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Abstract — The Ru complex with the tropos benzophenone-derived diphosphine
ligand could be chirally controlled to a single chiral conformation instantaneously
with a chiral diamine to attain high enantioselectivity in the asymmetric
hydrogenation irrespective of ketone substrates. In the asymmetric hydrogenation
of not only 1-acetonaphthone but also 9-acetylanthracene, the tropos Ru complex
fits well with the substrate change to give high catalytic activity and

enantioselectivity upon addition of silver salts such as AgOTT.

INTRODUCTION

BINAP (2,2'-bis(diphenylphosphino)-1,1'-binaphthyl) is one of the most prominent atropisomeric
(atropos in Greek)* ligand that has been developed by Noyori for various asymmetric catalyses;? The Ru
complexes bearing BINAP and DPEN (1,2-diphenylethylenediamine) derivatives have been reported to
attain high enantioselectivity in the asymmetric hydrogenation of simple ketone substrates.>** On the other
hand, we have already reported a chirally flexible (tropos)! benzophenone-derived ligands;
2,2’-Diphenylphosphinobenzophenones, namely DPBP, could be chirally controlled to a single
conformation with chiral diamines such as DABN (2,2’-diaminobinaphathyl) and DPEN to provide
higher enantioselectivity in the asymmetric hydrogenation of simple ketone substrates (up to >99%, 99%
ee) than BINAP.

We report here a full paper that the tropos benzophenone DPBP-Ru/DPEN complex treated with a silver
salt exhibits high catalytic activity and enantioselectivity in the asymmetric hydrogenation of both
1-acetonaphthone and 9-acetylanthracene; In atropos BINAP-RuCl,/DPEN complex, the absolute

configuration of BINAP has to be changed in order to afford high enantioselectivities depending on the
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ketone substrates.>” In sharp contrast, tropos benzophenone complexes>® can be chirally controlled by
external factors, such as the metal, counter anion, chiral activator® and substrate etc. Therefore, the tropos
DPBP-Ru/DPEN catalyst has a great advantage to adopt a proper chiral conformation to fit well with the
steric and/or electronic effects of the substrate (ketone), ligand (DPBP) and chiral activator (DPEN).
The optimization of chiral catalyst conformations to adapt to the stereoelectronic effects of substrates and
so forth can thus be called “self-adaptation” of catalysts.’ Self-adaptable tropos catalysts are

advantageous over atropos ligands and catalysts, which cannot adapt or tune as the word atropos means.

RESULTS AND DISCUSSION

(S)-BINAP-RuUCI/(S,S)-DPEN has been developed by Noyori to attain high catalytic activity and
enantioselectivity in the asymmetric hydrogenation of aromatic (or o,B-unsaturated) ketones such as
1-acetonaphthone (>99%, 97% ee).” Compared with the result of 1-acetonaphthone with
(S)-BINAP-RuCI,/(S,S)-DPEN, however, the asymmetric hydrogenation of 9-acetylanthracene required
the change in the absolute configuration of BINAP from S to R.%” The asymmetric hydrogenation of
9-acetylanthracene with (R)-tolBINAP-RuCI,/(S,S)-DPEN gave the product in high enantioselectivity
(99%, 81% ee), while (S)-tolBINAP-RuUCI,/(S,S)-DPEN provided lower enantioselectivity (91%, 41%

7

ee).” Insharp contrast, tropos benzophenone DPBP-RuCI,/(S,S)-DPEN, upon treatment with 1 equiv of

AgOTf, can provide high enantioselectivity in the asymmetric hydrogenation irrespective of ketone
substrates: 1-acetonaphthone (>99%, 96% ee) and 9-acetylanthracene (95%, 91% ee).

