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Abtract: The completéH and**C NMR chemical shifts assignment for various 2-sitited and
2,2-disubstituted adamantane derivati¥e88in CDCk solution was realized on the basis of NMR
experiments combined with chemical structure infation and DFT-GIAO (B3LYP/6-31+G(d,p)-
GIAO) calculations of chemical shifts in solutioBubstituent-induced®C NMR chemical shifts
(SCS) are discussed. GgHtYax contacts are a textbook prototype of steric hindeain organic
chemistry. The nature of these contacts will béhier investigated in this work on basis of new
adamantane derivatives which are substituted at@g2ovide models for 1,4-C-K--Y o and 1,5-
C-Hax"Yax contacts. The B3LYP/6-31+G(d,p) calculations prceti the presence of NBO
hyperconjugative attractive interactions betweeH and Y, groups along C-k-Y 2 contacts.
The 'H NMR signal separationAd(y-CH,), reflects the strength of the H-bonded GeHY ax

contact.

Keywords 2-substituted adamantane derivatives; 2,2-difubsii adamantane derivatived:

NMR: 13C NMR; B3LYP/6-31G**+ calculations; GIAO calculatis; substituent chemical shifts

1. Introduction

Cyclohexane derivatives are popular model compouimdsorganic chemistry and are
particularly useful, both experimentally and théwmadly for studying the shielding tensors
contributing to proton and carbon chemical shift&se shielding tensors are strongly linked with
the position of the atoms and their interactions imolecule. ConcernintH NMR spectroscopy,
rather than discern and analyze the axial or egaafroton resonances, the difference in chemical
shift [Ad(y-CHs)] and one-bondJc.4 coupling constants between the axial and equéforidons
within one methylene group in the cyclohexane cheie used as experimental prob&egarding

the carbon nuclei, the substituent effects upobaraiatoms especially in theposition § SCS,y



Substituent Chemical Shifts) are of considerablerest because their magnitude and sign depend
strongly on the stereochemistry of the attachedstgulent. Steric and electronic substituent
phenomena are responsible for stabilizing a pdaticeyclohexane conformer and for the
differentiation of the values of certain NMR paraets like'J coupling constantsin addition, the
interpretation of the chemicali(y-CH,) in terms of the magnetic contributions and thdartying
intramolecular bonding interactions are currentging studied®** Similarly the origin of the
substituent effects on the carbon resonances ssiftet fully understood, even for the familigr
gauche effect.

Adamantane derivatives are rigid and include fix@alohexane rings providing useful
models employing NMR parameters to study of intremalar interaction§.In the general formula
of a 2,2-disubstituted adamantane shown in Schereach of the substituents Y and A is axial in
the different adamantane cyclohexane ring2'43'-4'-5'-9' and 1-2'-3'-10-7'-8, respectively

(Scheme 1).

Scheme 1In 2,2-disubstituted adamantanes each of the tvmoirge substituents adopts an axial
orientation in a different cyclohexane ring subturfi adamantane. Scheme 1 also depicts the 2-

substituted and 2,2-disubstituted adamantane degd —38that were studied for this report.



1(Y=H, A=Hy
2 (Y=CHs, A = HY
3 (Y = C@Hg)g, A= H)C
4(Y=C=N, A = HY
5(Y = OH, A = HY
6 (Y = OMe, A = Hf
7 (Y =NHy, A = HY
8 (Y = NMey, A = HY'
9 (Y = NH-CO-Me, A = H)
10(Y = NO,, A = H)
11(Y=F, A= Hf
12(Y=Cl, A= Hyf

13(Y=SH, A=HY
14(Y = OH, A =CHy)
15(Y = OH, A = C(CHy)s
16 (Y = OH, A =Ph)
17(Y = OH, A = C=CH)
18(Y = OH, A=C=N)
19(Y = OSiMe;, A= C=N)
20(Y = O-COMe, A =CH,)
21(Y = O-COtBu, A =CH,)
22(Y = NH,, A =CHy)
23(Y =NMe,, A =CH),)
24(Y = NHMe,", A = CHy)

25(Y, A= NH(CH,),)

26 (Y, A = NMe(CH,),)*
27 (Y = NHCOMe, A =CH,)
28(Y = NHCOtBu, A =CH)

29(Y = N-N=N, A = CH,)
30(Y =F, A=CHy)
31(Y =Cl, A=CHy)

32(Y = CMe,0OH, A=H)

33(Y = CMeFE, A=H)

34(Y = COMe, A=H)
35(Y = CO,H, A=H)
36(Y, A= CO(CH,),
37 (Y, A= CQ(CHz)g
38 (Y, A= CQ(CH2)4

When an axial substituent is attached to the cyolahe ring, the major effect of the C-

Hax Y ax contact in théH NMR spectrum increases(y-CH, values and causes an upfield shift on

the resonance gfcarbons. From a single NMR spectrum of a disulitstit adamantareg ambient

temperature the corresponding spectroscopic characteristicghe relative effect of two axial

substituents ¥ and A, can be investigatetiTo observe such effects in the flexible cyclohexan

derivatives, the NMR spectra of axial conformeses arcessible only at low temperatures when ring

inversion is slow on the NMR time scdle.

The studied compounds-38 are 2-substituted or 2,2-disubstituted adamantamatives

bearing alkyl groups of various sizes (A = H, M&=#C, Ph,t-Bu) and some common second row

polar groups (Y = OH, OCOR, NRNHCOR, NQ, NHMe&,’, N3, CN, F, Cl, SH, CMgOH,

CMeyF, CO(CH)n, n=2-4) (Scheme 1).

In a preceding paper, DFT calculations at the B3l6Y®L+G(d,p) level predicted an

improper H-bonding character of CgHY a2 contacts in common cyclohexane derivatives, due to
the presence of(Y) — ¢*(C-H or ¢(C-H) — ¢*(C-H) hyperconjugative interactions, and the

variation of its strength according to the natufeantact atom in group 2 By increasing the



strength of the contact the electronic redistrimutinside they-methylene is affected consistently,
raising the relevant chemical shift separation leetwaxial and equatorial protons inside-@H,
Ad(y-CHy).° The present research work is a continuation ofppevious studie3 A large set of 2-
substituted and 2,2-disubstituted adamantane diexdgal—38 have been synthesized and btth
and ®*C NMR spectra assigned to analyze conformationtécef due to present CsH-Yax

interactions.

2. Results and Discussion

2.1'H and **C NMR spectra assignment

2.1.1'H NMR spectroscopy

The most characteristic feature in fileNMR spectrum of a 2-substituted adamantane ds th
appearance of a downfield and an upfield douklgt# 11-12 Hz), assigned tdak,9ax-H and
4'eq,9eq-H, respectively’ In these molecules the equivalent axial protons®¥n carbons 'dor 9
interact with substituent Y, which is axial withspect to the '12'-3'-4'-5'-9' cyclohexane ring sub-
unit (Scheme 1), and their resonances are shiftechfield from the geminal’éq, 9eq protons. In
contrast, the separation of the signals due tgtbtons attached to theanti carbons ‘8and 10,
that is, the chemical shift difference betwe&x8 0ax-H and 8q,10eg-H, is small because of the
equatorial position of substituent Y in the21-3'-10-7'-8' cyclohexane ring (Scheme 1). When a
second substituent A is attached at the 2-adamauasition, the resonances 6&810ax-H and
8'eq,10eq-H should be affected mainly by their interactiath A which is axial in the '12'-3'-10'-
7'-8' cyclohexane ring. In a 2,2-disubstituted adamantarivative, 49'-H resonances are affected

by the Yy, Aeq Substitution, with Y having an axial orientatianthe 1-2'-3'-4'-5'-9' cyclohexane



ring, and the §10-H doublets are affected by,A Yeq Substitution, with substituent A being axial
in the 1-2'-3'-10-7'-8 cyclohexane ring (Scheme 1).

In order to: a) differentiate the doublets betwekn,9aH and 8,,10.H protons and
between 44,9 ¢rH and 8., 10e+H protons and also to compare the proton chersiuétl separation
effect within the cyclohexane ring-CH, for the two orientations ¥, Aeq and Yeq Aax
(correspoinding to fixed 1Y,1A-cyclohexane confotimaal isomers included inside the
adamantane framework), b) to study the effect efdifferent orientations ¥, Aeqand Yeq Aax ON
the resonances gfcarbons 49-C ands-carbons 57'-C, and c) to study the substituent effects on
the carbons chemical shifts, the full assignmerthetH and**C NMR spectra of compounds-38
is a precondition. Although th&C spectra of some substituted adamantanes at G+ lveen
investigated;there is no detailed report on th#it NMR spectrd®’®

The geometry of each compound was optimized at B3EY31+G(d,p) level*® This level of
theory is adequate with reproducing accurately gdoes; nevertheless we are more interested in
relative geometrical changes and not absolute saffieThe gauge-invariant atomic orbital
(GIAO)™ for calculation of the magnetic shielding tensofsiuclei was applied for compounds
1-38 after optimizing their geometry using the IEF-PGMIvent modéf (solvent CHGJ) for
consistency with the experimental conditions. FOA calculations we used the global minimum
which is more than 2.7 kcal/mol lower in potentadergy for all molecules, that is, every other
conformer is less than 1% populated. It has beeently/ published that B3LYP/6-31G(d,p) gave a
deviation within 0.2 ppm fofH chemical shifts and B3LYP/6-31G(d) gave a dewiatf 5 ppm for
¥c chemical shifté®® also that a DZ basis set is a fair choi$8.For the calculation of proton
chemical shifts it was recommended that the modedihsolvent through SCRF-type calculation
may improve predictions significantly in certainsea; TMS was found to be an acceptable
reference since the deviation from experimentaliesiwas found to be inside acceptable liffits.
We applied here GIAO calculations in order to chéuo&ir ability to reproduce experimentally

determined assignments for example the relativatioe of 8,10-H and 4,9'-H proton doublets in



the studied adamantane derivatives. The calcutdtethical shifts follow the same order compared
to the experimental chemical shifts; we checkeatief GIAO calculated chemicals shifts predict the
same relative chemical shift positions with expemtal results and we did not attempt to predict
absolute calculated values. It is known that this be accomplished for example t3€ only with
demanded computational methods, possibly with CTHBf We used GIAO results for
assignment purposes when differentiation was dilffitke for 5, 7 protons and carbons. In most
of the cases the deviation of the calculated chainsicift is similar for the same carbon or proton
inside seried—-38. In all cases we used the results from the GlAOutations to compare relative
chemical shifts positions, for example the positafr8,10 carbons compared td,2 carbons or
the position of 5proton or carbon compared tbptoton or carbon, and not absolute values. Since
the chemical shifts difference fot &nd 7 carbons and protons is small (see discussionvieti)
even the more accurate MP2 level can not give ateurhemical shifts for these carbons and
protons having an error of ~ 2 ppm and 0.1 ppm darbons and proton chemical shifts
respectively*®° this last level is also computationally expendimethis large set of compounds.
TheH chemical shifts of compounds-38 (experimental and calculated values) are depicted

in Table 1.



Table 1.*H chemical shifts (400 MHz, CDgF and signal separation of theCH, paird of adamantane cyclohexane ring sub-units for &akstituted adamantan&s38

Compound 1,3 2 5 7 6 4ax, 9ax 8ax, 10ax 4eq, %eq 8eq, 10eq Ady g1 Adg 10-H
1(Y=H,A=H) Exp. 1.87 1.75 1.87 1.87 1.75 1.75 1.75 1.75 1.75 0.0 0.0
Calc. 1.78, 1.80 1.84 1.78 1.78 1.84 1.82,1.84 1.82,1.84 1.82,1.84 1.82,1.84 0 0
(A3=-0.08) (A3=0.09) (A6=-0.09) (A6=-0.09) (A3=0.09) (A6=0.08) (Ad=0.08) (Ad=0.08) (As=0.08) (A3=0) (A3=0)
2(Y=CHj; A=H) Exp. 1.57 1.75 1.84 1.75 1.69 1.91 1.81 1.46 1.72 0.45 -0.09
Calc. 1.58, 1.58 1.86 1.73 1.71 1.77,1.76 2.09, 2.08 1.92,1.92 1.55, 1.56 1.79, 1.79 0.53 0.13
(A3=0.01) (A8=0.11) (A6=-0.13) (A6=-0.02) (A3=0.08) (A6=0.18) (Ad=0.11) (Ad=0.09) (Ad=-0.02) (AA3=0.08) (AAs=0.22)
3(Y=C(CHg)s A=H) Exp. 2.05 1.86 1.86 1.79 1.70 2.03 1.81 1.53 1.71 0.50 0.10
Calc. 1.92,1.91 1.21 1.54 1.56 1.45, 1.43 1.88, 1.98 1.57,1.61 1.33,1.28 1.43,1.48 0.62 0.13
(A5=-0.14) (A5=-0.65) (A6=-0.32) (A6=-0.43) (A6=-0.26) (Ad=-0.10) (A6=-0.22) (A5=-0.23) (Ad=-0.25) (AA8=0.12) (AA4=0.03)
4 (Y=C=N, A=HY Exp. 2.16 2.89 1.90 1.83 1.68 2.14 1.88 1.73 1.72 0.41 0.16
Calc. 1.98, 1.98 2.71 1.79 1.70 1.81,1.81 2.33,2.33 1.70, 1.70 1.66, 1.66 1.90, 1.90 0.67 -0.20
(A5=-0.18) (A5=-0.18) (A6=-0.11) (A6=-0.13) (A3=0.13) (A6=0.19) (A6=-0.18) (A6=-0.07) (Ad=0.18) (AAS=0.26) (AAd=-0.36)
5(Y=0H, A=HY Exp. 1.88 3.86 1.79 1.81 1.71 2.06 1.84 1.52 1.68 0.54 0.16
Calc. 1.49, 1.96 3.91 1.67 1.67 1.77,1.76 2.43, 2.48 1.90, 1.89 1.47,1.45 1.68, 1.70 1.00 -0.02
(A5=-0.16) (A8=0.05) (A6=-0.12) (A6=-0.14) (A3=0.06) (A5=0.40) (A3=0.06) (Ad=-0.06) (A3=0.01) (AAS=0.46) (AAS=-0.18)
6 (Y =0OMe, A=HYf Exp. 2.02 3.34 1.77 1.83 1.70 2.01 1.65 1.47 1.84 0.54 0.19
Calc. 1.88, 2.05 3.27 1.36 1.68 1.77,1.72 2.26, 2.38 1.90, 1.89 1.43, 1.46 1.62,1.74 0.87 -0.07
(A5=-0.06) (A3=-0.07) (A6=-0.41) (A8=-0.15) (Ad=0.05) (A86=0.31) (Ad=0.25) (A5=-0.03) (Ad=-0.16) (AAS=0.33) (AAd=-0.26)
7 (Y =NH,, A = HY Exp. 1.75 2.99 1.78 1.81 1.70 1.97 1.84 1.52 1.72 0.45 0.12
Calc. 1.50, 1.50 3.33 1.67 1.70 1.78,1.78 2.73,2.73 1.90, 1.90 1.40, 1.40 1.72,1.72 1.33 0.18
(A3=-0.25) (A3=0.34) (A6=-0.11) (A6=-0.11) (A3=0.08) (A8=0.76) (Ad=0.06) (Ad=-0.12) (A3=0) (AAS=0.88) (AAS=0.06)
8 (Y =NMe,, A = HY Exp. 1.96 2.10 1.78 1.82 1.71 2.28 1.80 1.41 1.63 0.87 0.17
Calc. 1.94,1.94 1.84 1.66 1.72 1.72,1.72 2.42,2.42 191,191 1.44,1.44 1.72,1.72 0.98 -0.19
(A3=-0.02) (A3=-0.26) (A6=-0.12) (A6=-0.10) (A3=0.01) (A8=0.14) (Ad=0.11) (Ad=0.03) (A8=0.09) (AAS=0.11) (AAd=-0.36)
9 (Y =NH-CO-Me, A=H) | Exp. 1.93 4.03 1.82 1.83 1.78 1.90 1.82 1.63 1.67 0.27 0.15
Calc. 2.06, 2.47 4,13 1.70 1.68 1.79, 1.77 1.62, 1.90 1.91,1.83 1.73,1.61 1.89, 1.90 0.16 -0.05
(A8=0.33) (A8=0.10) (A6=-0.12) (A6=-0.15) (Ad6=0.0) (Ad=-0.14) (A5=0.04) (A3=0.04) (Ad=0.23) (AAS=-0.11) (AAd=-0.20)
10(Y =NO,, A=H) Exp. 2.75 4.38 1.97 1.97 1.70 2.05 1.95 1.52 1.83 0.53 0.12
Calc. 2.98, 2.95 411 1.71 1.71 1.78,1.78 1.81,1.84 2.00, 2.00 1.64, 1.63 1.72, 171 0.19 0.28
(A6=0.22 ) (AS=-0.27) (A5=-0.26 ) (Ad6=-0.26) (Ad3=0.08) (Ad=-0.22) (A5=0.05) (A6=0.12) (Ad=-0.11) (AAS=-0.34) (AAs=0.14)
11(Y=F, A=HY Exp. 2.09 4.65 1.81 1.81 1.73 2.08 1.86 1.55 1.67 0.53 -0.19
Calc. 2.05, 2.05 4.84 1.65 1.73 1.75,1.76 2.34,2.34 1.90, 1.89 1.53, 1.53 1.67, 1.67 0.81 -0.05
(A3=-0.04) (A3=0.19) (A6=-0.16) (A6=-0.08) (Ad=0.03) (A8=0.26) (A5=0.04) (A3=0.02) (A3=0) (AAS=0.28) (AAS=0.14)
12 (Y=CI, A= HY Exp. 2.06 4.38 1.84 1.84 1.73 2.25 1.93 1.55 1.78 0.70 -0.15
Calc. 1.94, 1.94 4.44 1.62 1.72 1.75, 1.75 2.44,2.44 1.94,1.94 1.51,1.51 1.75, 1.75 0.93 -0.19
(A3=-0.12) (A3=0.06) (A6=-0.22) (A6=-0.12) (A3=0.02) (A8=0.19) (A3=0.01) (Ad=-0.04) (Ad=-0.03) (AAS=0.23) (AAS=-0.04)
13(Y=SH, A=H) Exp. 1.82 3.34 1.79 1.80 1.69 2.15 1.86 1.50 1.76 0.68 -0.10
Calc. 1.53, 1.99 3.68 1.72 1.78 1.79, 1.80 2.31,2.87 1.98, 1.94 1.58, 1.49 1.77,1.82 1.05 -0.17
(A3=-0.06) (A3=0.34) (A8=-0.07) (A6=-0.02) (A3=0.11) (A8=0.44) (A3=0.10) (Ad=0.04) (As=0.04) (AAS=0.37) (AAd=-0.07)



14 (Y = OH, A =CHy)

15(Y = OH, A = C(CH2);

16 (Y = OH, A =Ph)

17 (Y = OH, A = C=CH)

18 (Y = OH, A =C=N)

18 (Y = OSiMe, A = C=N)

20 (Y = O-COMe, A =CHy)

21(Y = O-COtBu, A =CHy)

22(Y = NHy, A=CHj)

23 (Y = NMe,, A =CHy)

24 (Y = NHMe,", A =CHy)

25 (Y, A = NH(CHo),)

26 (Y, A = NMe(CH,),)"

27 (Y = NHCOMe, A =CHj)

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

1.65
1.33,1.71
(A3=-0.13)
2.02
1.85, 2.07
(A5=-0.06)
2.60
1.96, 1.96
(A3=0.64)
1.93
1.81, 2.10
(A3=0.03)
1.73
1.31,1.70
(A8=-0.22)
2.05
1.77,1.79
(A3=-0.27)
2.20
3.03, 1.67
(A3=0.15)
2.24
2.97,1.51
(A3=0.0)
1.55
1.33,1.33
(A3=-0.22)
1.75
1.81,1.81
(A3=0.06)
2.03
2.02, 2.02
(A5=-0.01)
1.78
1.00, 2.24
(A5=-0.16)
1.60, 2.43
1.36, 2.24
(A3=-0.24, -0.19)
2.15
3.16, 1.28
(A3=0.07)

1.76
1.66
(A5=-0.10)
1.73
1.71
(A5=-0.02)
1.94
1.55
(A5=-0.39)
1.79
1.55
(A5=-0.24)
1.80
1.73
(A5=-0.07)
1.76
1.51
(A5=-0.25)
1.73
1.65
(A5=-0.07)
1.73
1.48
(A5=-0.25)
1.81
2.02
(A5=0.21)
1.75
1.69
(A5=-0.06)
1.93
1.97
(A5=0.04)
1.74
1.68
(A5=-0.06)
1.80
1.44
(A5=-0.36)
1.81
1.67
(A5=-0.14)

1.76
1.66
(A5=-0.10)
1.59
1.64
(A5=0.05)
1.74
1.42
(A5=-0.32)
1.66
1.39
(A5=-0.27)
1.92
1.61
(A5=-0.31)
1.84
1.39
(A5=-0.45)
1.73
1.67
(A5=-0.06)
1.73
1.49
(A5=-0.24)
1.78
1.68
(A8=-0.10)
1.75
1.66
(A5=-0.09)
2.00
2.04
(A5=0.04)
1.74
1.65
(A5=-0.09)
1.80
1.42
(A5=-0.38)
1.81
1.67
(A5=-0.14)

1.64
1.71,1.70
(A3=0.07)
1.66
1.70, 1.68
(A5=0.03)
1.73
1.43,1.44
(A5=-0.29)
1.66
1.46, 1.47
(A5=-0.20)
1.73
1.72,1.71
(A5=-0.01)
1.71
1.53, 1.51
(A5=-0.19)
1.63
1.73,1.78
(A5=0.12)
1.64
1.49, 1.52
(A5=-0.13)
1.65
1.73,1.73
(A5=0.08)
1.63
1.70, 1.70
(A5=0.07)
1.73
1.92,1.92
(A5=0.19)
1.60
1.70, 1.70
(A5=0.10)
1.65
1.34,1.35
(A5=-0.30)
1.70
1.75,1.74
(A5=0.04)

2.15
2.64,2.69
(A5=0.52)
2.26
2.53,2.86
(A5=0.44)
2.45
2.58,2.48
(A5=0.08)
2.14
1.61, 1.70
(A5=-0.48)
2.13
2.37,2.47
(A5=0.29)
2.10
2.10, 2.26
(A5=0.08)
1.95
2.47,1.94
(A5=0.25)
1.95
2.24,1.69
(A5=0.01)
2.07
2.87,2.87
(A5=0.82)
2.22
2.57,2.57
(A5=0.35)
2.18
1.45, 1.46
(A8=-0.72)
1.93
2.67,2.74
(A8=0.77)
2.24,2.10
2.53,2.21
(A5=0.20)
1.97
2.03,2.15
(A5=0.12)

1.83
1.92,1.94
(A3=0.10)
2.17
2.32,2.32
(A3=0.15)
1.76
1.25,1.57
(A5=-0.35)
2.11
1.72,1.75
(A8=-0.37)
2.10
2.22,2.22
(A8=0.12)
2.07
1.95, 1.96
(A3=-0.12)
1.80
2.01,1.92
(A3=0.16)
1.80
1.79, 1.64
(A3=-0.08)
1.93
2.02,2.02
(A3=0.09)
1.85
1.99, 1.99
(A3=0.14)
1.97
2.11,2.13
(A8=0.15)
1.87
1.91, 2.01
(A3=0.09)
1.60, 1.82
1.62,1.63
(A5=-0.10)
1.95
1.67,1.66
(A3=-0.29)

1.52
1.45,1.45
(A3=-0.07)
1.47
1.45,1.38
(A3=-0.06)
1.77
1.36,1.38
(A8=-0.40)
1.52
0.98,1.01
(A8=-0.52)
1.62
1.53, 1.53
(A5=-0.09)
1.55
1.22,1.25
(A3=-0.31)
1.49
1.56, 1.56
(A3=0.07)
1.49
1.30, 1.19
(A5=-0.24)
1.59
1.38,1.38
(A3=-0.21)
1.34
1.33,1.33
(A8=-0.01)
1.72
2.21,2.21
(A3=0.49)
1.45
1.40,1.34
(A5=-0.08)
1.43,1.39
1.08, 1.10
(A5=-0.32)
1.61
1.62, 1.53
(A5=-0.03)

1.70
1.78,1.75
(A3=0.07)
1.68
1.69,1.78
(A3=0.06)
1.74
1.39,1.83
(A8=-0.13)
1.75
1.67, 1.65
(A8=-0.09)
1.91
1.85, 1.84
(A5=-0.06)
1.86
1.52,1.52
(A5=-0.34)
1.65
1.74,1.71
(A3=0.07)
1.65
1.48,1.44
(A3=-0.19)
1.62
1.73,1.73
(A3=0.11)
1.64
1.70,1.70
(A3=0.06)
1.87
2.17,2.17
(A5=0.30)
1.53
1.71, 1.65
(A3=0.15)
1.47,1.60
1.41,1.32
(A5=-0.17)
1.66
2.15, 2.01
(A3=0.42)

0.63
1.22
(AA§=0.59)
0.79
1.44
(AA5=0.65)
0.68
1.16
(AA5=0.48)
0.62
0.67
(AA8=0.05)
0.51
0.89
(AA5=0.38)
0.55
0.94
(AA§=0.39)
0.46
0.64
(AAG=0.24)
0.46
0.71
(AA§=0.25)
0.48
1.44
(AA5=0.96)
0.88
1.24
(AAS=0.36)
0.46
0.76
(AA8=0.30)
0.48
1.33
(AA5=0.85)
0.81,0.71
1.43,1,13
(AA§=0.52)
0.36
0.51
(AA§=0.15)

0.13
0.16
(AA$=0.03)
0.49
0.59
(AA$=0.10)
0.02
0.24
(AAG=0.22)
0.36
0.08
(AAS=0.28)
0.19
0.38
(AAS=0.19)
0.21
0.43
(AAG=0.22)
0.15
0.24
(AA$=0.09)
0.15
0.25
(AAS=0.11)
0.31
0.29
(AAS=0.02)
0.21
0.29
(AAS=0.08)
0.10
0.05
(AAS=0.05)
0.34
0.28
(AAS=0.06)
0.13,0.22
0.30, 0.22
(AA$=0.08)
0.29
0.40
(AAS=0.11)



28 (Y = NHCOtBu, A =CHj)

29 (Y = N-N=N, A = CHj)

30(Y=E, A=CHy

31(Y=Cl, A=CHjy)

32 (Y = CMe,OH, A = H)

33(Y = CMeF, A=H)

34 (Y = COMe, A = H)

35 (Y = CO,H, A = H)

36 (Y, A= CQ(CHz)z

37 (Y, A= CQ(CH2)3

38 (Y, A= CO(CH,),

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

2.13
3.18,0.98
(A5=-0.05)
1.72
1.46,1.94
(A5=-0.02)
1.90
1.83,1.83
(A8=-0.07)
1.67
1.91,1.91
(A3=0.24)
2.18
2.16, 2.16
(A8=-0.02)
2.15
2.20,2.21
(A3=0.05)
2.36
1.95,2.02
(A5=-0.37)
2.35
2.35,2.52
(A3=0.08)
1.90
1.73,1.73
(A3=-0.17)
1.84
1.45,1.62
(A5=-0.31)
2.16
1.64,1.71
(A5=-0.49)

1.54
1.38
(A5=1.16)
2.87

(A5=0.24)
2.47
2.63

(A5=0.16)
2.66
2.53

(A3=-0.13)

1.77
1.49
(A3=-0.28)
1.80
1.66
(A3=-0.14)
1.78
1.65
(A5=-0.10)
1.79
1.65
(A5=-0.14)
1.86
1.75
(A3=-0.11)
1.82
1.77
(A3=-0.05)
1.79
1.56
(A3=-0.23)
1.90
1.70
(A3=-0.20)
1.79
1.75
(A3=-0.04)
1.78
1.75
(A5=-0.03)
1.80
1.69
(A5=-0.11)

1.77
1.47
(A3=-0.30)
1.81
1.73
(A3=-0.07)
1.82
1.68
(A3=-0.17)
1.80
1.69
(A5=-0.11)
1.85
1.71
(A5=-0.14)
1.60
1.77
(A3=0.17)
1.70
1.47
(A3=-0.23)
1.85
1.76
(A3=-0.09)
1.77
1.67
(A3=-0.10)
1.78
1.68
(A5=-0.10)

1.67
1.67
(A5=0)

1.65
1.47,1.46
(A3=-0.18)
1.67
1.74,1.74
(A3=0.07)
1.69
1.73,1.73
(A3=0.04)
1.67
1.71,1.71
(A5=0.04)
1.73
1.75,1.75
(A5=0.02)
1.65
1.76, 1.77
(A3=0.11)
1.71
1.47,1.45
(A5=-0.25)
1.74
1.78,1.81
(A3=0.05)
1.70
1.75,1.75
(A3=0.05)
1.69
1.77,1.75
(A3=0.07)
1.65
1.70,1.73
(A5=0.06)

1.94
2.18,2.12
(A3=0.11)
2.11
2.48,2.29
(A3=0.27)
2.17
2.48,2.48
(A3=0.31)
2.18
2.66, 2.66
(A3=0.48)
2.18
2.92,2.93
(A5=0.74)
2.12
2.59, 2.61
(A3=0.48)
1.88
1.33,2.32
(A5=-0.06)
1.91
1.62, 1.69
(A3=-0.25)
2.18
2.53,2.53
(A3=0.35)
2.42
2.40, 3.47
(A3=0.51)
2.01
2.77,1.57
(A5=0.16)

%spectra were recorded at 298 K (unless otherwégeditand the signal of CHOkesidue was calibrated at 7.26 ppm.
®Signals for 49'-H and 8,10-H pairs of compounds—38appear in general as broad doublets vjth~ 12 Hz.

