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Chapter  7 

7 Exploring hydroxymethylation strategies with formaldehyde 

and its potential application in the synthesis of radiolabelled 

[11C]Prednisolone. 
 

In this chapter, we explored potential synthetic routes to access late-stage radiolabelling for PET 

isotopes, using hydroxymethylation reaction. We aimed to develop a strategy to introduce carbon-

11 in the α-hydroxymethyl ketone functionality, with potential application in the labelling of 

prednisolone. With this in mind, we exploited the reactivity umpolung to find suitable precursors that 

could readily react as synthons with the easily accessible [11C]CH2O-labelled building block. 

Investigation of an organocatalytic method and the Corey-Seebach reaction are presented here. 
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7.1 Introduction 

The α-hydroxymethyl ketone is a commonly occurring motif in biologically active molecules. Notably, 

it is present in world best-selling drugs such as doxorubicin, prednisolone and dexamethason (Figure 

7.1). Prednisolone is indicated in several condition, varying from the treatment of cancer, 

inflammations allergies or autoimmune disease. Severe adverse effects are sometimes seen from 

patients, particularly when it is prescribed for long-term use.1 For example, prednisolone is directly 

linked to the increasing risk of heart failure or osteoporosis in patients exposed to regular treatments. 

The physiological background of these side effects is yet to be fully understood. 

Figure 7.1 Doxurobicin, prednisolone, and dexamethasone, three drugs containing an α-hydroxymethyl ketone moiety. 

 

Positron emission tomography (PET) provides in vivo data on the behavior of drugs and can 

participate in the decision-making process for a specific treatment for a given patient. This 

contributes to the emergence of personalized medicine for improved healthcare. PET has proven to 

be a useful tool in personalized medicine because of its ability to evaluate treatment outcome or 

possible complications of a specific treatment.2 To perform such evaluation, there is a need for 

radiolabelled analogues of drugs. Interestingly, there is no 11C-analogue of doxorubicin or 

prednisolone known. An interesting approach would be to establish a labeling strategy to label the 

α-hydroxymethyl ketone moiety in such drugs with carbon-11, thereby addressing an important class 

of coumpounds. Carbon-11 labeling strategies are limited by the short half-life of this isotope (t1/2 = 

20.3 min), hence only a few readily accessible building blocks can be used. A retrosynthetic analysis, 

applying umpolung principles, disconnects the α-hydroxymethyl ketone moiety in an electrophilic 

carbonyl a1 and its nucleophilic counterpart d1. By inverting the natural polarity of aldehydes, it is 

possible to create α-hydroxymethyl ketone from an accessible 11C-building block: [11C]CH2O (Scheme 

7.1). [11C]CH2O was previously synthetized from cyclotron-produced [11C]CO2. Reacting the [11C]CO2 

with LiAlH4 leads to its full reduction into [11C]CH3OH, which can be selectively oxidized to [11C]CH2O 

by silver.3 Alternatively, [11C]CH2O can be produced in high yield and selectivity starting from [11C]CH3I 

by treatment with trimethylamine N‐oxide.4 
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Scheme 7.1 Retrosynthetic and synthetic approaches towards hydroxymethylation  

 

From this retrosynthetic approach, different synthetic pathways are emerging to access α-

hydroxymethyl ketones (Scheme 7.1b). Organocatalytic methods have been reported, offering a one-

step route towards the target moiety.5 These methods heavily rely on the use of N-heterocyclic 

carbene (NHC) catalysts to reverse the natural reactivity of carbonyls. For long, the organocatalytic 

approaches required extensive reaction time of several hours, disqualifying them for applications 

with carbon-11. In the recent years, microwave-assisted protocols brought down reaction times,6 

thereby gaining interest for isotopic labelling with short-living isotopes. Alternatively, protected 

forms of aldehydes, can be synthetized. Umpolung reactivity can be achieved via Corey-Seebach 

reaction through the formation of dithioacetals,7 or using cyano silyl ethers as reactive 

intermediates.8 In both cases, the intermediates, bearing an acidic proton, reveal their nucleophilic 

character upon deprotonation. Such nucleophiles readily react with formaldehyde, yielding, after 

deprotection the desired α-hydroxymethyl ketones. 
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7.2 Organocatalysis approach 