Table 1. Asymmetric hydrogenation of both 1-acetonaphthone and 9-acetylanthracene
(0] RuCl,(diphosphine)[(S,S)-dpen] (0.4 mol%) OH
Al e
Ar KOH (1.0 mol%), IPA, r.t. Ar”*
PAr2

SO

Ar=Ph: (S)-BINAP
Ar=4-MePh: (S)-tolBINAP

(S

Diphosphine Yield/Ee Yield/Ee
(S)-BINAP >99%/97% ee (R)? 91%/41% ee (R)>° o PPh,
(R)-BINAP >99%/14% ee (S)° 99%1/81% ee (R)>° PPh,
DPBP + AgOTf (1.0 eq.) >99%/96% ee (R)OI 95%/91% ee (R) Q
®Ref 4a. "Ref 6,7. DPBP

°Reaction temperature was 80 °C. toIBINAP was used instead of BINAP.
9Ref 5a,b. The use of RuCl,(dpbp)[(S,S)-dpen] without the addition of AQOTT gave 99% ee in >99% vyield.
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Described below is a full detail that the DPBP-Ru/DPEN complex treated with a silver salt exhibits high
catalytic activity and enantioselectivity in the asymmetric hydrogenation of both 1-acetonaphthone and
9-acetylanthracene. In sharp contrast, we have found that the addition of 1 equiv of silver salts to
BINAPs-RuCI,/(S,S)-DPEN complexes led to decomposition of the resultant cationic complexes.

Tropos benzophenone DPBP-RuUCI,/(S,S)-DPEN could be instantaneously controlled to a single chiral
conformation to attain high catalytic activity and enantioselectivity in hydrogenation of aromatic ketones
(Table 2), 1-acetonaphthone in particular (>99%, 99% ee: entries 3 vs. 4).°*® Therefore,
DPBP-RuCI,/(S,S)-DPEN was also examined in the asymmetric hydrogenation of 9-acetylanthracene, for
which the BINAP-RuCI,/(S,S)-DPEN system has to be changed in the absolute configuration of BINAP.

Table 2. Hydrogenation of aromatic ketones with benzophenone DPBP-RuUCI,/(S,S)-DPEN

RuCl,(diphosphine)(dmf), (0.4 mol %)

o} (S,S)-DPEN (0.4 mol %) OH
Ar)K KOH (1.0 mol %), IPA AN
H, (15 atm) rt,4h
Entry Substrate Diphosphine ~ Conv (%) Ee (%)
1 9 DPBP >99 90
2 @ (S)-BINAP >99 86
3 O 9 DPBP 99 99
4° O (S)-BINAP >99 97
5 i DPBP 99 87
6 (S)-BINAP 99 79
7 o DPBP >99 98
8" ©)\ (S)-BINAP - 95
9” (S)-tol-BINAP >99 94
10 i DPBP >99 92
11 \Ej)k (S)-BINAP >99 89
12 T DPBP >99 01
13 /©)\ (S)-BINAP >99 87
a. Ref 4a.

b. Ref 4e.
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The effect of silver salt™® on RuCly(dpbp)[(S,S)-dpen] was examined in the highly enantioselective
hydrogenation of 9-acetylanthracene (Table 3), because RuCl,(dpbp)[(S,S)-dpen] itself provides only low
catalytic activity and enantioselectivity without silver salt (entry 1). The kinds of silver salts did not
affect the catalytic activity and enantioselectivity, but the addition of a silver salt remarkably increased
the catalytic activity (entries 1 vs. 2-5). In contrast to the hydrogenation of 9-acetylanthracene with
(R)-toIBINAP-RuUCI,/(S,S)-DPEN at 80 °C, the hydrogenation with the DPBP-RuCI,/DPEN complex and

AgOTT proceeded even at room temperature and attained higher enantioselectivity (entries 7 vs. 8).

Table 3. Asymmetric hydrogenation of 9-acetylanthracene with DPBP-Ru/DPEN and silver salts

RuCl,(dpbp)(dmf), (0.4 mol%)
(S,S)-DPEN (0.4 mol%)

silver salt (X mol%)
CH2C|2, rt., 3h

H, (20 atm), KOH (1.0 mol%)

IPA, 6 h
Entry  Silversalt X (mol%) Temp.(°C)  Yield (%) Ee (%)
1° - ] 60 3 40
2 AgSbFg 0.4 60 92 86
3 AgPFg 0.4 60 99 85
4 AgBF, 0.4 60 98 87
5 AgOTf 0.4 60 99 86
6 AgOTf 1.0 60 91 85
7 : AgOTf 0.4 r.t. 95 91
8°  RuCL{(R)-tolbinap}{(S,S)-dpen} 80 99 81

a. Reaction time was 24 h.
b. Ref 3a and 7.