®Signal for the 57'-H of compound4-38appeared either as a broad singlet or as a nammwad multiplet.
®Signal for the 1,3-H and 6-H of compound4.-38is broad singlet.

Data taken from the literatufé.
Spectra recorded at 273'K.

1.86
1.42,1.42
(A5=-0.44)
1.87
1.71,1.82
(A3=-0.10)
1.80
1.81,1.81
(A3=0.01)
1.86
2.06, 2.06
(A3=0.20)
1.82
1.94,1.94
(A8=0.12)
1.82
1.69, 1.70
(A3=-0.13)
1.77
1.65, 1.59
(A3=-0.26)
1.87
1.94,1.91
(A3=0.05)
1.74
1.63,1.63
(A3=-0.11)
1.95
1.62, 1.57
(A8=-0.35)
1.88
1.51, 1.62
(A5=-0.31)

1.62
1.25,1.23
(A5=-0.38)
1.56
1.51,1.62
(A3=0.00)
1.56
1.53, 1.53
(A5=-0.03)
1.55
1.59, 1.59
(A3=0.04)
1.53
1.51,1.51
(A8=-0.02)
1.48
1.57, 1.56
(A3=0.08)
1.59
1.32,1.21
(A5=-0.32)
1.64
1.62, 1.69
(A3=0.01)
1.62
1.56, 1.56
(A3=-0.06)
1.38
1.45, 1.36
(A8=0.02)
1.57
1.44, 1.66
(A5=-0.02)

1.57
1.81,1.75
(A3=0.31)
1.68
1.97,1.94
(A3=0.27)
1.67
1.84,1.84
(A8=0.17)
1.73
1.76,1.76
(A3=0.03)
1.70
1.70,1.70
(A3=0.00)
1.69
1.96, 1.96
(A3=0.27)
1.75
1.55,1.33
(A3=-0.31)
1.75
1.72,1.82
(A3=0.02)
1.62
1.82,1.82
(A3=0.20)
1.62
2.14,1.81
(A3=0.35)
1.63
1.95, 2.24
(A3=0.41)

0.32
0.91
(AA§=0.59)
0.55
0.82
(AA§=0.27)
0.61
0.95
(AAS=0.34)
0.63
1.07
(AAS=0.44)
0.65
1.41
(AA6=0.76)
0.64
1.04
(AA§=0.40)
0.29
0.56
(AAS=0.27)
0.27
0.00
(AAS=0.27)
0.56
0.97
(AA§=0.41)
1.04
1.53
(AAS=0.49)
0.44
0.62
(AA6=0.18)

0.29
0.36
(AA$=0.07)
0.19
0.18
(AA$=0.01)
0.13
0.03
(AA$=0.10)
0.13
0.30
(AAS=0.17)
0.13
0.24
(AAS=0.11)
0.13
0.27
(AAG=0.14)
0.13
0.18
(AA$=0.05)
0.12
0.15
(AA$=0.03)
0.12
0.19
(AAS=0.07)
0.33
0.37
(AAS=0.04)
0.25
0.48
(AAS=0.23)



As a representative example, the assignment of'tBeH and 8,10-H doublets is described
for the conformationally homogeneolNsN-dimethyl-2-methyl-2-adamantanamif8 (see Figure 1

and Scheme 2).

N-CHs

4'ax, Yax

LI B B o I A B T o o 8 L 1 A B N R AR
2.20 2.10 2.00 1.90 1.80 1.70 1.60 1.50 1.40 1.30 1.20 1.10 1.00 0.90
(ppm)

Figure 1. '"H NMR spectrum of theN,N-dimethyl-2-methyl-2-adamantanamir28 in CDCk
solution (400 MHz) at 298 K (Nitrogen quadruple nmearh broadening effect combined with a

defined orientation of lone pair effects a broadgrof the proton spectrum).

Molecular mechanics calculations using MM3 or MMBFfbrce fields® predicted that
conformer23a, having an anti arrangement with respect to thg-C2-N-Ip dihedral angle, is the
only populated conformer f&3 since the next different conform28gis more than 10 kcal mol
higher in energy (Scheme 2). Conforn28g results from23a, either by rotation around the CR
bond or nitrogen inversion; i23gthe N-Me group lies above thé2-3'-4'-5'-9" cyclohexane ring

where 1,5-steric interactions with th@xX and 9x methine groups are severe (Scheme 2).



Scheme 2 Scheme depicts nOe connectivities obtained fonpmund23 being consistent with
conformer23g 1,5-interactions strongly destabilize conforri28g and thus conforme23ais the

only populated conformer

CH
NI
ay H .

©

The doublet resonance at 1.85 ppm was assignebet@rotons &x, 10ax J ~ 12 Hz)
because of its dipolar nOe correlation with C-M@.88 ppm, and differentiated from th'ewd, 9ax-
H doublet § ~ 12 Hz) at 2.22 ppm which showed an nOe coraelatvith N-Me at 2.08 ppm
(Scheme 2, Figure 1). Using the scalar conneawitin the *H-'H COSY spectrum, the
corresponding pairs of equatorial protons were tifled at lower frequencies, the signal of
4'eq,9eq-H appeared at 1.34 ppm and that'efi80eqg-H occurred at 1.64 ppm. In general, for the
assignment of the different doubletg,® a-H and 8,4,104cH, 4¢q10erH and 8.4, 10eH in 2,2-
disubstituted adamantan®4-31, 36-38a similar procedure was used; in 2-substituted adéames
1-13, 3235 the assignment of the relevant protons was stifaigthard as described into the first
paragraph of Results and Discussion section.

In all cases, thad(y-CHy) value is higher for the C4dx Y ax Or C-Hyax 'Y ax CcONtacts (¥x =
NR2, OR, F, CN, CMgOH or C = O) than for the Cddx"Aax Or C-Higax"Aax CONtacts (Ax = H,

CHjs, t-Bu, C=CH, C=N); chemical shift difference ranges &, ¢4 = 0.30 - 1.05 ppm for the &' -



H pairs (higher separation is observed in compo@m@dandAdg ;9.4 = 0.1 - 0.5 ppm for the'3.0-

H pairs (Table 1) were obtained. Protonax4 9ax-H are more deshielded than tHax10ax-H
protons. For example, in the spectrum of compa@¢Figure 1) theAd(y-CHy) value is 0.88 ppm
for the 4,9-H pairs compared to 0.21 ppm for thg&18-H pairs; this in turn implies that
redistribution of electronic shielding over theyclohexane CkHgroup is affected more from C-
Hax*NMe, contact rather than the CgH-H-C contact (Y = NMg A = CHs). The GIAO
calculations predicted correctly the relative chaahshifts positions.

The positions of the other resonances infH&MR spectrum were identified as follows. The
broad signal of the equivalent protoris3tH was easily assigned using the correspondingocarb
resonances’ B-C via'Jcy correlations in the HMQC 2D spectra. The resonswdéehe chemically
non equivalent protons,3'-H were coincident for compoundg, 12, 14, 20, 21, 23, 288 and37,
in all the other cases the broad signals of the &nd 7-H protons, differing a little in the chemical
shift, can be differentiated through thé&i scalar correlations with’ &-H or 8,10-H doublets,
respectively, in the 2D COSY spectra. A discussbout the relative position of-bl and 7-H
resonances can be found in the Supporting Infoonalihe GIAO calculations predicted correctly
the relative chemical shifts position of &and 7-H proton resonances in the above cases. The
deviation of GIAO calculated values from experinamnalues for mostH NMR chemical shifts is

<0.7 ppm:; this deviation is similar to the valuesyiously observedf?*

2.1.2'3C NMR Spectroscopy

The °C chemical shifts of the adamantane derivatite38 are given in Table 2. The
differentiation between-, andgd-carbons, that is, between3-C and 810-C and between'&C
and 7-C was the main task of th&C NMR spectra assignment.

The first reported assignment of carbon® 4and 8,10 of a 2,2-disubstituted adamantane

was made for 2-methyl-2-adamantadd! on the basis of lanthanide-induced shift experisiEfi



In"another previous work, the signals P4C and 8,10 carbon pairs were assigned systematically
by measuring thé*C-*C coupling constants using the 2D INADEQUATE expemt’'®?° This
experiment was first applied to 2-substituted adaarges for the differentiation of,%-C signals;
however the assignment of these carbon signals ,Jadigubstituted adamantanes was not
unambiguous. Rather than performing time consunaind sample demanded experiments, we
identified the location of'4'-C and 810-C peaks (see Table 2) using the unequivocal assigh

of 4,9-H and 810-H proton signals and thefde. correlations with the studied carbons (2D
HSQC or HMQC experiment). The resonances’af &arbon resonances were differentiated using
the YJc.y correlations and the assigneg75proton resonances. Wheh&-H signals were almost
overlapped (see for example compout@s26 etc), the’Jc. correlations betweer ,@-H and 3-C
carbon or between ,80-H and 7 were employed as obtained from 2D HMBC spectraalao the
GIAO calculations results were used to assigri-& signals and to confirm other carbon resonance

assignment§!

Table 2.23C Chemical shiftef adamantane carbofe the adamantanes derivativés38.

Compound a-C B-C y-Syn y-anti J-syn J-anti &-C
C(2) Cc(1,3) C(4,9) C(8,10) C(5) C(7) C(6)

1(Y=H,A=H) Exp. 37.90 28.60 37.90 37.90 28.60 28.60 38.90
Calc. 41.78 35.02 41.66 41.79 34.90 34.90 41.63

(A3=3.88)  (Ad=6.42) (A6=3.76) (AS=3.89) (A3=6.30) (Ad=6.30) (Ad=2.73)
2(Y=CHs; A=H) Exp. 39.10 33.80 31.20 39.50 28.50 28.20 38.60
Calc. 45.14 40.10 35.73 43.40 35.10 34.56 42.66

(A6=6.04)  (A3=6.30) (A6=4.53) (A8=3.90) (A5=6.60) (A5=6.36) (A5=4.06)
3(Y=C(CHy)s A=H) Exp. 54.10 29.50 33.10 41.90 28.80 27.80 38.70
Calc. 57.63 35.64 35.05 43.94 34.53 33.39 40.89

(A3=3.53)  (A6=6.14) (AS=1.95) (Ad=2.04) (A8=5.73) (A8=5.59) (As=2.19)
4(Y=C=N,A=H) Exp. 37.16 30.54 33.24 36.77 27.05 26.89 36.86
Calc. 40.93 38.05 36.48 41.04 33.60 33.57 40.90

(A3=3.77)  (A6=7.51) (A3=3.24) (Ad=4.27) (A5=6.55) (A3=6.68) (AS6=4.04)
5(Y=0H,A=H) Exp. 74.66 34.64 31.12 36.62 27.62 27.17 37.69
Calc. 79.37 41.45 35.09 40.59 34.28 33.94 41.49

(A6=4.64)  (A3=6.81) (A86=3.97) (Ad=3.97) (A5=6.66) (A8=6.77) (A5=3.80)
6 (Y =OMe, A =H) Exp. 83.41 31.47 31.58 36.65 27.61 27.57 37.75
Calc. 87.37 37.53 35.48 40.56 34.33 34.12 41.76

(A6=3.96)  (A3=6.06) (A8=3.90) (A8=3.91) (A8=6.72) (A3=6.62) (Ad=4.01)
7 (Y=NH, A=H) Exp. 55.62 35.08 30.86 37.82 27.84 27.40 38.06
Calc. 60.59 40.82 34.63 41.19 35.00 34.34 42.14

(A3=4.97)  (A6=5.74) (A8=3.77) (Ad=3.37) (Ad=7.16) (A3=6.94) (AS6=4.08)
8 (Y =NMe,, A=H) Exp. 70.20 31.64 30.20 37.54 28.05 27.67 38.19

Calc. 74.55 36.90 35.37 41.21 34.19 33.75 42.32



9 (Y =NHCOMe, A = H)

10(Y =NO,, A=H)

11(Y =F, A=H)

12 (Y =Cl, A=H)

13 (Y = SH, A=H)

14 (Y=0H, A=CHj)

15 (Y = OH, A = C(CH3)3

16 (Y =QOH, A=Ph)

17 (Y = OH, A=C=CH)

18 (Y =0H, A=C=N)

19 (Y = OSiMe;, A =C=N)

20 (Y = 0-COMe, A =CH)

21 (Y = O-COtBu, A =CHy)

22(Y = NHy, A =CHa)

23 (Y =NMe,, A =CH.)

24 (Y = NHMe,", A = CH,)

25 (Y, A =NH(CH>).)

26 (Y, A = NMe(CH,),)"

27 (Y = NHCOMe, A =CH,)

28 (Y = NHCOtBu, A =CHy)

29 (Y = N-N=N, A =CHy)

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

Exp.
Calc.

(A8=4.35)
53.42
57.65

(A5=4.23)
89.13
92.75

(A5=3.62)
95.60
99.61

(A5=4.01)
68.10
78.56

(A3=10.46)
46.50
57.29

(A8=10.46)
73.97
77.25

(A5=3.28)
77.40
82.68

(A5=5.28)
75.71
81.12

(A5=5.41)
72.76
74.50

(A5=1.74)
74.01
76.63

(A5=2.62)
74.89
81.31

(A5=6.42)
86.69
90.84

(A5=4.15)
86.08
86.49

(A5=0.41)
52.85
57.91

(A8=5.06)
58.77
64.06

(A5=5.29)
~77.0
83.24

(A5=6.24)
54.40
58.98

(A5=4.58)
57.90
64.74

(A5=6.84)
58.52
63.98

(A5=5.46)
57.75
65.61

(A5=7.86)
67.31
72.59

(A5=5.26)
30.45
38.03

(A3=7.58)
31.54
36.53

(A= 4.99)
32.90
39.22

(A5=6.32)
36.00
42.25

(A3=6.25)
35.70
41.32

(A8=5.62)
39.19
45.27

(A5=6.08)
34.60
41.35

(A5=6.75)
35.69
42.34

(A5=6.65)
38.64
48.30

(A5=9.66)
37.17
44.03

(A5=6.86)
37.39
44.87

(A5=7.48)
36.09
41.50

(A8=5.41)
36.32
41.02

(A8=4.70)
38.89
4458

(A5=5.69)
34.48
40.42

(A5=5.94)
33.23
39.94

(A5=6.71)
34.06
42.17

(A3=8.11)
34.50
38.57

(A5=4.07)
35.36
40.84

(A3=5.48)
35.49
41.32

(A3=5.83)
36.38
42.33

(5=5.17)
32.03
36.45

(A5=4.42)
32.50
36.71

(A5=4.21)
31.50
35.90

(A5=4.40)
35.00
34.95

(A5=0.05)

31.0
34.99

(A5=3.99)
33.06
38.93

(A5=5.87)
35.60
38.50

(A5=3.50)
33.05
36.12

(A5=3.07)
31.51
39.76

(A5=8.25)
30.84
38.53

(A5=7.69)
31.13
36.71

(A5=5.58)
33.10
38.86

(A5=5.76)
33.12
37.21

(A5=4.09)
33.10
37.12

(A5=4.02)
32.15
36.37

(A5=4.22)
30.61
36.47

(A5=5.86)
32.19
36.68

(A5=4.49)
31.40
34.65

(A5=3.25)
33.22
37.63

(A5=4.41)
33.34
35.93

(A5=2.59)
33.54
37.90

(\6=3.67)
37.24
4152

(A5=4.28)
37.44
40.98

(A3=3.54)
35.80
39.72

(A5=3.92)
38.30
42.31

(A5=4.01)
38.90
4351

(A5=4.61)
35.22
37.31

(A5=2.09)
35.00
39.50

(A5=4.90)
34.97
37.14

(A5=2.17)
35.33
33.67

(A5=1.66)
35.00
35.31

(A5=0.31)
34.91
36.57

(A5=1.66)
34.42
37.57

(A5=3.15)
34.57
35.32

(A5=0.75)
34.66
38.19

(A5=3.53)
34.18
38.18

(A5=4.00)
34.29
37.66

(A5=3.37)
33.47
37.26

(A5=3.79)
33.00
35.78

(A5=2.78)
33.32
37.70

(A5=4.38)
33.37
36.48

(A5=3.11)
34.04
37.98

(\5=6.14)
27.34
34.01

(A5=6.65)
27.10
33.28

(A5=6.18)
27.70
33.90

(A5=6.20)
27.60
33.89

(A5=6.29)
27.90
34.92

(A5=7.02)
27.61
34.37

(A5=6.76)
27.10
33.84

(A5=6.68)
27.02
33.27

(A5=6.25)
26.84
33.73

(A5=6.89)
26.47
32.80

(A5=6.33)
26.54
32.18

(A5=6.26)
27.35
34.23

(A5=6.88)
26.82
26.52

(A5=0.30)
27.88
34.51

(A5=6.63)
27.44
33.58

(A5=6.14)
26.03
31.57

(A5=5.54)
28.00
35.12

(A5=7.12)
27.20
33.92

(A5=6.72)
27.55
33.83

(A5=6.28)
27.56
33.17

(A5=5.61)
26.97
34.42

(\5=6.08)
27.23
33.99

(A5=6.78)
27.10
33.01

(A5=5.91)
27.30
33.39

(A5=6.09)
27.00
33.34

(A3=6.34)
27.10
34.11

(A8=7.01)
27.11
33.80

(A5=6.69)
27.00
33.78

(A5=6.84)
27.53
34.13

(A5=6.60)
26.63
32.72

(A3=6.09)
26.36
33.04

(A5=6.68)
26.37
32.27

(A5=5.90)
26.71
33.54

(A5=6.83)
26.56
33.40

(A5=6.84)
27.57
34.82

(A5=7.25)
27.44
34.34

(A5=6.90)
25.55
31.45

(A8=5.90)
27.50
35.44

(A5=7.94)
27.00
33.83

(A5=6.83)
26.91
34.33

(A5=7.42)
26.96
34.16

(A8=7.20)
27.42
33.72

(6=4.13)
37.65
41.37

(A5=3.72)
37.44
41.26

(A5=3.82)
37.30
41.45

(A5=4.15)
37.90
41.78

(A5=3.88)
37.90
42.02

(A5=4.12)
38.39
41.92

(A5=3.53)
39.50
43.36

(A5=3.86)
37.77
40.07

(A5=2.30)
37.60
41.35

(A5=3.75)
37.16
41.40

(A5=4.24)
38.28
39.55

(A3=1.27)
38.15
41.86

(A5=3.71)
38.27
40.79

(A3=2.52)
39.53
42.75

(A3=3.22)
37.43
42,58

(A3=5.15)
37.71
40.07

(A5=2.36)
39.10
42.80

(A5=3.70)
38.60
40.52

(A5=1.98)
38.54
42.15

(A5=3.61)
38.54
40.48

(A5=1.94)
38.35
42.25



(A3=5.28)  (A6=5.95) (\5=4.36) (5=3.94) (\5=7.45) (5=6.30) (\56=3.90)
30(Y=F,A=_CH,) Exp. 98.88 37.96 33.14 35.55 25.53 26.80 37.93
Calc. 102.30 43.88 37.51 39.21 33.24 34.06 41.47

(A5=3.42)  (A8=5.92) (A3=4.37) (AS=3.66) (AS=7.71) (A8=7.26) (AS=3.54)
31(Y =Cl, A=CH,) Exp. 73.78 39.26 33.10 35.27 27.68 27.17 38.45
Calc. 93.92 46.92 39.52 38.16 33.99 33.50 43.04

(A3=20.14) (AS=7.66) (A=6.42) (Ad=2.89) (A3=6.31) (A3=6.33) (A3=4.59)
32(Y=CMeQH,A=H) | Exp. 53.78 29.25 33.12 38.55 27.73 27.14 41.23
Calc. 57.12 37.07 36.25 44.98 34.26 35.19 42.59

(A3=3.34)  (A=7.82) (Ad=3.13) (AS=6.43) (A3=6.53) (A5=8.05) (AS=1.36)

33 (Y = CMesF, A = H) Exp. . 29.0 32.60 38.50 27.60 26.30 -
Calc. 56.16 36.82 36.20 44.62 34.26 35.01 42.44
(A5=7.82) (A3=3.60) (AS=6.12) (A3=6.66) (A8=8.71)

34 (Y= COMe, A = H) Exp. 57.86 29.39 33.45 38.49 27.67 27.67 37.40
Calc. 62.48 35.71 35.13 40.85 33.72 33.50 39.88

(A=4.62)  (A3=6.32) (A3=1.68) (AS=2.36) (A5=6.05) (A3=5.83) (A5=2.48)
35 (Y= CO,H, A = H) Exp. 49.60 29.50 37.45 33.68 27.51 27.53 38.20
Calc. 53.59 35.67 37.40 42.33 33.88 34.04 41.38

(A3=3.99)  (A8=6.17) (A%=0.05) (AS=8.65) (A3=6.35) (A3=6.53) (A5=3.18)
36 (Y, A= CO(CHy), Exp. 7157 33.44 33.72 33.84 27.14 26.88 37.34
Calc. 76.55 40.48 38.13 36.98 33.05 34.00 41.29

(A3=4.98)  (AS=7.04) (A=4.41) (A3=3.14) (A3=5.91) (A3=7.12) (AS=3.95)
37 (Y, A= CO(CHy)s Exp. 53.09 32.17 32.03 33.97 27.58 27.25 38.17
Calc. 59.01 39.90 35.12 38.80 33.95 34.54 42.78

(A5=5.92)  (A8=7.73) (A3=3.09) (A=4.83) (A5=6.37) (A8=7.29) (AS=4.61)
38 (Y, A= CO(CHy)s Exp. 55.38 32.54 32.10 3451 28.26 27.61 38.55
Calc. 61.33 38.99 38.39 35.94 34.93 34.34 42.46

(A5=5.95)  (A3=6.45) (A3=6.29) (A8=1.43) (A5=6.67) (A3=6.73) (A5=3.91)

3spectra recorded at 298 K or otherwise stdtedprded at 273 Kdoublet'J.=171.8 “doublet®Jc.-=19.2,3%not clearly resolved.

The spectra of compounds38 showed that'49'-C or 8,10-C resonances are shifted upfield

relative to the carbon resonances of the parenmadi@ne molecule. For the monosubstituted

adamantane derivativds13 and 32-35, these are the resonances of 4h®'-C carbons which are

shifted upfield with respect to’,80-C signals because of thegauche effect exerted from

substituent ¥, on the resonances of @-C carbons:*! In the 2,2-disubstituted adamantandsl7

and 20-31 and 36-38, 4,9-C resonances are generally shifted upfield wittpeet to §10-C

signals, that is, a stronger upfieteffect of (Yax, Aeg) cOmpared to that of (A Yeg was observed.

In the above cases, carbon®4C are in a syn-orientation with,ygroup, which is, in general, a

second or third row heteroatom or C=0 group, ahtl08C are in ay-syn-orientation with Ay

group, which can be considered in general as ayl gloup. Compound5 (Y = OH, A = tBu)

represents the only exception, having\&y,9 = - 0.60 ppm; in this last compound,1®-C

resonances are shifted upfield with respect t@-€ signals (Table 2). The spectra of the



adamantane derivatives showed tHa€Sesonance lies slightly downfield relative teC7in most
cases and the relevant discussion is providedeirstipporting information. The deviation of GIAO
calculated values from experimental values*far NMR chemical shifts is < 7ppm:; this deviation
is similar to the values previously obsert&d'in some cases GIAO failed to predict correctly the

relative position of carbon signals (see Supportirigrmation).

2.213C Substituent Chemical Shifts

The upfield shift of 49'-C with respect to '8L0-C carbons in the disubstituted adamantane
derivatives15-31 and 36-38 results from the effect of @Y, Aeg) and (Ay Yeq fragments on the
resonances of-carbons 49-C and 810-C, respectively. We will try next to comprehenck th
relative position of carbon resonances through idensig they-effect ¢4 andy,) contributions
from each of the two substituents Y, A on the reswes of these carbons. In the next paragraphs,
we shall discuss first thg and they, effect contributions on the resonances'¢d4C and then on
the resonances of thé,BD-C carbons. Useful schemes first published by Dokidegroup are
depicted also in the present study and the reirltsommon substituents are similar (see Schemes
3-10)*

4',9-C resonances: The existence gfgauche shielding effect on the resonances 8-,

which can be attributed to the interaction betwgenpolar substituent )Y (NR,, OH, F, CI, SH,

N3, CN, OCOR, NHCOR etc) and these carbons, is tegit. In the related 2-substituted
adamantane$-13 theyy SCS value on the’' &-C resonances exerted by the group Y, where Y =
NR2, OH, F, CN, OCOR, NHCOR, NOCOMe, CQH, OCOR, NHCOR, alkyl, CM®H, CMeF,
ranges from -2.9 to -7.3 ppm (Schemé)From Scheme 4 it becomes obvious that the presence
of an alkyl substituent (A = Me, 8, Ph,t-Bu) at the same carbon doesn’t substantially erfae
theyy SCS of these substituents Y. And also from Scheiseobvious that the addition of an alkyl

group at the C-2 carbon of a monosubstituted adtmarderivative although it causes a downfield



shift (an exception is present in the case of tetl@ro group), will not change the upfield effect
the 4,9-C carbon resonances. Overall, it seems that aipfetld shift of the 49'-C resonances
relative to the corresponding carbon resonancesi@nt adamantane molecules is legitimate based

on theygy effect of the substituentY(NR,, OH, F, Cl, etc).

Scheme 3
4' 4'
H !@ — !@
8' 8'
Ha Hy Ha Hy
Y Me tBu CN NH NMe, NH-COMe OH O-Me O-COMe N F cl SH COMe
7SCS 6.6 -4.9 -48 73  -6.3 5.8 65 -6.3 59 4-5. -6.4 2.9 6.9 -45
Y COH CMe,OH CMeF
7sSCS -4.2 -4.8 -4.9
Scheme 4
4 4"
— !@
8' 8
CHs CHs
% Me CN N, NH, NMe, NHAc OH OMe OAc F cl
7,SCS -63 -88 -60 -64 -7.4 -6.3 6.4  -6.9 6.4 4-6.-6.4

4 4
!g ——> HO !@
o
A
A Me Ph t-Bu



Scheme 5

S — S

8' 8'
H CHs
Y Me CN NH, NMe, NH-CO-Me OH O-Me O-CO-Me F Cl
7a5CS +2.0 -2.4 +1.9 +0.5 +0.6 +1.6 +1.1 +1.2 +1.6 9-1.

8.,10-C resonances: In the 2-monosubstituted adamantkis&s 3235, carbons 810-C

experience the-anti effect {5 SCS) of the ¥, group (Y = NR, OH, F, N, CN, OCOR, NHCOR,

Cl etc). A polar group Y causes a small negaiv8CS (upfield shift) to the carbon atom situated
in they-anti position, when 1,3-diaxial positions are fl&& and this structural issue is present in
the 2-substituted adamantanes (Scheme 6);yth8CS magnitude raises as electronegativity
increases and the values for Y = NIDH, F are ~ - 0.4, -1, and -2 ppm and respegctivih alkyl
substituent causes a downfield effect. A second heteroatom like Cl or SH exerted a small

positivey, SCS (downfield shift).

