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SUMMARY:  23 
Representative experimental procedures for the addition of amine nucleophiles to 24 
tricarbonyl(tropone)iron and subsequent demetallation of the resulting complexes are presented 25 
in detail. 26 
 27 
ABSTRACT:  28 
aza-Michael adducts of tricarbonyl(tropone)iron are synthesized by two different methods. 29 
Primary aliphatic amines and cyclic secondary amines participate in a direct aza-Michael reaction 30 
with tricarbonyl(tropone)iron under solvent-free conditions. Less nucleophilic aniline derivatives 31 
and more hindered secondary amines add efficiently to the cationic tropone complex formed by 32 
protonation of tricarbonyl(tropone)iron. While the protocol utilizing the cationic complex is less 33 
efficient overall for accessing the aza-Michael adducts than the direct, solvent-free addition to 34 
the neutral complex, it allows the use of a broader range of amine nucleophiles. Following 35 
protection of the amine of the aza-Michael adduct as a tert-butyl carbamate, the diene is 36 
decomplexed from the iron tricarbonyl fragment upon treatment with cerium(IV) ammonium 37 
nitrate to provide derivatives of 6-aminocyclohepta-2,4-dien-1-one. These products can serve as 38 
precursors to diverse compounds containing a seven-membered carbocyclic ring. Because the 39 
demetallation requires protection of the amine as a carbamate, the aza-Michael adducts of 40 
secondary amines cannot be decomplexed using the protocol described here. 41 
 42 
INTRODUCTION:  43 
Structurally complex amines containing a seven-membered carbocyclic ring are common to a 44 
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number of biologically active molecules. Notable examples include the tropane alkaloids1 and 45 
several members of the Lycopodium2, Daphniphyllum3, and monoterpenoid indole alkaloid4 46 
families. However, such compounds are often more difficult to synthesize compared to 47 
compounds of similar complexity containing only five- or six-membered rings. Thus, we sought 48 
to develop a new avenue towards such compounds by attaching diverse amine nucleophiles to 49 
tropone5. The resulting adduct contains several functional handles for subsequent synthetic 50 
elaboration to diverse complex seven-membered ring-containing scaffolds that would be 51 
otherwise difficult to access.  52 
 53 
While previous work with tropone6,7 suggests that it would not be suitable for such a 54 
transformation, the related organometallic complex tricarbonyl(tropone)iron8 (1, Figure 1) has 55 
proven to be a versatile synthetic building block that has been utilized in the synthesis of a 56 
number of natural products and complex molecules9–13. Furthermore, the uncomplexed double 57 