The X-ray structural analysis of [RuCI(OTf)(dpbp){(S,S)-dpen}].AgOTf proves the enantiopure structure
of the chirally controlled DPBP-Ru/DPEN complex with AgOTf (Figure 1).>!' Based on the X-ray
structural analysis, the addition of silver salt to the RuCl,(dpbp)[(S,S)-dpen] complex led to the
coordination of the carbonyl group of DPBP to the Ru metal. It is estimated that the coordination of
carbonyl group by the addition of silver salts changes the conformation of the ruthenium-hydride complex

with DPBP and (S,S)-DPEN, which would be the active species of the asymmetric hydrogenation.
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Figure 1. X-Ray structural analysis of [RuCI(OTf)(dpbp){(S,S)-dpen}].AgOTf. Three anions (OTf) were
omitted for clarity.

It has been reported by Noyori that trans-RuH(n'-BH,)(binap)(dpen) was synthesized from
BINAP-RUCI/DPEN and NaBH,.* The RuHX(dpbp)[(S,S)-dpen] (X = n*-BH,4 or TfO) complexes could
also be synthesized (Figure 2). Hydride peaks in H NMR spectra were different between
RuH(n"'-BH4)(dpbp)[(S,S)-dpen] and [RuH(dpbp){(S,S)-dpen}](OTf). In *H NMR analysis, the hydride
peak of RuH(n'-BH,)(dpbp)[(S,S)-dpen] obtained with the combination of NaBH; and
RuCl,(dpbp)[(S,S)-dpen] was observed as one triplet (-13.9 ppm, Jyp = 24.0 Hz) to indicate the
production  of  trans-RuH(n'-BH,4)(dpbp)[(S,S)-dpen]  (Figure 2a). Compared with the
trans-RuH(n'-BH,)(dpbp)[(S,S)-dpen], the hydride peak of [RuH(dpbp){(S.S)-dpen}](OTf) shifts
downfield (-2.8 ppm, Jup = 34.3, 34.0 Hz) and splits into two doublets (Figure 2b). The two doublets of
[RuH(dpbp){(S,S)-dpen}](OTf) implies that the carbonyl group of DPBP would adapt the trans position
of hydride and that the octahedral conformation would be distort as shown in the X-ray analysis of the
chloride precursor (Figure 1).

*1P NMR (CgDg) IH NMR of
(a) RuCly(dpbp)[(S,S)-dpen] (a") RuH(n1-BH,4)(dpbp)[(S.S)-dpen] hydride (CgDg)
|

i
| [l { (t, ‘JH—P =24.0 HZ)

._.,nrl j ...,,JJ 'j [ lelwmh N-*J U W !'"fk.

_>+ NaB 1138 -14.0
o i
|
{- tl | U ‘ Fi |§I fl (dd, JH_p =34.3,
LN Mww | L 300H2)
47 46 85 80 75 70 65 60 55 -2.8 -3.0

(b) [RuCI(dpbp){(S,S)-dpen}(OTf)  (b") [RuH(dpbp){(S,S)-dpen})(OTf)

Figure 2. 'H and *'P NMR spectra of DPBP-Ru complexes reacted with NaBH,
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In the transition state of asymmetric hydrogenation, it is estimated that the distorted trans conformation of
[RuH(dpbp){(S,S)-dpen}](OTf) transforms to the cis conformation depending on the stereoelectronic
effect of ketone substrates (Scheme 1). The transformation affects the catalytic activity and
enantioselectivity of the Ru complex to adapt well to the substrate change. The dihedral angle of
9-acetylanthracene between carbonyl group and anthryl group was calculated to be ~90° because of the
steric repulsion, in contrast to ~60° of 1-acetonaphthone.” In the hydrogenation with
trans-RuCl,(dpbp)[(S,S)-dpen], the huge anthryl group prevents the approach to the trans-Ru complex (cf.
Table 3, entry 1). The conformational change of the benzophenone Ru complex from trans to cis would
lead to the high catalytic activity and enantioselectivity in the asymmetric hydrogenation of both

1-acetonaphthone (via the trans-conformation) and 9-acetylanthracene (via the cis-conformation).

O —0
NI 1-N h)K L NY,

v, N ap Ph,R—M—N

e )* 2N _~
i xdl
2 1-Naph/,|_‘|_|,'_|
o)
trans

>99%, 96% ee

O
= = 9-Anth
H
Distorted octahedral \Ph 9-Anth)J\ \Ph ' Y
PhR—M"N Ph,
PhP” | ) PhoP” | y
N *

cis 95%, 91% ee

@vabout 60° @ about 90°

Scheme 1. Transition state models for asymmetric hydrogenation of 1-acetonaphthone and
9-acetylanthracene, respectively.

