; H, 4.43; N, 13.69. Found: C, 64.33; H, 4.49; N, 13.59.

Cis-4e
Yield 4%, light yellow crystals, mp 90.8-91.2 °C; Rf = 0.13 (silica gel, petroleum ether – EtOAc, 4:1).

IR (KBr): 2241, 1632 cm−1.

1H NMR (300 MHz, CDCl3):  = 1.50-1.57 (m, 1 H), 1.64-1.70 (m, 1 H), 1.88 (ddd, J = 9.36, 6.4, 6.33 Hz, 1 H), 3.36 (ddd, J = 6.7, 6.7, 4.7 Hz, 1 H), 7.38 (d, J = 8.53 Hz, 2 H), 7.72 (d, J = 8.53 Hz, 2 H), 8.47 (s, 1 H).

13C NMR (75 MHz, CDCl3):  = 7.0, 16.1, 45.5, 118.9, 129.0, 129.4, 134.0, 137.2, 161.1.

MS (ES, pos. mode): m/z (%) = 205/7 (100) [M + H]+.
Synthesis of 4-(benzylamino)butanenitrile 16
To a solution of cyclopropane 4a (0.19 g, 1.1 mmol) in MeOH (2 mL) at 0 °C was added NaBH4 (83 mg, 2.2 mmol). The reaction mixture was stirred for 26 hours. The reaction mixture was poured into water (5 mL) and extracted with CH2Cl2 (3 ( 10 mL). After drying (MgSO4), filtration and evaporation of the solvent in vacuo the aminonitrile 16 was obtained in sufficiently pure form by acid-base extraction using the following procedure. The reaction mixture was redissolved in Et2O (10 mL) and 2N HCl (aq.) (5 mL) was added. After separation of the aqueous phase, 2N NaOH (aq.) was added until basic pH and extracted with CH2Cl2 (3 ( 5 mL). After drying (MgSO4), filtration and evaporation of the solvent in vacuo the aminonitrile 16 was obtained.

Yield 47%; yellow oil.
IR (NaCl): 3314, 2246 cm−1.

1H NMR (300 MHz, CDCl3):  = 1.82 (quintet, J = 6.88 Hz, 2 H, CH2CH2CH2), 2.47 (t, J = 7.15 Hz, 2 H, CH2CN), 2.77 (t, J = 6.60 Hz, 2 H, CH2NH), 3.79 (s, 2 H, CH2C6H5), 7.25-7.37 (m, 5 H, C6H5).

13C NMR (75 MHz, CDCl3):  = 14.9, 25.8, 47.4, 53.7, 119.8, 127.1, 128.0, 128.5, 140.1.

MS (ES, pos. mode): m/z (%) = 175 (100) [M + H]+.
Acknowledgment

The authors are indebted to the “Research Foundation – Flanders” (FWO-Vlaanderen) and to Ghent University (GOA) for financial support.
References

(1) Postdoctoral Fellow of the Research Foundation – Flanders (FWO)
(2) (a) O’Donnell, M. J.; Bruder, W. A.; Eckrich, T. M.; Shullenberger, D. F.; Staten, G. S. Synthesis 1984, 127. (b) Isogai, K.; Sakai, J.-i.; Yamauchi, K.; Watanabe, K. Bull. Chem. Soc. Jpn. 1986, 59, 2839. (c) Salaün, J.; Marguerite, J.; Karkour, B. J. Org. Chem. 1990, 55, 4276. (d) Gaucher, A.; Ollivier, J.; Salaün, J. Synlett 1991, 151. (e) Salaün, J.; Tondu, S. Fr. Demande FR2652082 A1, 1991; Chem. Abstr. 1991, 115, 207567.

For some recent reviews on the synthesis of α-ACC, see: (a) Brackmann, F.; de Meijere, A. Chem. Rev. 2007, 107, 4493. (b) Cativiela, C.; Díaz-de-Villegas, M. D. Tetrahedron: Asymm. 2000, 11, 645.
(3) For a review on α-amino nitriles, see: Enders, D.; Shilvock, J. P. Chem. Soc. Rev. 2000, 29, 359.

Vergne, F.; Aitken, D. J.; Husson, H.-P. J. Org. Chem. 1992, 57, 6071.