Scheme 7.2 Reaction mechanism and catalysts synthesis 

 

First investigations were performed with NHC as organocatalysts to generate in-situ a Breslow 

intermediate directly from a given aldehyde.9 From a mechanistic perspective (Scheme 7.2a), the 

carbene first undergoes nucleophilic attack on an aldehyde, followed by a proton transfer and 

forming the Breslow intermediate. A second aldehyde can then be attacked by the in-situ formed 

intermediate. As highlighted by this mechanism, selectivity of such reaction can be a major challenge 

and the formation of homocoupled product can radically lower the reaction efficiency.10 Two 

catalysts of choice (compounds 2 and 6) are emerging from previous work5,6 on hydroxymethylation 

reactions and were synthesized according to scheme 7.2b. The azolium-2-carboxylate 2 is used a 

precatalalyst, being activated upon release of CO2 under microwave irradiation, revealing the free 

carbene as the active catalyst.6b The organocatalysts 2 and 6 were tested using benzaldehyde as 

starting material for preliminary evaluation (Table 7.1). 

Table 7.1 Reaction optimization with benzaldehyde 

 
Entry Conc. 7 (M) Catalyst Heating source (T) Reaction time 8 (GC-MS conv.) 

1 0.25 6 Oil bath (66 oC) 14 h 18 % 

2 0.25 6 MW (100 oC) 10 min traces 

3 3.3 6 MW (100 oC) 10 min 40 % 

4 3.3 2 MW (100 oC) 5 – 60 min traces 

 

The reaction was first carried out with heating by an oil bath, using the carbene precursor 6 in 

combination with 20 mol% of DIPEA, in THF at reflux (66 oC), and this led to poor conversion towards 
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product 8 (18 % after 14 h, entry 1), that was not compatible with the short reaction times required 

for 11C-radiochemistry. The first attempt to use microwave heating only led to traces of product 

formation within minutes (entry 2) but using a more concentrated reaction mixture (3.3 M) drastically 

increased the conversion to 40% in 15 min (entry 3). All attempts to use the precatalyst 2 were 

unsuccessful to yield the expected product (entry 4), therefore the organocatyst 6 was chosen to 

performed further optimization studies. Hydroxymethylation procedures are often performed in 

presence of an excess of paraformaldehyde (PFA), here it was important to lower the amount of 

paraformaldehyde used to one equivalent to better resemble labelling conditions, where [11C]CH2O 

would be the limiting reagent. This change in stoichiometry was expected to influence the amount of 

homocoupling product formed, therefore the reaction with octanaldehyde was studied as aliphatic 

aldehydes are more prone to homocoupling in such reactions (Table 7.2). 

Table 7.2 Reaction optimization with octanaldehyde 

 
Entry Conc. 9 (M) DIPEA (mol %) 6 (mol %) PFA (eq.) 10:11:9 (GC-MS conv.) 

1 3.3 20 10 3 55:30:15 

2 3.3 20 10 1 41:41:17 

3 3.3 50 25 1 53:27:11 

4 3.3 100 50 1 47:28:9 

5 0.2 100 50 1 29:33:38 

 

As anticipated, reducing from 3 eq. of paraformaldehyde to 1 eq. resulted in an increase of 

homocoupling towards the formation of 11 (entries 1 and 2). Increasing the amount of catalyst and 

base used allow to compensate for this loss in selectivity (entries 3 and 4). Unfortunately, using a 

more diluted reaction mixture resulted in a combined loss in conversion and selectivity (entry 5).  

Scheme 7.3 Synthesis of the prednisolone precursor 

 
a) NaBH4, MeOH, 1.5 h, 0 oC. b) NaIO4, MeOH/H2O, 2 h, rt. c) TMSCl, DIPEA, DMF, 2 h, rt. 



Chapter 7 

 

113 

7 

Next, the synthesis of the suitable aldehyde precursor for prednisolone labelling was performed. 

Starting from prednisolone, the hydroxymethylketone functionality was efficiently reduced by NaBH4 

into the corresponding diol 12 in satisfactory yield (95%). Next the oxidative cleavage to 13, the 

prednisolone-aldehyde of interest, was performed in 50% isolated yield, using NaIO4 as oxidant. A 

significant amount of ketone 14 was formed during this reaction varying from 52% to 37% (based on 
1H-NMR). The presence of free alcohols was envisioned to be potentially troublesome for further 

transformation, hence the protection of 13 with TMS protecting group was performed, to yield 15. 