CONCLUSION
The cationic benzophenone DPBP-Ru/DPEN complexes prepared with silver salts have thus attained high
catalytic activity and enantioselectivity irrespective of ketone substrates, via the interconversion between

cis- and trans-conformations. The high enantioselectivities attained by DPBP-Ru/DPEN complex
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exemplifies the advantage of the instantaneous chirality control of the tropos catalyst with self-adaptation.

EXPERIMENTAL

'H NMR and **C NMR spectra were measured on Varian Gemini 300 (300 MHz), Varian Inova-400 (400
MHz) and Bruker AV300 (300 MHz) spectrometers, *°F NMR and **P NMR spectra were measured on
Varian Inova-400 (400 MHz) and Bruker AV300 (300 MHz) spectrometers. Capillary gas
chromatographic analysis (GC) was conducted on Shimadzu GC-14B instrument equipped with FID
detector and capillary column coated with PEG-20 M by using N, as a carrier gas. Peak area was
calculated by Shimadzu C-R6A as an automatic integrator. CP-Cyclodextrin-p-2,3,6-M-19 (i.d. 0.25 mm
x 25 m, CHROMPACK; GL Science) was used as chiral column. High performance liquid
chromatographic (HPLC) was conducted on JASCO PU-980, LG-980-02, DG-980-50, and CO-966
instrument equipped with model UV-975 spectrometers as an ultra violet light. Peak areas were calculated
by JASCO-BORWIN (Windows NT) as an automatic integrator. DAICEL Chemical-AS was used as
chiral column. Optical rotations were measured on a JASCO DIP-370. Elemental analyses were measured
on a LECO CHNS-932 (Center for Advanced Materials Analysis in Tokyo Institute of Technology).
X-Ray crystal analyses were measured on Bruker APEXII and Bruker SMART CCD area detector
(MoK radiation, graphite monochrometer, A = 0.71073 A) (Nippon Bruker AXS K.K.). The structure
was solved by direct methods (SHELXS-97) and refined by full-matrix least-squares methods based on F?
with all measured unique reflections. All non-hydrogen atoms were given anisotropic displacement
parameters. Hydrogen atoms were input at calculated positions and refined with a riding model.
Analytical thin layer chromatography (TLC) was performed on a glass plates pre-coated with silica gel
(Merck Kieselgal 60 F254, layer thickness 0.25 mm). Visualization was accomplished by UV light (254
nm), anisaldehyde, KMnO,. Column chromatography was performed on KANTO Silica Gel 60N
(spherical, neutral). Dichloromethane (dehydrated), DMF (dehydrated), and 2-propanol (dehydrated) were
purchased from Kanto Chemical Co., Inc.

RuCly(dpbp)(dmf),

To a mixture of 2,2’-bis(diphenylphosphino)benzophenone (DPBP) (55.0 mg, 0.1 mmol) and
[RuCl2(CgHg)]2 (25.0 mg, 0.05 mmol) was added DMF (2 mL) at rt under an argon atmosphere in a
Schlenk tube. After stirred for 20 min at 100 °C, the reaction mixture was concentrated under reduced
pressure to give RuCl,(dpbp)(dmf),. RuCl,(dpbp)(dmf), is air sensitive.

Ip NMR (CDCls, 162 MHz) & 31.55, 32.01, 46.64, 49.56, 59.33, 59.47, 60.21.

RuCl,(dpbp)[(S,S)-dpen]
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To a mixture of RuCl,(dpbp)(dmf), (8.7 mg, 0.01 mmol) and (S,S)-DPEN (2.1 mg, 0.01 mmol) was
added CH,Cl, (1 mL) at rt under an argon atmosphere in a Schlenk tube. After stirred for 10 min, the
reaction mixture was concentrated under reduced pressure to give RuCl,(dpbp)[(S,S)-dpen] quantitatively.
'H NMR (CDCls, 300 MHz) & 2.94-3.15 (m, 4H), 4.45-4.64 (m, 2H), 6.91-7.33 (m, 32H), 7.42-7.54 (m,
2H), 7.68-7.80 (m, 2H), 8.03-8.11 (m, 2H); 5.23 (s, 2H, CH, Cl,), 2.97 (s, 3H, DMF), 3.02 (s, 3H, DMF),
8.00 (s, 1H, DMF).

