COMPLEXES OF GERMYLENES AND
GERMACARBOXYLIC ACID DERIVATIVES

MAHENDRA KUMAR SHARMA

DEPARTMENT OF CHEMISTRY
INDIAN INSTITUTE OF TECHNOLOGY DELHI
DECEMBER 2017



©lndian Institute of Technology (11 TD), New Delhi, 2017



COMPLEXES OF GERMYLENES AND
GERMACARBOXYLIC ACID DERIVATIVES

by

Mahendra Kumar Sharma

Department of Chemistry

Submitted
in fulfillment of the requirements of the degree of

Doctor of Philosophy

to the

Indian Institute of Technology Delhi
December 2017



Dedicated to My Family



Certificate

This is to certify that the thesis entitled “Complexes of Germylenes and
Germacarboxylic Acid Derivatives” being submitted by Mr. Mahendra Kumar
Sharma (Entry no. 2012CYZ8156) to Indian Institute of Technology Delhi for the award
of the degree of Doctor of Philosophy, is a record of research work carried out by him.
Mr. Mahendra Kumar Sharma has worked under my supervision and has fulfilled all the
requirements for the submission of his PhD thesis, which to my knowledge has reached

the requisite standard and is worthy of consideration for the award of PhD degree.

The work exemplified in this thesis has not been submitted, in part or full, to other

University or Institute for the award of any degree or diploma.

el

Date: 26-12-2017 Dr. S. Nagendran
Place: New Delhi Associate Professor
Department of Chemistry

Indian Institute of Technology Delhi

Hauz Khas, New Delhi-110 016, India



Acknowledgements

After earning M.Tech degree in Molecular Engineering from the Department of
Chemistry, IIT Delhi, New Delhi, India, I joined Prof. S. Nagendran’s research group as
a doctoral student in July 2012. | would like to express my sincere gratitude to my
research supervisor Prof. S. Nagendran for mentoring me academically as well as
personally. I could learn several new synthetic techniques and gained a lot of new
research ideas from his vast knowledge and experience. It has been very much satisfying
to learn about group 14 and organometallic chemistry under his supervision, I am in debt

for his commitment in this field.

| wish to convey my sincere thanks to Prof. Harpal Singh (CBME, IITD), Prof. S. N. Naik
(CRDT, IITD), for teaching during my course work at IIT Delhi. I am very much thankful
to my SRC committee members, Prof. A. J. Elias, Prof. Ravi Shankar, and Prof. S.
Bhabani, for their valuable suggestions during my comprehensive examination and PhD

synopsis.

I would like to thank head of the department present and former for availing me the
required research facilities during my work. I would like to mention my special thanks to
Prof. A. Ramanan, former coordinator, single crystal X-ray facility, Prof. N. D. Kurur

and Dr. Nidhi Jain, coordinator’s NMR facilities, for allowing me to use the facilities.

| would like to thank Prof. G. Rajaraman (IIT Bombay), and Dr. Goutam Mukherjee for

their help in theoretical studies.

| thank Mr. V. K. Sharma in the glass blowing facility, and technical staff, NMR facility
for their help in recoding the NMR spectra. | am thankful to all the staff members of

instrumentation lab and liquid nitrogen facility for their timely help.



| thank hostel warden Prof. Harish Hirani, caretaker Mr. Ramsaran, and all the students
of Udaigiri hostel for giving me the opportunity of hostel secretory. | could learn a lot of
things other than research from that experience. | also thankful to the hostel mess staff for

providing tasty and healthy food throughout my hostel stay.