Unfortunately, performing the reaction starting from prednisolone derivatives, with or without 

alcohol groups protected, did not yield the expected products. Similarly, reacting a less functionalized 

steroid (synthesized via an adapted route from scheme 7.3), did not lead to product formation (Figure 

7.2). The lack of reactivity observed for the steroids was attributed to the steric hindrance induced 

by the steroidal structure, notably the adjacent quaternary carbon centers. 

Figure 7.2 Unreactive steroids tested under optimized organcatalyzed hydroxymethylation conditions 

 

7.3 Correy-Seebach approach 

Despite of the lack of reactivity observed in organocatalyzed hydroxymethylation reactions for the 

substrates of interest, stepwise approaches were considered. Preliminary results focused later 

investigations on the use of the Corey-Seebach reaction instead of synthetic routes using cyano silyl 

ethers. This choice was driven by the accessibility, stability and possibility of purifying the dithiane 

intermediate by column chromatography, as opposed to cyano silyl ethers that were water-sensitive 

and unstable when subjected to column chromatography. The Corey-Seebach reaction allows for the 

isolation of stable dithiane intermediates. Subsequent deprotonation with a strong base yields a 

highly reactive intermediate which readily attacks electrophiles.11 First attempts on a model 

substrate 16 confirmed the feasibility of such procedure, using paraformaldehyde as electrophile 

(Scheme 7.4). To envision this strategy for radiolabelling purposes, it is essential to optimize the 

deprotection step and keep the overall procedure time to its minimum. To achieve a fast, one-pot, 

reaction / deprotection sequence, a deprotection method employing SelectFluor™ was tested but 

led to multiple product formation.12 Alternatively, the oxidative cleavage of the dithiane with NCS 
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and AgNO3 was attempted13 and afforded 19 in high selectivity and full conversion, based on GC-MS, 

within 5 min. thereby being applicable in the context of radiolabelling with 11C. 

Scheme 7.4 Corey-Seebach approach on a test substrate  

 
a) 1,3-propanedithiol, BF3

.Et2O, 14 h, rt. b) nBuLi, THF, 30 min, -78 oC. c) PFA, 10 min, -78 oC to rt. d) NCS, AgNO3 

Aiming to adapt the synthesis route presented in scheme 7.3 for the synthesis of prednisolone, the 

synthesis of the corresponding dithiane compound was attempted starting from 13. Using a standard 

Lewis acid assisted method was unsuccessful and yielded the ketone 14, product of the retro-aldol 

reaction. To avoid the formation of 14, the TMS-protected compound 15 was used but, once again, 

the expected dithiane protected compound was not observed at the end of the reaction. At this stage, 

it can only be assumed that further optimisation of the dithiane protection reaction, in combination 

with the appropriate choice of protecting groups, would eventually allow for the formation of a 

suitable precursor for prednisolone via this synthetic route. 

7.4 Conclusion and outlook 

In conclusion, the two synthetic routes were explored for the late stage functionnalisation of 

prednisolone with a formaldehyde surrogate, but they did not afford the expected product. Hence 

the labelling was not attempted with [11C]CH2O at this stage. In this work, the synthesis and reactivity 

of prednisolone precursors were found to be a major limitation. Nonetheless, the synthesis of an 

aldehyde prednisolone-precursor is presented and can be of value for further investigation on late-

stage functionalisation with formaldehyde. It appears that the steroid aldehydes are unreactive 

under standard hydroxymethylation reaction conditions, therefore a new catalyst screening could be 

performed directly on steroids to find a suitable catalyst for this type of structure. The high 

concentrations necessary to obtain significant conversion towards the hydroxymethylated product 

might also be of concern when translating this methodology into a radiolabelling producdure, where 

[11C]CH2O will be available in very limited amount. Further investigation on the synthetic route using 

cyano silyl ethers could also be an interesting path to follow. Here we discarded this approach as the 

cyano silyl ether was obtained as a mixture with the starting material, thereby leading to multiple 

product formation upon deprotonation with a strong base follow by quenching with an electrophile. 