3C NMR (CDCls, 75 MHz) & 63.37, 64.39, 126.74, 126.86, 128.33, 128.45, 128.86, 129.00, 129.10,
129.19, 129.26, 129.41, 129.57, 129.60, 129.77, 130.13, 130.19, 130.22, 130.27, 130.30, 130.35, 130.51,
130.55, 130.72, 131.00, 131.04, 131.13, 131.17, 131.36, 132.24, 132.35, 132.47, 132.59, 132.71, 132.77,
132.89, 133.14, 133.77, 134.23, 134.47, 134.89, 135.22, 137.29, 137.52, 149.89 (dd, Jc.p = 24.8, 18.8 Hz,
C=0); 53.2 (CH; Cl,), 30.91 (DMF), 35.85 (DMF), 162.24 (DMF).

3P NMR (CDCl3, 162 MHz) & 46.38 (d, J = 23.6 Hz, 1P), 47.23 (d, J = 23.6 Hz, 1P).

[a]o®’ -88 (c 0.15 in CHCl5).

Anal. Calcd for Cs1H44CI,N,OP,Ru-CH,Cl,-DMF: C, 60.45; H, 4.89; N, 3.84%. Found: C, 60.08; H, 5.23;
N, 3.75%. Dichloromethane was derived from solvent and DMF was derived from RuCl,(dpbp)(dmf),.

The sample was evacuated at 100 °C for 12 h.

[RuCl(dpbp){(S,S)-dpen}]]OTf

To a mixture of RuCl,(dpbp)(dmf), (8.7 mg, 0.01 mmol) and (S,S)-DPEN (2.1 mg, 0.01 mmol) was
added CHCl, (1 mL) at rt under an argon atmosphere in a Schlenk tube. After stirred for 15 min, AgOTf
(2.6 mg, 0.01 mmol) was added to the reaction mixture. After stirred for 3 h, the reaction mixture was
filtered through Celite® to remove AgCI. The filtrate was concentrated under reduced pressure to give
[RuCl(dpbp){(S,S)-dpen}]OTH.

'H NMR (CDCls, 300 MHz) & 2.97-3.16 (m, 4H), 4.42-4.59 (m, 2H), 6.89-7.29 (m, 32H), 7.39-7.52 (m,
2H), 7.64-7.78 (m, 2H), 8.04-8.11 (m, 2H); 5.24 (s, 2H, CH,Cl,).

3C NMR (CDCls, 75 MHz) & 63.30, 64.43, 126.71, 126.79, 128.28, 128.45, 128.75, 128.81, 128.94,
129.11, 129.21, 129.51, 129.58, 129.70, 129.78, 130.06, 130.14, 130.27, 130.49, 130.85, 130.97, 131.09,
132.24, 132.35, 132.45, 132.56, 132.68, 132.79, 132.91, 133.10, 133.70, 133.75, 134.14, 134.44, 134.80,
135.66, 137.33, 137.35, 137.50, 137.52, 149.98 (dd, Jc.p = 24.8, 12.0 Hz, C=0); 53.2 (CH,CL.).

F NMR (CDCls, 376 MHz) & -78.45.

3'p NMR (CDCls, 162 MHz) & 46.51 (d, J = 22.9 Hz, 1P), 47.03 (d, J = 22.9 Hz, 1P).

[a]o®’ -68 (c 0.20 in CHCl5).

Anal. Calcd for CspHaCIF3sN204P,RUS-CH,Cl,: C, 56.17; H, 4.09; N, 2.47; S, 2.83%. Found: C, 56.67; H,
4.54; N, 2.42; S, 2.68%. Dichloromethane was derived from solvent. The sample was evacuated at 100 °C
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for 12 h.

[RUCI(OTH)(dpbp){(S,S)-dpen}],AgOTF>®

To a mixture of RuCly(dpbp)(dmf), (8.7 mg, 0.01 mmol) and (S,S)-DPEN (2.1 mg, 0.01 mmol) was
added CHCl, (1 mL) at rt under an argon atmosphere in a Schlenk tube. After stirred for 15 min, AgOTf
(5.2 mg, 0.02 mmol) was added to the reaction mixture. After stirred for 3 h, the reaction mixture was
filtered through Celite® to remove AgCl. The filtrate was concentrated under reduced pressure to give
[RUCI(OTf)(dpbp){(S,S)-dpen}].AgOTH.