I would like to thank all the present and past members of my group for making a friendly
environment in the lab, their scientific discussions, suggestions and making me laugh
during my tough days. | would specially like to mention the following labmates for their
help and assistance during my stay at lab: Dr. Rahul Siwatch, Dr. Dhirendra Yadav, Dr.
Surendar Karwasara, Dr. Chandan Jha, Dr. Soumen Sinhababu, Dharmendra, Raghav,

Pritam, Lokesh, Bharat, Ravi, Souvik, Shivendra and Debotra.

| acknowledge the following colleagues for their constant motivation: Ashish, Jayanta,
Kasi, Jatinder, Satyendra, Vineet, Pramod, Mayuk, Saurabh, Dr. Gohil, Dr. Arabinda,
Sustanta, Dr. Dheeraj, Dr. Nem, Dr. Keshav, Hemant, Alpesh, Rituraj, Vimal, Maninder,
Debdas, Sanjib, Sandip, Dr. Dinesh, Bijesh, Praveen, Dr. Rajesh, Dr. Vineet, Dr. Bharat
Shrikanth, Umesh, Balendra, Sakshi, Ishanki, Bhawna, Banpreet, Preeti, Debang, Sampat

and Vishwapratap.

| acknowledge 11T, Delhi, and DST, New Delhi, for the financial assistance.

It is my great pleasure to acknowledge with special thanks to Mr. Vishnu Kumawat, Dr.
Sanjay, Mr. Sohan, Dr. Rajendra, Mr. Pankaj, Mr. Mukesh Jangid and Mr. Mukesh
Deegwal for their affection and emotional support. | feel privileged to have them around

me.

Last but not least, I am and | will be always in debt to my family members for their

support in every single situation, either sad or happy, they are always there. | express my



best appreciation to my grandparents Smt. Nathi Devi and Shri Prabhu Dayal Sharma,
Parents Smt. Manni Devi and Shri Shiv Dayal Sharma, for their trust, affection,
sacrifices, unconditional support, and faith in me. Fortunately, | also have loving younger
sisters Mrs. Suman, Mrs. Pooja and Priyanka, brothers Dr. Ravi and Abhishek. I thank
them and my brother-in-laws Mr. Ram and Mr. Pritam for their affections. | am grateful
to my uncles Dr. Mahesh and Shri Babu Lal Sharma, aunts Smt. Santosh and Smt. Savitri

for their blessings. | extend a lot of love to my nieces Tanya and Gudiya.

Finally, I thank the almighty for providing me good health and courage to carry out the

piece of work discussed in this thesis.

"N /&“/4 .
(W

Mahendra



Abstract

The thesis entitled “Complexes of Germylenes and Germacarboxylic Acid Derivatives”
presents the details about the coordination chemistry of N-heterocyclic germylenes
(NHGes) and their oxidation products (i.e; germaacid chlorides, germaesters and so
forth). The thesis is divided into the six chapters. A brief description about each chapter is

given below:

Chapter 1: This chapter will briefly introduce N-heterocyclic germylenes (NHGes) and
stannylenes (NHSns). Subsequently, the use of these compounds (as well their oxidation
products) as ligands for the formation of (a) transition metal complexes and (b)
complexes with main group elements. On the basis of these discussions, the objectives of

this thesis are mentioned at the end of this Chapter.

Chapter 2: This chapter will provide information about the methods/techniques used for
the (a) drying of solvents (used in synthesis and NMR spectroscopic studies), (b) drying
of gases, (c) preparation and purification of starting materials, and (d) handling of air and
moisture sensitive compounds. The sources for various commercially available chemicals
are provided. Details regarding the instruments used for the characterization of
compounds are mentioned. The information regarding software used for theoretical

studies is also given.

Chapter 3: Examples of germaacid chloride, germaester, N-germaacyl pyrrole, and
germacarboxylic acid are not known till now. Here, germaacid chloride (i-
Bu)ATIGe(O)(Cl)—>B(CsFs)3 (308), germaester (i-Bu)2ATIGe(O)(OSiPhs)—B(CsFs)s
(309), and N-germaacyl pyrrole (i-Bu).ATIGe(O)(NCsHs)—B(CeFs)z (312), with CI-

Ge=0, PhsSiO-Ge=0, and CsHsN-Ge=0 moieties are stabilized as their B(CeFs)3
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complexes, respectively. Reaction of compound 312 with thiophenol produced B(CeFs)s3
complex of germaacyl thioester (i-Bu)ATIGe(O)(SPh)—>B(CeFs)z (314) with a PhS-
Ge=0O moiety. Further, an attempted synthesis of complex of germacarboxylic acid
leading to a germylene with a weakly coordinating hydroxide (i-

Bu)2ATIGe:--(OH)—B(CsFs)s (315) is also reported.