bond of tricarbonyl(tropone)iron has been shown to behave similar to an -unsaturated ketone 58 
in reactions with, for example, dienes14,15, tetrazines16, nitrile oxides17, diazoalkanes8,10, and 59 
organocopper reagents11. Thus, we envisioned that an aza-Michael reaction of 60 
tricarbonyl(tropone)iron would provide an efficient entry to synthetically valuable aminated 61 
tropone derivatives. 62 
 63 
Eisenstadt had previously reported that, following protonation of tricarbonyl(tropone)iron, the 64 
resulting cationic complex 2 (Figure 1) could undergo nucleophilic attack by aniline or tert-65 
butylamine to produce aminated derivatives of the tropone iron complex18. However, the 66 
synthetic potential of this method remains unrealized. Indeed, no additions of other amines had 67 
been reported, and the demetallation of those products was not explored in Eisenstadt’s report. 68 
We have adapted this protocol to demonstrate the addition of a wide variety of amine 69 
nucleophiles.  70 
 71 
We also describe a method for direct aza-Michael additions to tricarbonyl(tropone)iron (Figure 72 
2), which does not require synthesis of the cationic complex and generally proceeds in higher 73 
yields compared to the previously reported method. We also report herein a protocol for the 74 
demetallation of the resulting adducts. Overall, this protocol provides formal aza-Michael 75 
adducts of tropone in four steps from tropone (and three steps from the known iron complex). 76 
 77 
PROTOCOL:  78 
 79 
1. Synthesis of tricarbonyl(tropone)iron (1)19 80 
 81 
1.1. In an argon-atmosphere glovebox, weigh out 4.1 g of diiron nonacarbonyl into an oven-82 
dried 20 mL vial. Cap the vial and remove it from the glovebox. 83 
 84 
CAUTION: Prolonged storage of diiron nonacarbonyl leads to some deterioration to give triiron 85 
dodecacarbonyl and finely divided metallic iron20. This deterioration is evidenced by the presence 86 
of a black solid within the shiny orange diiron nonacarbonyl. The iron impurity is pyrophoric and 87 
can ignite upon exposure to air. Storing the diiron nonacarbonyl under argon at 2-8 °C in a bottle 88 
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sealed with electrical tape appears to minimize this deterioration. The pyrophoric iron impurities 89 
can be destroyed via addition of dilute hydrochloric acid. 90 
 91 
1.2. Add an oven-dried PTFE stir bar, 0.5 mL of tropone, and 10 mL of dry benzene to an oven-92 
dried 50 mL round bottom flask. 93 
 94 
NOTE: A round bottom flask with a 24/40 ground glass joint is preferred so that the solid diiron 95 
nonacarbonyl may be added rapidly with minimal spilling (see Step 1.5). 96 
 97 
1.3. Degas the contents of the round bottom flask via three freeze-pump-thaw cycles as 98 
follows. 99 
 100 
1.3.1. Submerge the flask in a dry ice-acetone bath until the contents solidify completely. Then, 101 
with the flask still submerged in the cold bath, evacuate the flask under vacuum for 2-3 min. 102 
 103 
1.3.2. Allow the contents to thaw under static vacuum. 104 
 105 
1.3.3. Repeat steps 1.3.1 and 1.3.2 twice. 106 
 107 
1.3.4. After the final thaw, backfill the flask with argon and cover the flask with a rubber septum. 108 
Keep the flask under a positive pressure of argon. 109 
 110 
1.4. Cover the flask with aluminum foil and commence vigorous magnetic stirring. 111 
 112 
1.5. Briefly remove the rubber septum and add the previously weighed diiron nonacarbonyl 113 
in a single portion and replace the septum. 114 
 115 
1.6. Immerse the flask in an oil bath at 55-60 °C and stir for 30 min. 116 
 117 
1.7. After 30 min, remove the flask from the oil bath and allow to cool to room temperature. 118 
 119 
1.8. Isolate the tropone complex via alumina column chromatography as follows. 120 
 121 
1.8.1. Pack a chromatography column (~30 mm diameter) with 12 cm of alumina (Activity II/III) 122 
and hexanes. 123 
 124 
1.8.2. Pipette the crude reaction mixture directly onto the alumina. Rinse the flask with a small 125 
amount (1-3 mL) of hexanes and add to the top of the column. 126 
 127 
1.8.3. Drain the column until the solvent is level with the top of the alumina and add ~2 cm of 128 
sand. 129 
 130 
1.8.4. Elute with hexanes until the blue-green band (triiron dodecacarbonyl) comes off the 131 
column. 132 
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 133 
1.8.5. Elute with 1:1 hexanes:methylene chloride until the red-orange tropone iron complex 134 
elutes completely. 135 
 136 
1.8.6. Remove the solvent from the red-orange solution via rotary evaporation to obtain the 137 
tropone complex as a dark red oil that solidifies on standing. 138 
 139 
NOTE: The tropone complex isolated in this fashion is occasionally contaminated with 140 
paramagnetic, iron-based impurities, as evidenced by severely broadened peaks in the 1H NMR 141 
spectrum. These impurities can be removed by redissolving the complex in methylene chloride, 142 
and passing through a short plug of alumina, eluting with 1:1 hexanes:methylene chloride. 143 
 144 
2. Synthesis of tricarbonyl(5-ketocycloheptadienyl)iron tetrafluoroborate (2)21 145 
 146 
2.1. Add a PTFE magnetic stir bar, 432 mg of tricarbonyl(tropone)iron, and 10 mL of methylene 147 
chloride to a 50 mL round bottom flask. 148 
 149 
2.2. Cool the flask in an ice bath and commence vigorous magnetic stirring. 150 
 151 
2.3. Add 3.2 mL of concentrated sulfuric acid dropwise. 152 
 153 
2.4. Vigorously stir the mixture at 0 °C for 30 min. 154 
 155 
2.5. To a separate 100 mL round bottom flask, add a PTFE stir bar, 2.0 g of anhydrous sodium 156 
carbonate, and 10 mL of methanol. 157 
 158 
2.6. Cool the flask containing the sodium carbonate mixture in an ice bath and vigorously stir 159 
it magnetically.  160 
 161 
2.7. Upon completion of the 30-min period (step 2.4), cease magnetic stirring. Two layers 162 
should form. 163 
 164 
2.8. Using a Pasteur pipette, transfer the viscous, brown lower layer to the rapidly stirring 165 
sodium carbonate suspension. 166 
 167 
2.9. Stir for ~5 min, and then carefully and slowly add 50 mL of deionized water. 168 
 169 
CAUTION: Vigorous bubbling is involved in this step. 170 
 171 
2.10. Pour the mixture into a 250 mL separatory funnel and extract with methylene chloride 172 
(2x 50 mL). 173 
 174 
2.11. Sequentially wash the combined organic layers with water (50 mL) and brine (50 mL). 175 
 176 
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2.12. Dry the organic layers over anhydrous magnesium sulfate. 177 
 178 
2.13. Remove the magnesium sulfate via gravity or vacuum filtration and concentrate the 179 
filtrate via rotary evaporation to obtain a red-brown oil. 180 
 181 
NOTE: The protocol may be paused at this point. 182 
 183 
2.14. Add 3 mL of acetic anhydride to a 25 mL Erlenmeyer flask and cool it in an ice bath. 184 
 185 
2.15. Add 1 mL of 48% aqueous tetrafluoroboric acid to the cold acetic anhydride dropwise. 186 
 187 
CAUTION: The addition is highly exothermic. However, the exotherm is readily contained by 188 
controlling the temperature and rate of addition. 189 
 190 
2.16. In a 100 mL round bottom flask submerged in an ice bath, add the mixture obtained from 191 
step 2.15 to the oil obtained in step 2.13. 192 
 193 
2.17. Agitate the mixture with a stainless steel spatula for 5 min. 194 
 195 
NOTE: The mixture generally takes on a gummy consistency upon agitation and the color 196 
becomes lighter. 197 
 198 
2.18. Add 50 mL of diethyl ether to the mixture. Collect the resulting pale yellow solid via 199 
vacuum filtration using a Buchner funnel to obtain the cationic complex as its tetrafluoroborate 200 
salt. 201 
 202 