Scheme 6
4 4
H !@ — v 1@
8' 8'
Ho Hy Ho Hy
Y Me CN NH, NMe, NH-CO-Me NG OH O-Me O-CO-Me F Cl SH
7.SCS +16 -07 -0.3 0.4 0.5 0.5 1.1 1.2 1.3 1-2. +0.4 +1.0

The ySCS values depend on conformation, branching abstisuent patter® It has been
reported that the-anti effect of a second row polar group changgs $n systems having the
heteroatom attached to a bridghead at8hThus, when the-hydrogen in the 2-monosubstituted
adamantane is replaced by the axial alkyl substifggSCS increases by 3-6 ppm, so the shielding

contribution from substituent & on they-anti carbon signals disappear andl®@-C carbons



experience a downfield (positivglSCS in compound$4-31, 36-38 (Scheme 7). The magnitude
of this downfield effect is smaller for the relatégsubstituted adamantanes, being ~ +2.2 ppm for
l-adamantanol and +0.8 ppm for l-adamantanamine tbvious from Scheme 10 that the
magnitude of the downfielgy SCS increases with the electronegativity of thesstuent, and the

values for the amino, hydroxy and fluoro groups-are3.5, + 4.0 and + 4.4 ppm respectively.

Scheme 7
4 4
H 1@ _— Y I@
8' 8'
CHs CHs
Y Me CN N NH, NMe, NH-CO-Me OH O-Me O-CO-Me F Cl
7.SCS  +2.0 +4.1 +2.8  +35  +3.0 +2.1 +4.0  +35 +3.2  4+4.+4.4

The resonances of,80-C should be affected from the upfietdjauche effect of the alkyl A
substituent, but its magnitude is expected to b#owsly diminished when a first row atom

substituent is already present at the same cad®oit,is shown for some examples in Schemes 8

and 9.
Scheme 8
4 4
Y i Y 1@
8' 8'
H CHs
% NH, NMe, NH-CO-Me OH O-Me O-CO-Me F cl
7,SCS 29 -34 -4.0 .16 -1.9 2.1 03 -3.0
Scheme 9

HO g i”o
I 4

4
H

A Me CH Ph  tBu

7,SCS 1.7 +0.1  -1.9 -1.9



Finally, the SCS effected from a pair of substitgelf,A attached at 2-position on the
resonances gtcarbons were compared; two pairg-a@arbons exist, that is, the carbon€4C and

8,10-C (Scheme 10). Carbons,%-C experienced the effect of thea,Meq arrangement in

arrangement in cyclohexane ring sub-unit2'13'-10-7'-8 (see Scheme 1). Data for 2,2-

disubstituted adamantane derivatitds31 and36-38 were analyzed.

Scheme 10
4 4
H !@ — Y !@
g 8
H
Y Me CN N3 NHMe," NH, NMe, NH-Ac OH OSiMeg; O-Ac OCOtBu OH OH OH F
A Me Me Me Me Me Me Me Me Me Me Me Ph CH t-Bu Me
7@9SCS -45 -7.2 -44 -7.3 -4.8 -5.8 -4.7 -4.8 -6.8 -4.8 4.8- -4.9 -4.8 -23 -4.8
7#.105CS -45 -26 -39 -3.6 -3.2 -3.7 -4.6 2.7 -2.9 -3.5 3.3 -2.9 -0.9 -29 -2.3
Y Cl C=0 C=0 C=0
A Me (CHy)> (CHy)s3 (CHy)4
7@.9)SCS -4.8 -4.2 -5.6 -5.8
y(gvylg)SCS '26 '41 '39 '34

It becomes clear from the above discussion that pairs ofy-carbons experience a total
upfield shift effect compared to the carbons of plaeent adamantane. The upfield shift is larger in
magnitude for 49-C, effected from heteroatom substituents Y, ra@sglin the downfield shift of
8',10-C relative to 49'-C resonancesT'he downfield shift of they-carbons in the (¥, Meay)
conformer relative to (%, Mesg) has been observed in 1-Y-1-methylcyclohexanesdatadt-butyl-

1-Y-1-methylcyclohexanes using DNMR spectrosctfy?

2.3 C-HyyY 5 CONtacts



It has been suggested that the identification @élacalization interaction(Y) — o*(C-Hor
o(C-H) — ¢*(C-H) assures the presence of a hydrogen bondedat6fi® In a preceding paper,
the calculations predicted the improper H-bondihgracter of C-H--Yax contacts in common
cyclohexane derivatives, due to the presencen®f) — o¢*(C-H or ¢(C-H) — o¢*(C-H)
hyperconjugative interactions, and the variationt®fstrength according to the nature of contact
atom in group ¥.° By increasing the strength of the contact thetedei redistribution inside the
y-methylene is affected consistently raising thevaht chemical shift separation between the
methylene protons\d(y-CH,).” It is noted that changes of 0.1-1 ppm in the C+dtgqm chemical
shift have been observed in a limited number oésasd are taken as evidence for the existence of
C—H---O hydrogen bonds in solutfdn.

An attempt was sought to analyze the interactiogisvéen axial substituents and C-Hax
groups using natural bond orbital (NBO) anal§8is which analyzes the molecular wave function
to a set of localized bond and lone pair orbitalapplied in the B3LYP/6-31+G**geometry
optimized structures of the global minima at thenesalevel of theory. Selected calculated
parameters are included in Table 3. The NBO amalgsiealed that in all molecules the G¢HY
contacts cause an increase in % s-character awateaction of the C-kk bonds relative to the
equatorial bonds, and an increase in proton pestgharge of axial relative to equatorial hydrogens
in the cyclohexane-subunit of the adamantane timg ¢orresponding values &% s-char. = (% s-
char. G-Hax — % s-char G-Heg), Ara = r(Cs.Hay) — 1(Ca-Heg), Arg =1(Cg.-Hay) — r(Co-Heg) andAq
= g(Haax) — d(Haeq) Or q(Hyax) — d(Heeq) respectively are included in Table B).compound<-38,
the C-HyY contact distances were smaller than the sum efuhn der Waals radif. The
existence of hyperconjugative interactioy) — o*(C-Hay in molecules2-38 was examined by
the NBO method at the B3LYP/6-31+G**; second orgerturbative energies are shown in Table 3
and the energy difference between the interactibgats and the matrix elements are included in
Table S2 in the Supporting Information. The caltales located overlap interactions in most of

compound®2—38 (see Table 3). Although the first effects, i.ag tnequalityry..y < rygw.x + Faw,v,



the increase in the % s-character and the cortracti the C-H bond, are common in improper H-
bonded contactS, the identification of a covalent component in aHGY contact, i.e., the
calculation of a hyperconjugative interactiafY) — ¢*(C-H) is diagnostic for the presence of
improper hydrogen bondirfd.The resonance structures;-8°* +:Y « C + H-Y" for a neutral
H-bonded complex describe qualitatively this electrtransfer. However, the degree of
hyperconjugative electron transfer is only one lué effects contributing to improper hydrogen
bonding, the strength of which is also reflected thg increase in the % s-character and the

contraction of the C-k bond length.



Table 3. Structural parametét§ calculated and hyperconjugative energies for thd.€-Yax contacts included in the adamantane derivativ&S
calculatedat the B3LYP/6-31G+** level of theory; in additidi chemical shift separation of theCH, pairs' of adamantane cyclohexane ring subunits

for moleculesl-38.

System C4-Hay, C9-Hux C8-Hu, C10-Hui | reamaey, Feoraey | Ocarany, Ocoraxy | Ara,Arg? AQa,AQe° | A% s-chaty,g® hyperconjugative interaction Ay g1 Adg 101
C4-Hy, C9-Hy C8-Heg, C10-Hq | regrian-y, Metonan-y |Ocsrany, Ociomax-y| Alg,Are® | Ads,Adw® | A% s-chag i keal mol*
A A deg mA me
E[n,or o(Y) — o* (C4-Hay)]
E[n,or o(Y) — 0% (C9-Hay)]
1(Y=H,A=HY 1.0986, 1.0986 1.0986, 1.0986 2.56, 2.56 89, 89 0,0 0,0 0 - 0.0 0.0
1.0986, 1.0986 1.0986, 1.0986 2.56, 2.56 88.8, 88.8 0,0 0,0 0
2(Y=CHj3 A=H) 1.0972, 1.0972 1.0986, 1.0986 2.29,2.29 95.8, 95.8 -1.4,-1.4 -2,0 0.31,0.31 E[¢(C-H) — 6*(C4-HaJ)] =0.21 0.45 -0.09
1.0986,1.0986 | 1.0087,1.0987 | 2.44,2.44 1134, 113.4 0,0 0,0 -0.01, 0.01 E[6(C-H) — 0*(C9-Hy)] = 0.21
3 (Y =C(CH3)s, A=H) 1.0931, 1.0956 1.0983, 1.0988 2.10,2.10 117.1,120.2 -5.9,-3.4 2,-3 0.97,0.61 E[a(C-H)? — 6*(C4-Hay)] = 0.63 0.50 0.10
1.0990, 1.0990 1.0988, 1.0987 2.30,2.32 89.6, 89.4 -0.5,0.1 -2,0 0.13,0.13 E[a(C-H)? — ¢*(C9-Ha,)] = 0.60
4(Y=CN, A=H) 1.0968, 1.0068| 1.0985,1.0985 | 2.93,2.93 107.0,107.0 | -0.8,-08| 9,9 037,037 E[n(C=N) — o* (C4-Ha))] = 0.13 0.41 0.16
1.0976, 1.0976 1.0976, 1.0976 2.48,2.48 89.3,89.4 0.9,0.9 -6, -6 -0.02, -0.02 E[z(C=N) — ¢*(C9-Ha)] = 0.11
5(Y=0H,A=H) 1.0954, 1.0959 1.0988, 1.0986 2.62,2.68 96.0, 96.0 -3.0, -2.6 16, 16 0.59, 0.37 E[ny(O) — ¢*(C4-Hay)] = 0.21,0 = S[Q}'] 0.54 0.16
1.0984,1.0985| 1.0980,1.0978 |  2.46, 2.47 89.8,89.3 | 08,08 | -4,-4 | -0.24-009| E[N(O)— o*(CI-Hu)] =0.255=p
6 (Y =0OMe, A=H) 1.0954, 1.0960 1.0989, 1.0987 2.60, 2.68 96.1, 95.9 -3.1,-2.5 20, 14 0.65, 0.46 E[ny(O) — ¢*(C4-Hay)] = 0.25,0 = S[Q}'4 0.54 0.19
1.0985, 1.0985 1.0982, 1.0979 2.50, 2.49 91.3,914 -0.7,-0.8 -3,-4 -0.06, -0.02 E[ns(O) — 6*(C9-Ha)] =0.18,4=p
7 (Y = NHa, A = H) 1.0949,1.0049| 1.0987,1.0087 | 2.67,2.67 967,967 | 3838 | 2222 | 071,071 | E[n(N)— o*(C4-Ha)] =040, = sf* |  0.45 0.12
1.0987, 1.0987 1.0981, 1.0981 2.43,2.43 89.4,89.4 0.6, 0.6 -3,-3 -0.03, -0.03 E[ny(N) — ¢*(C9-Hay)] = 0.40
8 (Y =NMe,, A=H) 1.0958, 1.0958 1.0985, 1.0985 2.71,2.71 97.2,97.2 -2.9,-2.9 14, 14 0.64, 0.64 E[ny(N) — ¢*(C4-Hay)] = 0.23,0 = S[.‘?'2 0.87 0.17
1.0987,1.0987| 1.0983,1.0083 | 2.48,2.48 896,896 | 0202 | -2.2 0,0 E[N(N) — 0* (C9-Ha)] = 0.23
9 (Y =NHAc, A=H) 1.0981, 1.0997 1.0979, 1.0979 2.16, 2.67 93.8,95.3 02,17 -5, -26 -0.01, -0.30 E[n,(N) — o*(C4-H.)]=0.21,a = p 0.27 0.15
1.0979, 1.0980 1.0981, 1.0980 2.47,2.46 89.5, 89.5 -0.2,-0.1 3,4 0.11, 0.09 E[ny(N-H) — ¢*(C4-Hy,)] = 0.15
10(Y = NO,, A=H) 1.0973, 1.0974 1.0986, 1.0986 2.81, 281 95.67, 95.78 -0.3,-0.2 6,6 1.06, 0.38 E[n.(N) — ¢*(C4-H.y)]=0.21 0.49 0.15
1.0976, 1.0976 1.0974, 1.0974 1.2,1.2 -8, -8 0.02, 0.03 a=p
11(Y=F,A=H) 1.0957, 1.0957 1.0987, 1.0987 2.61,2.61 95.3,95.3 -2.3,-2.3 16, 16 0.44,0.44 - 0.53 -0.19
1.0980, 1.0980 1.0976, 1.0975 2.54,2.54 88.9, 88.9 1.1,1.2 -5,-5 -0.03, -0.03
12(Y=Cl,A=H) 1.0956, 1.0956 1.0984, 1.0984 2.88,2.88 102.2, 102.2 -2.2,-2.2 14, 14 0.55, 0.55 E[n,(Cl) — o*(C4-Hay)] = 0.37 0.70 -0.15
1.0978, 1.0978 1.0977, 1.0977 2.48,2.48 89.3, 89.3 0.7,0.7 -5,-5 0.11,0.11 E[n(Cl) — ¢*(C9-Hay)] = 0.37,a0=p
E[ny(Cl) — o* (C4-Ha)] = 0.15
E[n/;(CI) — o* (Cg'Hax)] =0.15p5=p
13(Y=SH,A=H) 1.0970, 1.0962 1.0984, 1.0987 2.88.2.93 102.3, 102.7 -1.3,-2.2 16, 14 0.46, 0.99 E[Na(S) — o*(C4-Hay)] = 0.30 0.68 -0.10
1.0983,1.0984| 1.0983,1.0084 | 2.46,2.46 893,895 | 01,03 | -5-3 0.12.0.05 | E[N(S)— o*(CI-Ha)] = 0.10,a = SP*
E[Na(S) — o* (C4-Hay)] = 0.11
E[N(S)— 0*(CI-Ha)] =0.73,a=p
14(Y = OH, A = CHy) 1.0939,1.0945| 1.0965,1.0966 | 2.46,2.53 972,969 | -45 39| 26,19 | 094,070 | E[n(O)— o*(C4-Ha)] = 0.40,0=sp’ | 0.63 0.13
1.0984, 1.0984 1.0981, 1.0979 2.21,2.22 113.3,113.2 -1.6,-3.3 -3,-5 0.36, 0.40 E[ns(O) — ¢*(C9-Ha)] =0.37,8=p
15(Y = OH, A= C(CHs)s) | 1.0919,1.0935| 1.0002 1.0941 | 2.34 2.44 973,965 | -69.-50 | 30,14 | 142,091 | E[(O)— o*(C4-Ha)] =054a=sp' | 0.79 0.49
1.0988,1.0085| 1.0985,1.0984 | 1.96, 2.04 117.7,1216 | -83,-43| 3,8 137,087 | E[M(O)— o*(C9-Hx)] = 0.38,8=p
16(Y =OH, A=Ph) 1.0942, 1.0945 1.0962, 1.0965 247,253 97.4,97.2 -4.0, -3.8 25,21 0.96, 0.79 E[ny(O) — ¢*(C4-Hay)] = 0.39,0 = S[Q}'] 0.68 0.02
1.0984, 1.0983 1.0983, 1.0980 3.55, 3.56 119.4,119.5 -2.1,-15 54 0.45,0.54 E[ns(0) — 6*(C9-Ha)] =0.42,6=p
17(Y = OH, A= CH) 1.0943,1.0946| 1.0963,1.0065 | 2.49, 2.53 971,970 | 39,35 | 2217 | 090,082 | E[n(O)— o*(C4-Ha)] =033, =sp? | 0.62 0.36
1.0982, 1.0981 1.0979, 1.0978 291, 2.89 108.0, 108.1 -1.6,-1.3 8,7 0.53, 0.53 E[ns(O) — ¢*(C9-Ha)] =0.41,8=p
18(Y =0OH, A=CN) 1.0942, 1.0946 1.0966, 1.0967 2.52,2.60 96.7, 96.4 -3.5,-3.2 17,10 0.84, 0.60 E[ny(O) — ¢*(C4-Hay)] = 0.33,0 = S[Q}'z 0.51 0.19
1.0977,1.0978| 1.0974, 1.0973 2.85,2.83 107.9,108.1 | -08,-06| 6.6 050,051 | E[M(O)— o*(CI-Ha)] =0.41,8=p




19(Y = OTMS, A= QN)

20 (Y= OAc, A= CHy)

21(Y = OCOtBu, A= (Hs)
22(Y =NHp, A= CHy)
23(Y =NMey, A = CHs)
24(Y = NHMe,", A = CHy)
25 (Y,A = NH(CHy)s)
26 (Y,A = NMe(CHp),)°
27(Y =NHAc, A = CHs)

28 (Y = NHCO1Bu, A = (H3)

29 (Y =Ns, A= CH,)
30(Y =F, A=CH5)
31(Y =Cl, A=CHy)

32(Y = CMe;OH, A = H)

33(Y = CMeF, A=H)

34(Y = COMe, A = H)

35(Y = COH, A= H)

1.0944, 1.0958
1.0981, 1.0979
1.0944, 1.0958
1.0981, 1.0979

1.0941, 1.0955
1.0982, 1.0979
1.0935, 1.0935
1.0987, 1.0987
1.0939, 1.0939
1.0988, 1.0988
1.1016, 1.1015
1.0955, 1.0955
1.0937, 1.0938
1.0988, 1.0988
1.0939, 1.0943
1.0988, 1.0988
1.0956, 1.0969
1.0978, 1.0982
1.0968, 1.0956
1.0982, 1.0979

1.0946, 1.0952
1.0980, 1.0978
1.0945, 1.0946
1.0981, 1.0980
1.0940, 1.0940
1.0980, 1.0979
1.0933, 1.0933
1.0993, 1.0993

1.0939, 1.0939
1.0990, 1.0990

1.0924, 1.0963
1.0988, 1.0985
1.0981, 1.0958
1.0980, 1.0981

1.0962, 1.0960
1.0978, 1.0978
1.0962, 1.0960
1.0978, 1.0978

1.0959, 1.0962
1.0978, 1.0978
1.0959, 1.0959
1.0982, 1.0982
1.0960, 1.0960
1.0983, 1.0983
1.0946, 1.0947
1.0960, 1.0960
1.0961, 1.0959
1.0983, 1.0982
1.0961, 1.0961
1.0984, 1.0984
1.0954, 1.0956
1.0980, 1.0980
1.0956, 1.0952
1.0979, 1.0980

1.0959, 1.0961
1.0978, 1.0976
1.0967, 1.0967
1.0977,1.0977
1.0956, 1.0956
1.0977,1.0977
1.0989, 1.0989
1.0986, 1.0986

1.0989, 1.0989
1.0984, 1.0984

1.0984, 1.0989
1.0983, 1.0980
1.0988, 1.0986
1.0978, 1.0980

2.56, 2.52
2.81,2.81
2.45,2.58
2.17,2.23

2.47,2.59
2.16, 2.23
254,254
2.17,2.17
2.55,2.55
2.15,2.15
1.96, 1.97
2.16,2.14
2.55,2.54
2.12,2.18
2.56, 2.60
2.14,2.14
2.18, 3.07
2.18,2.14
2.16, 3.05

2.49, 2.60
2.19,2.19
2.48,2.48
2.28,2.28
2.73,2.73

241,241

2.39, 2.39

2.40,2.77

2.82,2.84

96.6, 96.9
108.2, 108.1
97.3, 96.3
113.2,112.7

97.1, 96.2
113.1,112.6
97.6,97.6
113.4,113.4
98.2, 98.2
113.0, 113.0
105.6, 105.4
112.1,112.4
98.2,97.4
113.2,1125
98.9, 96.7
112.9, 112.9
108.8, 96.9
113.2,113.3

113.3,113.2
98.3,97.0

113.0,113.2
96.4, 96.4

113.2,113.2
104.0, 104.1

118.9,118.9

118.78,117.88

119.0, 115.0

96.11, 96.22

-3.5,-3.2
-1.6,-1.8
-3.7,-2.1
-1.6,-1.8

-4.1,-2.4
-1.9,-1.6
-5.2,-5.2
-2.3,-2.3
-4.9,-4.9
-2.3,-2.3
6.1,6.0
-1.4,-1.3
-5.1,-5.0
-2.2,-2.3
-4.9, -4.5
-2.3,-2.3
-2.2,-1.3
-2.6,-2.4
-1.4,-2.3
-2.3,-2.8

-3.4,-2.6
-1.9,-15
-3.6,-3.4
-1.0,-1.0
-4.0, -3.
-2.1,-2.1
-6.0, -6.0
0.3,0.3

-5.1, -5.
0.5,0.5

-6.4,-2.2
0.1,0.9
0.1,-2.3
1.0,0.6

0.79, 0.66
0.51,0.51
0.40,0.71
0.50, 0.50

0.48, 0.32
0.12, 0.09
1.0,1.0
0.52, 0.52
0.97,0.97
0.53, 0.53
-0.85, -0.80
0.44,0.44
0.96, 0.97
0.53, 0.54
-0.96, -0.97
0.53, 0.54
0.50, 0.23
0.60, 0.58
0.26, 0.49
0.56, 0.58

0.51,0.76
0.45, 0.43
0.73,0.73
0,0
0.90, 0.91
0.63, 0.63
1.39,1.38
0.03, 0.03

1.18, 1.17
0,0

1.5,0.64
0.03, -0.04
0.65, 0.12
-0.08, -0.01

E[ny(O) — o* (C4-Hay)] = 0.24,a = sp*
E[ns(0) — 0*(C9-Hay)] =0.33,8=p
E[Na(O)—0* (C4-Ha,)] =0.49
E[ny(O)—0* (C4-Hay)] =1.09
a=sf’f=p
E[ny(0) — o* (C4-Hay)] = 0.27¢g=sp"*

E[na(N) — ¢* (C4-Ha)] = 0.63,a = sgf**
E[na(N) — 6*(C9-Ha)] = 0.63
E[na(N) — o* (C4-Hay)] = 0.28,a = sg*
E[Na(N) — ¢*(C9-Hay)] = 0.28
E[0(C4-Ha) — o*(N-H)]=2.06
E[6(C9-Hay) — 0* (N-H)]=1.92
E[Nn(N)—0* (C4-H4,)]=0.50,0=sp"*

E[N(N) — o* (C4-Ha)]=0.21
a=p
E[N(N)—0* (C4-Ha)]=0.11, a = sp®
E[o(N-H) — o* (C4'-Ha)] =0.11
E[ns(N) — o* (C9-Hay)]=0.15,8 =p
E[Nu(N)—0¢* (C4-H,)]=0.57, a =sp-*

E[Nny(Cl) — o* (C4-Ha0]=0.64,5 =p
E[ny(Cl) — 0*(C9-H,,)]=0.63
E[Na(0) — o*(C4-Ha)] = 1.34

E[ny(O) — o* (C9-Hay)] = 0.98,a = sp?
E[ny(O) — o* (C4-Hay)] = 0.66
E[nﬂ(O) — o* (Cg'Hax)] =0985=p
E[Nna(F) — ¢* (C4-Hay)] = 0.43
E[ny(F) — ¢*(C9-Ha)] = 0.30,a = sg®
E[ng(F) — ¢* (C4-Hay)] = 0.32

E[ny(F) — ¢*(C9-Ha)] =0.29,8=p
E[n,(F) — 0*(C4-H)] = 0.41

E[n,(F) — 0*(C9-Ha)] =0.27,y=p

E[ny(O) — o* (C4-Hay)] = 0.49,a = sp”

0.55

0.46

0.46
0.48
0.88
0.46
0.48
0.81;0.71
0.36

0.32

0.55
0.61
0.63

0.65

0.54

0.27

0.21

0.15

0.15
0.31
0.21
0.10
0.34
0.13;0.22
0.29

0.29

0.19
0.13
0.13

0.13

0.13

0.13

0.12



36 (Y, A= CO(CHy)

37(Y, A= CO(CH:)s

38(Y, A= CO(CHa)4

1.0952, 1.0952
1.0985, 1.0985

1.0918, 1.0939
1.0988, 1.0985

1.0920, 1.0983
1.0985, 1.0983

1.0978, 1.0978
1.0982, 1.0982

1.0956, 1.0968
1.0983, 1.0981

1.0964, 1.0959
1.0985, 1.0985

2.63,2.63
2.42,2.42

2.33, 2.46
2.03, 2.64

2.35,3.17
2.11,2.14

121.1,121.2
97.7,97.7

120.7,119.2
98.4, 96.5

117.6, 109.9
96.7,97.0

-3.3,-3.3
-0.4,-04

-7.0,-4.6
-2.7,-1.3

-6.5, 0.0
-2.1,-2.6

22,22
-5, -4

20, 22

0.88, 0.87
-0.08, -0.01

1.59, 1.10
0.55, 0.37

1.46,0.18
0.48, 0.47

E[Nna(O)—0¢* (C4-H,,)]=0.10
E[Na(0)—0¢* (C9-Hay)]=0.11
E[ny(O)—0* (C4-Hay)]=0.38
E[Nny(O)—0* (C9-Hay)]=0.39
a=sp®p=p
E[z(C=0—0¢* (C4-H,)]=0.13
E[z(C=0—0¢*(C9-Ha,)]=0.13
E[N(0) — ¢*(C4-Ha)] = 0.10
E[ny(O) — 6* (C9-Ha)] = 0.11,a = sg®
E[Nny(O) — o* (C4-Hay] = 0.38
E[nﬂ(O) — o* (Cg'Hax)] =0.3945=p
E[N(0) — o*(C4-Ha)] = 0.20
E[ny(O) — 6* (C9-Ha)] = 0.60,a = sg®
E[ny(0) — o* (C4-Hay)] = 0.26
E[ny(O) — 0*(C9-Ha)] = 1.17,4=p
E[z(C=0—0*(C9-Ha,)] = 0.43
E[Ns(O) — ¢* (C4-Hay)] = 0.42,0 = P~
E[ny(O) — o*(C4-Ha)] =0.58,4=p
E[z(C=0—0*(C9-Ha,)] = 0.37

0.56

1.04

0.44

0.12

0.33

0.25

2Ar s = 1(Cg-Hay) = 1(Ca-Heg)], Arg = r(Cy-Hay) = 1(Co-Heg)], PArg = r(Ce-Hax) = 1(Ce-Heg)], "Ar1g = r(Cig-Hax) = r(Cio-Heq)l, *Ade = (GHaax — QHaeq), “AGy = (QHyax — Hoeq), “Ads = (@Hgax — QHgeq), “AGs = (QH10ax — QH10eq), *A% S-chaty =
(% s-char. G-Hax = % s-char. G-Heg), °A% s-chaly = (% s-char. §-Hax— % s-char. &Heg), 'A% s-chag = (% s-char. g-Hax— % s-char Cg-Heg); 'A% s-chang = (% s-char. G-Hay — % s-char. Go-Heg); 9!H NMR chemical
shift separation within-CHy, [Ad(y-CH,) 2.9 = Adg.g = 5(Ha gad — (Ha geq], [AJ(y-CHy) g,10 = Adg 10 = 5(Hg 1029 — 0(Hg 10e9)]; “correspond to different C-H bonds included by thme methyl or by different
methyl groups inside a t-Bu group.