Isolation by column chromatography could be achieved by introducing more stable cyano silyl ethers 

(e. g. TIPS or TBDMS groups), hence having a pure precursor to start with for the crucial synthesis 

step. 
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7.6 Experimental section 

 

1,3-dimesityl-4,5-dihydro-1H-imidazol-3-ium-2-carboxylate (2) 

In a dry Schlenk flask under N2, 1,3-Bis(2,4,6-

trimethylphenyl)imidazolinium chloride (2.03 g, 5.93 mmol, 1.00 eq) and 

KHMDS (1.24 g, 6.23 mmol, 1.05 eq) were dissolved in 70 mL of dry 

Toluene. The reaction mixture was stirred for 3 h at rt and was then 

filtered over celite under N2 atmosphere into another dry Schlenk flask. CO2 (g) was then bubbled into the filtrate 

for 45 min. forming a white precipitate. The precipitate was filtered, washed with 3 x 20 mL of Et2O and dried 

under vacuo to afford the title compound as a white solid (1.45 g, 70 % yield). 1H NMR (400 MHz, DMSO-d6) δ 

7.86 (s, 2H), 7.08 (s, 4H), 2.32 (s, 6H), 2.09 (s, 12H). The spectral data is in accordance with the literature.1 

 

2-bromocycloheptan-1-one (4) 

Cycloheptanone (7.1 mL, 60 mmol, 1.0 eq) and p-Toluenesulfonic acid monohydrate (1.1 g, 6.0 

mmol, 0.1 eq) were dissolved in 50 mL of DCM, N-Bromosuccinimide (11 g, 60 mmol, 1.0 eq) was 

added portionwise and the reaction mixture was stirred overnight at rt. 200 mL of H2O were added. 

Phases were separated and the aqueous phase was extracted with 3 x 100 mL. The combined organic phases 

were dried over Na2SO4, filtered, the solvent was evaporated, and the crude mixture was purified by column 

chromatography to afford the title compound (7.5 g, 86 % yield). 1H NMR (400 MHz, CDCl3) δ 4.38 (dd, J = 9.6, 

                                                                 
1 E. Papadaki, L. Delaude, V. Magrioti, Tetrahedron 2017, 73, 7295-7300 
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5.1 Hz, 1H), 2.92 – 2.78 (m, 1H), 2.54 – 2.43 (m, 1H), 2.42 – 2.29 (m, 1H), 2.06 – 1.86 (m, 3H), 1.82 – 1.68 (m, 1H), 

1.63 – 1.50 (m, 2H), 1.45 – 1.31 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 208.94, 56.37, 42.06, 36.92, 32.24, 29.48, 

27.63. The spectral data are in accordance with the literature.2 

 

 3-mesityl-3,4,5,6,7,8-hexahydro-2H-cyclohepta[d]thiazole-2-thione (5) 

2,4,6-trimethylaniline (5.5 mL, 39 mmol, 1.0 eq) and NaOH (1.6 g, 39 mmol, 1.0 eq) were 

dissolved in 50 mL of DMSO, CS2 (2.3 mL, 39 mmol, 1.0 eq) was added and α-

bromocycloheptanone (7.3 g, 39 mmol, 1.0 eq) was added dropwise. The reaction mixture 

was stirred at rt for 48 h. 100 mL was added and the precipitate was filtered. The 

precipitate was dissolved in 100 mL of EtOH, then 5 mL of conc. HCl aq. sol. (37%) was 

added dropwise, and the reaction mixture was stirred for 1 h under reflux. After cooling 

the reaction mixture to 0 °C, 100 mL of H2O were added, the precipitate was filtered and dried in vacuo. The 

product was used without further purification in the subsequent step. 