Chapter 4: N-heterocyclic germanium(ll) isocyanate [(i-Bu).ATI]|GeNCO (401) and
isothiocyanate [(i-Bu).ATI]|GeNCS (402) (ATI = aminotroponiminate) complexes are
synthesized through reactions of (chloro)germylene [(i-Bu)ATI]GeCl (204) with NaOCN
and KSCN, respectively. Interestingly, these germanium(ll) pseudohalides react
differently in comparison to the corresponding germanium(ll) halides [(i-Bu).ATI]GeX
(X = Cl 204, F 208, Br 209). Thus, reactions of compounds 401-402 with cis-
[M'(CO)(COD)] (M = Mo, W) gave metallogermylenes trans-{[(i-
Bu)ATI|GeNCO}>Mo(CO)s (404), trans-{[(i-Bu).ATI]GeNCS}>Mo(CO)s (405), and
trans-{[(i-Bu).ATI]GeNCO}>W(CO)s (411), in which, germanium atoms coordinated to
molybdenum are in trans orientation with respect to each other. Whereas, reactions of
(fluoro)germylene [(i-Bu)2ATI]GeF (208), (chloro)germylene [(i-Bu)ATI]GeCl (204),
and (bromo)germylene (209) with cis-[M'(CO)4(COD)] (M' = Mo, W) afforded cis-{[(i-
Bu)2ATI]GeF}>:Mo(CO)s (407), cis-{[(i-Bu)2ATI]GeCl}>Mo(CO)s (408), cis-{[(i-
Bu)ATI]GeBr}>Mo(CO)4 (409), and cis-{[(i-Bu)ATI]GeCI}>W(CO)s (410) containing

coordinated germanium atoms in cis orientation.

Chapter 5: Though, cyanogermylene [L(CN)Ge:] is known, isocyanogermylene
[L(NC)Ge:] is not known till now. Similar is the situation with tin, where, and
isocyanostannylene [L(NC)Sn:] is not yet isolated. These issues are addressed in this

work  through  the  successful isolation ~ of  germylene isocyanides
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[ATI(NC)Ge:>M'(CO)4]2 (M' = Mo 501 and W 502) and stannylene isocyanides
[ATI(NC)Sn:—>M'(CO)4]2 (M' = Mo 503 and W 504) as their metal carbonyl complexes

using a simple route.

Chapter 6: Though, germylene stabilized platinum(0) complexes are known,
platiunum(ll) complexes stabilized through gremylenes are not known till now, and this
issue is addressed in this work. Reactions of chlorogermylene 204 and alkylgermylene
207 with Pt(cod)Cl> (cod = 1,5-cyclooctadiene) in a 2:1 ratio resulted in germylene
stabilized platinum(ll) chloride complexes cis-{('Bu)2ATIGeCI}:PtCl, (601) and cis-
{('Bu)ATIGe('Pr)}2PtCl, (602), respectively. Reactions of compound 602 with
trimethylsilylcyanide (TMSCN) and trimethylsilylazide (TMSN3z) produced platinum(ll)
cyanide trans-{('Bu).ATIGe('Pr)}.Pt(CN), (603) and platinum(ll) azide cis-
{(Bu)ATIGe('Pr)}2Pt(Ns)2 (604) in almost quantitative yields, respectively.
Interestingly, the chlorine analogue trans-{('Bu).ATIGe(Cl)}:Pt(CN) (605) of compound
603 is obtained through a reaction of cyanogermylene (‘Bu).ATIGe(CN) with Pt(cod)Cl..
In contrast to these reactions, reaction of compound 602 with silver triflate (AgOTf) gave
a dimeric platinum(ll) ionic complex [{('Bu)2ATIGe'Pr}.PtCl],[OTf]. (606). Compound
606 can be converted to a monomeric platinum(ll) ionic complex
[{(Bu)ATIGe'Pr}.PtCI(DMAP)][OTf] (607) up on its treatment with two equiv of
DMAP (DMAP = (N,N-dimethylamino)pyridine). The ability of platinum(ll) cyanide 603