When an axial substituent is attached to a cyclahexing sub-unit of adamantabén derivatives
2-38, the calculations locate hyperconjugative inteoast in all compound2-38, suggesting the
presence of improper hydrogen bonding in &~H contacts, for example(N or O or F or Cl)— ¢*(C-

H) in 5-23, 25-38 or/anda(C-H) — ¢*(C-H) in 2, 3, 20-31, 36-38, 7(C=N or C=C) — ¢*(C-H) in 4, 17-

19. In an improper H-bonded contact, the major C-lHdbshortening contributors are steric compression
between C-H, and Y, together with electrostatic attraction betweenitpes H and negative C; these
prevail the major lengthening contributors of theak H-bonded C-k--Y.x contact which are the
electrostatic attraction (or dispersion) betweengbsitive H of C-H dipole, and the Lewis base 4 #me
hyperconjugative electron donatiatlY) — ¢*(C-H).?>*° The relative strength of the improper H-bonded
contacts included by compoun®s38in Table 3, is reflected by the changes on thdraotion of the C-
Hax bonds, the increase in the % s-character of th&,donds relative to the equatorial bonds of the
cyclohexane-subunit of adamantane ring, and tlevaet energy values of hyperconjugative interastion
The effect of a stronger contact is to increasectir@raction and the % s-character of ¢-blonds, and
the postive charge of kiprotons compared to adamantdnehe observed increased difference between
the 'H chemical shifts of the axial and equatorial pnstevithin they-methylene groupAd(y-CHy), can
likely represent an experimental parameter refigcthe strength of the cont&ét.

When the acceptor group is Y = OR, NBnd the second row lone-pair bearing heteroatom is
directly connected to the cyclohexane ring-subuhg, weak interactiom[Y s — ¢*(C-Hay), E < 0.63
kcal mol'] is located; the hyperconjugative interactionaéfincy was increased on going from Y = F and
OH or OMe to NH or NMe,, which is consistent with the basicity order oégh groups. The contact
angle for the 1,4-C-§-Ya contacts in compoundd, 4-23, 25-31is larger than 90° permitting weak
overlap interactions for these contatss.

When the interacting atom of the Y group in GeHY contacts changes from a second row to a
third row lone-pair bearing heteroatdnfY = SR, Cl in compound$2, 13, a substantial elongation of
contact distances by 0.2-0.5 A and an increasemact angles by 5-6° is calculated (for exanggi@-
HaxYay IS 95° in compoundd4l1l and5 and changes to 102-103° 12, 13). The interaction energy

E[n(Ya) — 0*(C-Hay] increases by 0.2 — 0.7 kcal rifdbecause of a more effective orbital overlap. The



% s-character and the contraction of the L4bbnds relative to the equatorial bonds is alsoesed.
Recent comparative studies of the hydrogen bondeerd MeO---HOMe, MeS--HOMe and S-HN
showed that sulfur can be an almost equally goatidgen bond acceptor as oxygéin agreement with
these observations, the calculations predictedsttanger hyperconjugative interactions for the CSH
contact in compound3, where the contact atom of the axial substituetgtimhedral sulfur, compared to
its oxygen analo§, andfor the C-H--Cl contact in compoundk2, 31 compared td.1, 30. The examined
experimental value akdé(y-CHy) increases consistently from 0.53, 0.54, 0.54 ppfd (Y = F),5,6 (Y =
OH, OMe respectively), to 0.70 2 (Y = Cl) and 0.68 ppm ia3 (Y = SH).

The geminalequatorial alkyl group, methyl andert-butyl, in compoundd.4 and 15 respectively
forces the correspondingxial group to approach C-k bonds and reduces the contact distance C-
HaxYax resulting in the enhancement of the hyperconjugaénergy and the other characteristic
improper hydrogen bonding interaction parametéY®o (s char.,Ar). Thus, the interaction energy
E[n(Yay) — 0*(C-Hay)] and the value oAd(y-CH,) increases consistently from 0.24 kcal thahd 0.54
ppm in7 (Y = OH, A = H) to 0.24 kcal mdiand 0.63 inl4 (Y = OH, A = Me) and 0.54 kcal mbland
0.79 ppm inl5 (Y = OH, A =t-Bu) respectively; in the last compound t-Bu reduttee C-Hy Y contact
distance by ~ 0.3 A, increases the contact anglé°snd raised the value by 0.25 ppm. Upon capping
heteroatom lone pair in the acetylated derivat®e20, 21, 27, 28Y = OAc or NHACc) the strength of the
contact is seriously reduced and the relevant gatde\J(y-CH,) are 0.27, 0.46, 0.46, 0.36, 0.32 ppm,
respectively, compared to the parent lone pairibgaompounds having values 0.54, 0.6%,14 (Y =
OH) and 0.45 or 0.48, 0.87 or 0.887n8, 22, 23Y = NH,, NMe).

The relative strength of the effect from differesutbstituents on the Cgakt-Yax contact and the
Ad(y-CHy) values can be obtained from the data of the mdsiguted compound®-13. The
disubstituted derivatives, including those menttne the previous paragraph, can be also used to
compare the relative strength of the effect frofffiedent substituents on the CgHY contact and the
Ad(y-CHy) values. For example in disubstituted derivati¥dsl9 and20-31, Y is an heteroatom (N, O, F
or Cl) and is axial in the cyclohexane ring subtutit2’-3'-4'-5'-9'. Also A is an alkyl group in

compoundsl4, 15 and20-31 or Ph or GCCH or C=N groups in compounds6, 17, 18, 19, respectively,



and is axial in the cyclohexane ring sub-uri213'-10-7'-8. For example, the stronger effect of;Y
compared to that of Ain the chemical shift separation within theyclohexane Cklwas observed in the
case of compound5 (Y = OH, A =t-Bu) where OH group antagonizes the large t-Bu grdthus, in
compoundl5, 8ax,10ax-H are sterically compressed by the syn awlaltyl group and the observed
separation for the'80-H pairs was 0.49 ppm and th&g 10ax-H doublet resonance appeared at 2.17
ppm, whereas the values for theCH, of 4ax,9ax-H indicated a more significant interactichg
electronic distribution within the' & y-CH, was affected to a greater effect by the hydroxglg in the
axial position and the'dx,9ax-H signal appeared more downfield at 2.26 pput, i) 0.79 ppm from the
4'eq,9eq-H signal.

It is interesting to note that when the NMgoup of compoun@3 was protonated, upon addition of
a drop of TFA inside the NMR tube resulting2d, Ady 9.4 was reduced from 0.88 to 0.46 ppm. The
calculations suggested that th&-IN proton strongly repels théak proton, since the distance between
these protons was calculated to be ~ 1.99 A. Tais explain why protonation was so slow, the time
required in order to obtain sharp signals in'*tHéNMR spectrum being several weeks!

Of considerable interest are the structlB2s38 and 3 and24 with contacts in which the improper
hydrogen bonding character can be enhanced beo&asknker group between adamantane C-2 and Y
group; in these compounds,XY bond vector bisects the cyclohexane ring sub-gallowing the
formation of a six-membered ring) and interacts eneffectively with both the C-§ bonds of
cyclohexane ring'12'-3'-4'-5'-9"; 1,5-C-Hy Y axcontacts are formed between atomg &hd O for32-38
and Hyx and C-Hg, for 3. The transition from compourlto compound32 results in increased contact
C-Hax'OaxC angles fcpax-o = 96° in5 t0 Oc.pax-o = 119° in32) and reduced contact distances (by ~
0.2-0.3 A, Scheme 6) giving rise to increased hypejugative energies by ~ 1 kcal makhen the
stronger orbital interactiona(O) — ¢*(C-H,y) for each compound are compared. The improper H-
bonding interactions strengthen considerably, siheeCMe-OH group is conformationally homogenous
and the C-OH bond bisects cyclohexane ring, reguit a significant contraction and increase of%he
s-character of the C-idbonds relative to the equatorial bonds; the gxiaton positive charge changes

also increase (the values of th& s-char. and\gq and of the C-k bond contraction changes from GzH



bond contraction changes from ~0.5,m&and -3mA in 5 to ~1.39, 3Imeand -6mA in 32) (Scheme
11). The signal separations(y-CH,) was 0.54 ppm irb whereas in compoun82 was 0.63 ppm.
Interestingly in33, which is the fluorine analog &2, C-H.x bond contraction was calculated to be ~ -5

mA and signal separation was 0.54 ppm.

Scheme 11.Improper hydrogen bonded CsHHO=C,x contacts (coloured in blue) in some axial

cyclohexane moieties [B3LYP/6-31+G(d,p) calculasipn

r=r,=2.63 r=2.33
61=60,=121 /,_O 61=121 __Q r.=2.3%5

36 37

In the acetyl derivativ84 and thecyclohexanon&8the C=0 bond eclipses the cyclohexylC3
bond favoring improper H-bonding interactions wathly one C-Hy bond, compared to compoufd in
which the C=0 bond bisects cyclohexane ring allgwtime oxygen lone pair(s) electrons andtHzond
of the carbonyl group to donate electron chargédth C-Hy anti-bonding orbitals, according to the
calculated hyperconjugative energies (Scheme 1BleTd). In cyclobutanone derivativ&6 the C=0
bond vector also bisects the relevant cyclohexaneety) but the contact distances are ~ 0.2 — 0.3 A
longer resulting in weaker improper H-bonded G~HD contacts with respect to the cyclopentanone
analogue37 (Table 2).In the cyclopentanone derivati@& the improper H-bonding interaction GgHO

is considerably stronger than that of compouBdls36, 38; thus (i) the % s-character, the contraction of



bond length and the proton charges for &-bbnds relative to the equatorial bonds g#hd (ii) the
overlap interactions(O) — ¢*(C-Hay) have increased values for compowticompared t34, 36, 38
(Table 3).The stronger H-bonded contacts cause a more proaduedistribution of electronic shielding
within the cyclohexane ringCH,s effecting higher values of proton chemical sképaration within the
cyclohexane ring-CH, group. Indeed, in compoundg!, 36, 38the signal separationo(y-CH,) was
0.18, 0.56, 0.44 ppm whereas in compo@idvas 1.04 ppm respectively (Table 1). It is intengsthat

an enhancement of the hydrogen bonded.&-8 contact formed between carbonyl oxygen and 2-
adamantyl C-H group and has been noted in (1-adghekylketones on the basis of 0.1-0.3 downfield
shift of 2-adamantyl protons when the alkyl grotiarges from a smaller to a bulkier dfe.

The strength of the dihydrogen-bonded interactieH & -H—C increases from the primary methyl
(compound?) to the tertiary t-Bu group (compourB). This is indicated from the shorter GsHH-
C(tBu) distance, the increase in the % s-chardoteC-H,y bonds relative to the equatorial bonds €;-H
and the higher values of second order perturba&nargies o6(C-H,) — o*(C-Hax) hyperconjugative
interactions inside C-§t--H—C contacts (Table 2).

The contacts between the axial substituents Y hadkial C-H bonds in cyclohexane derivatives
were traditionally considered to include only vaar Waals spheres crowding (which is usually attedu
to Pauli repulsiorf§ and similarly the observed boost in chemical tstifferences,Ad(y-CH,), was
attributed to steric compression. In the past, fgefoe observation of the existence of improperbgen
bonding contacts, the C-H bond shortening in thieveat contacts was attributed only to steric
compressioni? It is generally believed that the interaction @bugps that are close in space normally
results in shielding of the carbon and deshieldafigthe protons involved. It was proposed that a
remarkable demonstration of a steric compressiftecteivas thej- or ¢-effect on the proton chemical
shifts in some norbornyl systems (see ocompoB®dn Scheme 12). In these systems the repulsion
between groups separated by faurfive bonds was so severe that the compressearprappears
uncommonly downfield by 3.1-3.5 ppm, but also, theompressed proton moves upfield by 0.8-0.9
ppm>>2® We performed an NBO calculation on the B3LYP/6-G{d;p) geometry optimized structure,

which located for the contact between hydroxyl etyand the facing-C-H bond (contact distance .-



o= 1.99,&) the hyperconugative interactioB[n(O) — o*(8-C-H)] of 4.41 kcal mof, suggesting a
significant covalent character for this contacth@tcage compounds have been reported recently to
include an intrabridge C-H---F with an intrabridgeld H---F distance of 1.94 A; this contact has a
significant covalent character leading to a resomawf 3.16 for then proton and 1.30 ppm for thaut

geminal protort’

Scheme 12Structure of pentacyclo[6.2.2:10*".0**9dodecanoB9 with strong C-HID contacts.
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Compoundsl-31 contain 1,4-C-H,--Y o contacts and compound®2-38 include 1,5-C-HiY ax
contacts. The existence of weak 1,54fMHhydrogen bonding interaction between the 2-oryged the
terminal 6-methyl in 1,2-dimethoxyethane (1,2-DMigs verified to be the reason for the experimentall
observed and theoretically calculated stabilityGd®' conformer around O2-C-C-O-C fragment of 1,2-
DME and poly(propylene oxide), which leads to thabdgization of TGG rotamer relative to TTT
rotamer. The stabilization energy associated wifhaa of these attractive nonbonding H-bonding C-
H--O interactions was calculated as 1.2-1.4 kcal'mdBimilarly the gauche stability of the C-C bond
conformer in the O-C-C-O sequence appears to tideethe 1,4-C-H-O attraction. It was proposed that
this weak interaction should be considered in aveait force field construction in order to predict
correctly the energy changes associated with ortadround the dihedrals included by a C-O-C-C-O-C
motif.3° The presence of attractive 1,4-&HD contacts was revealed by the electron diffractiata cf
dimethoxymethane and 2,2-dimethoxyprop&he.

In addition crystal structures were reported whieams-cyclohexane-1,4-diol is observed in the
unexpected biaxial conformation due to intramolacudttractive C-Hi--Oa The contact angle for the

1,4-C-Hy-Oax contacts in the crystal structure is larger thafi 00 96°) permitting weak overlap



interactions for these contacts. These cyclohexavids axial O-substituents are almost unstrained
although steric conflict between the substituertt tre axial H-atoms of the cyclohexane moiety sxist
In a database analysis thins and cis-1,4-disubstituted cyclohexanes, it was found timat $teric
distortions caused by axial substituents, X, derahgly on the chemical nature of X. These digins

are surprisingly small for X = O and N, larger %= S, and more pronounced for X =*€.

It is striking to compare compounds and 32, 33, 37 bearing significant improper hydrogen
bonding contacts, according to the results includetiable 3. In compoung, the bulky t-Bu substituent,
effects the largest van der Waals spheres crowdiggaxial hydrogens and the resulting(y-CH,) was
0.50 ppm with the '4x, 9ax protons resonance at 2.03 ppm, compared tchmaical shift separation of
0.45 ppm and the'dx, 9ax protons resonance at 1.91 ppm of the methybgoaP. In the compounds
32, 37 the C-Hy O contacts, which are included in the six-membeirggl Hy 5x-C4-Cs-Co-Cax-O (or the
ring which contains Q,-CH groups instead of thé 4CH groups), should be more relaxed from van der
Waals spheres repulsion compared to £-ICHz),-CMe contacts in compoun8l The relevaniAd(y-
CHy) was 0.54 and 1.04 ppm with th@&x, 9ax protons resonance at 2.18 and 2.42 ppm. In congso
3, 32, 37the C-Hyx'Y contact distances were smaller than the sum efviin der Waals radii of the
interacting atoms by about the same value, thad.BA. It seems that steric crowding is not the main
reason for the deshielding ofag, 9ax protons in compound?2, 33, 37.The significant electropositive
character of H in the cases of compouBas33, 37, that is, the enhanced electrostatic characténesfe
C-Hax-O contacts, is also consistent with the largestutaled positive charges gfaxial protons
between the compounds in the serie88 (see Aq charge values in Table %).The significant
electropositive character of H in the cases of caumps18, 21, 23, i.e., the electrostatic character of
these C-Hy--O contacts, is consistent with the highest caledlat) charge values (Table 3).

The data suggest that the t-Bu group in the£~HBuU contact (compound 3) effects a compression
in proton Hy electron cloud, which can be attributed mainlyam der Waals spheres repulsion, whereas
in C-Hax-O contacts of compound?, 33, 37electrostatic attractive forces are also likelyeftect the
compression of ki electron cloud; these forces can be exerted liyeaglectron-rich acceptor group C-O

or C=0 and b) from the negative charged carbon-bf;bond. An excess of a negative charge can be



produced on C-k carbon when a stronger hydrogen bonding contafiirieed because of a suitably
modified substituent from one compound to anothbrs charge should be detected in NBO calculations
results and experimentally through a shieldingarbons C-4and C-9 chemical shifts when the NMR
data of the two compounds are compared. Neithesxamss of negative charge excess nbiCaNMR
chemical shift upfield shift was observed (Table &1d Table 2). A negative charge excess can be
dispersed through the adamantane carbon frameWaosk clear case can be the comparison of the data on
going from36 or 38 to 37 where the hydrogen bonding strength was predittexnigh calculations to be
increased. In that case the chemical shift of gasl©-4 and C-9was indeed shifted upfield from 33.72

or 32.10 to 32.03 respectively.

Overall, it was shown from the discussion in Sect®3 that electron transfer hypercongjugative
interactions (attractive forces) co-exist with RPaepulsions (repulsive forces) in CgH-Y sxaccording to
DFT claculations and NMR chemical shifts changdse $tudy of a large and rationally selected series
was necessary.

The existence of attractive and repulsive forcesgeneral phenomenon. For example, the common
C=0-H-N hydrogen bonds within various protein structurmaybe viewed as favored by the
delocalization of the carbonyl oxygen lone parinto the antibonding orbitat* of the N-H bond, but
disfavored by Pauli repulsion between oxygen loagspand the N-H bonding orbital. It has been
proposed that inside C=EC=0 contacts, attractive, — o* c-o interactions and repulsive)(cc=c Pauli
forces antagonize each other and contribute tstdd®@lization of protein structures (helic@ssheets etc).

A recent elegant study of N-Ac proline esters amdl@ues showed how by selected structural
modifications the attractiveo — ¢* c=o interaction can predominate over the repulsifec-o and vice-
versa®?lIt has recently proposed that in alkane dimersilstiaty dispersive interactions between CHH-

C fragments can be explained by means of resorsineetures CH'ICH" «» CH'MIC'H" (oscillating
dipoles) for small alkanes or reorganization offihe bonding electrons of the two interacting Céhts

via recoupling of these electrons to atoms H---H,C included by interactions fragments. Charge
transfer interactionsc.y — o* c.pwere also located which are consistent with then&dion of long-range

C---H bond&® A series of papers indicate that contact atoms raggmh by distances where steric



crowding is increased also attractive dispersiaed® are present arised from the correlated matfon
electronsThis kind of interactions stabilize branched ovieaight chain alkane¥, diadamantanes with

very long C-C bond& hexaphenyletharietc.

3. Conclusions

In this work a complete assignement of thieand**C NMR spectra of 38 adamantane derivatives
(1-38 was realized; GIAO calculations help towards that, especially in confirming differentiation of
4', 9 from 8, 10 protons and carbons, and helping on the assignoiéstand 7 protons and carbons.
The deviation of GIAO B3LYP/DZ calculated valuerfr experimental values for mo& NMR
chemical shifts was <0.7 ppm and f6€ NMR chemical shifts was < 7ppm; these deviatiomse
similar to the values previously obsen/8d' The effects on™*C resonances of-carbons in the
adamantane seri@és38were analyzed based on theandy, SCS.

Compoundsl-31 contain 1,4-C-H--Y 4 contacts and compound2-38 include 1,5-C-Hy-Y ax
contacts. The existence of weak 1,54Himproper hydrogen bonding interaction and 1;4-€O
attraction were proposed on the basis of experiahearid theoretical work to be really important for
stabilizing gauche conformer in 1,2-dimethoxyethdragments while the presence of attractive 1,4-
CHs O contacts was proposed to be present in dimethoxanetand 2,2-dimethoxypropatie® trans
cyclohexane-1,4-diol adopts a diaxial conformettia crystal structures. Interestingly, when an alkyl
group is attached at the geminal cyclohexane Csitipo it pushes the axial group towards g-Hond
reducing the contact distance GgHY, increasing the contact angle; this effect result the
enhancement of the hyperconjugative energy and ichéshift separatiomddé(y-CHyp). Thus, the value of
Ad(y-CHy) increases consistently by 0.25 ppm fréifyY = OH, A = H) to 0.79 ppm t@5 (Y = OH, A =t-
Bu). In general the proton signal separation withi& cyclohexane ring-CH,s raises when the strength
of the C-Hy Y ax CcONtact is increased. It was observed that whertdiculated parameters, reflecting the

strength of the H-bonding interaction, are incrda@ee., % s-character, contraction of GzlHonds and



energy values of hyperconjugative interactions)difference between th#l chemical shifts of the axial
and equatorial protons within thanethylene groupAd(y-CH,), is raised.

The addition of an appropriate fragmeng Xesulting in a %Y bond vector bisecting cyclohexane
ring, increases the interaction betwea€l ) ando*(C-Hay) orbitals. It is striking that in compound 3,
with the bulky t-Bu effecting the largest van demr&ls repulsion tg-axial hydrogens thed(y-CHy)
value was 0.50 ppm. In compoun88, 33, 37which bear important improper H-bonded contacts th
Ad(y-CHy) values were 0.65 ppm, 0.64 ppm and 1.04 ppm céisply. In the later molecules, Cakt-O
contacts include clearly not only van der Waalseseh crowding. The electron cloud compression ef th
y-axial hydrogens and the large chemical shift separs should be resulted from the electron cloud
withdraw of Hy from the negative C of the CskHbond or more likely from electrostatic attraction
(dispersion forces) from the acceptor group O-©=s€ bond.

It has been suggested that in the contacts,€-¥hy with distances ranging from 2.1 to 2.7 A
dispersion attraction can result in significantrthedynamic stability of moleculéé:* It is expected that
in all molecule2-38 bearing different substituents Y, a balance betwes der Waals spheres repulsion

and electrostatic/dispersion attractive forces khouork.

4. Experimental Part

4.1 Chemistry

The synthetic pathways of most of the compoundsidteal in this work has been published already
in older work by us or by other research groupsnyaf the compounds can be synthesized according to
these previously published procedures (see Supgdriformation). In synthetic schemes 13 and 14 new
synthetic procedures or revised procedures of nealready published compounds are presented. The
description of the synthesis of known compoundstardexperimental procedures for new compounds in
Schemes 13 and 14 are given in the Supportingrirdoon.

Reaction of 2-methyl-2-adamantariel with NaNs/H,SO,/CHCl; at room temperaturafforded the

azide29 using a concentration of 78% w/w rather than ti&5v/w reported in the literatuf@which



failed to yield29, quantitatively Azide 29 was converted to the 2-methyl-2-adamantanardihrough
reduction with LiAIH, (Scheme 13); the CD&solution of the TFA salt o was obtained by treating the
CDCl; solution of aminé (50 mg) with TFA (2 drops) inside the NMR tube.

Treatment of amine2 with acetyl chloride/BN or pivaloyl chloride/EfN gave the N-acetyl
derivative 27 or the N-pivaloyl derivative28. While O-acetylation of 2-adamantan®lcan be easily
realized upon treatment with acetyl chloridghEtthese conditions are not useful for 2-methyl-2-
adamantanol4 since the product was in 2-methyl-2-chloroadamang&nresulted through the attack of
a chloride ion to 2-methyl-2-adamantyl cation (Sukel3)*°

SuccessfulO-acetylation conditions for 2-methyl-2-adamantafdlincluded the combination of
acetic anhydride, triethylamine and 4-pyrrolidinaodine as the acylation catalyst acting through
activation of acetic anhydridé. Since the hindered pivalic anhydride can not bevated by a 4-
dialkylaminopyridine, the activation using MgBwas found to be efficient for the synthesis of e

pivaloyl anhydride?1 (Scheme 13}?

Scheme 13. Synthesis of some selected adamantarmévdéves substituted at C-2.
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Reagents and Conditions(a) CHMgl, ether, THF, r.t., 2 h then NEI/H,0O (quant.); (b) Nakl H.SO,

78 % w/w, CHCY, 0 °C, then r.t., 48 h (66 %); (c) LiAlHether, r.t., 24 h (83 %); (d) RCOCI,3;Ht
ether, 0 °C, then r.t. 12 h or 48 h @7 and 28 respectively (91% fo27 or 50% for28); (e) EgN,
MesSiCN, 20 h (81 %); (f) KF, MeOH, r.t., 5% h (g) DASCH.Cl, Ar, -78°C, then r.t. 1 h; (h) SOg|
K2CO;s, CHCly, reflux, 8 h (54 %); (k) (CECO),O, EgN, DMAP, 72 h (60 %); (m) (i) MgBt THF, Ar;

(ii) (t-BuCO),0, E&N, CH,Cl,, 48 h then DMAP-MeOH.

Reaction of 2-adamantanone with J8e&CN/EgN with no solvent in the reaction mixture afforded
the O-SiMg derivative 19 of adamantanone cyanydrit8. This was converted to the corresponding
alcohol18 through treatment with KF in MeOH; partial depidten of trimethylsilyl group was observed
when the O-SiMewas treated with HCI 3N (Scheme £3).

The synthesis of alkyl chloridd® and31 was accomplished through the reaction of alcof@ad
14 with SOCHK,CO;s in boiling CHCl,; the use of refluxing benzene instead of led tteeomposition
mixture. The synthesis of fluoridekl, 30 and 33 was realized upon treatment of the corresponding

alcohols with DAST in ChCl, at -78 °C ( see Scheme £2).



For the synthesis of the ketoBd, the 2-cyanoadamantadewas used as a starting material; 2-
cyanoadamantankcan be prepared through reaction of 2-adamantawahdosyl methyl isocyanate in
the presence of sodium ethoxide or potassium temdde (Scheme 14Y°°° Nitrile 4 was afforded
through acidic hydrolysis carboxylic acBb. Reaction of 2-cyanoadamantasewith methyl lithium
afforded the 2-acetyl adamantaB& Further reaction 084 with methyl lithium afforded the tertiary

alcohol32.%¢

Scheme 14. Synthetic pathway leading to the fluore33.

HO Me
\
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Reagents and Conditions(a) EtONa, TOSMIC, EtOH, THF, r.t., 2 h (quantb) (i) MeLi, ether, Ar, O
°C, then r.t. 90 min (ii) acetone, HCI 6N, refluhZ78 %); (c) (i) MelLi, ether, Ar, 0 °C, then rii2 h (ii)

NH4Cl(aq), 0 °C (78 %); (d) DAST, Ci€l, Ar, -78°C, then r.t. 1 h (50 %).
4.2 NMR Spectroscopy

NMR experiments were conducted i. on a 400 MHz BruRRX-Avance operating at 400.13 for
obtaining the'H NMR spectra and ii. on a 200 MHz Bruker Avancemying at 50.32 MHz for thEC
NMR spectra at 298 K. Thid NMR experiments were run at 298 K (400 MHz) bgsdilving 5 mg of
compound in 0.5 mL of CDg|l the protonated sampl@4 was prepared by addition of a drop of
trifluoroacetic acid to the CDglsolution inside the NMR tube of compour®$. The *C NMR
experiments were run at 298 K (at 50 MHz) by digisgl 20-30 mg of the compound in 0.5 mL of
CDCls. *H chemical shifts§) are reported in ppm relative to the residual Gf4@nal at 7.26 ppm (s);

3¢ chemical shiftsd) are reported in ppm relative to the CBSinal at 77.0 ppm (t).



The'H spectra (at 400 MHz) were acquired using a spewaiidth of 12 ppm, 2 s relaxation delay
between cycles, 16 transients, 32K data points -fiked to 64K data points before Fourier
transformation (FT) and baseline correction. TH& spectra (at 50 MHz) were recorded using 3 s
relaxation delay, 512 transients, 64K data poimd @ Hz line broadening prior to FT. DEPT-135
spectrum was recorded using 2 s relaxation del@9®, #Bansients 32K data points and 3 Hz line
broadening prior to FT. The assignments'tdfand*°C signals were achieved by the combined use of
DEPT, 2D COSY and HMQC experiments; for the la&r NMR experiments the 400 MHz Bruker
DRX-Avance machine was used. The 2D NOESY were irurCDCl; solutions (400 MHz) at a
concentration of 0.02 M using a mixing time of £.2.5 s All data were collected using pulse sequence
and routines provided in the Bruker library of mujgrograms. Data processing was performed using the

XWIN-NMR Bruker program.