 

3-mesityl-5,6,7,8-tetrahydro-4H-cyclohepta[d]thiazol-3-ium perchlorate (6) 

3-mesityl-3,4,5,6,7,8-hexahydro-2H-cyclohepta[d]thiazole-2-thione was suspended in 

120 mL of acetic acid and 30% H2O2 (6.9 mL, 0.13 mol, 3.3 eq) was added dropwise and 

the reaction mixture was stirred for 1 h at rt. Volatiles were removed under air flow at 

45°C. The residue was dissolved in 20 mL of MeOH and NaClO4 (13 g, 0.16 mol, 4.0 eq) 

was added dropwise at 0 °C as a 100 mL solution in MeOH/H2O (2/1), the reaction mixture 

was stirred at rt for 1 h. 100 mL of H2O and 200 mL of DCM were added. The phases were separated and the 

aqueous layer was extracted with 4 x 100 mL of DCM. The combined organic layers were dried over Na2SO4, 

filtered and the solvent was evaporated in vacuo. Et2O was added to the crude residue and the mixture was 

sonicated to give a beige precipitate, the precipitate was filtered and washed with 3 x 20 mL of Et2O yielding the 

title compound as a beige solid (6.0 g, 42 % yield). 1H NMR (400 MHz, CDCl3) δ 9.66 (s, 1H), 7.06 (s, 2H), 3.18 – 

3.09 (m, 2H), 2.59 – 2.51 (m, 2H), 2.37 (s, 3H), 1.97 (s, 6H), 1.93 – 1.85 (m, 1H), 1.71 – 1.61 (m, 2H). 13C NMR (101 

MHz, CDCl3) δ 158.32, 150.43, 144.83, 143.53, 136.65, 135.48, 132.85, 33.50, 30.86, 29.51, 29.35, 28.27, 23.83, 

19.99. The spectral data are in accordance with the literature.3 

 

2-hydroxy-1-phenylethan-1-one (8) 

In a dry microwave vial was added benzaldehyde (0.10 mL, 1.0 mmol, 1.0 eq), organocatalyst 6 

(37 mg, 0.1 mmol, 0.1 eq), DIPEA (33 μL, 0.2 mmol, 0.2 eq) and paraformaldehyde (90 mg, 3.0 

mmol, 3.0 eq) in 0.3 mL of dry THF. The vial was sealed and heated in the microwave for 15 min 

at 100°C (max. power: 50 W). After cooling to room temperature, the solvent was evaporated 

under reduced pressure. The residue was taken up with CH2Cl2 (15 mL) and H2O (15 mL). The aqueous layer was 

extracted twice with CH2Cl2 (2 x 15 mL). The combined organic layers were dried over anhydrous Na2SO4 and the 

solvent was removed under reduced pressure. The product was purified by column chromatography (eluent: 

Pentane/EtOAc: 90/10 to 50/50). 1H NMR (400 MHz, CDCl3) δ 8.02 – 7.87 (m, 2H), 7.67 – 7.59 (m, 1H), 7.54 – 

7.49 (m, 2H), 4.89 (s, 2H), 3.52 (bs, 1H). The spectral data is in accordance with the literature.4 

 

1-hydroxynonan-2-one (10) 

In a dry microwave vial was added octanal (0.16 mL, 1.0 mmol, 1.0 eq), 

organocatalyst 6 (92 mg, 0.25 mmol, 0.25 eq), DIPEA (83 μL, 0.5 mmol, 0.5 eq) 

and paraformaldehyde (30 mg, 1.0 mmol, 1.0 eq) in 0.3 mL of dry THF. The vial was sealed and heated in the 

microwave for 10 min at 100°C (max. power: 50 W). After cooling to room temperature, the solvent was 

                                                                 
2 M. Draskovits, H. Kalaus, C. Stanetty, M. D. Mihovilovic, Chem. Commun. 2019, 55, 12144-12147 
3 N. Kuhl, F. Glorius, Chem. Commun. 2011, 47, 573-575 
4 J. M. William, M. Kuriyama, O. Onomura, Adv. Synth. Catal. 2014, 356, 934-940 
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evaporated under reduced pressure. The residue was taken up with CH2Cl2 (15 mL) and H2O (15 mL). The 

aqueous layer was extracted twice with CH2Cl2 (2 x 15 mL). The combined organic layers were dried over 

anhydrous Na2SO4 and the solvent was removed under reduced pressure. The product was purified by column 

chromatography (eluent: Pentane/EtOAc: 90/10 to 50/50). 1H NMR (400 MHz, CDCl3) δ 4.23 (s, 2H), 3.12 (bs, 1H), 