3. Synthesis of aza-Michael adduct 4: Tricarbonyl[(2-5-)-6-((2-203 
phenylethyl)amino)cyclohepta-2,4-dien-1-one]iron  204 
 205 
3.1. Add a PTFE magnetic stir bar, 150 mg of tricarbonyl(tropone)iron (1), and 0.154 mL of 206 
phenethylamine to a 1-dram vial. Cap the vial under an air atmosphere and commence magnetic 207 
stirring. 208 
 209 
NOTE: Phenethylamine will be oxidized by air upon prolonged storage resulting in a yellow-brown 210 
color. Phenethylamine should be distilled prior to use if it is not colorless. 211 
 212 
3.2. Monitor the reaction periodically by removing a small (~1 drop) aliquot from the reaction 213 
mixture, dissolving in CDCl3, and acquiring a 1H NMR spectrum. 214 
 215 
NOTE: While this particular reaction is usually complete within 1 h, the reaction may be left to 216 
stir overnight. 217 
 218 
3.3. Upon disappearance of the signals for tricarbonyl(tropone)iron in the 1H NMR spectrum 219 
(see Representative Results and Figure 3 and Figure 4), purify the crude reaction mixture via 220 
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chromatography on basic alumina (Activity II/III) as follows. 221 
 222 
3.3.1. Pack a 30 mm diameter chromatography column with alumina (10-15 cm) and hexanes 223 
and apply the crude reaction mixture to the top of the column. 224 
 225 
3.3.2. Elute the column with 1:1 hexanes:diethyl ether to remove the excess phenethylamine 226 
from the column. Monitor the elution via thin layer chromatography (TLC). 227 
 228 
NOTE: The column was monitored using alumina TLC plates and a 1:1 diethyl ether:methylene 229 
chloride mixture as the mobile phase. If alumina TLC plates are not available, silica gel plates may 230 
be used (use 5% methanol in methylene chloride as the mobile phase). 231 
 232 
3.3.3. After the excess amine has finished eluting, change the eluting solvent to 1:1 diethyl 233 
ether:methylene chloride to elute the product.  234 
 235 
NOTE: The title compound elutes as a yellow band. 236 
 237 
3.3.4. Combine the product-containing fractions (as judged by thin layer chromatography) and 238 
remove the solvent on a rotary evaporator to obtain the purified product as a dark yellow oil. 239 
 240 