4.3 Details of the Computations and Methods

4.3.1 Structures and NBO analysis

All structures were fully optimized at the B3LYP38-+G***° level using the GAUSSIAN 03
package (see Supporting Information); frequencgutations were also performed to locate minima. The
NBO 4.0 progranf™® was used as implemented in the GAUSSIAN 03 packA@O analysis was
realized at the B3LYP/6-31+G** level. The NBO arsb/transforms the canonical delocalized Hartree-
Fock (HF) MOs into localized orbitals that "are sgty tied to chemical bonding concepts”. This pssce
involves sequential transformation of nonorthogatamic orbitals (AOs) to the sets of "natural"mto
orbitals (NAOs), hybrid orbitals (NHOs) and bondital (NBOs). Each of these localized basis sets is
complete and orthonormal. Importantly, these sdt® aescribe the wave function in the most
"economic” way since electron density and othepertes are described by the minimal amount aédill
orbitals in the most rapidly convergent fashiorleli NBOs describe the hypothetical, strictly lozatl

Lewis structure.



The interactions between filled and antibondingRgdberg) orbitals represent the deviation of the
molecule from the Lewis structure and can be usesl measure of delocalizations. This method cam giv

energies of hyperconjugative interactions fromdtandard second-order perturbation approach

(n[F[o*)" Fy
E@=-p———— =P O
£ — &, Ae

whereF, is the Fock matrix element between thendj NBO orbitals,e, ande,« are the energies of
ands* NBO's, andp, is the population of the donarorbital. A threshold of 0.10 kcal mbfor printing
second order perturbation energies was used (faltealue is 0.50 kcal md). Detailed descriptions
of the NBO calculations are availabfe®

It should be empasized that MP2 level is more gmpte for describing the geometries of these
molecules and the relevant contacts. We made inique publications this comparison and the
calculations suggesting more compact structurad@amantane predicting for example shorter C-H bond
lengths’ However, the distances CgHYax Were just a little bit shorter and the hypercoaiige
energies a liitle bit higher. However, although #lectron correlated method MP2 method is indeed
better to describe structure, the purpose of thiskwncluding the minimization of a large set of
adamantane derivatives, the location of hypergmatjue energies and the description of GeHY o«

contacts geometry can be better served by the catigally cheaper B3LYP method.

4.3.2 GIAO calculations

The geometries of all compounds were reoptimizethetB3LYP/6-31+G(d,p) level including the
SCRF IEF-PCM solvent model (solvent CHCIUsing these geometries, NMR chemical shifts were
computed at the B3LYP/6-31+G(d,p) level using tHA@ method and are given relative to that of TMS

calculated at the same level of thedry.



ACKNOWLEDGMENT. A.K. thanks Professor H. Duddeck from the Uniuwgrssf Hannover for
providing chemical shift values for some adamant@erévatives in the early steps of this researdhis T

research activity was partly supported throughsaaech grant from Chiesi Hellas.

References and Notes

. See for example: (a) Klod, S.; Koch, A.; KleinpetérJ. Chem. Soc., Perkin Trans202 1506; (b)
Cuevas, G.; Juaristi, E.; Vefa J. Mol. Struct. (THEOCHEM)997, 418 231.

. It is noteworthy that fundamental structural profein organic chemistry, like the understandinghef
forces leading to the relative stabilization of thierent conformers in ethane and butane, areeotly
under intense research. Some relevant refereneegagrBickelhaupt, F. M.; Baerends, E.Ahgew.
Chem. Int. Ed2003 42, 4183 and Mo, Y.; Gao, Acc. Chem. Re2007, 40, 113 and Popbhristic, V.;
Goodman, LNature2001, 411, 565; (b) Mo, Y.J. Org. Chem201Q 75, 2733.

. See for example: (a) Schleyer, P. v. R.; MaerkerDansfeld, A.; Jiao, H.; Hommes, N. J. R. v.JE.
Am. ChemSoc.1996 118 6317; (b) Abraham, R. J.; Griffiths, L.; Warne, M. J. Chem. Soc., Perkin
Trans, 2 1997, 31; (c) Sefzik, T. H.; Turco, D.; luliucci, R, Facelli, J. CJ. Phys. Chem. 2005 109,
1180, and references cited therein; (d) KleinpéterSeidl, P. RJ. Phys. Org. Chen2004 17, 680.

. See, for example: (a) Lambert, J. B.; TakeuchiQ¥g. Magn. Resonanck69 1, 345; (b) Eliel, E. L.;
Rao, V. S.; Vierhapper, F. W.; Juaristi, G.T&trahedron Lett1975 4339; (c) Eliel, E. L.; Martin, R. J.
L. J. Am. ChemSoc.1968 90, 682. (d) Kleinpeter, E.; Taddei, F.; Wacker,(hem. Eur. J2003 9,
1360; (e) Kleinpeter, E.; Rolla, N.; Koch, A.; TaddF.J. Org. Chem2006 71, 4393.

. The shift occurring on the resonances of a carbpfigld) and the attached protons (downfield) when
substituent is placed within -agauche arrangemerthe original interpretation emphasized the steric
interactions between hydrogen atoms and thg €rbon atom: (a) Eliel, E. L.; Bailey, W. F.; Kmp_.
D.; Willer, R. L.; Grant, D. M.; Bertrand, R.; Citensen, K. H.; Walling, D. K.; Duch, M. W.; Wenker

E.; Schell, F. M.; Cochran, D. W. Am. ChemSo0c.1975 97, 322; Grant, D. M.; Paul, E. G. Am.



Chem.S0c.1964 86, 2984. After that original interpretation the si@glectronic origin of this effect still
remains unknown: (b) Barfield, M. Am. ChemSoc.1995 117, 2862.

() Engler, E. M.; Andose, J. D.; Schleyer, PRvJ. Am. ChemSoc.1973 95, 8005; (b) Belanger-
Giarepy, F.; Brisse, F.; Harvey, P. D.; Butlel$!; Gilson, D. F. RActa Cryst.1987 C43 756.

. See, for example: (a) Eliel, E. L.; Manoharan, M.Org. Chem1981, 46, 1959; (b) Kleinpeter, E.;
Szatmari, |.; Lazar, L.; Koch, A.; Hydenreich, NFijlop, F.Tetrahedror2009 65, 8021; (c) Kleinpeter,
E.; Thielemann, Jletrahedror2007, 63, 9071.

. Kolocouris, A.J. Org. Chem2009 74, 1842.

. (a) Kolocouris, A.Tetrahedron Lett2007, 48, 2117; this represents a preliminary publicatiecluding
some of the data presented in this manuscriptatsee (b) Zervos, N.; Kolocouris, Aletrahedron Lett

2010 51, 2453. (c) Kolocouris, A.; Zervos, N.; De Proft; RKoch, A.J. Org. Chem2011, 76, 4432.

10.(a) van Deursen, F. W.; Korver, P. Retrahedron Lett1967, 8145; (b) van Deursen, F. W.; Bakker, J.

Tetrahedronl971, 27, 4593; (c) Abraham, R. J.; FisherMiagn. Reson. Cherh985 23, 862.

11. Pionner investigations on tH&C NMR spectra of substituted adamantanes at C-2 werformed by

some workers and we must emphasize the extensive afduddeck’s group: (a) Pehk, T.; Lippmaa,
E.; Sevostjanova, V. V.; Krayuschkin, M. M.; TaraapA. I.Org. Magn. Resl97], 3, 783; (b) Maciel,
G. E.; Dorn, H. C.; Greene, R. L.; Kleschick, W; Reterson Jr, M. R.; Wahl Jr, G. @rg. Magn. Res.
1974 6, 178; (c) Krishnamurthy, V.; lyer, P. S.; Olah,&.J. Org. Chem1983 48, 3373; (d) Duddeck,
H. Org. Magn. Res1975 7, 151; (e) Duddeck, H.; Dietrich, Wl.etrahedron Letterd975 2925; (f)
Duddeck, H.; Wolff, POrg. Magn. Res1977, 9, 528; (g) Duddeck, HTetrahedron1978 34, 247; (h)
Duddeck, H.; Hollowood, F.; Karim, A.; McKervey, M. J. Chem. Soc. Perkin Trans1979,360; (i)
Duddeck, H.; Islam, Md. - ROrg. Magn. Resl981, 16, 32; (k) Duddeck, HTop. Stereochem 986 16,

219.

12.0ne early contribution of the analysis of #ieNMR spectrum of 2-methyl-2-adamantanol basechen t

resolution obtained using a europium compound dsrelagent was: Hajek, M.; Vogka, L.; Ksandr,

Z.: Landa, STetrahedron Letter$972 40, 4103.



13.B3LYP: (a) Becke, A. DJ. Chem. Physl993 98, 5648. (b) Lee, C. T.; Yang, W. T.; Parr, R.Rhys.
Rev. B1988 37, 785; 6-31+G(d,p): Francl, M. M.; Pietro, W. Jelite, W. J.; Binkley, J. S.; Gordon,
M. S.; Defrees, D. J.; Pople, J. A. Chem. Phys1982 77, 3654. (b) Sousa, S.-F.; Fernades, P. A;;
Ramos, M.-JJ. Phys. Chem. 2007, 111, 10439.

14.(a) London, FJ. Phys. Radiuni937, 8, 397-409. (b) Ditchfield, RJ. Chem. Physl972 56, 5688—
5691. (c) Wolinski, K.; Hinton, J. F.; Pulay, .Am. Chem. Sot99(Q 112 8251-8260.

15.Cossi, M.; Scalmani, G.; Rega, N.; Baronel. Chem. Phy2002 117, 43.

16.(a) GIAO on'H chemical shifts: Jain, J.; Bally, T.; Rablen,R2.J. Org. Chem2009 74, 4017; GIAO
on °C chemical shifts: Sarotti, A. M.; Pellegrinet, . J. Org. Chem?2009 74, 7254. (b) Recent
benchmarking studies at HF, DFT and MP2 level:g;IBi.; Maurer, M.; Hanni, M.; Braunger, K.; Kick,
L.; Thubauville, M.; Ochsenfeld, @. Chem. Theory Comp@014 10, 572.

17.Abraham R. J.; Fisher Magn. Reson. Cherhi985 23, 856

18.Kolocouris, A.; Mikros, E.; Kolocouris, Nl. Chem. Soc., Perkin Trans1298 1701.

19.MM3 (J. Am. ChemSo0c.1993 115, 11918) and MMFF94J( Comp. Cheml996 17, 587) force fields
are implemented in PCMODEL (version 9.0), Serenfawoe.

20.Abdel-Sayed, A. N.; Bauer, Detrahedron Lett1985 2841.

21.See also for example the B3LYP/6-31G* GIAO caldolas results on geometry optimized 2,4-
disubsituted adamantanes: Mikhova, B.; StamboliyBkaKoch, A.; Duddeck, H.; Kleinpeter, Elagn.
Reson. Chen2008 46, 1153.

22.Schneider, H.-J.; Hoppen, V. Org. Chem1978 43, 3866.

23.(a) Desiraju G. R.; Steiner, T.he weak hydrogen bond in structural chemistry amaogy, IUCr
Monographs on Crystallography, Vol. 9.; Oxford Usisity Press, 1999; (b) Steiner, Angew Chem.
Int. Ed Engl 1995 43, 2311, (c) Panigrahi, S. K.; Desiraju, G.FRROTEINS: Struct. Funct. Bioinform.
2007, 67, 128.

24.The calculation of a hyperconjugative interactigifax) — o*(C-Hax) is diagnostic for the presence of
improper hydrogen bonding: (a) Reed, A. E.; CustisA.; Weinhold, FChem. Revi988 88, 899. (b)

Chocholouisova, J.; Spirko, V.; Hobza, Phys. Chem. Chem. Phy2004 6, 37. (c) Nilsson, A,



Ogasawara, H.; Cavalleri, M.; Nordlund, D.; Nybdw; Pettersson, L. G. Ml. Chem. Phy005 122,

154505. (d) Kryachko, E. S.; Zeegers-Huyskens, Phys. Chem. 2002 106, 6832

25.Joseph, J.; Jemmis, E. D.Am. Chem. So2007, 129 4620 and references cited there in.

26.

27.

28.

29.

Between the different theories included in thetwtes of reference 24, a useful interpretationudels
the combination of a hyperconjugative interactighf) — ¢*(X-H) that weakens the X-H bond and a
repolarization/rehybridization in which the X-H lbrs-character increases, as H becomes more
electropositive (Bent’s rule), causing strengthgrofh the X-H bond. The second effect prevails, that
improper H bonding is observed, when the hyperagatjon is relatively weak. See: (a) Alabugin, I; V.
Manorahan, M.; Peabody, S.; Weinhold,JF.Am. Chem. SoQ003 125 5973; (b) Alabugin, I. V.;
Manorahan, MJ. Comp. Chem2007, 28, 373.

It is noted that changes of 0.1 — 1 ppm in the @réton chemical shift have been observed in a dichit
number of cases and are taken as evidence forxibterce of C—H---O hydrogen bonds in solution.
Intermolecular (a) Xiang, S.; Yu, G.; Liang, Y.; Wu, L1. Mol. Struct 200§ 789, 43; (b) Wang, B.;
Hinton, J. F.; Pulay, PJ. Phys. ChemA 2003 107, 4683; (c) Karger, N.; Amorim da Costa, A. M.;
Ribeiro-Claro, P. J. Al. Phys. ChemA 1999 103 8672; (d) Mizuno, K.; Ochi, T.; Shindo, ¥. Chem.
Phys 1998 109 9502; (e) Godfrey, P. D.; Grigsby, W. J.; Nichdk J.; Raston, C. L1. Am. Chem.
So0c.1997 119 9283;Intramolecular (f) Donati, A.; Ristori, S.; Bonechi, C.; PanZa, Nartini, G.;
Rossi, CJ. Am. Chem. So@002 124, 8778; (g) Barone, V.; Bolognese, A.; Correale, @urno, M.

V.; Monterrey-Gomez, |.; Mazzoni, Q. Mol. Graph. Model2001, 19, 318; (h) Nagawa, Y.; Yamagaki,
T.; Nakanishi, H.; Nakagawa, M.; Tezuka,Tetrahedron Lett1998 39, 1393.

Still the most popular source of van der Waalsinadan article by Bondii, AJ. Phys. Chenl964 68,

441 who gives the following values H: 1.20 A, C7TAA, 0: 1.52 A, N: 1.55 A, F: 1.47 A, CI: 1.75 A,
S:1.80 A, P: 1.80 A.; Si: 2.10 A; using these ealthe sum of the van der Waals radii is, for examp
2.72 A for H-O.

Taylor and Kennard performed a search of Cambri@gestallographic Database using recognized

values for the van der Waals radii of the CH gramgl oxygen. They found 59 C-HD contacts of



distance at least 0.3 A less than the sum of thedea Waals radii and with C-HD angles greater than
90°, Taylor, R.; Kennard, Q. Am. ChemSo0c.1982 104, 5063.

30.What really determines the strength of the orbitsraction is the geometry of the overlapping t@ibi
N(Yax ando*(C-Hay) and not the relative orientation of the C-H an®f ®ond vectors. In this work we
concentrated in the second order perturbative @®ekghich reflect the result / strength of the talsi
interactions.

31.For calculations of C-k-S contacts see for example, Domagala, M.; Grabqwskl.J. Phys. ChenA
2005 109 5683.

32.(a) Wennmohs, F.; Staemmler, V.; Schindler, MChem. Phys2003 119 3208; (b) Biswal, H. S.;
Wategaonkar, S3. Phys. Chem. 2009 113, 12763.

33.Qin, X.-r.; Ishizuka, Y.; Lomas, J. S.; Tezuka, Nlgkanishi, HMagn. Reson. Cher002 40, 595.

34.Wiberg, K. B.; Bader, R. F. W.; Lau, C. D. B.Am. ChemSo0c.1987 109, 1001.

35.Winstein, S. P.; Carter, P.; Anet, F. A. L.; Bout,J. R.J. Am. ChemSoc 1973 95, 8005.

36.(a) Dias, J. F.; Seidl, P. R. ; de Mesquita Cameir W.; Tostes, J. G. B. Mol. Struct(THEOCHEMN)
2004 677, 51; (b) Kleinpeter, E.; Klod,.S. Am. Chem. So2004 126, 2231.

37.Struble, M. D.; Strull, J.; Patel, K.; Siegler, W.; Lectka, T.J. Org. Chem2014 79, 1.

38.(a) Tsuzuki, S.; Uchimaru, T.; Tanabe, K.; HiraitoJ. Phys. Chenil993 97, 1346. (b) Jafee, R. L,;
Smith, G. D.; Yoon, D. YJ. Phys. Chenl993 97, 12745.

39.(a) Sasanuma, YMacromoleculesl995 28 8629. (b) Sasanuma, Y.; lwata, T.; Kato, Y.; Katb;
Yarita, T.; Kinugasa, S.; Law, R. \J. Phys. Chem. 2001, 105, 3277.

40.(a) Astrup, E. EActa Chem. Scand973 27, 3271. (b) Astrup, E. E.; Aomar, A. Mcta Chem. Scand
1975 A29 794.

41.Steiner, T.; Saenger, W. Chem. Soc. Perkin Trans.1298 371.

42. (a) Bartlett, G. J.; Choudhary, A.; Raines, R.Woolfson, D. N.; Nat. Chem. BioR01Q 6, 615. (b)
Jakobsche, C. A.; Choudhary, A.; Miller, S. J.;ieai, R. TJ. Am. Chem. So201Q 132 6651.

43.Danovich, D.; Shaik, S.; Neese, F.; EcheverriaAdlion, G.; Alvarez, SJ. Chem. Theory Comput.

20139, 1977.



44.See for example: (a) Grimme, Aagew. Chem. Int. EQ00§ 45, 4460. (b) Grimme, S.; Huenerbein, R.;
Ehrlich, S.Chem. Phys. Cherd011], 12, 1258.

45.(a) Fokin, A. A.; Chernish, L. V.; Gunchenko, P; Xu. - Tikhonchuk, E.; Hausmann, H.; Serafin, M.;
Dahl, J. E. P.; Carlson, R. M. K.; Schreiner, PJRAM. Chem. So2012 134, 13641; (b) Schreiner,
P. R.; Chernish, L. V.; Gunchenko, P. A.; TikhonkhH. Y.; Hausmann, H.; Serafin, M.; Schlecht, S.;
Dahl, J. E. P.; Carlson, R. M. K.; Fokin, A. Nature2011, 477, 308.

46.Grimme, S.; Schreiner, P. Rngew. Chem. Int. E@011 50, 12639.

47.See for example: (a) Kolocouris, N.; Kolocouris; Roscolos, G. B.; Fytas, G.; Neyts, J.; Padalkp, E
Balzarini, J.; Snoeck, R.; Andrei, G.; De ClercqJEMed. Chem1996 39, 3307; (b) Kolocouris, A.;
Spearpoint, P.; Martin, S. R.; Hay, A. J.; Lopeze@ul, M.; Sureda, F. X., Padalko, E., Neyts, J.; De
Clercq, E.Bioorg. Med. Chem. Let2008,18, 6156; (c) Zoidis, G; Kolocouris, N.; Fytas, Ggd€olos,
G. B.; Kolocouris, A.; Fytas, G.; Karayannis, Padalko, E.; Neyts, J.; De Clercq, Bntiviral
Chemistry and Chemotherag903 14, 155.

48.(a) Fry, J. L.; Engler, E. M.; Schleyer, P. v. R.Am. Chem. S0d.972 94, 4628. (b) Duddeck, H.;
Rosenbaum, Dl. Org. Chem199], 56, 1700.

49, Sasaki, T.; Egushi, S.; Toi, N. Org. Chem1979 44, 3711.

50. Strazzolini, P.; Giumanini, A. G.; Verardo, Getrahedrornl994 50, 217.

51.Hassner, A.; Krepski, L. R.; Alexanian, Vetrahedronl978 34, 2069.

52.Vedejs, E.; Daugulis, Q.. Org. Chem1996 61, 5702.

53. Sartori, G.; Ballini, R.; Bigi, F.; Bosica, G.; Mgg R.; Righi, PChem. Rev2004,104,199.

54.Middleton, W. JJ. Org. Chem1975 40, 574.

55.0ldenziel, O. H.; van Leusen, D.; van Leusen, AJMOrg. Chem1977, 42, 3114.

56.Reed, A. E.; Curtiss, L. A.; Weinhold, Ehem. Rev198§ 88, 899.

57.Weinhold, F. InEncyclopedia of Computational Chemist8chleyer, P. v. R., Ed.; Wiley: New York,
1998; Vol. 3, p 1792.

58.Reed. A. E.; Weinhold, BH. Chem. Phys985 83, 1736.



ACCEPTED MANUSCRIPT

GRAPHICAL ABSTRACT




2-Substituted and 2,2-Disubstituted Adamantane Deviatives as models for Studying
Substituent Chemical Shifts and C-H,Y o, Cyclohexane Contacts - Results from

experimental and theoretical NMR spectroscopic chemal shifts and DFT structures

Supporting Information

A. Details about the relative chemicashift information of 5', 7 protons and 4, 9 and 5, 7 carbons
A.1 Protons 3, 7-H

A.2 Carbons 4, 9-C and B, 7-C

B. Tables including calculated parameters
Table S1 including geometrical parameters of the GgHY .« contacts and charges of 4'ax,9'ax-H,
8'ax,10'ax-H protons, and charges of 4'9'-C, 8Cl@arbons calculated through NBO analysis at the
B3LYP/6-31G+(d,p) level for moleculds38.
Table S2 including geometrical parameters of the GgHY . contacts and complete second order

perturbation NBO analysis at the B3LYP/6-31G+(depkl for1-38.

C. Cartesian coordinates of the optimized compounds-38 at the B3LYP/6-31+G** level

D. Chemistry

D.1 Synthesis of known monosubstituted derivatives

D.2 Synthesis of known disubstituted derivatives.

D.3 Experimental details for the synthesis of 2,2idubstitued derivatives (including raw spectra for

compoundd8, 19, 20, 21, 22, 27, 28, 29, 30, 31, 32, 33



A. Details about the relative chemicashift information of 5', 7 protons and 4, 9 and 5, 7 carbons

A.l1 Protons 8, 7-H

For 2-substituted adamantanes, where the subdtisiansecond row or third row heteroatom bearing
a lone pair (compounds-8, 11-13), the 7-H proton resonance is generally slightly shiftedvdfield by
0.02-0.06 ppm compared to theHbresonance; the effect was almost neglected eppping heteroatom
with an acyl group (compourfd). For a third row bearing heteroatom substitutiom experimental values
were almost coincident (compounti®, 13. When the substituent is an alkyl (Me, t-Bu) osubstituted
alkyl group (CMeOH, CMeF) the relative position of 5and 7-H proton resonances was reversed, that is,
5'-H proton was more deshielded by 0.05-0.09 ppmcBorpoundgl (Y = CN), 34 (Y = COMe) and5 (Y
= COH) 5-H resonance is also downfield relative to tHeH7proton signal. The GIAO calculations
predicted correctly the relative chemical shiftsigon of 3- and 7-H proton resonances in the above cases.

In the 2-alkyl-2-Y disubstituted adamantarigs19, 22, 23, 25, 26, 29-38 the difference in chemical
shift between SH and 7-H protons was again small (0 - 0.13 ppm). Onlthi case of compound$ (Y =
OH, A = Ph) andl5 (Y = OH, A = t-Bu) the difference in resonance positilecomes slighty largehat is,
5'-H was 0.20 and 0.14 ppm downfield fromtH. The 3-H resonance was more generally downfield in
compounddl4-17 and22, 23where Y substituent is a second row lone pair bganeteroatom and A is an
alkyl group(Y = OH, NH,, A = alkyl). GIAO calculations supported the sarefative signal position. In
cyanohydrinesl8 and 19, 7-H resonance was more downfield than that ‘el Sesonance; in that case
calculations failed to support the experimentaultedn compounds20, 21, 27, 28where second row
heteroatom lone pair was capped with a small @rgel acyl group, the difference in chemical shifts
diminished. In compoun@4 (Y = NHMe,", A = Me), where the second row heteroatom lone pais
protonated, and in compound8 (Y = N3, A = Me), and30, 31 (Y = F or Cl, A = Me) the #H proton
resonance was marginally downfield relative td45and this assignment was also supported by tR€OGI
calculations; in these cases it was found th&t Was shifted downfield from’84 by 0.01 - 0.07 ppm. The
deviation of GIAO calculated values from experinantalues for mostH NMR chemical shifts is <0.7

ppm; this deviation is similar to the values presly observed (see references 16, 21 of the draft).

A.2 Carbons 4, 9-C and B, 7-C



The spectra of compounds38 showed that'49'-C or 8,10-C resonances are shifted upfield relative
to the carbon resonances of the parent adamantaecute. For the monosubstituted adamantane
derivatives1-13 and 32-35, these are the resonances of 4h&'-C carbons which are shifted upfield with
respect to 810-C signals because of tlheggauche effect exerted from substituent 8n the resonances of
4',9-C carbons (references 3, 11 of the draft). Thenita shift difference\d(ya,9 = dg 10-c- da 9-c fOr the
monosubstituted adamantane derivati¥ek3, 32-35 ranges from 3.30 to 8.80 ppm; representative galue
are 8.30 and 8.80 ppm for Glnd t-Bu group respectively, 3.53 ppm for CN grobf»0 ppm for OH
group, 5.43 for CMgOH group, 6.96 ppm for NHgroup, 4.30 and 3.30 ppm for Cl and F substitudnts
the 2,2-disubstituted adamantarfes17 and 20-31 and 36-38 (where Y = OR, NR NR;H+, OCOR,
NHCOR, C=0, N, X (F, CI) etc, and A = carbon chain),3}-C resonances are generally shifted upfield
with respect to '810-C signals, that is, a stronger upfigieffect of (Yax, Aeg) compared to that of (4
Yeq) Was observed. In the above cases, carbgfsG are in a syn-orientation withyYgroup, which is, in
general, a second or third row heteroatom or C=ddmrand §10-C are in ay-syn-orientation with Ay
group, which can be considered in general as ayl glbup. In the cyanohydri8 and its trimethylsilyl
derivativel9, where Y = OH or OSiMgand A = CN, 49-C signals are still shifted upfield with respemxt t
8,10-C signals. The chemical shift differenté(ya9 = dg 10-c - d4.9-c for the disubstituted adamantane
derivativesl4-31, 36-38 ranges from 0.03 (Y = NHCOtBu, A = Me) to 4.16 ppvh= OH, A = CN) with
compoundl5 (Y = OH, A = tBu) being the only exception, haviag\d(ya9 = - 0.60 ppm; in this last
compound 810-C resonances are shifted upfield with respect t@-& signals (Table 2). Other
representative values are 2.16, 1.92 for compouddéy = OH, A = Me) andl16 (Y = OH, A = Ph)
respectively, 1.56 for compour®® (Y = NH,, A = Me), 2.41 and 2.17 for compoun88 (Y = F, A = Me)
and 31 (Y = CI, A = Me) respectively, 0.50 ppm for compmau29 (Y = N3, A = Me) etc. GIAO
calculations predicted correctly the downfield piosi of 8,10-C signals relative to the ,9'-C resonances
for all the monosubstituted adamantanes. When loktguted molecules are considered, GIAO calcutatio
failed to predict the correct relative postion loé carbon signals in molecul&d, 15, 1721; in these cases

Y = OR, OCOR and A = alkyl or CN. In contrast imgoounds22-31 and36-38 where Y = NR, NHCOR,



N3, NMe;H*, F, Cl, C=0 and A = alkyl, GIAO calculations pretid correctly the relative position df9t-

C signals relative to'80-C signals.

The spectra of the monosubstituted adamantane atiggs 1-13 showed that '5C resonance lies

slightly downfield relative to #C resonance by 0.04 ppm (Y = OMe) — 1.0 ppm (YBa)t GIAO

calculations predicted correctly the relative positof 5-C and 7-C signals in monosubstitured

adamantane derivatives. The spectra of the di-$utest adamantane derivativagd-15, 17-21, 22-28,

36-38 reveal the same signal sequence for these caréondsthe GIAO calculations supported this

observation. GIAO calculations did not predict eotly for compound49 and 20 but the chemical shift

difference in these cases was marginal only. Im@npgl-2-adamantandl6, 7-C resonance was downfield

relative to 5-C resonance and the calculations predicted wel.nmrolecules30 and31 both experimental

and DFT GIAO calculations predicted thdt(@ resonance was also downfield teCsresonance. The

deviation of GIAO calculated values from experinzénalues for*C NMR chemical shifts is < 7ppm; this

deviation is similar to the values previously obeer (see references 16, 21 of the draft).

