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a-Diazo carbonyl compounds have proved to be useful alkylation 
reagents,1,2 and their transition metal activation is of a special 
interest due to atom- and step-economy. Recently, we have reported 
selective C–H alkylation of 6-arylpurines using diethyl diazo
malonate or methyl 2-diazo-3,3,3-trifluoropropionate as the second 
coupling partner.3 This reaction proceeded under chelation-
assistance of the purine core that provided high regioselectivity 
at the ortho-position of aryl substituent.4 Catalyst screening showed 
that the dimeric rhodium complex [Cp*RhCl2]2 is the best one. 
On the one example, we have demonstrated the possibility of 
consecutive double alkylation of 9-isopropyl-6-phenyl-9H-purine 
with two different α-diazo carbonyl compounds, primarily with 
diethyl diazomalonate and then with methyl 2-diazo-3,3,3-tri
fluoropropionate (Scheme 1). The corresponding dialkylation 
product 1 was obtained as a mixture of diastereomers in 47% yield.3

In the present work, we reinvestigated the synthesis of com
pound 1 using the reverse sequence of α-diazo carbonyl compounds 
(Scheme 2) when intermediate 2-aryl-3,3,3-trifluoropropionate 3 

was reacted with diazomalonate. The mixture of [Cp*RhCl2]2 
(2.5 mol%) and AgSbF6 (10 mol%) was used as a catalytic system 
without the addition of pivalic acid because this additive would 
not considerably impact the yield.3 Unexpectedly, along with target 
compound 1, the product 2 of double insertion of diethyl diazo
malonate was isolated in 22% yield at the second stage. A double 
set of all characteristic signals that corresponded to a mixture of 
two diastereomers has been observed in a ratio 1 : 3 in 1H and 
13C NMR spectra of 2. The structure of 2 was ultimately estab
lished by X-ray diffraction (Figure 1).† Similarly to compound 1, 
the aryl substituent in 2 is not coplanar with the purine moiety; 
the dihedral angle being 66.0 º. At the same time, the C(19)−C(37) 
bond in 2 (1.557 Å) is considerably longer than in 1 (1.518 Å), 
which can be caused by electron-withdrawing and steric effects 
of additional malonate moiety.

To study the pathway for the formation of pentaester 2, we initi
ally proposed two possible pathways, namely, simple electrophilic 
metal carbenoid insertion into the Csp3  - H bond of compound  1 
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Scheme  1  Reagents and conditions: i, [Cp*RhCl2]2 (2.5 mol%), 
AgSbF6 (10 mol%), ButCO2H (50 mol%), 1,2-dichloroethane, 80  °C, 4 h; 
ii, [Cp*RhCl2]2 (2.5 mol%), AgSbF6 (10 mol%), 1,2-dichloroethane, 
80 °C, 4 h (see ref. 3).
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Scheme  2  Reagents and conditions: i, [Cp*RhCl2]2 (2.5 mol%), AgSbF6 
(10 mol%), 1,2-dichloroethane, 80 °C, 4 h; ii, [Cp*RhCl2]2 (2.5 mol%), 
AgSbF6 (10 mol%), 1,2-dichloroethane, 85−95 °C, 4 h.
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(Scheme 3, pathway a) or preliminary formation of tetraethyl 
ethene-1,1,2,2-tetracarboxylate from diethyl diazomalonate with 
its subsequent addition to intermediate 3,3,3-trifluoro-2-[2-(9-iso
propyl-9H-purin-6-yl)phenyl]propanoate 3 via Csp2  - H activation 
process (pathway b). Noteworthy, the alkene formation under 
thermal decomposition of dialkyl diazomalonates8 as well as the 
Rh-catalyzed alkylation of arenes with alkenes have been known.9 
To verify the second pathway, we treated compound 3 with electron-
deficient O1,O1-diethyl O2-methyl 3,3,3-trifluoroprop-1-ene-1,1,2
tricarboxylate,10 which is closely related to tetraethyl ethene-
1,1,2,2-tetracarboxylate, in the presence of [Cp*RhCl2]2 (2.5 mol%) 
and AgSbF6 (10  mol%). Only starting materials were isolated 
after the processing, which would confirm that pathway a is more 
plausible. Indeed, the reaction of 1 with diethyl diazomalonate 
occurred under the same conditions to afford compound 2 in 72% 
yield. To elucidate the selectivity of the diethyl diazomalonate 
insertion, we performed the DFT calculations at the B3LYP/DZP 
level (Table 1). It was found that, in general, the CH proton at the 
malonate moiety is more acidic than that of trifluoropropionate 
(entries 1 vs. 2 and 3 vs. 4), suggesting more nucleophilic nature 
of carbon atom in the first case. To the best of our knowledge, 
metal carbenoid insertion without chelation-assistance of directing 
groups preferably proceeds via an electrophilic attack on the most 
nucleophilic site of organic compounds.11 Although the deproto
nation of malonates and trifluororopionates is endothermic, the 
proton elimination at CH group of the malonate moiety of 
compound 1 is less endothermic (entry 3), thus additionally con
firming the reaction pathway a.