4. Synthesis of tricarbonyl[(2-5-)-6-(2-methylanilino)cyclohepta-2,4-dien-1-one]iron (3) 241 
 242 
4.1. Add a PTFE stir bar, 0.021 mL of o-toluidine, and 1.0 mL of diethyl ether to a 1-dram vial. 243 
Commence vigorous magnetic stirring. 244 
 245 
4.2. Carefully add 33 mg of the cationic complex to the mixture. Allow the suspension to stir 246 
for 12 h. 247 
 248 
4.3. Pour the reaction mixture into 5 mL of deionized water in a separatory funnel and extract 249 
the aqueous layer with 5 mL of ethyl acetate three times. 250 
 251 
4.4. Wash the combined organic layers with 10 mL of brine before drying over anhydrous 252 
sodium sulfate. 253 
 254 
4.5. Remove the sodium sulfate by gravity filtration and concentrate the filtrate via rotary 255 
evaporation to obtain the crude product. 256 
 257 
4.6. Purify the crude product via column chromatography on basic alumina using a gradient 258 
of 30-50% diethyl ether in hexanes to obtain the pure product as a yellow solid. 259 
 260 
5. Protection of amine 4 as a tert-butyl carbamate 261 
 262 
5.1. Dissolve 76 mg of amine 4 in 2 mL of absolute ethanol in a 25 mL round bottom flask 263 
under air atmosphere. 264 
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 265 
5.2. Add 104 mg of di-tert-butyl dicarbonate followed by 40 mg of solid sodium bicarbonate 266 
to the reaction mixture. 267 
 268 
5.3. Cap the flask with a rubber septum and sonicate the mixture for 1 h. 269 
 270 
NOTE: This reaction may be allowed to run overnight. 271 
 272 
5.4. Filter the crude reaction mixture through a bed of diatomaceous earth using a Buchner 273 
funnel. Wash the diatomaceous earth with ethanol until no more brown-colored solution comes 274 
out the bottom of the funnel. 275 
 276 
5.5. Transfer the filtrate to a round bottom flask and concentrate on a rotary evaporator. 277 
Dissolve the resulting oil in ~2.5 mL of methylene chloride. 278 
 279 
5.6. Add ~1.3 g of silica gel to the solution and remove the methylene chloride on the rotary 280 
evaporator until a fine, free-flowing solid is obtained. 281 
 282 
5.7. Pack the silica gel into a 10 g silica cartridge for automated flash chromatography. 283 
 284 
NOTE: An automated purification system was used in this protocol. However, conventional flash 285 
chromatography with silica gel may also be employed.  286 
 287 
5.8. Run the column using a gradient starting from 90:10 hexanes:ethylacetate and ending at 288 
20:80 hexanes:ethyl acetate over a period of 20 min. Collect the fractions containing the product 289 
(as indicated by the major peak detected at 254 nm absorbance) in a round bottom flask. 290 
Evaporate the hexanes and ethyl acetate on a rotary evaporator to obtain the purified product 291 
as a yellow oil. 292 
 293 
6. Synthesis of tert-butyl (6-oxocyclohepta-2,4-dien-1-yl)(2-phenylethyl) carbamate (6) 294 
 295 
6.1. In a 10 mL round bottom flask, dissolve 27 mg of iron complex 5 in 1 mL of methanol 296 
under air atmosphere and immerse the flask in an ice bath. 297 
 298 
6.2. Commence magnetic stirring and add 33 mg of cerium(IV) ammonium nitrate. 299 
 300 
6.3. After 30 min, add a second 33 mg portion of cerium(IV) ammonium nitrate, followed by 301 
a third 33 mg portion after an additional 30 min of stirring. 302 
 303 
6.4. After adding the third portion of cerium(IV) ammonium nitrate, dilute the reaction 304 
mixture with ethyl acetate (5 mL). 305 
 306 
6.5. Pour the mixture into a 30 mL separatory funnel containing 5 mL of saturated aqueous 307 
sodium bicarbonate. Separate the layers. 308 
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 309 
6.6. Re-extract the aqueous layer with ethyl acetate (2x 5 mL). Dry the combined organic 310 
layers over anhydrous sodium sulfate. 311 
 312 
6.7. Remove the sodium sulfate via gravity or vacuum filtration and concentrate the filtrate 313 
on a rotary evaporator. 314 
 315 
6.8. Dissolve the crude product in ~2.5 mL of methylene chloride, add ~1.3 g of silica gel, and 316 
remove the solvent on a rotary evaporator. 317 
 318 
6.9. Pack the silica gel with the adsorbed crude product into a 10 g silica gel column for 319 
automated flash chromatography. 320 
 321 
NOTE: An automated purification system was used in this protocol. However, conventional flash 322 
chromatography with silica gel may also be employed.  323 
 324 
6.10. Run the column using a gradient starting from 90:10 hexanes:ethylacetate and ending at 325 
20:80 hexanes:ethyl acetate over a period of 20 min. Collect the fractions containing the product 326 
(as indicated by the major peak detected at 254 nm absorbance) in a round bottom flask. 327 
Evaporate the hexanes and ethyl acetate on a rotary evaporator to obtain the purified product 328 
as a pale brown oil. 329 
 330 
REPRESENTATIVE RESULTS:  331 
All novel compounds in this study were characterized by 1H and 13C NMR spectroscopy and high 332 
resolution mass spectrometry. Previously reported compounds were characterized by 1H NMR 333 
spectroscopy. NMR data for representative compounds are described in this section. 334 
 335 