B. Tables

Table S1.Selected structural parameters calculated at theé/B&-31G+** level of theory, charges of 4'ax,9'ax-
H, 8ax,10'ax-H protons, and charges of 4'9'-CL08C carbons, for the 2-substituted and 2,2-distulied

adamantanes-38

System Ca-Hax, Co-Hax Cg-Hax, Cio-Hax Oax Ooax Osax O1oax Qac, Qoc Osc, Quoc % s-char. % s-char.
CA'Heq, C9'Heq CS'Heq, CJ.O'Heq Qaeq Qoeq Oseq C10eq C4'Hax, CQ'Hax CS'HaXy CJ.O'Hax
C4'Heqy CQ‘Heq CS‘Heqy ClO'Heq
1(Y=H, A=H)° 1.0986, 1.0986| 1.0986, 1.0986| 0.242,0.242| 0.242,0.242| -0.462, -0.462 -0.462, -0.462 23.69, 23.69 23.69, 23.69
1.0986, 1.0986| 1.0986, 1.0986| 0.242,0.242| 0.242,0.242 23.69, 23.69 23.69, 23.69
2 (Y=Me, A=H)° 1.0972,1.0972| 1.0986, 1.0986| 0.242,0.242| 0.241, 0.241| -0.464, -0.464 -0.460, -0.460 23.90, 23.90 23.64, 23.64
1.0986,1.0986 | 1.0987,1.0987| 0.242,0.242| 0.241, 0.241 23.59, 23.59 23.63, 23.63
3 (Y=t-Bu, A=HY° 1.0931, 1.0956| 1.0983, 1.0988| 0.243,0.238| 0.240, 0.241| -0.460, -0.459 -0.467, -0.457 24.27,24.02 23.73,23.75
1.0990, 1.0990| 1.0988, 1.0987| 0.241,0.241| 0.242,0.241 23.30, 23.41 23.60, 23.62
4 (Y=CN, A=HY) 1.0968, 1.0968| 1.0985, 1.0985| 0.257,0.257| 0.244,0.244| -0.463, -0.463 -0.469, -0.469 24.14,24.14 23.78,23.78
1.0976, 1.0976| 1.0976, 1.0976| 0.248, 0.248| 0.250, 0.250 23.77,23.77 23.80, 23.80
5 (Y=0OH, A=H) 1.0954, 1.0959| 1.0988, 1.0986| 0.256, 0.256| 0.242, 0.242| -0.468, -0.468 -0.464, -0.464 24.25,24.07 23.59, 23.67
1.0984, 1.0985| 1.0980, 1.0978| 0.240, 0.240| 0.246, 0.246 23.66, 23.70 23.83, 23.76
6 (Y=OMe, A=HY 1.0954, 1.0960| 1.0989, 1.0987| 0.260, 0.254 | 0.242, 0.242| -0.466, -0.467 -0.463, -0.463 24.30, 24.12 23.67,23.70
1.0985, 1.0985| 1.0982, 1.0979| 0.240, 0.240| 0.245, 0.246 23.65, 23.66 23.73,23.72
7 (Y=NH,, A=H)° 1.0949, 1.0949| 1.0987, 1.0987| 0.260, 0.260| 0.241, 0.241| -0.467, -0.467 -0.462, -0.462 24.28, 24.28 23.65, 23.65
1.0987,1.0987| 1.0981, 1.0981| 0.238, 0.238| 0.244,0.244 23.57,23.57 23.68, 23.68
8 (Y=NMe,, A=H)* 1.0958, 1.0958| 1.0985, 1.0985| 0.253, 0.253| 0.242, 0.242| -0.464, -0.464 -0.458, -0.458 24.23,24.28 23.67,23.60
1.0987,1.0987| 1.0983, 1.0983| 0.239, 0.239| 0.244,0.244 23.59, 23.59 23.67, 23.60
9 (Y=NHAc, A=H) 1.0981, 1.0997| 1.0979, 1.0979| 0.242,0.223| 0.248, 0.249| -0.467, -0.464 -0.462, -0.464 23.79, 23.52 23.80, 23.84
1.0979, 1.0980| 1.0981, 1.0980| 0.247,0.249| 0.245, 0.245 23.80, 23.82 23.69, 23.75
10(Y=NO,, A=H) 1.0973,1.0974| 1.0986, 1.0986| 0.256, 0.256| 0.245, 0.245| -0.470, -0.470 -0.462, -0.462 24.82,24.1% 23.83, 23.84
1.0976, 1.0976| 1.0974, 1.0974| 0.250, 0.250| 0.253, 0.253 23.76, 23.77 23.81,23.81
11 (Y=F, A=HY 1.0957, 1.0957| 1.0987,1.0987| 0.259, 0.259| 0.244,0.244| -0.469, -0.468 -0.465, -0.465 24.20,24.20 23.78,23.78
1.0980, 1.0980| 1.0976, 1.0975| 0.243, 0.243| 0.249, 0.249 23.76, 23.76 23.81,23.81
12 (Y=ClI, A=H)* 1.0956, 1.0956| 1.0984, 1.0984| 0.259, 0.259| 0.245, 0.245| -0.469, -0.469| -0.462, -0.462 24.23,24.23| 23.83,23.83
1.0978, 1.0978| 1.0977,1.0977| 0.245,0.245| 0.250, 0.250 23.68, 23.68 23.72,23.72
13 (Y=SH, A=H) 1.0970, 1.0962| 1.0984, 1.0987| 0.258, 0,254 | 0.242, 0.244| -0.467, -0.469 -0.459, -0.462 24.12,24.28 23.82,23.77
1.0983,1.0984| 1.0983, 1.0984| 0.242,0.244| 0.247,0.247 23.66, 23.24 23.70, 23.72
14 (Y=0OH, A=Me) 1.0939, 1.0945| 1.0965, 1.0966| 0.265, 0.258| 0.242, 0.241| -0.465, -0.465| -0.463, -0.464 24.47,24.26| 23.92,23.92
1.0984,1.0984| 1.0981, 1.0979| 0.239, 0.239| 0.245, 0.246 23.53, 23.56 23.56, 23.52
15 (Y=0OH, A=tBu) 1.0919, 1.0935| 1.0902, 1.0941| 0.267,0.253| 0.245, 0.237| -0.461, -0.460 -0.461, -0.459 24.77,24.37 24.54,24.16
1.0988, 1.0985| 1.0985, 1.0984| 0.237,0.239| 0.242, 0.245 23.35, 23.46 23.17,23.29
16 (Y=0H, A=Ph) 1.0942,1.0945| 1.0962, 1.0965| 0.265, 0.261| 0.249, 0.249| -0.463, -0.462 -0.466, -0.466 24.43,24.30 24.02,24.05
1.0984, 1.0983| 1.0983, 1.0980| 0.240, 0.240| 0.244,0.245 23.47,23.51 1) 23.57,23.51



17 (Y=OH, A=CH)
18 (Y=OH, A=CN)
19 (Y=OSiMes;, A=CN)
20 (Y=OAc, A=Me)
21 (Y=OCOtBu, A=Me)
22 (Y=NH,, A=Me)
23 (Y=NMe,, A=Me)
24 (Y=NHMe;', A=Me)
25 (Y,A=NH(CH,)s)

26 (Y, A=NMe(CHy),)°
27 (Y=NHAc, A=Me)
28 (Y=NHCOtBu, A=Me)
29 (Y=N3, A=Me)
30 (Y=F, A=Me)

31 (Y=Cl, A=Me)
32 (Y=CMe;OH, A=H)
33 (Y=CMesF, A=H)
34 (Y=COMe, A=HY
35 (Y=COOH, A=HY
36 (Y,A=CO(CHy),)
37 (Y, A=CO(CHy)s)

38 (Y,A=CO(CHp)s)

1.0943, 1.0946
1.0982, 1.0981
1.0942,1.0950
1.0976, 1.0976
1.0942,1.0946
1.0977,1.0978
1.0944, 1.0958
1.0981, 1.0979
1.0958, 1.0962
1.0981, 1.0980
1.0935, 1.0935
1.0987, 1.0987
1.0939, 1.0939
1.0988, 1.0988
1.1016, 1.1015
1.0955, 1.0955
1.0937, 1.0938
1.0988, 1.0988
1.0939, 1.0943
1.0988, 1.0988
1.0956, 1.0969
1.0978, 1.0982
1.0968, 1.0956
1.0982, 1.0979
1.0946, 1.0952
1.0980, 1.0978
1.0945, 1.0946
1.0981, 1.0980
1.0940, 1.0940
1.0980, 1.0979
1.0933, 1.0933
1.0993, 1.0993
1.0939, 1.0939
1.0990, 1.0990
1.0924, 1.0963
1.0988, 1.0985
1.0981, 1.0958
1.0980, 1.0981
1.0952, 1.0952
1.0985, 1.0985
1.0918,1.0939
1.0988, 1.0985
1.0920,1.0983
1.0985, 1.0983

1.0963, 1.0965
1.0979, 1.0978
1.0966, 1.0967
1.0973, 1.0971
1.0966,1.0967
1.0974, 1.0973
1.0962, 1.0960
1.0978, 1.0978
1.0981, 1.0983
1.0977, 1.0977
1.0959, 1.0959
1.0982, 1.0982
1.0960, 1.0960
1.0983, 1.0983
1.0946, 1.0947
1.0960, 1.0960
1.0961, 1.0959
1.0983, 1.0982
1.0961, 1.0961
1.0984, 1.0984
1.0954, 1.0956
1.0980, 1.0980
1.0956, 1.0952
1.0979, 1.0980
1.0959, 1.0961
1.0978, 1.0976
1.0967, 1.0967
1.0977, 1.0977
1.0956, 1.0956
1.0977, 1.0977
1.0989, 1.0989
1.0986, 1.0986
1.0989, 1.0989
1.0984, 1.0984
1.0984, 1.0989
1.0983, 1.0980
1.0988, 1.0986
1.0978, 1.0980
1.0978, 1.0978
1.0982, 1.0982
1.0956,1.0968
1.0983, 1.0981
1.0964,1.0959
1.0985, 1.0985

0.265, 0.260
0.243, 0.243
0.265, 0.258
0.248, 0.248
0.263, 0.259
0.247,0.247
0.248, 0.257
0.245, 0.242
0.255, 0.251
0.243, 0.244
0.263, 0.263
0.237, 0.237
0.255, 0.255
0.238, 0.238
0.224,0.224
0.279, 0.279
0.258, 0.261
0.238, 0.237
0.258, 0.258
0.239, 0.238
0.250, 0.237
0.246, 0.246
0.237, 0.249
0.246, 0.245
0.253, 0.262
0.245, 0.244
0.262, 0.262
0.242,0.242
0.262, 0.262
0.244, 0.244
0.266, 0.266
0.235, 0.235
0.261, 0.261
0.238, 0.238
0.273, 0.256
0.239, 0.243
0.256, 0.245
0.245, 0.246
0.264, 0.264
0.242,0.242
0.273, 0.263
0.253, 0.241
0.267, 0.244
0.241, 0.245

0.254, 0.253
0.246, 0.246
0.258, 0.257
0.251, 0.251
0.256, 0.256
0.250, 0.250
0.243, 0.245
0.248, 0.248
0.248, 0.246
0.247,0.247
0.241, 0.241
0.244, 0.244
0.241, 0.241
0.244,0.244
0.254, 0.254
0.268, 0.268
0.240, 0.242
0.244, 0.245
0.240, 0.242
0.245, 0.245
0.247, 0.245
0.246, 0.247
0.245, 0.247
0.247, 0.246
0.243, 0.244
0.249, 0.249
0.243, 0.243
0.248, 0.248
0.244,0.244
0.250, 0.250
0.238, 0.238
0.242, 0.242
0.239, 0.239
0.244, 0.244
0.241, 0.240
0.246, 0.247
0.242,0.243
0.247,0.247
0.242,0.242
0.247,0.247
0.239, 0.241
0.247, 0.246
0.241, 0.240
0.246, 0.246

-0.467, -0.466
-0.468, -0.467
-0.466, -0.465
-0.461, -0.463
-0.467, -0.465
-0.465, -0.465
-0.462, -0.462
-0.474,-0.474
-0.463, -0.463
-0.461, -0.462
-0.463, -0.462
-0.462, -0.462
-0.466, -0.464
-0.466, -0.466
-0.467, -0.467
-0.467, -0.467
-0.467, -0.467
-0.470, -0.469
-0.468, -0.466
-0.468, -0.468
-0.469, -0.468

-0.466, -0.463

-0.467, -0.467
-0.470, -0.470
-0.470, -0.470Q
-0.462, -0.461
-0.462, -0.463
-0.462, -0.462
-0.459, -0.459
-0.462, -0.462
-0.461, -0.461
-0.460, -0.458
-0.460, -0.462
-0.462, -0.460
-0.461, -0.463
-0.464, -0.464
-0.462, -0.462
-0.457, -0.457
-0.457, -0.457
-0.459, -0.461
-0.461, -0.462
-0.461, -0.461
-0.460, -0.462

-0.461, -0.461

24.46, 24.41
23.56, 23.59
24.50, 24.29
23.66, 23.69
24.46, 24.3%
23.67, 23.69
24.05, 24.31
23.65, 23.60
24.18, 24.08
23.70, 23.76
24.45,24.4%
23.45, 23.45
24.40, 24.4
23.43, 23.43
23.40, 23.43
24.25, 24.23
24.41, 24.41
23.45, 23.44
24.34, 24.39
23.40, 23.45
24.12,23.8
23.62, 23.60
23.85, 24.12
23.59, 23.63
24.17, 24.37
23.66, 23.61
24.35, 24.35
23.63, 23.63
24.43,24.4
23.53, 23.52
24.70, 24.69
23.31,23.31
24.55, 24.54
23.37, 23.37
24.89, 24.1
23.39, 23.54
24.26, 23.83
23.61, 23.71
24.39, 24.3
23.51, 2351
24.92, 24.52
23.33, 23.42
24.82, 23.77
23.36, 23.59

24.15, 24.13
23.62, 23.60
24.23,24.21
28.73,23.70
24.23,24.21
23.72,23.70
24.05, 24.06
23.55, 23.56
23.90, 23.83
23.78, 23.74
23.97, 23.97
23.45, 23.45
23.94, 23.94
23.41, 23.41
24.32, 24.32
23.88, 23.88
23.94, 24.00
23.41, 23.46
23.93, 23.98
23.40, 23.39
24.10, 24.09
23.50, 23.51
24.08, 24.09
23.52, 23,51
24.02, 24.04
23.57,23.61
23.97, 23.63
23.97, 23.63
24.15, 24.15
23.52, 23.52
23.64, 23.64
23.61, 23.61
23.64, 23.64
23.64, 23.64
23.71, 23.67
23.68, 23.71
23.67, 23.69
23.75, 23.70
23.83, 23.83
23.66, 23.66
24.05, 23.95
23.50, 23.58
23.96, 24.00
23.48, 23.53

Table S2.Geometrical parameters of the GgHY 4« contacts and complete second order perturbatio® NB
analysis at the B3LYP/6-31G+(d,p) level f138.

System Hyperconjugative interaction r(C-Hax O):ry, O(C-Hax0); 64, 0, (&5+-€n) Fro+
(kcal moth)* ra deg a.u. a.u.
A

1(Y=H, A=H)° 2.56, 2.56 89, 89 0.95 0.013
2.56, 2.56 88.8, 88.8 0.95 0.013
2 (Y=Me, A=H) E[6(C-H)ye — % ( C4-Ha) ] = 0.21 2.29,2.29 95.8, 95.8 0.95 0.013
E[a(C-H)ve — 0*(C9-Hay)] = 0.21 2.44,2.44 113.4,113.4 0.95 0.013
3 (Y=t-Bu, A=H)’ E[6(C2-H).50 — 0* (C4-Hg)] = 0.63 2.10, 2.10 117.1, 120.2 0.96 0.022
E[6(C2-H).8u — 0* (C4-Hz)] = 0.11 2.30, 2.32 89.6, 89.4 0.96 0.009
E[6(C2"-H)w.eu — 0% (C9-Hay)] = 0.60 0.97 0.022
4 (Y=CN, A=HY E[7(C=N) — ¢* (C4-Ha)] = 0.11 2.93,2.93 107.0, 107.0 0.79 0.008
E[z(C=N) — ¢* (C9-Ha)] = 0.13 2.48,2.48 89.3,89.4 0.79 0.009
5 (Y=0OH, A=HY) E[N.(O) — 0*(C4-Hay)] = 0.21,a = sp’ 2.62,2.68 96.0, 96.0 1.07 0.013
E[ny(O) — 0*(C9-Ha)] =0.25,8=p 2.46,2.47 89.8, 89.3 0.76 0.012
6 (Y=OMe, A=HY E[Na(O) — 6*(C4-Ha)] = 0.25,0 = sg* 2.60, 2.68 96.1, 95.9 1.02 0.014
E[ns(O) — 6*(C9-Ha)] = 0.18,6=p 2.50,2.49 91.3,914 0.75 0.010
7 (Y=NH,, A=H)* E[na(N)—0* (C4-H,y)]=0.40 2.67,2.67 96.7, 96.7 0.78 0.016
E[N.(N) — ¢*(C9-H,,)]=0.40,a = sff* 2.43,2.43 89.4,89.4 0.78 0.016
8 (Y=NMe,, A=H)° E[Na(N)—0* (C4-H4)]=0.23 271,271 97.2,97.2 0.74 0.012
E[N.(N) — 6*(C9-H,)]=0.23,a = sf*® 2.48,2.48 89.6, 89.6 0.74 0.012
9 (Y=NHAc, A=H) E[n,(N) — o*(C4-Hx)]=0.21,a = p 2.16, 2.67 93.8,95.3 0.70 0.012
E[na(N-H) — o*(C4-Hay)] = 0.15 2.47,2.46 89.5,89.5 1.10 0.012
10(Y=NO,, A=H) - 2.81,2.81 95.67, 95.78 - -

11 (Y=F, A=HY not located using a threshold of 0.1 kcal fol 2.61,2.61 95.3,95.3 -—-

2.54,2.54 88.9, 88.9




12 (Y=CI, A=HY’

13 (Y=SH, A=H)

14 (Y=OH, A=Me)

15 (Y=OH, A=tBu)

16 (Y=OH, A=Ph)
17 (Y=OH, A=C,H)

18 (Y=OH, A=CN)

19 (Y=0SiMes, A=CN)

2C (Y=OAc, A=Me)
21(Y=0COtBu, A=Me)
22 (Y=NH,, A=Me)
23 (Y=NMe,, A=Me)
24 (Y=NHMe;', A=Me)
25 (Y,A=NH(CH>)s)
26 (Y,A=NMe(CHy),)°
27 (Y=NHAc, A=Me)
28(Y=NHCOtBu,
A=Me)
29(Y=N3, A=Me)
3C (Y=F, A=Me)
31 (Y=Cl, A=Me)

32 (Y=CMe;OH, A=H)

33 (Y=CMesF, A=H)

34 (Y=COMe, A=HJ

35 (Y=COOH, A=HJ

36 (Y,A=CO(CHy),)

37 (Y, A=CO(CHy)s)

38(Y,A=CO(CH,)s)

E[Na(Cl)—0¢* (C4-Ha)]=0.37,0 = p
E[Na(Cl)—0¢* (C9-Hay)]=0.37
E[n(Cl) — o* (C4-H4)]=0.15,8 = p
E[ny(Cl) — ¢*(C9-Ha,)]=0.15
E[Nna(S)—0* (C4-H)]=0.30,a = sg"*
E[Nna(S)—0* (C9-H4)]=0.10
E[Na(S)y—0* (C4-Ha)]=0.11,5 = p
E[n(S) — ¢* (C9-Ha,)]=0.73
E[Ny(O)—0* (C4-H4,)]=0.40, a = sg
E[n(O) — 0*(C9-H4)]=0.37,=p
E[ny(O) — o* (C4-Hay)] = 0.54,a = sg*
E[ny(0) — 0*(C9-Ha)] =0.38,8=p

E[ny(0) — o* (C4-Hq)] = 0.39,a = sg”’
E[ns(O) — 0*(C9-Hay)] =0.42,8=p
E[Na(0) — o* (C4-Ha)] = 0.33,a = sp*
E[ny(O) — 0*(C9-Ha)] =0.41,8=p
E[Na(0) — o* (C4-Ha)] = 0.33,a = sp*
E[ny(O) — 0*(C9-Ha)] =0.41,8=p

E[Na(0) — o* (C4-Ha)] = 0.24,0 = sp*
E[ny(O) — 0*(C9-Ha)] =0.33,8=p
E[ny(0) — o* (C4-Ha)] = 0.13,a = sg?
E[Na(0) — ¢*(C4-Ha)] = 0.21,0 = sP*
E[n/;(O) — o* (ng'Hax)] =011p5=p
E[N.(O) — o* (C4-Ha)] = 0.27,0=sp"*

E[Nna(N) — o* (C4-Hay)] = 0.63,a = spf*
E[Nna(N) — 0*(C9-Ha)] = 0.63
E[Nna(N) — o* (C4-Hay)] = 0.28,a = sg*
E[Na(N) — 0* (C9-Ha)] = 0.28
E[0(C4'-Ha) — o* (N-H)]=2.06
E[¢(C9-H.,) — o* (N-H)]=1.92
E[n.(N)—0* (C4-Ha)]=0.50, a = sp™

N/A
E[nu(N) — o* (04"Hax)]:0-21,(l =p

E[n.(N)—0* (C4-Ha)]=0.11, a = sp&
E[6(N-H) — 0* (C4'-Hag] =0.11
ElNna(N) — 0* (C9-Hx)]=0.15,5 =p

E[n,(N)—¢* (C4-H)]=0.57, a =sp*

E[N(Cl) — o*(C4-Ha)]=0.64,5 =p
E[n/;(CI) — o* (Cg'Hax)]=o.63
E[N:(0) — o* (C4-Ha)] = 1.34

E[n(O) — o*(C9-Ha)] = 0.98,0 = s
E[Ny(0) — o* (C4-Hay] = 0.66
E[n,(0) — 0*(C9-Ha)] =0.98,8 = p
E[na(F) — 0% (C4-Hx)] = 0.43
E[Na(F) — o*(C9-Hay)] = 0.30, = sp'°
E[n(F) — o*(C4-Hay)] = 0.32

E[n(F) — *(C9-Hay)] = 0.29,8 = p
E[n,(F) — o* (C4-Ha)] = 0.41

E[n(F) — o*(C9-Ha)] = 0.27,7=p

E[N(O) = o* (C4-Ha)] = 0.49, = SP™

E[ny(O)—0* (C4-Had] =1.09,8 = p

E[7(C=0—0* (C4-H4,)]=0.19

E[N(0) — o*(C4-Ha)] = 0.10
E[ny(0) — ¢* (C9-Hay)] = 0.11,a = sgf®
E[ny(O) — o* (C4-Hay)] = 0.38
E[n(O) — 0*(C9-Ha)] =0.39,8=p
E[z(C=0—0*(C4-Ha)] = 0.13
E[z(C=0—0¢*(C4-H,)] = 0.13
E[N(0) — o*(C4-Ha)] = 0.20
E[ny(0) — o* (C9-Hay)] = 0.60,a = sgf®
E[ny(0) — o* (C4-Hay)] = 0.26
E[ny(O) — 0*(C9-Hx)] = 1.17,8=p
E[z(C=0—0*(C9-Ha,)] = 0.43
E[Na(0) — o* (C4-Ha)] = 0.42,a = spf*
E[Nny(O) — o*(C4-Ha)] =0.58,8=p

E[2(C=0—¢* (CY-H,)] = 0.37

2.88, 2.88
2.48,2.48

2.88.2.93
2.46, 2.46

2.46,2.53
2.21,2.22
2.34,2.44
1.96, 2.04

2.47,2.53
3.55, 3.56
2.49, 2.53
2.91,2.89
2.52,2.60
2.85,2.83

2.56, 2.52
2.81,2.81

2.45,2.58
2.17,2.23
2.47,2.59
2.16, 2.23
2.54,2.54
2.17,2.17
2.55, 2.55
2.15,2.15
1.96,1.97
2.16,2.14
2.55,2.54
2.12,2.18
2.56, 2.60
2.14,2.14
2.18,3.07
2.18,2.14
2.16, 3.05

2.49, 2.60
2.19,2.19
2.48,2.48
2.28,2.28
2.73,2.73

241,241

2.39,2.39

2.40,2.77

2.82,2.84

2.63, 2.63

2.33, 2.46

2.35,3.17

102.2,102.2
89.3, 89.3

102.3, 102.7
89.3, 89.5

97.2,96.9
113.3, 113.2

97.3,96.5
117.7,121.6

97.4,97.2
119.4,119.5

97.1,97.0
108.0, 108.1

96.7, 96.4
107.9, 108.1

96.6, 96.9
108.2, 108.1

97.3, 96.3
113.2,112.7
97.1, 96.2
113.1, 112.6
97.6,97.6
113.4,113.4
98.2,98.2
113.0, 113.0
105.6, 105.4
112.1,112.4
98.2,97.4
113.2,112.5
98.9, 96.7
112.9,112.9
108.8, 96.9
113.2,113.3

113.3,113.2
98.3,97.0

113.0, 113.2
96.4, 96.4

113.2,113.2
104.0, 104.1

118.9,118.9

118.78,117.88

119.0, 115.0

96.11, 96.22

121.1,121.2
97.7,97.7

120.7,119.2
98.4, 96.5

117.6, 109.9
96.7, 97.0

0.76
0.76
0.76

1.09
1.09
0.70
0.71
1.07
0.76
1.07
0.76

1.07
0.77
1.07
0.78
1.07
0.79

0.78
0.92

1.02
0.78
1.01

0.78
0.78
0.73
0.73
0.83
0.83
0.75

N/A

0.70

0.70
111
0.72

0.89

0.76

0.76
1.08

1.08
0.80
0.80

1.50
1.50
0.89
0.89
089
0.89

1.18
0.75
0.84

1.16
1.16
0.74
0.74
0.86
0.86
1.16
1.18
0.74
0.76
0.86
117
0.75
0.87

0.015
0.015
0.010
0.010
0.016
0.010
0.008
0.020
0.019
0.015
0.022
0.015

0.018
0.016
0.017
0.016
0.015
0.014

0.011
0.016

0.013
0.009
0.015

0.020
0.020
0.013
0.013
0.037
0.036
0.018

N/A

0.012

0.008
0.010
0.010

0.021

0.020
0.020
0.034
0.029
0.021
0.019
0.023
0.019
0.015
0.015
0.017
0.014
0.021
0.026
0.011

0.010
0.010
0.016
0.016
0.009
0.009
0.014
0.024
0.013
0.027
0.017
0.020
0.019
0.016




C. Cartesian coordinates of the optimized compoundt-38 at the B3LYP/6-31+G** level

Compound 1

Ad

01
C 0. 00000000 0. 00000000 0. 00000000
C 1. 54396725 0. 00000000 0. 00000000
H 1. 91250271 1. 03436755 0. 00000000
C -0.52153267  -1.45349760 -0.00238611
H -1.61957017 -1.45054009 -0.00373694
C -0.00372859  -2.18256263 -1.26215672
H -0.37864696 -1.68452968 -2.16687375
H -0.38356183  -3.21316831 -1.28462248
C 2.05679598 -0.73308138 -1.25957003
H 3.15514257  -0.72407496 -1.27978172
H 1.71648470 -0.21080494 -2.16425305
C 1.54034988 -2.18839546 -1.26310047
H 1.90628960 -2.70713549 -2.15904967
C 2.05012615 -2.91489631 0. 00079198
H 1. 70428254  -3.95774382 0.00137787
H 3.14841273  -2.94345457 0. 00232100
C 2.05435871 -0.73176816 1. 26103398
H 1.71232442  -0.20843626 2.16450597
H 3.15269022 -0.72242698 1. 28335150
C -0.00654895 -2.18209623 1. 25887488
H -0.38509779  -1.68394917 2.16196389
H -0.38679034 -3.21256847 1. 27963946
C 1.53758898 -2.18710030 1. 26312692
H 1.90118171  -2.70541594 2.16037956
H -0.37719822 0. 53494973 0. 88290834
H -0. 37662535 0.53726725 -0.88193446
Compound 2