In summary, we demonstrated the feasibility of multiple alky
lation of 6-arylpurines with α-diazo carbonyl compounds. It was 
shown that the first and second functionalizations proceed via 
C–H activation of ortho-hydrogen atoms of aryl substituent under 
chelation-assistance of the purine core, while the third alkylation 
occurs as a result of simple electrophilic metal carbenoid insertion 
to the C−H bond of the malonate moiety.

This work was supported by the Russian Foundation for Basic 
Research (grant no. 19-53-45035). The X-ray diffraction studies 

were performed with the financial support from the Ministry of 
Science and Higher Education of the Russian Federation using 
the equipment of Center for Molecular Composition Studies of 
INEOS RAS.

Online Supplementary Materials
Supplementary data associated with this article can be found 

in the online version at doi:10.1016/j.mencom.2020.07.029.

References

  1	 (a) A. Ford, H. Miel, A. Ring, C. N. Slattery, A. R. Maguire and 
M.  A.  McKervey, Chem. Rev., 2015, 115, 9981; (b) T. Ye and 
M. A. McKervey, Chem. Rev., 1994, 94, 1091.

  2	 (a) L. Zhang, J. Zhao, Q. Mou, D. Teng, X. Meng and B. Sun, Adv. Synth. 
Catal., 2020, 362, 955; (b) Ł. W. Ciszewski, J. Durka and D. Gryko, 
Org. Lett., 2019, 21, 7028; (c) S. S. Kuvshinova, A. F. Smol’yakov, 
D. V. Vorobyeva, S. N. Osipov and D. A. Loginov, Mendeleev Commun., 
2018, 28, 359; (d ) L. Wang, Z. Li, X. Qu, W. M. Peng, S. Q. Hu and 
F. Wang, Russ. J. Gen. Chem., 2018, 88, 758; (e) S.-Y. Yan, P.-X. Ling 
and B.-F. Shi, Adv. Synth. Catal., 2017, 359, 2912; (  f  ) I. E. Iagafarova, 
D. V. Vorobyeva, D. A. Loginov, A. S. Peregudov and S. N. Osipov, Eur. 
J. Org. Chem., 2017, 840.

  3	 D. V. Vorobyeva, M. M. Vinogradov, Y. V. Nelyubina, D. A. Loginov, 
A. S. Peregudov and S. N. Osipov, Org. Biomol. Chem., 2018, 16, 2966.

  4	 C. Sambiagio, D. Schönbauer, R. Blieck, T. Dao-Huy, G. Pototschnig, 
P.  Schaaf, T. Wiesinger, M. F. Zia, J. Wencel-Delord, T. Besset, 
B. U. W. Maes and M. Schnürch, Chem. Soc. Rev., 2018, 47, 6603.

  5	 O. V. Dolomanov, L. J. Bourhis, R. J. Gildea, J. A. K. Howard and 
H. Puschmann, J. Appl. Crystallogr., 2009, 42, 339.

  6	 G. M. Sheldrick, Acta Crystallogr., Sect. A: Found. Adv., 2015, 71, 3.
  7	 G. M. Sheldrick, Acta Crystallogr., Sect. A: Found. Adv., 2008, 64, 112.
  8	 (a) M. Pomerantz, M. Levanon, X. Gu and H. V. Rasika Ditts, 

Tetrahedron, 1997, 53, 10019; (b) D. S. Wulfman, B. W. Peace and 
R. S. McDaniel, Jr., Tetrahedron, 1976, 32, 1251.

  9	 (a) R. Yoshimoto, Y. Usuki and T. Satoh, Chem. - Asian J., 2020, 15, 802; 
(b) S. Hazra, K. Hirano and M. Miura, Asian J. Org. Chem., 2019, 8, 1097; 
(c) R. Yoshimoto, Y. Usuki and T. Satoh, Chem. Lett., 2019, 48, 461.