2.40 (t, J = 7.5 Hz, 2H), 1.63 (p, J = 7.5 Hz, 2H), 1.34 – 1.22 (m, 8H), 0.92 – 0.84 (m, 3H). 13C NMR (101 MHz, CDCl3) 

δ 212.54, 70.72, 41.09, 34.24, 31.80, 31.58, 26.39, 25.22, 16.68. The spectral data are in accordance with the 

literature.5 

 

20β-hydroxy-prednisolone (12) 

Prednisolone (0.20 g, 0.55 mmol, 1.0 eq) was dissolved in 10 mL of MeOH, 

NaBH4 (23 mg, 0.61 mmol, 1.1 eq) was added at 0 °C and the reaction mixture 

was stirred for 1.5 h at 0 °C. The solvent was evaporated in vacuo. The crude 

residue was dissolved in 50 mL of EtOAc, 20 mL of H2O were added and acidified 

with 20 mL 1M HCl aq. sol. Phases were separted and the aqueous layer was 

extracted further with 3 x 50 mL of EtOAc. The combined organic layers were 

dried over Na2SO4, filtered and the solvent was removed in vacuo, affording the title compound as a white solid 

(0.19 g, 95 % yield). 1H NMR (400 MHz, DMSO-d6) δ 7.30 (d, J = 10.1 Hz, 1H), 6.13 (dd, J = 10.1, 1.9 Hz, 1H), 5.94 

– 5.83 (m, 1H), 5.73 (s, 1H), 4.52 (d, J = 3.4 Hz, 1H), 4.33 (s, 1H), 4.27 – 4.10 (m, 1H), 4.09 – 3.92 (m, 1H), 3.64 – 

3.49 (m, 1H), 3.49 – 3.33 (m, 2H), 3.31 (s, 1H), 2.31 – 2.22 (m, 1H), 2.07 – 1.92 (m, 2H), 1.92 – 1.85 (m, 1H), 1.76 

– 1.40 (m, 4H), 1.38 (s, 3H), 1.15 (s, 3H), 1.03 – 0.75 (m, 4H). The spectral data are in accordance with the 

literature.6 

 

(8S,9S,10R,11S,13S,14S,17R)-11,17-dihydroxy-10,13-dimethyl-3-oxo-

6,7,8,9,10,11,12,13,14,15,16,17-dodecahydro-3H-cyclopenta[a]phenanthrene 

-17-carbaldehyde (13) 

12 (0.50 g, 1.4 mmol, 1.0 eq) was dissolved in 30 mL of MeOH, NaIO4 (0.34 g, 1.5 

mmol, 1.1 eq) was added dropwise as a 10 mL solution in H2O at 0°C. The 

reaction mixture was stirred at rt for 2 h. MeOH was evaporated in vacuo, The 

residual aqueous layer was extracted with 3 x 20 mL of EtOAc. The combined organic layers were dried over 

Na2SO4, filtered and the solvent was evaporated in vacuo. The crude product was purified by column 

chromatography (DCM/MeOH : 98/2) to afford the title compound as a white solid in 50% yield. 1H NMR (400 

MHz, CDCl3) δ 9.78 (s, 1H), 7.23 (d, J = 10.1 Hz, 1H), 6.25 (dd, J = 10.1, 1.9 Hz, 1H), 6.01 (t, J = 1.7 Hz, 1H), 4.47 (q, 

J = 3.3 Hz, 1H), 3.43 (s, 1H), 2.67 – 2.44 (m, 2H), 2.34 (ddd, J = 13.4, 4.9, 2.0 Hz, 1H), 2.25 – 2.06 (m, 2H), 2.05 – 

1.97 (m, 1H), 1.93 (dd, J = 14.3, 3.7 Hz, 1H), 1.72 – 1.52 (m, 3H), 1.45 (s, 3H), 1.34 (dd, J = 14.2, 2.6 Hz, 1H), 1.28 

(s, 3H), 1.22 – 1.14 (m, 1H), 1.09 (dd, J = 11.2, 3.5 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 208.25, 189.18, 172.47, 

158.66, 130.56, 125.14, 90.13, 72.85, 57.73, 54.08, 53.19, 46.65, 42.51, 36.63, 35.16, 34.65, 33.24, 27.81, 23.75, 

20.59. 