2- MeAd

01
C 0. 00000000 0. 00000000 0. 00000000
C 0. 00000000 0. 00000000 1. 55227104
H 1. 03822074 0. 00000000 1. 91242816
C -1.47310614  -0.02940405 -0.48783042
H -1.48827903 -0.05023732 -1.58640343
C -2.21221763  -1.27058583 0. 06205950
H -1.74965615 -2.19527543  -0.30500248
H -3.24770530 -1.27307560 -0.30479557
C -0.73762435  -1.24129178 2.10381545
H -0.71478027  -1.22345161 3.20198713
H -0.23147821 -2.16496137 1. 79654103
C -2.19949758  -1.24326110 1. 60620116
H -2.71945310 -2.12917487 1. 99437514
C -2.91139442 0. 03342875 2.10212282
H -3.95857389 0. 03441045 1. 76986307
H -2.92430766 0. 05469097 3.20048129
C -0. 71895910 1.27161104 2.05518517
H -0. 19299500 2.16767616 1. 69826136
H -0. 69693175 1. 30586841 3. 15307607
C -2.19394656 1.24210223 0.01207874
H -1.70140481 2.13755032 -0.39113379
H -3.22950211 1.25621894  -0.35461581
C -2.18011758 1. 27905016 1. 55594615
H - 2. 68496504 2.18854235 1. 90760520
C 0.87548445 -1.09992570 -0.61786380
H 0.87513765 -1.02533838 -1.71194406



Compound 3

2-t-Bu- Ad

0

Compound 4

2- CN- Ad

0

H
H
H

[

ITIITIOIIIOIIIOOIOIIOIIOIIOIOIIOIIZIOIOIOONO

[

ITITOIOIITIOIITOIOITOO

OrPrOOOORRREPNNWNE

= OO

. 91408829
. 53775147
. 42936404

. 00000000
. 00000000
. 02860537
. 48906866
. 54195505
. 18745553
. 69225814
. 22902776
. 68834142
. 66118014
. 13970549
. 15187122
. 62780443
. 90757770
. 95862187
. 90459942
. 76666903
. 29539959
. 72528610
. 26370394
. 85292607
. 30309771
. 23498846
. 77320354
. 04101726
. 42691833
. 19595539
. 46120270

70593256
17611129

. 91214540

51017542
23008838
69437781
21750695

. 57064196
. 50674844
. 34151246

. 00000000
. 00000000
. 03665266
-1.
-1.
- 2.
-1.
-3.
- 0.
- 0.
- 0.
-2.
-2.
-2.
- 3.
. 93737037

47186900
46546082
17896456
67774417
20856314
72311381
70535826
19325640
17981447
68821033
91402921
95795699

PNNMNNNOOOOORPRPFPOONREFEPNFPPEPNRFRPOOONRPEPNRPPEPEPNPOOOOO

. 00432594
. 10804065
. 96026011

. 00000000
. 00000000
. 00000000
. 07059574
. 13531914
. 23419708
. 10494678
. 24258610
. 30592127
. 36856887
. 17698742
. 33782547
. 27526162
. 13830202
. 15042750
. 20811884
. 19521940
. 14652761
. 12836805
. 26109379
. 22008009
. 22999105
. 17462391
. 03088567
. 91171707
. 77952070
. 24523011
. 27212929
. 27173120
. 37497805
. 96309219
. 66929170
. 42786832
. 41306806
. 58544662
. 87904725
. 94357185
. 01030788

. 00000000
. 00000000
. 00000000
. 02775435
. 04723987
. 24957931
. 14242280
. 26751662
. 27698680
. 31449074
. 17046496
. 27866399
. 18655291
. 03108958
. 03364727
. 05286259

- 0.
- 0.
. 32388709

OFRPOFRPONNMNNNOOOOONRFPROOOWRNWENFPPPRPWONOOOR,ORF,O

1
WP NFRPPFPPWONOOORFROPRKFRO

27938828
35847929

. 00000000
. 55985231
. 93464005
. 45953160
. 55292468
. 00245171
. 45259000
. 35199662
. 02797591
. 12461992
. 64524658
. 53867910
. 85565435
. 14792828
. 82857668
. 24431411
. 16953940
. 89901037
. 26567907
. 15761371
. 16881806
. 19809630
. 69647588
. 12404686
. 75907190
. 08814152
. 71542921
. 88893038
. 05345137
. 20503836
. 76530687
. 21125457
. 715347722
. 85351760
. 43249637
. 12797819
. 36511620
. 27332062

. 00000000
. 55965043
. 91600440
. 51520615
. 61120350
. 01380629
. 41162573
. 39363182
. 03860951
. 13539525
. 68138403
. 52914288
. 87768315
. 06661110
. 72550162
. 16439757



Compound 5

2AdCH

0

Compound 6

2AdOME

0

IZO0ITOIITOITITO

[

ITITOIOIIOIIOIIOIOIIOIIOIOIOO

=

TTOIITIOIOIIOIITIOIOIOO

- 0.
- 0.
. 72323171
-2.
-1.
-3.
. 19763603
- 2.
. 79427105
. 42413056
. 47875142

= OO

74049567
22442182

19793071
71249849
22798812

71875520

. 00000000
. 00000000
. 04046388
. 45509490
. 44518066
. 17932153
. 67206503
. 20613224
. 73205043
. 71264056
. 21189413
. 18950342
. 70964513
. 91399846
. 95631947
. 94386179
. 72702091
. 20484977
. 70858474
. 17548984
. 66692974
. 20134665
. 18411649
. 69916371
. 77756167
. 86005280
. 47742823

. 00000000
. 00000000
. 04175329
-1.
. 46285240
-2.
-1.
. 21260954
- 0.
- 0.
- 0.
-2.
- 2.
- 2.
-3.
-2.
- 0.
- 0.
. 70538829

45900989

18291789
68264561

72919474
71009894
20649119
18681881
70583770
91081726
95460787
93630680
72561625
20381568

ORRPNRPRNERNER

OFRPFPNFPFPNFPFPNPFPOOONEFENRFRPEFPPEPNPFPOOOOO

PNPFRPOOONEFENRFRPPFPFPNPOOOOO

. 24689970
. 15976758
. 24157261
. 27437327
. 18780397
. 28870240
. 24603685
. 13284198
. 10689437
. 98103565
. 92422859

. 00000000
. 00000000
. 00000000
. 03889077
. 06003093
. 29029635
. 19639598
. 31990831
. 25011292
. 24383558
. 15584533
. 25546047
. 14282596
. 01873932
. 01522946
. 04193093
. 27365947
. 17092249
. 31307921
. 23857481
. 13142174
. 26233727
. 26993279
. 17548274
. 12071521
. 07813575
. 92932399

. 00000000
. 00000000
. 00000000
. 02447390
. 03036301
. 27868776
. 18367182
. 29996367
. 25358272
. 25109141
. 15675360
. 25793844
. 14846970
. 01273793
. 01102423
. 02748224
. 26919958
. 16996100
. 29729030

OCOORPPFPOOCOWEN

OFRPORFRPPFPOOOWRNWFENFRPFPPWONOOORLROREFO

WFRPNWFRPNFRPPPWONMNOOORFRLROREFRO

. 08627878
. 76478343
. 18374294
. 03177751
. 33292087
. 34709898
. 57554282
. 95714785
. 54900257
. 98556178
. 35196551

. 00000000
. 53861968
. 88564382
. 51710311
. 61713887
. 02289585
. 32725063
. 36617842
. 07341549
. 17161281
. 74329754
. 56569247
. 94941593
. 04923934
. 70174922
. 14717749
. 02566465
. 66618962
. 12260313
. 02942255
. 41883434
. 42003989
. 51441224
. 86056253
. 44511311
. 40664909
. 35153902

. 00000000
. 54030905
. 88359366
. 51514335
. 61258642
. 01836155
. 34493968
. 36375808
. 06995676
. 16831156
. 73699228
. 56238112
. 94029634
. 05787747
. 71478201
. 15618804
. 03799412
. 68659438
. 13538433



Compound 7

2 AdNH,

0

Compound 8

2- AdNMe,

0

IITITIOIOIOIIO

[

ITIZITIOIITIOIITIOIITIOIOIIOIITOIOITOO

=

TTOIITIOIOIIOIIOIOIO

[ T T
PORPPFPOONNWEDN

1
OROONNWRERNOOONWNNNOOOWRNREREROO

. 17726554
. 67647531
. 20561820
. 18320937
. 69784874
. 77200499
. 49408572
. 17554740
. 84384611
. 32783004
. 72129914

. 00000000
. 00000000
. 04049919
. 46489999
. 46746543

19873911
70798701
23086909
73552620
71153730
22722678
19596721
71883021

. 90758197
. 95351364
. 92594830

71365709
18649917
69247056
17954675
68107044
21185009
17356113
67925114
75036671

. 76608637
. 71824051
. 44471099

. 00000000
. 00000000
. 39612617
. 40864757
. 61542700
. 11151222
. 60566516
. 78326579
. 80308820
. 30668362
. 82859617
. 38351113
. 52587501
. 57760334
. 56039638
. 69523695
. 15965984
. 71001680

ORRPRORNRENRE

OFRPFFPNFPFEPNFPFFEPNFPOOONRPEFPFNRFPPEPNPOOOOO

PNPFRPOOONEFENRFPPFPFEPNPOOOO

. 24799682
. 14594054
. 26749826
. 26865399
. 17145558
. 12239802
. 91945905
. 07737858
. 92707296
. 16219927
. 14734022

. 00000000
. 00000000
. 00000000
. 02978607
. 05099489
. 27435602
. 18585720
. 28498778
. 24460426
. 23376177
. 15574864
. 24151875
. 12585346
. 03702954
. 04070960
. 06160326
. 27717925
. 17128331
. 31400013
. 24737306
. 14089392
. 26277314
. 28252074
. 19256345
. 15274257
. 14027212
. 12091180
. 95599849

. 00000000
. 00000000
. 00000000
. 00000000
. 22396896
. 15014270
. 20848075
. 22396896
. 20848075
. 15014270
. 18849811
. 05981431
. 10725927
. 13230800
. 13230800
. 29506805
. 17436823
. 33399061

PPRPOOOWRLRNWEFEDNFFPFPWONOOORFRPOPRLEFRO

[ T
[oNoN Neol

. 01276586
. 40056968
. 39753579
. 53051826
. 88471575
. 43642114
. 36141836
. 79275951
. 95280866
. 48743030
. 01663913

. 00000000
. 54758049
. 90445151
. 49818288
. 59797336
. 04719688
. 30947999
. 32930329
. 09060420
. 18899606
. 75843253
. 59053211
. 97781192
. 08147918
. 74481868
. 17983509
. 04105546
. 68085839
. 13829836
. 00609000
. 40634154
. 38006766
. 53773818
. 88659509
. 52052771
. 53786030
. 20815720
. 33236129

. 00000000
. 09465954
. 08302901
. 49905775
. 60905846
. 29764824
. 70760029
. 52220003
. 11372517
. 18169114
. 06474026
. 43666561
. 53208336
. 62927323
. 16293984
. 47232598
. 08920785
. 05401524



Compound 9

2AdNHCOME

0

Compound 10

2Ad- NO,

0

TOIIITIOIIITOZIOIITO

[

ITITTOOOIIIIIIIIIIIIIIZOOOOOOOOOO

[

O000O0000

PRPWORRWRNNNNROORO

NARNUINOARORPRPPOROWORPROORNOROONNOR OO

. 69501437
. 25293285
. 69626680
. 74866361

24448263
22512234
26189133

. 88834238

67787689
26639986

. 59027518

16756756
11752517

. 59716666
. 46174189
. 96346594

. 00000000
. 00000000
. 45937640

73479428
19343498
19057444
72294423
00368944

. 46022225
. 00583952
. 99904569

02924526

. 46643185
. 51856811
. 97883923

47874541
74206177
22950887
74332403
76797246

. 51283985
. 47560276

98528080

. 02411411
. 49941868
. 33889941

96783732

. 01692655
. 54806145
. 84594586
. 44180931
. 34746606
. 66422950

. 05208200
- 0.
- 1.
- 0.
. 05525300
. 83425900
- 2.

27995200
10340200
27525300

41370500

OCOFRPNORFRPFPFONFFEPNEPRELPNPE

NPFPORFRPROORFROWNWMNWRFRFRFRPRPRPPOOOOOONNNRPRERPPPLPOOO

OORRPRORR

. 29506805
. 17436823
. 33399061
. 33568591
. 25727952
. 18740650
. 23970445
. 08007134
. 31710691
. 40447718
. 23970445
. 31710691
. 08007134
. 40447718
. 02874940
. 90528848

. 00000000
. 00000000
. 00000000
. 25624005
. 29559873
. 26025276
. 26402418
. 52472290
. 52117913
. 51592337
. 22962852
. 00606948
. 92278243
. 89543697
. 90663279
. 02020489
. 25939884
. 26378632
. 26490278
. 26437927
. 42352215
. 54017845
. 42301880
. 52883246
. 41854389
. 36034429
. 37437189
. 82723475
. 63130231
. 15803515
. 49738941
. 67317757
. 23124734

. 26278700
. 27742500
. 02535100
. 23579700
. 27299500
. 01072000
. 00916500

PWRPRPOOOOMNEFEFNPFPOONMEO

[ T T T T T T R |
OFRPNOOFRPROOOOFrR,WEFRFPFWPR

cNoNeoN N N o]

. 54658967
. 19680500
. 64420548
. 01116639
. 34348337
. 01802065
. 44276885
. 75539195
. 89597078
. 85925080
. 53918820
. 32665705
. 07855649
. 61826789
. 52966759
. 19339283

. 00000000
. 54399694
. 04909583
. 52285456
. 01033679
. 54035933
. 05624615
. 53965194
. 05106487
. 00410033
. 60711061
. 38228120
. 37459080
. 91042644
. 71147451
. 14666153
. 62074321
. 88812340
. 15433216
. 71735516
. 90013918
. 14876823
. 71001006
. 38457616
. 38743115
. 84056574
. 54216326
. 50680494
. 87772673
. 87515283
. 45931338
. 68994138
. 32971547

. 36272100
. 14607700
. 51546800
. 18951000
. 31917400
. 73048400
. 69843700



Compound 11

2AdF

0

Compound 12

2Add

0

- IITITIIIIIIIIIIIOOZOOONO

ITIOIITIOIIOIITIOIOIIOIIOIZIOIOONO

=

OITIOIOIOO

1
FPOOOROOONNN

. 08733200
. 25981300
. 26299200
. 25508200
. 79768700
. 80930700
. 63821900

64012400

. 84660000

33604800

. 64595800
. 83762600
. 64383100
. 04784300
. 01460400
. 01666000
. 01814900
. 82884200
. 03819000
. 83432900
. 04132600

. 00000000
. 00000000
. 03840094
. 43170135
. 39229295
. 17089804
. 67359833
. 19423747
. 74403800
. 73673580
. 22438479
. 19535115
. 72394296
. 91676315
. 95648308
. 95372822
. 72505078
. 19343006
. 71658408
. 15180774
. 64481993
. 17406284
. 17642138
. 68956594
. 71185767
. 54666643

. 00000000
. 00000000
. 03464872
. 44000458
. 41540961
. 19140357
. 71202745
. 21653007
. 75826160

1
PNFPNOOOONNEPER

OFRPNFFEPNFEFPNPFPOOO

. 01633500
. 27710000
. 23442200
. 00093600
1. 08637200
. 08197200
. 14600100
. 31929300
. 18865900
. 04355500
. 25274000
. 14065200
. 16336200
. 02934800
. 87012600
. 89578500
. 02743300
. 18226000
. 32202600
. 14618700
. 24259000

. 00000000
. 00000000
. 00000000
. 03172722
. 05393856
. 27783375
. 18819240
. 29336938
. 24628692
. 23870360
. 15626623
. 24455735
. 12913304
. 03428640
. 03635824
. 05869210
. 28111669
. 17537950
. 32047235
. 24941369
. 14287637
. 26631065
. 28202347
. 19082747
. 13433621
. 86783721

. 00000000
. 00000000
. 00000000
. 05622861
. 09564419
. 28148706
. 20639116
. 28787593
. 22550453

NOOOFrRORrRRFRO

NONORFRPROOFRROFRFPNRFLPPFPROOO

OCORPFRPROOOWRMNWEFEFNPFPPFPFRPWONMNOOORLROREFRO

. 81073100
. 13550200
. 17923100
. 14479300
. 04898900
. 05196500
. 63477900
. 74244900
. 37694500
. 58857300
. 78557200
. 45349300
. 56069800
. 80951800
. 96746900
. 93712400
. 39342300
. 88803300
. 21054700
. 96342500
. 25517900

. 00000000
. 53214328
. 88561539
. 54505646
. 64104577
. 01120968
. 36403519
. 40883138
. 05896931
. 15691417
. 73892658
. 53217033
. 90991778
. 01038438
. 65596042
. 10796001
. 00703686
. 65382815
. 10384617
. 06296523
. 45252922
. 46207345
. 48040581
. 82005369
. 47328534
. 38992760

. 00000000
. 53818132
. 89937869
. 53775174
. 63264908
. 02395133
. 31535669
. 36882510
. 09002026



Compound 13

Ad- 2- SH

0

Compound 14

2- Me- 2AdCH

0

OTITTOIITIOIITOIIOIOIIT

[

ITIITIITIIIIIIITIIITIINOOO0OOOO0O0OO0OOOO0

=

TOIITIOIITOIOITOO

OOORNNROOONORNOOONRORORE

PRPPWNOOORORREO

0.
0.
. 21044617
2.
2
3.
. 95471123
0.
0.
0.
2.
1.
3.
2.
2.
. 50759102
. 02497764

74979216
24909361

74512927
91996301
96014850

71676081
17578076
70572901
14932528
63870395
17317694
16848681
67135281

. 06571600
. 89767600
. 24201300

04663600
23465200

. 07154900

24364000

. 94229100

11663800
11169600
74413400
64225100

. 83569100
. 82117900

83039700

. 81737400
. 83769900

65154500
85084500

. 84796100

18727900

. 68976100
. 79873200
. 68343300
0.
. 21185300
. 24083600

79774400

. 00000000
. 55072064
. 89190066
. 48077786

58135997

. 03732283
. 35194266
. 32819640

07252546
17059566

. 72823886
. 58102226
. 94536573

RPONFEFEPNFPFEPNRFPOOO

. 19152576
. 14925696
. 22020012
. 09357038
. 07274227
. 07816879
. 11740373
. 29633090
. 17911984
. 35013405
. 24042168
. 12201684
. 25387851
. 30268182
. 22287469
. 89172996
. 37747425

. 19625800
. 53939500
. 73574400
. 47275900
. 17873800
. 71409700
. 44131600
. 98007700
. 19611400
. 71317500
. 08334600
. 03214500
. 48090400
. 92421400
. 25216600
. 01831300
. 43202300
. 25776000
. 06592900
. 27216000
. 67802800
. 72405000
. 17610600
. 55660300
. 13337900
. 17281900
. 15091700

. 00000000
. 00000000
. 04318875
. 48026979
. 49015659
. 20176866
. 71444969
. 23757591
. 71950781
. 69184906
. 19672540
. 18306099
. 68806442

OCOPRPRFRPROOOWRFRWFEPNREPREPEFLPW

1
OFRPOONNRFPRFOFRPROOOFRPRFPNNOORFRPRPFPOOOOPRFrROLPRr

. 18727540
. 79367967
. 56634823
. 96090969
. 02341643
. 67063562
. 12034850
. 99235272
. 62566919
. 08868404
. 07293550
. 48341066
. 46854909
. 46891702
. 79284793
. 37626568
. 67372452

. 70121100
. 62928300
. 07534700
. 53979500
. 57142900
. 06379200
. 51195200
. 14342300
. 70794600
. 06793800
. 01325000
. 11906900
. 53466100
. 08106600
. 84334700
. 97193900
. 86186300
. 69369000
. 27404400
. 12302400
. 95433800
. 48175400
. 18101300
. 34145900
. 51370400
. 36613800
. 20653600

. 00000000
. 00000000
. 00000000
. 00547417
. 01385608
. 25979568
. 15918718
. 26256491
. 26535971
. 26911422
. 16243802
. 27251306
. 17669833



Compound 15

2-t Bu- 2AdCH

0

Compound 16

2- Ph- 2AdOH

0

TOIIXIIOIOIIOIIOIIO

[

ITITIOIIIOIIIOIOOIOIIOIIOIIOIOIIOIIOIOIOO

1
C

FPOOROORRPROOOWRNWRN

RPORPONMNDMNNOOOORHOONMNPOOOWRNWRNRERERRWONOCOORORREO

. 11315538
. 78483944
. 21180801
. 09016196

78414340
18766247
05395548

. 33105362
. 30647039

59789623

. 97508631
. 59428411

25044088
69076721

. 32519371
. 38956543
. 35143153

. 00000000
. 56361675
. 91972417

43789855

. 53422733
. 05350612

37750297
28737116

. 07159908

16988404
72339344

. 59621185
. 93176303

19132004
88295436
28869377
16364443
89735698
25869070
16683029
18875296
17049257
70660321
12032406
71742928
32699027
27506689

. 01515125

62517518
96238797
12390939
19316628
71931521
27668491
73544367
78436016

. 44250388
. 19065559
. 20393762

. 00000000

1
P OOOORFRRFPEFEPNNWNOOONNWEFENOOONWNDMNNOOOWELRNRELPPEFLPEFLOO

. 91159737
. 96023319
. 92109867
. 73652326
. 23056495
. 71156360
. 22122276
. 77192421
. 25841244
. 20000389
. 71485696
. 82394227
. 86057853
. 82302025
. 44429828
. 64430521
. 74305440

. 00000000
. 00000000
. 03418777
. 50507993
. 56507077
. 20665582
. 73726629
. 25087391
. 69150982
. 65882294
. 15003087
. 15871221
. 63189425
. 90868459
. 96314186
. 89363290
. 16242547
. 29360803
. 71224602
. 28853067
. 91510486
. 33187827
. 23650034
. 76472181
. 97222267
. 55143991
. 45199349
. 34904387
. 08016613
. 31367682
. 71329045
. 19876565
. 75306117
. 79474109
. 25616007
. 48847187
. 37679949
. 24203128
. 29587712

. 00000000

PRNRPRPRPNRRPNRRNE

WNNMNNOORFRPROORPFPPFPFPFPEPNFPPNFPPNPOOONENRFRPERPPEPNFRPOOOOO

. 02081676
. 02397241
. 02688269
. 24786917
. 17134782
. 22980542
. 25376195
. 17688340
. 23898104
. 248133083
. 14148900
. 15158505
. 07628934
. 09105432
. 13936383
. 23408932
. 23682170

. 00000000
. 00000000
. 00000000
. 03724669
. 08496384
. 25635694
. 14500536
. 24313479
. 29150745
. 29648717
. 17337292
. 32917178
. 26136745
. 12081636
. 13402056
. 16957963
. 20336647
. 15536108
. 13451251
. 23152165
. 19209302
. 16333524
. 17899295
. 04812567
. 05463763
. 30077328
. 45193353
. 04326284
. 58620922
. 53547471
. 02165074
. 62620228
. 41061139
. 28784509
. 48594150
. 52279871
. 64358685
. 94592002
. 13447820

. 00000000



Compound 17

2- GH- 2AdCH

0

ITIITITTOOOOOIIIIIIIIIIIIIIITIOOOOOOOOOOON

=

OOIO0OINOIITIOIITIOIITIOIOIIOIIOIOION

PRPOOOWRNWRNRREPWNOOOROREO

[ I R
ROPRFRO

NOWRNRPRONOROOORWRRWRPRPWRPRPRPOOOOONRNROONER

. 54093566
. 03021792
. 52809826
. 05585380
. 50469575

06018829
53792548

. 03025349
. 00519719

67158891

. 53773348
. 37894283
. 38303300

91017421
68878439
12802008
62205515
88110098
15888992
72714179
90431553
12810104
69184536

. 38125792

38503065

. 50115918
. 98804777
. 00806813

59410717

. 59457636
. 89988273
. 56005180

02605076

. 61334420
. 03752657
. 37065771

. 00000000
. 55626898
. 89033649
. 48956547

58768813

. 03003220
. 35877717
. 34281160

06510820
16281096
71935527

. 57359661

93711925
10308599
77212088
20154296
08073650
74972604
17807505
04550940

. 33437718
. 32483586
. 58914687
. 96438144
. 41016277
. 34346184
. 54779316
. 04563255

QO WANPMPIOAOWANWORPPFPOFRPOWORPFPOORPNWORLROONMNNORLO

POOONNWEPENOOONWMNMNNNOOOWEDNRLPELPELPOO

. 00000000
. 46086193
. 73022473
. 21086216
. 19240426
. 71822430
. 00737007
. 46922497
. 00479618
. 06230888
. 77187789
. 03095163
. 48325805
. 51344082
. 97463018
. 49468438
. 70505409
. 22202207
. 73212363
. 76514161
. 50178508
. 50158558
. 97868092
. 02683713
. 48279022
. 73546150
. 83845752
. 16702250
. 66991395
. 00553251
. 76014977
. 01058340
. 38528529
. 46618715
. 84792570
. 40873588

. 00000000
. 00000000
. 04356749
. 48354862
. 48254247
. 19426572
. 70045789
. 22715237
. 72027897
. 68943845
. 19621033
. 18344478
. 68972605
. 91109875
. 95867028
. 92281693
. 73402303
. 22239192
. 70382300
. 21033519
. 73389800
. 24387725
. 19733939
. 71143336
. 67005848
. 90820232
. 74656906
. 38360696

OORERBRANNDPWOWWONNOWNWNWRERPRPPPOOOOOOMNMNMNNNRPRERPERRPL,OO

NFPPFRPFEPNFPERPNFPEPNPRPOOONPEPENRPRPPEPNPOOOOO

. 00000000
. 00000000
. 25593064
. 25162146
. 25587507
. 26235901
. 52025716
. 51754997
. 51619825
. 38211594
. 00312480
. 00597869
. 90389086
. 89736595
. 90406121
. 00335182
. 23141000
. 23197371
. 26527421
. 26670750
. 42114967
. 52327905
. 42727942
. 51689523
. 42695244
. 07080798
. 82029380
. 92350810
. 76327358
. 86679112
. 29396037
. 41685362
. 61978643
. 07983805
. 26753910
. 02706192

. 00000000
. 00000000
. 00000000
. 00589197
. 01362136
. 26133972
. 15753962
. 26789422
. 26719810
. 27337170
. 16341618
. 27244956
. 17596178
. 01845366
. 02052525
. 02370141
. 25302748
. 16456794
. 24963641
. 25973525
. 17113374
. 26028984
. 24941027
. 14370130
. 21028539
. 12552267
. 14664850
. 04813588



H -1.47168240 1. 94675917 2. 84723537

Compound 18

2- CN- 2AdOH

01

C 1. 08563500 0. 46584400  -0.01432900
C 0. 21433400 0.18852100 -1.27131500
H 0. 82796100 0.38784700 -2.15674700
C 0. 23364300 0. 18146400 1. 26035400
H 0. 85799400 0. 36898600 2. 14460500
C - 0. 98965400 1. 12247200 1. 26372200
H -0. 66732900 2. 16861600 1. 28826700
H -1. 57110900 0. 93946000 2. 17645300
C -1. 00931700 1.12919900  -1.24883500
H -1. 60575900 0. 94744500  -2.15211700
H -0. 68396200 2.17349100 -1.27814000
C - 1. 85580700 0. 85928100 0. 01333300
H -2.72413700 1. 52992600 0. 02292000
C -2.33037900 -0.60941700 0. 01446000
H -2.94755400 -0.80711200 0. 90117200
H -2.96113400 -0.80290400 -0.86341000
C -0.26081900 -1.28089900 -1.26063500
H 0.59492800 -1.96558900 -1.30171800
H -0. 85695300 - 1.46479400 -2.16311800
C -0.24196400 - 1.28878900 1. 25417200
H 0.61474200  -1.97287400 1. 27795700
H -0. 82368100 - 1.47716200 2. 16525600
C -1.10697100 - 1.54978400 0. 00235600
H -1. 43983600 -2.59511500 0. 00248100
o 1. 50966200 1.83091500 - 0.08760500
H 2. 08844200 2. 02609500 0. 66332400
C 2.30357500 -0.38562200 -0.01985800
N 3.28091800  -1.01389300 0. 00187000
Compound 19

2- CN- 2AJOTMS

01

C 0. 00000000 0. 00000000 0. 00000000
C 1. 56065776 0. 00000000 0. 00000000
H 1. 89536103 1. 04355709 0. 00000000
C -0.49203361 - 1.48282179 0.01716728
H -1.58780529  -1.48179876 0. 03365336
C 0.01970330 -2.18855509 -1.25683794
H -0.37662920  -1.69304194  -2.14875992
H -0. 35450048  -3.22054520 -1.26248597
C 2.05516949 -0.71616304 -1.27475266
H 3.15229751  -0.68460310  -1.29300552
H 1.69810323 -0.18782266 -2.16394156
C 1.56258724  -2.17838940 -1.27957321
H 1.91769348  -2.68144341 -2.18789454
C 2.10204936  -2.91088699  -0.03269905
H 1.76967241  -3.95781109  -0. 03592630
H 3.20022911  -2.92429695 -0.04796859
C 2.09432927  -0.73838650 1.24716392
H 1.77603184  -0.23063487 2. 16560353
H 3.19116269  -0.70836103 1. 23360722
C 0. 05709093  -2.21057425 1. 26535372
H -0.31424480 - 1.74001560 2.18365243
H -0.31663697  -3.24238073 1. 26578603
C 1.59989490  -2.20026937 1.24202384
H 1.98100008  -2.71747311 2.13142357
o] -0. 44657650 0.67118184  -1.16645356
C -0. 49826418 0. 70982429 1.20798232
N -0. 90297805 1. 27496427 2. 13935045
Si -1. 79873504 1.61622726  -1.55689960



Compound 20

2- Me- 2Ad0OAC

0

Compound 21

2AdMeOCCx Bu

0

ITITOIITIITOIIITO

[

IITIIIIIIIIIIIIIIIOOOOO0OOOOOOOOOOOOOIIIOON

=

O000O000000

-1.
-1.
. 13225200
-1.
- 0.
-1.
. 42673400
- 3.
-2.