The 1H NMR spectrum of tricarbonyl(tropone)iron is shown in Figure 3. The protons of the -336 
diene ligand give rise to the signals at 6.39 ppm (2 H), 3.19 ppm, and 2.75 ppm. The protons from 337 
the uncomplexed double bond appear at 6.58 and 5.05 ppm. 338 
 339 
The progress of the aza-Michael addition is monitored via 1H NMR by observing the 340 
disappearance of the signals from the uncomplexed double bond and a characteristic change in 341 

the chemical shift of the two furthest downfield -diene protons from around 6.4 ppm to two 342 
well separated signals that typically appear between 5.3 and 6.0 ppm (see Figure 3 and Figure 4). 343 
Furthermore, the aza-Michael adduct features signals corresponding to the two diastereotopic 344 
methylene protons (adjacent to the ketone within the seven-membered ring), which typically 345 
appear between 1.5 and 2.5 ppm.  346 
 347 
Direct aza-Michael additions to tricarbonyl(tropone)iron generally proceeded in 60-95% yield, 348 
depending on the amine substrate (see Discussion). Secondary cyclic amines tend to give 349 
somewhat higher yields than primary aliphatic amines, possibly due to a greater resistance to 350 
decomposition during purification. 351 
 352 



   

Page 8 of 6  revised November 2018 
 

1H NMR data for the cationic complex (in CD3CN) is shown in Figure 5 and features seven distinct 353 
multiplets. It should be noted that the complex decomposes over time in CD3CN. However, the 354 
dried solid tetrafluoroborate complex can be stored indefinitely under ambient conditions. 355 
Figure 6 shows 1H and 13C NMR data for the o-toluidine adduct 3, prepared via the cationic 356 
complex 2 (Figure 1), which contains the same features described above for the phenethylamine 357 
adduct 4. 358 
 359 
Figure 7 shows 1H and 13C NMR spectra of tert-butyl carbamate 5. The 1H NMR spectrum is 360 
characterized by its broad peaks, caused by slow rotation of the carbamate C–N bond relative to 361 
the NMR time scale. In addition, the presence of the tert-butyl carbamate is evident from the 362 
large singlet at 1.5 ppm from the tert-butyl protons, as well as the signal at 154.3 ppm in the 13C 363 
NMR spectrum corresponding to the carbonyl carbon of the carbamate group. 364 
 365 
Upon decomplexation of the diene from the iron, the most notable aspect of the 1H NMR 366 
spectrum (Figure 8) is the presence of four signals between 5.75 and 6.75 ppm, corresponding to 367 
the protons from the uncomplexed diene. 368 
 369 
FIGURE AND TABLE LEGENDS:  370 
Figure 1. Synthesis of 3 from tricarbonyl(tropone)iron via cationic complex 2. 371 
Tricarbonyl(tropone)iron is converted to cationic complex 2 in two steps, which was followed by 372 
nucleophilic addition of ortho-toluidine to the complex. 373 
 374 
Figure 2. Synthesis of formal tropone aza-Michael adduct 6. Direct aza-Michael reaction of 375 
tricarbonyl(tropone)iron and phenethylamine was followed by amine protection and oxidative 376 
demetallation.  377 
 378 
Figure 3. 1H NMR spectrum (solvent: CDCl3) of tricarbonyl(tropone)iron 1. The peaks at 6.59 379 
ppm and 5.05 ppm correspond to the uncomplexed alkene hydrogens while those 6.39 ppm (2H), 380 
3.19 ppm, and 2.75 ppm arise from the iron-complexed diene. 381 
 382 
Figure 4. Spectral data for iron complex 4. (a) 1H NMR spectrum; (b) 13C NMR spectrum (solvent: 383 
CDCl3). Notable peaks in the 1H NMR spectrum include those from the iron-complexed diene 384 