'H NMR (CDCls, 300 MHz) & 2.86-2.94 (m, 2H), 3.29-3.45 (m, 2H), 4.50-4.63 (m, 2H), 6.91-7.51 (m,
34H), 7.65-7.77 (m, 2H), 7.99-8.07 (m, 2H).

F NMR (CDCls, 376 MHz) & -78.12.

3P NMR (CDCl3, 162 MHz) & 46.51 (d, J = 22.9 Hz, 1P), 47.03 (d, J = 22.9 Hz, 1P).

X-Ray analysis: A single crystal used for X-ray analysis was prepared from CH,Cl,, CHClI3, and toluene
solution of [RuCI(OTf)(dpbp){(S,S)-dpen}].,AgOTf stored at rt.

Hydrogenation of 1-acetonaphthone with RuCl,(dpbp)[(S,S)-dpen]™

To a mixture of RuCl,(dpbp)(dmf), (10.4 mg, 0.012 mmol) and (S,S)-DPEN (2.5 mg, 0.012 mmol) was
added CH,CI; (1 mL) at rt under an argon atmosphere. After stirred for 10 min, the reaction mixture was
concentrated under reduced pressure. To the residue were added 2-propanol (3.3 mL) and
1-acetonaphthone (0.46 mL, 3.0 mmol), and 100-mL autoclave was charged with this reaction mixture
under a stream of argon. After addition of KOH/2-propanol (0.5 M, 60 uL, 0.03 mmol), hydrogen was
introduced at a pressure of 15 atm. The solution was vigorously stirred for 4 h at rt. After concentration
under reduced pressure, the residue was filtered through a short column of silica gel chromatography
(hexane/EtOAC = 3/1) to give (R)-1-(1’-naphthyl)ethanol (>99%, 99% ee).

GC (column, CP-Cyclodextrin-p-2,3,6-M-19, i.d. 0.25 mm x 25 m, Chrompack; carrier gas, N, (75 kPa);
column temp, 160 °C; injection and detection temp, 190 °C; split rate, 100:1), tr = 37.6 min (S)/38.9 min
(R), tr = 25.9 min (ketone substrate).

Hydrogenation of 9-acetylanthracene with [RuCIl(dpbp){(S,S)-dpen}]]OTf

To a mixture of [RuCl(dpbp){(S,S)-dpen}]]OTf (12.6 mg, 0.012 mmol) and 9-acetylanthracene (660.8 mg,
3.0 mmol) were added 2-propanol (3.3 mL) and toluene (1.5 mL) under an argon atmosphere in a Schlenk
tube. 100-mL autoclave was charged with this reaction mixture under a stream of argon. After addition of
KOH/2-propanol (0.5 M, 60 pL, 0.03 mmol), hydrogen was introduced at a pressure of 20 atm. The

solution was vigorously stirred for 24 h at rt. After concentration under reduced pressure, the residue was
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filtered through a short column of silica gel chromatography (hexane/EtOAc = 3/1) to give
(R)-1-(9’-anthryl)ethanol (95%, 91% ee).
HPLC (column, CHIRALPAK AS, hexane/2-propanol = 98 : 2, flow rate, 1.0 mL/min, detection UV =
254 nm), tg = 19.0 min (S)/24.3 min (R).

NMR analyses of RuHX(dpbp)(dpen) complexes (X = BH, or TfO)*

To a solution of [RuCIl(dpbp){(S,S)-dpen}]]JOTf (10.5 mg, 0.01 mmol) in degassed EtOH (1 mL) and
benzene (1 mL) was added NaBH, (9.5 mg, 0.25 mmol) at rt under an argon atmosphere in a Schlenk
tube. After stirred for 5 min at 60 °C, the reaction mixture was cooled down to rt and stirred for 30 min.
After concentration under reduced pressure, the residue was dissolved in degassed benzene. The solution
filtered through Celite® under an argon atmosphere to remove white solid. The filtrate was evaporated
under reduced pressure and dissolved in CgDg.
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