(4) Vergne, F.; Partogyan, K.; Aitken, D. J.; Husson, H.-P. Tetrahedron 1996, 52, 2421.

(5) Khlebnikov, A. F.; Novikov, M. S.; Nikiforova, T. Y.; Kostikov, R. R. Russ. J. Org. Chem. 1999, 35, 91.

(6) Khlebnikov, A. F.; Nikiforova, T. Y.; Kostikov, R. R. Russ. J. Org. Chem. 1999, 35, 707.

(7) (a) Link, J. O.; Mossman, C. J.; Liu, J. PCT Int. Appl. 042968, 2008; Chem. Abstr. 2008, 148, 449919. (b) Mossman, C. J. PCT Int. Appl. 102535, 2006; Chem. Abstr. 2006, 145, 377572. (c) Woo, S. H.; Vivian, R. W.; Link, J. O. PCT Int. Appl. 060810, 2006; Chem. Abstr. 2006, 145, 46274. (d) Setti, E. L. PCT Int. Appl. 060494, 2006; Chem. Abstr. 2006, 145, 46273. (e) Li, J. PCT Int. Appl. 034004, 2006; Chem. Abstr. 2006, 144, 350977. (f) Zipfel, S. M.; Woo, S. H.; Yang, D. PCT Int. Appl. 034006, 2006; Chem. Abstr. 2006, 144, 331694. (g) Link, J. O.; Graupe, M. PCT Int. Appl. 074904, 2005; Chem. Abstr. 2005, 143, 229992. (h) Link, J. O.; Mossman, C. J.; Woo, S. H.; Zipfel, S. M. PCT Int. Appl. 028429, 2005; Chem. Abstr. 2005, 142, 355571.

(8) (a) Reissig, H.-U.; Zimmer, R. Chem. Rev. 2003, 103, 1151. (b) Reissig, H.-U. Top. Curr. Chem. 1988, 144, 73. (c) Yu, M.; Pagenkopf, B.L. Tetrahedron 2005, 61, 321.