(5.75, 5.48, 3.30, and 3.20 ppm) and the diastereotopic methylene protons (2.30 and 1.70 385 
ppm). 386 
 387 
Figure 5. 1H NMR spectrum (solvent: CD3CN) of cationic iron complex 2. The most notable 388 
difference from the 1H NMR spectrum of 1 (the precursor to 2) is the signals arising from the 389 

diastereotopic -methylene protons (2.85 and 2.23 ppm). 390 
 391 
Figure 6. Spectral data for iron complex 3. (a) 1H NMR spectrum; (b) 13C NMR spectrum (solvent: 392 
CDCl3). Similar to the 1H NMR spectrum of 4, the 1H NMR spectrum of 3 is characterized by signals 393 
arising from the iron-complexed diene (5.89, 5.51, 3.53, and 3.30 ppm) and the diastereotopic 394 

methylene protons (2.50 and 2.02 ppm). 395 
 396 
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Figure 7. Spectral data for tert-butyl carbamate 5. (a) 1H NMR spectrum; (b) 13C NMR spectrum 397 
(solvent: CDCl3). The signal corresponding to the protons of the tert-butyl group of the carbamate 398 
appear at 1.52 ppm. Many signals also show characteristic broadening. 399 
 400 
Figure 8. Spectral data for demetallated diene 6. (a) 1H NMR spectrum; (b) 13C NMR spectrum 401 
(solvent: CDCl3). The most notable aspect of the 1H NMR spectrum compared to those of the iron 402 
complexes in Figure 4a, Figure 6a, and Figure 7a is that all of the signals corresponding to the 403 
diene protons now appear above 5.75 ppm (6.57, 6.34, 6.10, and 5.99 ppm). 404 
 405 
DISCUSSION:  406 
Whether the solvent-free protocol involving direct addition to tricarbonyl(tropone)iron (Figure 407 
2) or the indirect method utilizing the corresponding cationic complex as the electrophile (Figure 408 
1) is to be employed depends on the amine substrate used. In general, the direct addition method 409 
is preferable since it requires fewer steps to generate the aza-Michael adducts from tropone and 410 
the overall yields are generally higher. However, this more direct method is generally limited to 411 
reasonably unhindered primary aliphatic amines and cyclic secondary amines (e.g., piperidine). 412 
Less nucleophilic substrates such as arylamines or more sterically hindered amines such as acyclic 413 
secondary amines or tert-butylamine do not directly add to tricarbonyl(tropone)iron. On the 414 
other hand, these substrates efficiently add to the corresponding cationic complex (2, Figure 1). 415 
Thus, the two protocols complement one another in that the direct addition reaction is generally 416 
more efficient and higher yielding, while the addition to the cationic complex enjoys a broader 417 
substrate scope.  418 
 419 
For the direct addition to tricarbonyl(tropone)iron, reaction times tend to be substrate-420 
dependent. Some additions are complete within minutes as judged by 1H NMR analysis (e.g., 421 
unhindered primary amines) while some must be left overnight (e.g., morpholine). Upon 422 
completion, excess amine is removed via chromatography over Activity II/III alumina. However, 423 
for sufficiently volatile amine substrates, the excess amine may be removed via rotary 424 
evaporation and the crude material can then be subjected to protection as the corresponding 425 
carbamate (if applicable).  426 
 427 
Adducts of primary aliphatic amines should be purified without delay and should be protected as 428 
carbamates as soon as is practicable, as we have generally experienced that such adducts will 429 
degrade over time. The degradation is generally accompanied by a color change from bright 430 
yellow to orange-brown. NMR analysis of such partially degraded samples showed the presence 431 
of tricarbonyl(tropone)iron, indicating that elimination of the amine had occurred.  432 
 433 
We screened a variety of known protocols for removing the iron tricarbonyl group from the diene 434 
of the aza-Michael adducts22–27. The only successful protocol in our hands involved oxidative 435 
demetallation via treatment of the carbamate-protected adducts with cerium(IV) ammonium 436 
nitrate28. A representative result is described for demetallation of a tert-butyl carbamate-437 
protected adduct. However, benzyl carbamates can also be demetallated using this protocol (no 438 
other carbamates were examined). Since tertiary amines cannot be protected as carbamates, we 439 
have thus far been unable to successfully demetallate those substrates despite extensive 440 
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experimentation, including attempts to temporarily protect the nitrogen from oxidation by 441 
quantitatively protonating it with trifluoroacetic acid. 442 
 443 
This protocol represents an extension of a method reported by Eisenstadt18 for addition of 444 
amines to cationic complex 2. However, addition of only two amines to the complex was 445 
reported, and demetallation of the complex was not described. The work described herein more 446 
fully explores the scope of addition to the cationic complex. Furthermore, the protocol for the 447 
direct addition of certain amines to tricarbonyl(tropone)iron constitutes a more efficient method 448 
for synthesizing such amine adducts. In addition, successful demetallation of the complexes 449 
opens the way for diverse subsequent reactions to access more complex molecular architectures 450 
containing a seven-membered carbocyclic ring. Notably, the addition of diverse amine 451 
nucleophiles with different functionalized side chains can potentially enable an even more 452 
diverse set of downstream reactions. Exploration of such newly-opened synthetic routes to 453 
complex alkaloid-like architectures is currently under investigation in our laboratory.  454 
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Name of Material/ Equipment Company Catalog Number Comments/Description