 

Note : Substantial amount of 11β-hydroxy-1,4-androstene-3,17-dione (14) could be 

isolated from the synthesis of 13. 1H NMR (400 MHz, DMSO-d6) δ 7.30 (d, J = 10.1 

Hz, 1H), 6.14 (dd, J = 10.1, 1.9 Hz, 1H), 5.91 (t, J = 1.6 Hz, 1H), 4.81 (d, J = 3.4 Hz, 1H), 

4.23 (t, J = 3.3 Hz, 1H), 3.30 (s, 1H), 2.60 – 2.51 (m, 1H), 2.39 (dd, J = 18.5, 8.8 Hz, 

1H), 2.31 (ddd, J = 13.2, 4.9, 1.9 Hz, 1H), 2.21 – 2.04 (m, 2H), 2.01 – 1.82 (m, 2H), 

1.79 (dd, J = 13.9, 2.6 Hz, 1H), 1.56 (tt, J = 12.1, 8.6 Hz, 1H), 1.39 (s, 3H), 1.25 (dd, J = 

13.8, 3.3 Hz, 1H), 1.21 – 1.13 (m, 1H), 1.04 (s, 3H), 0.95 (dd, J = 11.1, 3.4 Hz, 1H). 13C NMR (101 MHz, DMSO-d6) 

                                                                 
5 A. Wissner, J. Org. Chem. 1979, 44 (25), 4617-4622 
6 S. Costa, F. Zappaterra, D. Summa, B. Semeraro, G. Fantin, Molecules 2020, 25 (9), 2192 
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δ 221.61, 188.23, 173.37, 159.64, 130.24, 124.80, 71.22, 58.54, 58.02, 53.77, 49.61, 46.87, 37.90, 35.55, 34.22, 

33.53, 24.58, 24.02, 18.50. The spectral data are in accordance with the literature.7 

 

(8S,9S,10R,11S,13S,14S,17R)-10,13-dimethyl-3-oxo-11,17-

bis((trimethylsilyl)oxy)-6,7,8,9,10,11,12,13,14,15,16,17-dodecahydro-3H-

cyclopenta[a]phenanthrene-17-carbaldehyde (15) 

In a dry Schlenk flask under N2 atmosphere, 13 (0.11 g, 0.32 mmol, 1.0 eq) 

was dissolved in 5 mL of dry DMF, DIPEA (1.1 mL, 6.4 mmol, 20 eq) was added 

and TMSCl (0.6 mL, 4.8 mmol, 15 eq) was added dropwise. The reaction 

mixture was stirred overnight at rt 100 mL of H2O was added to quench the reaction mixture which was extracted 

with 3 x 50 mL of EtOAC. The combined organic layer was washed with 3x50 mL of H2O, dried over Na2SO4, 

filtered and the solvent was evaporated to afford the title compound as a white solid (110 mg, 72% yield) 1H 

NMR (400 MHz, CDCl3) δ 9.56 (s, 1H), 6.26 (dd, J = 10.0, 1.9 Hz, 1H), 6.01 (t, J = 1.7 Hz, 1H), 4.45 (d, J = 3.2 Hz, 

1H), 2.53 (ddd, J = 15.1, 11.8, 3.9 Hz, 2H), 2.40 – 2.20 (m, 1H), 2.20 – 2.01 (m, 2H), 1.92 (dd, J = 14.1, 3.5 Hz, 1H), 

1.83 – 1.69 (m, 1H), 1.67 – 1.47 (m, 3H), 1.47 – 1.38 (m, 1H), 1.36 (s, 3H), 1.32 – 1.18 (m, 1H), 1.18 – 1.08 (m, 

1H), 1.03 (dd, J = 10.9, 3.2 Hz, 1H), 0.92 (s, 3H), 0.17 (s, 9H), 0.07 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 205.63, 

189.04, 172.79, 158.19, 130.68, 125.11, 93.49, 73.81, 58.86, 54.14, 51.49, 46.54, 41.45, 36.76, 34.69, 33.62, 

33.09, 26.80, 23.18, 19.61, 4.30, 3.66. 