For some recent reviews on the application of alicyclic β-amino acids in peptides, see: (a) Miller, J. A.; Nguyen, S. T. Mini-Rev. Org. Chem. 2005, 2, 39. (b) Fülöp, F.; Martinek, T. A.; Tóth, G. K. Chem. Soc. Rev. 2006, 35, 323.
(9) For applications of β-ACC derivatives in peptides, see: (a) Urman, S.; Gaus, K.; Yang, Y.; Strijowski, U.; Sewald, N.; De Pol, S.; Reiser, O. Angew. Chem. Int. Ed. 2007, 46, 3976. (b) De Pol, S.; Zorn, C.; Klein, C.D.; Zerbe, O.; Reiser, O. Angew. Chem. Int. Ed. 2004, 43, 511. (c) Koglin, N.; Zorn, C.; Beumer, R.; Cabrele, C.; Bubert, C.; Sewald, N.; Reiser, O.; Beck-Sickinger, A.G. Angew. Chem. Int. Ed. 2003, 42, 202. (d) Godier-Marc, E.; Aitken, D.J.; Husson, H-P. Tetrahedron Lett. 1997, 38, 4065. (e) Díaz, M.; Jiménez, J.; Ortuño, R.M. Tetrahedron: Asymm. 1997, 8, 2465. (f) Díaz, M.; Ortuño, R.M. Tetrahedron: Asymm. 1996, 7, 3465. (g) Paulini, K.; Reissig, H.-U. Liebigs Ann. Chem. 1994, 549.
(10) Gnad, F.; Reiser, O. Chem. Rev. 2003, 103, 1603.
(11) For a review on the chemistry of N-cyclopropylimines, see: Soldevilla, A.; Sampedro, D. Org. Prep. Proced. Int. 2007, 39, 561.
(12) (a) Caramella, P.; Huisgen, R.; Schmolke, B. J. Am. Chem. Soc. 1974, 96, 2997. (b) Caramella, P.; Huisgen, R.; Schmolke, B. J. Am. Chem. Soc. 1974, 96, 2999. (c) Campos, P. J.; Soldevilla, A.; Sampedro, D.; Rodrίguez, M. A. Tetrahedron Lett. 2002, 43, 8811.
(13) (a) Campos, P. J.; Soldevilla, A.; Sampedro, D.; Rodrίguez, M. A. Org. Lett. 2001, 3, 4087. (b) Sampedro, D.; Soldevilla, A.; Rodrίguez, M. A.; Campos, P. J.; Olivucci, M. J. Am. Chem. Soc. 2005, 127, 441. (c) Soldevilla, A.; Sampedro, D.; Campos, P. J.; Rodrίguez, M. A. J. Org. Chem. 2005, 70, 6976. (d) Campos, P.J.; Sampedro, D.; Rodrίguez, M.A. Organometallics 2002, 21, 4076.
(14) D’hooghe, M.; Mangelinckx, S.; Persyn, E.; Van Brabandt, W.; De Kimpe, N. J. Org. Chem. 2006, 71, 4232.
(15) (a) D’hooghe, M.; Van Speybroeck, V.; Van Nieuwenhove, A.; Waroquier, M.; De Kimpe, N. J. Org. Chem. 2007, 72, 4733. (b) D’hooghe, M.; Vervisch, K.; Van Nieuwenhove, A.; De Kimpe, N. Tetrahedron Lett. 2007, 48, 1771.
(16) De Kimpe, N.; De Smaele, D.; Bogaert, P. Synlett 1994, 287.
(17) (a) De Kimpe, N.; Sulmon, P. Synlett 1990, 161. (b) De Kimpe, N.; Sulmon, P.; Stevens, C. Tetrahedron 1991, 47, 4723.
(18) (a) Dauben Jr., H.J.; McCoy, L.L. J. Am. Chem. Soc. 1959, 81, 4863. (b) Kundi, T. Synlett 2006, 498.
(19) (a) Adam, J.; Gosselain, P.A.; Goldfinger, P. Nature (London) 1953, 171, 704. (b) Gosselain, P.A.; Adam, J.; Goldfinger, P. Bull. Soc. Chim. Belg. 1956, 65, 533.
(20) Henniges, H.; Gussetti, C.; Militzer, H. C.; Baird, M. S.; de Meijere, A. Synthesis 1994, 1471.
(21) Díez, D.; García, P.; Fernández, P.; Marcos, I. S.; Garrido, N. M.; Basabe, P.; Broughton, H. B. Synlett 2005, 158.
(22) For a review on cyclization of nitrile anions to cyclopropanes, see: Fleming, F. F.; Shook, B. C. Tetrahedron 2002, 58, 1.
(23) (a) Morris, J. M.; Dunmire, R. B.; Koenig, P. E.; Newkome, G. R. J. Org. Chem. 1972, 37, 1244. (b) Atanassov, P. K.; Zhou, Y.; Linden, A.; Heimgartner, H. Helv. Chim. Acta 2002, 85, 1102.
(24) Wessjohann, L.; McGaffin, G.; de Meijere, A. Synthesis 1989, 359.
(25) Deller, K.; Kleemann, A.; Martens, J.; Weigel, H. Arch. Pharm. 1981, 314, 648.
(26) (a) Trabocchi, A.; Guarna, F.; Guarna, A. Curr. Org. Chem. 2005, 9, 1127. (b) Ordóñez, M.; Cativiela, C. Tetrahedron: Asymm. 2007, 18, 3.

 Graphical Abstract

[image: image8.wmf]N

C

N

A

r

R

N

B

S

,

 

C

H

2

C

l

2

N

C

N

B

r

R

(

6

4

-

9

7

%

)

A

r

K

O

t

B

u

T

H

F

 

o

r

 

t

B

u

O

H

N

C

N

A

r

(

1

4

-

5

3

%

,

 

t

r

a

n

s

/

c

i

s

 

4

1

/

5

9

-

7

4

/

2

6

)

R


Short title: Synthesis of N-Alkylidene 2-Aminocyclopropanecarbonitriles
Template for SYNLETT and SYNTHESIS © Thieme  Stuttgart · New York
2015-04-29
page 1 of 10

_1280756236.cdx

_1280837742.cdx

_1287388269.cdx

_1280762770.cdx

_1280835426.cdx

_1280742633.cdx

_1280751562.cdx

_1263017991.cdx