10 g SNAP Ultra silica gel columns Biotage for automated column chromatography

Acetic anhydride Fisher Scientific A10-500

Acetone Fisher Scientific A-16S-20 for cooling baths

Acetonitrile-D3 Sigma Aldrich 366544

Benzene, anhydrous, 99.8% Sigma Aldrich 401765

Biotage Isolera Prime Biotage ISO-PSF for automated chromatography

Celite; 545 Filter Aid Fisher Scientific C212-500 diatomaceous earth
Cerium(IV) ammonium nitrate, 

ACS, 99+% Alfa Aesar 33254

Chloroform-D Acros 209561000

Di-tert -butyl dicarbonate, 99% Acros 194670250

Ethyl acetate Fisher Scientific E145-4

Ethyl alcohol, absolute - 200 proof Greenfield Global 111000200PL05

Ethyl ether anhydrous Fisher Scientific E138-1

Hexanes Fisher Scientific H302-4

iron nonacarbonyl 99% Strem 26-2640 air sensitive, synonymous with diiron nonacarbonyl

Magnesium sulfate Fisher Scientific M65-500

Methanol EMD Millipore MX0475-1

Methylene chloride Fisher Scientific D37-4
MP alumina, Act. II-III acc. To 

Brockmann MP Biomedicals 4691 for column chromatography

o-toluidine 98% Sigma Aldrich 466190

Phenethylamine 99% Sigma Aldrich 128945 distill prior to use if not colorless

Sodium bicarbonate Fisher Scientific S233-500

Sodium carbonate anhydrous Fisher Scientific S263-500

Sodium chloride Fisher Scientific S271-500 dissolved in deionized water to perpare a saturated aqueous solution

Sodium sulfate anhydrous Fisher Scientific S415-500

Sonicator Branson model 2510

Sulfuric acid Fisher Scientific A300C-212

Table of Materials Click here to access/download;Table of Materials;DRG_JoVE_Materials.xls
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Tetrafluoroboric acid solution, 48 

wt.% Sigma Aldrich 207934 aqueous solution
TLC Aluminium oxide 60 F254, 

neutral EMD Millipore 1.05581.0001 for thin layer chromatography

Tropone 97% Alfa Aesar L004730-06 Light sensitive



dissolved in deionized water to perpare a saturated aqueous solution
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