to act as a catalyst for the cyanosilylation of aldehydes is also shown.
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eCUHSHIcHh  SHeld  (TATDSvd) 3 37 3fferdleor  3cumar (I,
SHIURAE FERES, AT 3R 3T) & FAadd WA & IR H faagor
s fomar o €1 gE NfEE oF Al A AEied § 9l eI § AR
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AT 3: SHTRAS  FANSS, TR, UTA-JAURAA  IRRIT 3R
STHTRTE [FrotTelch TTAS o 36IgX0T S oo Ald oJal gl IgI, STHATAS FaARSs

(~Bu),ATIGe(0)(Cl)—>B(CsFs)3 (308), STHTTER (F
Bu),ATIGe(O)(OSiPhs)»>B(CeFs)s  (309), 3R TA-FHTRAS URRI (£
Bu),ATIGe(O)(NC4Hs)—>B(CeFs)s (312), HHM: Cl-Ge=0O, Ph;SiO-Ge=0, and
C4HsN-Ge=0 AZET & YU 3% B(CeFs); Hicadrdd & & # Ffocses
frr s g1 Iife 312 & fhar RA3hAlad (PhSH) & @Y &ae o
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gH-aafel grssiFass (£Bu),ATIGe - (OH)—»>B(CsFs)s (315) RafE fFar arar
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it 401-402 &1 gfafsrard IFF-[M'(CO)4(COD)] (M' = Mo, W) & &1y
AcAAHE T a-{[(£Bu),ATI]GeNCO},Mo(CO),4 (404), T a-{[(~
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Bu).ATI]GeF (208), (FRN)ATHNA [(£Bu)ATI|GeCl (208) 3k (staAN)SfHe
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Bu),ATI]GeCl};Mo(CO)s (408), TH-{[(Bu),ATI|GeBr};Mo(CO)s (409), 3R
@ a-{[(£Bu),ATIGeCl}1,W(CO), (410) &ar &, foad gdAfead S#faess @@y
e e # ga gl

A 5: gleliteh, Agaratidend [L(CN)Ge:] A9 &, afhed MsaNSASTHoa
[LINC)Ge:)] 3@ d& ad -l & s g fa & @iy Rufy & @,
HSEETSAEHE [L(NC)Sn:] 3d T AT @61 ¢l 3o Hal & Fholdigaes
Sffeia 3msarsaEs [ATIINC)Ge:»>M(CO); (M' = Mo 501 and W 502)
3R 'l 3msEEEsass [ATIINC)Sn:—»>M(CO)), (M = Mo 503 and W
504)%%@@3?%?3#@@3?@3%%%@%%&?@@

ATIT AT B
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ST & AregH O RfAdEes wfeTA(ll) Ficdewd 3 de AT T8 8
3R 38 HqE FT 5@ HH A GO RAr g1 2:1 Iequrd F (FARN)SAFNT 204
IR (vfeda)afdlelisT 207 Hr ufafkad  Ptcod)Cl, (@3nfs = 1,5-
ABFAINFCSA) & TATT  HAA: Afdelld Tfdases Tofea#(ll) FARBSS
FcFqd  WE-{(Bu),ATIGeCI},PtCl, (601) 3R TT-{(Bu).ATIGe(Pr)}.PtCl,
(602) <t g1 Iifdr 602 & gfafrae cefAfRaf@caEgass (TMSCN) 3R
cefAfafdeitags (TMSN;) & A1 &HAT:  CafeaAA(ll) ASASS  Cled-
{(Bu)ATIGe(Pr)},Pt(CN),  (603) 3R cafeasm () vvoss  @9-
{(Bu),ATIGe(Pr)},Pt(N3), (604) ST HAEICHS 2ol &l EoaeT a1d Ig &
fh, FIRT TATAeT ged-{(‘Bu),ATIGe(Cl)},Pt(CN), (605) wifdv 603 ahr
Pt(cod)Cl, &7 ufafshar asaeidelis & urcd giar g1 8 Ifafsharsii & Aawid,
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