 

2-(1-phenylethyl)-1,3-dithiane (17) 

In a dry Schlenk were dissolved 2-phenylpropanal (0.50 mL, 3.7 mmol, 1.0 eq) and propane-1,3-

dithiol (0.56 mL, 5.6 mmol, 1.5 eq) in 5 mL of dry DCM. BF3
.Et2O (0.91 mL, 7.4 mmol, 2.0 eq) was 

added dropwise at 0°C and the reaction mixture was stirred overnight at rt. 20 mL of H2O were 

added to quench the reaction mixture which was extracted with 3 x 20 mL of DCM. The combined 

organic layer was washed with 20 mL of 0.2M aq. sol. NaOH followed by 20 mL of H2O. The 

organic layer was dried over Na2SO4, filtered and the solvent was evaporated to afford a crude mixture that was 

purified by column chromatography (Pentane/EtOAc : gradient from 100/0 to 95/5) to afford the title compound 

(0.71 g, 85% yield). 1H NMR (400 MHz, CDCl3) δ 7.38 – 7.22 (m, 5H), 4.26 (d, J = 7.5 Hz, 1H), 3.09 (p, J = 7.2 Hz, 

1H), 2.91 – 2.76 (m, 4H), 2.14 – 2.02 (m, 1H), 1.89 – 1.73 (m, 1H), 1.48 (d, J = 7.1 Hz, 3H). 13C NMR (101 MHz, 

CDCl3) δ 145.67, 130.92, 130.36, 129.75, 57.61, 47.52, 33.69, 33.29, 28.50, 21.30. The spectral data are in 

accordance with the literature.8 

 

1-hydroxy-3-phenylbutan-2-one (19) 

In a dry microwave vial was added 2-Phenylpropanal (0.13 g, 1.0 mmol, 1.0 eq), organocatalyst 

6 (37 mg, 0.1 mmol, 0.1 eq), DIPEA (33 μL, 0.2 mmol, 0.2 eq) and paraformaldehyde (90 mg, 

3.0 mmol, 3.0 eq) in 0.3 mL of dry THF. The vial was sealed and heated in the microwave for 

15 min at 100°C (max. power: 50 W). After cooling to room temperature, the solvent was 

evaporated under reduced pressure. The residue was taken up with CH2Cl2 (15 mL) and H2O 

(15 mL). The aqueous layer was extracted twice with CH2Cl2 (2 x 15 mL). The combined organic layers were dried 

over anhydrous Na2SO4 and the solvent was removed under reduced pressure. The product was purified by 

column chromatography (eluent: Pentane/EtOAc: 90/10 to 50/50). 1H NMR (400 MHz, CDCl3) δ 7.38 – 7.31 (m, 

2H), 7.31 – 7.27 (m, 1H), 7.24 – 7.19 (m, 2H), 4.20 (s, 2H), 3.77 (q, J = 7.0 Hz, 1H), 2.98 (bs, 1H), 1.48 (d, J = 7.0 

Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 212.74, 142.00, 131.77, 130.36, 130.29, 69.47, 51.89, 19.83. The spectral 

data are in accordance with the literature.9  

                                                                 
7 F. Sommer, C. O. Kappe, D. Cantillo, Chem. Eur. J. 2021, 27 (19), 6044-6049 
8 P. D. Dharpure, A. Bhowmick, P. K. Warghude, R. G. Bhat, Tetrahedron Lett. 2020, 61 (3), 151407 
9 E. Papadaki, V. Magrioti, Tetrahedron Lett. 2020, 61 (4), 151419 
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Starting from 17 (112 mg, 0.5 mmol, 1.0 eq) dissolved in 2 mL of dry THF, n-BuLi (0.38 mL, 0.6 mmol, 1.2 eq) was 

added dropwise at -78 oC and the reaction mixture was stirred at -78 oC for 30 min. Paraformaldehyde (45 mg, 

1.5 mmol, 3.0 eq) was added and the reaction mixture was allowed to warm up to rt over 10 min, after which a 

premixed solution of N-Chlorosuccinimide (0.33 mg, 2.5 mmol, 5.0 eq) and AgNO3 (0.43 g, 2.5 mmol, 5.0 eq) in 

2 mL of MeCN/H2O (1/1) was added and the reaction mixture was stirred for 5 min at rt before being filtered 

and analysed by GC-MS. 
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