10	 A. S. Golubev, P. V. Pasternak, A. F. Shidlovskii, L. N. Saveleva, 
B. B. Averkiev, V. N. Nesterov, M. Yu. Antipin, A. S. Peregudov and 
N. D. Chkanikov, J. Fluorine Chem., 2002, 114, 63.

11	 (a) Y. Liu, C. Zhou, M. Xiong, J. Jiang and J. Wang, Org. Lett., 2018, 20, 
5889; (b) I. E. Iagafarova, D. V. Vorobyeva, A. S. Peregudov and 
S.  N.  Osipov, Eur. J. Org. Chem., 2015, 4950; (c) I. E. Tsyshchuk, 
D. V. Vorobyeva, A. S. Peregudov and S. N. Osipov, Eur. J. Org. Chem., 
2014, 2480; (d ) H. M. L. Davies and J. R. Manning, Nature, 2008, 451, 
417; (e) H. M. L. Davies and S. J. Hedley, Chem. Soc. Rev., 2007, 36, 1109.

Received: 26th February 2020; Com. 20/6143

C(18)

C(17)

C(35)

C(34)

C(33)

C(36)

C(37)

C(25) C(24)

C(13)
C(12)

C(14)

C(8)

C(6)C(5)

C(4)

C(2)

C(21)
C(22)

C(29)

C(28)

C(31)

C(32)

C(23)

C(30)

C(27)
C(26)

C(20)

C(19)
C(11)

C(15)

C(16)
O(1)

O(2)
O(3)

O(4)

O(5)
O(6)

O(9) O(10)

O(7)

O(8)N(1)

N(3)

N(9)

N(7)

F(3)

F(2)

F(1)

Figure  1  Molecular structure of 2 with atoms shown as thermal ellipsoids 
at 50% probability level. Hydrogen atoms are omitted for clarity.

Scheme  3

Table  1  Calculated reaction energies of deprotonation of malonate and 
trifluoropropionate moieties in alkylation products at the B3LYP/DZP level 
with corrections for solvation in 1,2-dichloroethane (the COSMO model).a

Entry Reaction ∆E/ kcal mol–1

1 [Pur-CH(COOEt)2] + H2O ® [Pur-C(COOEt)2]– + 
[H3O]+

   69.46

2 [Pur-CH(CF3)(COOMe)] (3) + H2O ® 
[Pur-C(CF3)(COOMe)]– + [H3O]+

   70.74

3 [Pur-CH(COOEt)2CH(CF3)(COOMe)] (1) + H2O ® 
[Pur-C(COOEt)2CH(CF3)(COOMe)]– + [H3O]+

   69.25

4 [Pur-CH(COOEt)2CH(CF3)(COOMe)] (1) + H2O ® 
[Pur-CH(COOEt)2C(CF3)(COOMe)]– + [H3O]+

   71.41

a Pur is 2-(9-isopropyl-9H-purin-6-yl)phenyl; the eliminated proton is 
marked red.

† Crystal data for 2. C32H37F3N4O10 (M = 694.65), monoclinic, space group 
P21/c, at 120 K: a = 13.5252(6), b = 10.1119(5) and c = 24.7730(11) Å, 
b = 100.3370(10)°, V = 3333.1(3) Å3, Z = 4, dcalc = 1.384 g cm−3, m(MoKa) = 
= 1.94 cm−1, F(000) = 1456. Total of 55759 reflections were collected (7277 
independent reflections, Rint = 0.0781) and used in the refinement, which 
converged to wR2 = 0.1226 and GOOF = 1.018 for all the independent reflec
tions [R1 = 0.0452 was calculated for 5187 reflections with I>2s(I )].
	 The X-ray diffraction data were collected with a Bruker APEX2 CCD 
diffractometer (MoKa radiation,  l = 0.71072 Å, graphite monochromator). 
Raw data were integrated, scaled, merged, and corrected for Lorentz-polari
zation effects using the APEX2 package. Using Olex2,5 the structure was 
solved with the ShelXT structure solution program6 using Intrinsic Phasing 
and refined with the XL refinement package7 using Least-Squares mini
misation in the anisotropic approximation for non-hydrogen atoms. 
	 CCDC 1983328 contains the supplementary crystallographic data for 
this paper. These data can be obtained free of charge from The Cambridge 
Crystallographic Data Centre via http://www.ccdc.cam.ac.uk.
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