ORrWARARWNN

. 39078555
. 25281896
. 53380512
. 40951514
. 59500857
. 42102035
. 58491614
. 66060995
. 77156582
. 58144036
. 82423315
. 89254807

. 70746500
. 85632300
. 77183300

66384400
01522800

. 40487000
. 58513800
. 88750000
. 45763000
. 44833700
. 63471100
. 38702600
. 19347400
. 79227100
. 55366200
. 54091100
. 98105800
. 79532900
. 59680900
. 04104200
. 62487300
. 48916000
. 83881400
. 22065000
. 51695900
. 21464700
. 52546000
. 50074600
. 92748800
. 40088800
. 68079300
. 86567000
. 52050200
. 24498900
. 06403400

37482700
98875900

32934200
46266100
08611100

39631300
53532100

ONNPFPWWWWOOoOrOo

NNNFRPONORPPRPFRPOOFRPEPNFPFPNOPFPOOOOORRFPEFPONOORL,OO

OORRRE

1
- O

. 83361121
. 43733281
. 17573556
. 77492200
. 35958687
. 99878019
. 37096947
. 81017141
. 63614990
. 26088291
. 04066869
. 62837849

. 11532700
. 58404200
. 03348100
. 97593900
. 74095500
. 06387900
. 18770300
. 36815400
. 65982700
. 17936700
. 14934800
. 64159200
. 33726900
. 90598600
. 60972900
. 08192500
. 89045800
. 10412200
. 69500900
. 92520100
. 73900600
. 73998700
. 37333500
. 35372300
. 67810800
. 11611100
. 25394400
. 15019500
. 87317200
. 16761200
. 53800000
. 96879900
. 41293300
. 22248800
. 77381900

. 45031000
. 72235700
. 02453000
. 07258800
. 78429300
. 49788700
. 16460900
- 0.
-1.

35444900
04433900

- 0.
-1.
. 31773959
. 17771563
- 0.
-1.
. 21921842
-1.
-3.
-3.
-3.
- 3.

oOrFr O

[ T ]
POPRPOORO

ORRPRRPRNOORRNNFRPRORRORRFPROOROR

[
o Pr

91574998
22568418

87507152
21070378

22858266
43762510
83268254
81069780
84972555

. 16164300
. 14540600
. 39910100
. 22455500
. 42526400
. 43213400
. 58204800
. 21051800
. 19339500
. 25756400
. 36870900
. 30801100
. 10052200
. 37321200
. 21107400
. 27418900
. 19447700
. 51541100
. 98250300
. 36926600
. 30515700
. 17074000
. 26513600
. 36443800
. 85773700
. 36526100
. 36713500
. 33722700
. 28022800
. 21710800
. 96346500
. 35296600
. 23960000
. 50716400
. 45750400

. 09035000
. 29891500
. 37666500
. 35502100
. 28056200
. 11309600
. 34252700
. 07339900
. 15157000



Compound 22

2- Me- 2AdNH,

0

ITITOOIIITIOIIIOIIITOOOOIIIIIIIIIIIIITIO

=

ITITOZIOIITIOIIOIITIOIOIIOIITIOIOIZOO

L T T T T TR SR T B T S R B
NWNNDMMPPWOORFRLPRONORNDN

FPOOOONAMWWWNNNARARAWRR

1

. 77717100
. 97963000
. 36976900
. 00601500
. 12146800
. 56006600
. 88321300
. 48421700
. 88087200
. 05031300
. 41707300
. 95487700
. 54951200
. 36568800
. 80786600
. 91109900
. 86698900
. 18357200
. 32902600

24143800
52843300
09162600

. 92777300

65076600
13127800

. 84136000
. 54813400

71923900
47074000
75690200

. 86126000

25894000

. 35985700
. 23495300
. 20903600

. 08208300
. 32880800
. 84163200

32880800

. 84163200
. 32880800
. 35407400

18383100

. 32880800

18383100

. 35407400

39602700

. 38315800
. 85537000

38728000
38728000
13875500
19627400
63951400
13875500
19627400
63951400
86625000

. 90216200
. 45107800

16453500

. 71362700
. 71362700
. 19492000

NNNMNNOOORFRONMNMMNRPFPFOPFPOOORPROFRPRONOORPFRPOORFR,EFEPDNEFLEFLO

NNNMNNOOOORFROORFRORPFPEPNFPPPRPRPRPPRPPRPOOOOO

. 61605400
. 93093100
. 87803800
. 80387900
. 44664200
. 20129500
. 26572100
. 99290300
. 36422100
. 66867800
. 75722900
. 85111200
. 13218200
. 10939600
. 68543600
. 43243200
. 20313000
. 31204600
. 03319800
. 48637300
. 10817800
. 26914800
. 83565700
. 18575900
. 11259600
. 36270100
. 14354500
. 22503500
. 35366100
. 10759200
. 12873600
. 27308200
. 74122300
. 38674800
. 80727200

. 77101100
. 23193800
. 60315000
. 23193800
. 60315000
. 31449400
. 69357700
. 67301100
. 31449400
. 67301100
. 69357700
. 83725200
. 93516400
. 33522000
. 71598400
. 71598400
. 71966100
. 81245800
. 33412300
. 71966100
. 81245800
. 33412300
. 20742400
. 57154900
. 20652800
. 31477200
. 65779400
. 65779400
. 81840900

OCOOOCOOCOOONRFPEFPNFRPFPOOOOOFRLNFENFENEPDNEFO

ORPOOONRFPPFPPFPOOOORFRPROOOOFRPROFRPNFEFPNOOFRPREFEPNNRFPFORPRRE

. 31589600
. 87091600
. 15321100
. 48636700
. 38915300
. 37224100
. 33910100
. 87886200
. 32259100
. 40840300
. 10230500
. 14743600
. 01728300
. 09185900
. 55352900
. 36926000
. 31018600
. 07848200
. 88732800
. 57499900
. 90009700
. 91125000
. 06778600
. 93287100
. 76296700
. 36476700
. 51061000
. 55084500
. 83025000
. 22177400
. 42078300
. 58204800
. 18544400
. 55303300
. 62750400

. 00000000
. 25534700
. 15571100
. 25534700
. 15571100
. 25919600
. 28682900
. 16244500
. 25919600
. 16244500
. 28682900
. 00000000
. 00000000
. 00000000
. 88285300
. 88285300
. 26228000
. 32129000
. 16039500
. 26228000
. 32129000
. 16039500
. 00000000
. 00000000
. 00000000
. 00000000
. 88583500
. 88583500
. 00000000



Compound 23

2- Me- 2AdNMe,

0

Compound 24

2- Me- 2AdNMe2 H+

1

H
H

[

ITIOIIIOIIITIOZIOIIOIIOIIOIOIIOIIOIZIOZOO

[

IITIITIITITITOOZ0000000000

NRPRPPRPNORRPONRPRONRPRPNRPRPNRPOOONRRPRPRPRPRPRPOOOOO

PRWERPNNRPOORNOOORNE

. 96390800
. 96390800

. 30464000
. 24007900
. 32379600

24007900

. 32379600
. 09125100

94318100
13492900

. 09125100

13492900
94318100
17996200
13536300

. 01247200

07358800

. 07358800
. 40316000

37477600
32778700

. 40316000
. 37477600

32778700

. 32574400

16254500

. 90197500

09125100

. 06825200
. 33358700
. 09821600

09125100

. 33358700
. 06825200

09821600
59855100

. 64194300
. 64194300
. 50569400

. 41319000
. 26438300
. 41580400

14876100
71868400
15124600
70736800

. 46069200

62024600
61761700

. 96036100

82122700
83980600

. 98584200

14471500

. 14408900
. 14684000
. 98992500

PNNFRPPRPOWONRFPWOWONRENRPPORPRPOPFRPWOWWNNPOPOPRPOOOOOOO

ONPFPNOOOOFRPFPFPOOOORrRrOPRr

. 53996400
. 53996400

. 87418900
. 06988100
. 53025500
. 06988100
. 53025500
. 85612900
. 17081700
. 48249700
. 85612900
. 48249700
. 17081700
. 74398600
. 28513000
. 75333600
. 40447500
. 40447500
. 09123700
. 58662100
. 70599200
. 09123700
. 58662100
. 70599200
. 98599100
. 69705900
. 76667600
. 58795000
. 07870500
. 38408700
. 98059800
. 58795000
. 38408700
. 07870500
. 98059800
. 72146800
. 36541300
. 36541300
. 11564300

. 07368900
. 83266300
. 15474500
. 17578300
. 53161600
. 25636900
. 64377200
. 55195000
. 21984100
. 30109800
. 46346000
. 45980700
. 35543300
. 82325900
. 13063600
. 48510000
. 21553300
. 96292000

NRPRORNRPRRORFRPROORORROR

OCOOONRFFRPFPNFRPPPOOONRFPFEPNPPOOOOORNENRFPEPNENEO

. 81537000
. 81537000

. 00000000
. 25055400
. 16399600
. 25055400
. 16399600
. 25970500
. 29287400
. 16142900
. 25970500
. 16142900
. 29287400
. 00000000
. 00000000
. 00000000
. 88294800
. 88294800
. 25114000
. 30136900
. 15818400
. 25114000
. 30136900
. 15818400
. 00000000
. 00000000
. 00000000
. 19217100
. 12462500
. 31916000
. 09880400
. 19217100
. 31916000
. 12462500
. 09880400
. 00000000
. 88503300
. 88503300
. 00000000

. 28918200
. 02794600
. 21657400
. 26296800
. 01509300
. 25162700
. 01949500
. 05064100
. 30330500
. 21937500
. 01680100
. 21742200
. 23318500
. 18945300
. 38401400
. 04984900
. 24360300
. 13018600



ITITITIIIIIIIOIIIIIIIT

Compound 25
spi ropi peri di ne NH

0

[

I T ITITIIIIIIIIIIIIIIIIIIIZTOOOOZOOOOOOOO0O0

Compound 26

. 41460100
. 32667100
. 32438300
. 76584700
. 21947200
.21781100

1. 21593600

1
NPNROONRO

. 22029500
. 28810800
. 53067800
. 41846900
. 55346900
. 33877100
. 21002900
. 56006500
. 23977100
. 37053000
. 90643900
. 87127400
. 47788400

. 00000000
. 54333596
. 04878570
. 52555693

04719289

. 51273137
. 06063613
. 54277713
. 04637276
- 0.
. 47579118
. 59094353
. 10277220
. 47371404
. 90840027
. 37587535
. 37427978
. 91006386

00013411

3. 14734928

. 72527129
. 62126859
. 87784401

15915307
72003522

. 90903440

14435709

. 74490684
. 39171165
. 36489220
. 05172044
. 05838174
. 36126362
. 40751264
. 65872355
. 05171160
. 56240638
. 06344069
. 45286014

1
NNDNOO

NWRARUIUONWNPAAPWRFRORPPOPFRPOWORPRPFPOPFRPOWWWWNORPROOMNMMNOPRLOO

. 51081400
- 0.
. 88398100
-2.
-1.
-1.
. 50252600
- 2.
. 95224300
-1.
. 37129200
-1.
. 49484700
- 0.
-1.
. 43114800
. 59482800
. 12450200
. 19053700
. 67770200

82686600
60368300
36334200
92717200
01378800
39036400
26294500

62894100
17424700

. 00000000
. 00000000
. 45778071
. 73563299
. 22671325
. 19342782
. 72280626
. 00699973
. 46625911
. 00180681
. 87849593
. 04290367
. 31656362
. 98737992
. 17680200
. 48520456
. 03306284
. 51546004
. 47509702
. 96588141
. 69782182
. 23208439
. 74341004
. 76739952
. 50121802
. 48175302
. 98297032
. 44542216
. 03764221
. 74328973
. 00638122
. 56066750
. 94383714
. 37438440
. 00306924
. 09220855
. 70579890
. 22718324

OFRPORFRPNWWNONWWNWKFRFPPPRPOOOOOOFRLNNONNNRPRPERPPEPPOOO

OCOOFRPNFENFPFPNOORFRNRFEFENOOONDN

. 15454600
. 90569500
. 85458000
. 08403000
. 20912300
. 40782300
. 11471000
. 27691300
. 05784400
. 05941200
. 17960000
. 12297300
. 29400500
. 10002900
. 20511500
. 13638400
. 21115100
. 94304500
. 83584300
. 10132500

. 00000000
. 00000000
. 00000000
. 25452740
. 24521883
. 25077289
. 26125688
. 51850951
. 50648731
. 50862556
. 01920352
. 45350035
. 37352261
. 04493083
. 13120345
. 90541695
. 00473540
. 89747837
. 01606548
. 91293228
. 25804545
. 25071601
. 26217931
. 26596040
. 42035425
. 48846695
. 42474859
. 42954063
. 49056022
. 13067730
. 46212355
. 40731878
. 22021208
. 47506692
. 01830905
. 94783221
. 07880988
. 21667398



spi ropi peri di ne Nve

0

Compound 27

2- Me- 2AdNHAC

0

=

I T ITOIIIIIITIIIIIIIIIIIIIIIIOOOOZOOOOOOOOOOOON

[

ITIIITIIITZO0O0000000000

-1.
-2.
-1.
- 0.
0.
- 0.

1
w

[ T T T T B B [ T T B o

- 0.
-1.
- 0.
- 0.

- 0.
-2.
-2.
-1.
- 2.

-1.
- 0.

- 0.
- 0.

06668700
13280100
43173000
29425200
46335100
64735200

. 12805900
. 36577600
. 65819700
. 30416300
. 37883700
. 30930200
. 48608900
. 35573300
. 47349700
. 37519100
. 54734500
. 67115400
. 17662900
. 76509400
. 42052300
. 17977800
. 89927900
. 64623000
. 06782900
. 39699300
. 16594900
. 79721000
. 78738800
. 70339400
. 69219100
. 08926300
. 10253700

92077100

. 09697700
. 07775200

04626200

. 87825100
. 06306100
. 55490000
. 43334400

96730000
51748000
48190600
67254200

. 38493100

20158900
83445400
56496400
53283600
00147300

. 75350300
. 62047400

70117300
07204200

. 70456400
. 44502100

86265900
28177500

. 47732800
. 08119000
. 65924200
. 63944800
. 04876900
. 54111500
. 01567700
. 13647400
. 54890500
. 73268700
. 05039100
. 12628200
. 65659000
. 50972400
. 55968400
. 25749900
. 05522800
. 88311500
. 08156700
. 47311200
. 09305100
. 94418200
. 41014200
. 42592700
. 92105600
. 09456600
. 34326800
. 57862700
. 13314500
. 67489700
. 96774400
. 34473000
. 24846300
. 05833800
. 88440400
. 42410700
. 15300400
. 94528600
. 51419000
. 67015300
. 45344800

. 37333500
. 65597000
. 19685200
. 13917900
. 61530600
. 31482200
. 87626100
. 63422600
. 07857500
. 90572100
. 10171200
. 17166600
. 67294900
. 98114300
. 73205000
. 77175000
. 38958900
. 34096600

el NeoNoNeNeN )

] [
oOOmrOo

1
OFRPFPNNRPFPOOO

1 1
P ONPRF

[
N O

1
POORORROR

[ T T B
NFPFOPFRPPFPOOPR

1
N

. 72433400
. 78713500
. 45917000
. 98731200
. 25687500
. 18665800
. 35497800
. 38140400
. 61746800
. 56279900
. 19993400
. 99641700
. 15476400
. 38168800
. 05064100
. 05684000
. 61774600
. 30948600
. 14780900
. 15943600
. 68076900
. 09274900
. 30181000
. 23277100
. 69354600
. 29150100
-2.
. 08438600
. 46427200
. 91761200
. 32101400
. 75987600
. 68746000
. 44489700
. 09942800
. 34986600
. 97460300
. 84523100
. 29781700
. 38102600
. 66325600

19022000

. 21754000
. 19603000
. 24473600
. 37327300
. 32836800
. 09014900
. 39204400
. 23113600
. 28781300
. 18062000
. 51438900
. 57179500
. 97758900
. 39710500
. 30661600
. 14192300
. 25617000
. 38226900



Compound 28

2- Me- 2AdNHCO: Bu

0

ITITTOOOIIIIIIIIIIT

=

ITITOIIITOIIIOIIITOIOOOIIIIIIIIIIIIIIZOOOOOOOOOO

[ T T T T T T T T SR T T TR B
OCOOPPOARMADMNNWWWPMNWOWER

WARPWNNORP

NWNMNNARWORPFRPONONONNWWRORRLNP

. 52761800
. 24834100
. 58335000
. 49954000
. 91463500
. 37948500
. 71816600
. 86307600
. 54388800
. 12193000
. 09221700

77073000

. 88771700

93676000
66878400

. 31620200
. 74189400
. 68234300

. 51635700
. 09235900
. 18169100
. 42045600
. 49001400

10075700
51097900

. 44034400
. 53163600

84867700
85200300
16534400

. 54044100

13713100
18193400

. 58257200
. 01071400

45937500

. 94311700

16967900

. 44737700

93023800

. 52506000
. 47466000
. 84811400
. 94476800
. 90509700
. 28356700
. 99707200
. 74027400
. 72872300
. 79660700
. 04368200
. 20170600
. 50446400
. 91529900
. 18606400
. 30422000
. 37525300
. 29349100
. 01424200
. 31755000
. 39394200
. 07313500

RPOPRPOOOONNMNNPFPFONORL,REFLPEFRO

NNMNNFRPOFRPOFRPRONRPFRPRORPPFPOORFRPORFRPRONOORPRPFPOORPFPNPFPPOORFRPROPRPROOORERE

. 63436600
. 08024500
. 20835300
. 19411700
. 86358200
. 16251000
. 56957800
. 98069900
. 37488800
. 26711000
. 77121000
. 12369400
. 51523100
. 93149200
. 67134900
. 58485900
. 24103500
. 53751900

. 46797100
. 71926200
. 04579900
. 05531900
. 74793000
. 47473400
. 11899600
. 39852400
. 05742500
. 64194500
. 12256500
. 92123900
. 95906100
. 79998500
. 49351500
. 21520200
. 23537700
. 94646500
. 30536500
. 60455800
. 83235300
. 86477200
. 14607800
. 15598300
. 71149500
. 38468400
. 12270900
. 29695500
. 44232600
. 13623800
. 56880400
. 51329700
. 95902000
. 20358600
. 03825800
. 64844200
. 64119300
. 83383000
. 49022100
. 40807500
. 44248700
. 25314300
. 68423800
. 39209100

ORPROFRPROOFROFRFPFPNOORLPEF

= O

RPOORPROOORFRNRR

. 83888700
. 38870700
. 34009900
. 36572600
. 29453600
. 24440000
. 94151400
. 33914700
. 18883000
. 53345300
. 35178400
. 16191400
. 20743600
. 39502700
. 44791200
. 39490000
. 66454900
. 26982700

. 10407700
. 30518300
. 35410700
. 36773400
. 32243400
. 09097300
. 38663200
. 11732600
. 17579300
. 28800700
. 45647000
. 86522900
. 20038500
. 49317600
. 33362500
. 36202900
. 37315700
. 83949600
. 37895800
. 34655000
. 16977900
. 18050300
. 05302200
. 04796100
. 52381500
. 31331500
. 30057800
. 08362900
. 27886800
. 13023900
. 93807600
. 02590700
. 32861100
. 32678400
. 18681900
. 22846300
. 52492900
. 34213400
. 52832900
. 54520300
. 20664200
. 61273900
. 09533600
. 62749800



Compound 29

2- Me- 2AdN;

0

Compound 30

2- Me- 2AdF

0

=

ZITTITOZZIOITOIITIOIITIOIOIIOIIOIZIOITOO

=

ITIOIITIOIIOIIOIOIIOIIOIZIOIOONO

PFRPOOOROOWNNNNRNRROR

[ T T N R TR |
NOFRPNEFEWPEF

. 25330700

. 75438800
. 37740300
. 00648900
. 20636700
. 99650900
. 01730900
. 73999300
. 37975400
. 60164200
. 38264900
. 35174400

13316000
99166000

. 56399400
. 96387900

37068000

. 81701800
. 02409800

60013500
23738300
61110100

. 60413000
. 35065000
. 65156900
. 87039100
. 82058600
. 32594500
. 14488800
. 71814100
. 57660700
. 85609800

. 30670800
. 41353000
. 06037100
. 41342100
. 06043000
. 52345800
. 06600000
. 14388000
. 52332900
. 14368100
. 06606000
. 41722500
. 07549600
. 26809300
. 92223200
. 92208800
. 44701000
. 18298700
. 06927500
. 44706300
. 18285900
. 06935100
. 34022300
. 94255200

ONNRFRPRPFPOONEFNNFRPROPFRPOORFRPROFRPRONRPPRPOPRPOOORLOO

NFPFPFPNFPPNPOOONRFEFENFRPFRPPNFRPOOOOO

. 80865000

. 57348000
. 56552800
. 03222000
. 10230600
. 10275500
. 68535500
. 70859500
. 20286100
. 35266800
. 34584100
. 40505000
. 69718800
. 26911600
. 75304100
. 22508900
. 75769100
. 88593500
. 45845500
. 87248500
. 55327000
. 15585300
. 01313100
. 54914900
. 58193500
. 25322200
. 70308700
. 97886800
. 93943700
. 39271100
. 66979700
. 45148400

. 03270200
. 00559700
. 02747600
. 00565800
. 02784600
. 23552700
. 15730000
. 21592200
. 23543200
. 21580400
. 15727200
. 20920600
. 08753700
. 07811600
. 09941200
. 09963100
. 28097800
. 17763300
. 29343000
. 28077700
. 17747600
. 29302400
. 31169800
. 22934700

OCOOOFr,NPF

[ T T B
OONFPEFLPNRFPPEFPO

. 53683200

. 20361700
. 26686200
. 18288400
. 08859300
. 85200000
. 61686700
. 89446400
. 53391500
. 74219500
. 51329400
. 56482800
. 55040400
. 92529300
. 24702100
. 15473800
. 49841100
. 56572500
. 96940700
. 33518600
. 79067200
. 44942800
. 71761700
. 27856200
. 49602600
. 80365000
. 47060000
. 04659900
. 77389200
. 88779000
. 43612400
. 09392400

. 00007300
. 25847000
. 14481400
. 25843400
. 14465300
. 25815700
. 28808200
. 16393800
. 25830400
. 16410000
. 28817300
. 00008500
. 00015200
. 00006500
. 88231000
. 88253200
. 25893300
. 30202000
. 16311800
. 25913300
. 30239900
. 16328800
. 00007100
. 00008500



Compound 31

2- Me- 2AdC

0

Compound 32

2- Cve20H Ad

0

MITITO

[

OITITOIOIIOIITIOIIOIOIIOIIOIOIOO

[

TOIITIOIITOIOIIOIIOIOIOON

PNWWN

= OO

NONNRENRPORRORWWNRERORORO00000R

. 42523100
. 05178100
. 05208300
. 04415000
. 99632200

. 02289400
. 15935500
. 77591600

15917800
77579300

. 40354600

41222800

. 01060100
. 40284300
. 00931200

41314100
26710100
64789300
44776700
08045300

. 07991500
. 03906600

69934800
63840300

. 03905400

69899300
63838600

. 90324500

73821500
69851900
32896600

. 32918800
. 96403400
. 47166500

. 00000000
. 00000000
. 03508769
ke,
. 59916957
-2.
-1.
. 33482099
- 0.
- 0.
- 0.
-2.
- 2.
- 2.
. 97198099
-2.
- 0.
- 0.
. 67687150
- 2.
-1.

51985807

28852822
88534983

76003226
71777697
29731501
23183759
74901055
91681591

89966576
70350938
17630253

24203801
83384930

P NOOEPR

ONPFRFRPPFPFPOONPFONRPFPROOONRFEFRPFRPFRPFPPPRPROOOOO

NFPFPFPNPFPOOONEFENRFPFRPPFPNFRPOOOOO

. 00384800
. 87143500
. 87075400
. 02735100
. 29312300

. 44416000
. 17742700
. 34002300
. 17689300
. 33900500
. 26270000
. 99042000
. 40600400
. 26233000
. 40576400
. 98986700
. 49028800
. 51958200
. 49768700
. 66204000
. 66151900
. 16364500
. 20342200
. 98068400
. 16311900
. 20277500
. 97984500
. 94594900
. 65840000
. 81857600
. 93319600
. 93312300
. 62715100
. 75429500

. 00000000
. 00000000
. 00000000
. 01997037
. 03424047
. 23097536
. 17748044
. 16773647
. 20612424
. 12461580
. 15028991
. 19207081
. 07154579
. 09276532
. 10853467
. 12469818
. 27306215
. 18845351
. 24162986
. 25299609
. 16635446

QO WRLNWEFEDNNFPFPWONOOOFRPRORPFRO

OCOOOCOOOONRFFPNFRPRPFPOOOOOFRLNEFENFPENEPNEFO

. 00003300
. 88750900
. 88722100
. 00041100
. 00007400

. 00005100
. 25827900
. 15046100
. 25845800
. 15066700
. 25868900
. 30116600
. 16229400
. 25889000
. 16281800
. 30093600
. 00032400
. 00056400
. 00045900
. 88217800
. 88357800
. 26074100
. 32169700
. 16197600
. 26126000
. 32268500
. 16240700
. 00015700
. 00025100
. 00009500
. 88610000
. 88605500
. 00012100
. 00001200

. 00000000
. 57826659
. 94230267
. 41013306
. 50365146
. 18024590
. 18149843
. 15027766
. 18821290
. 28420948
. 90837771
. 72420156
. 13020501
. 22984504
. 92302237
. 32792779
. 12332230
. 83696193
. 22130702
. 10934153
. 33463374



Compound 33

2- CMe2F- Ad

0

Compound 34

2- Ad- COWe

0

TOIIIITOIIITOOIOI

[

MITIITIOIIITOOIOIIOIIOIIOIOIIOIIOIZIOIZOO

1

O0000

NN OO

OCOOORRPRONNNNGO

1
COORPONNNNONNWRERNOOONWNNNOOOWRNREREOO

. 29415684
. 17487050
. 64836284
. 86765963
. 34880947
. 90559537
. 84150587
. 44337627
. 84806743

26325209

. 45188438

16793395

. 43641180
. 37810713
. 92065541

. 00000000
. 00000000
. 03508769
. 51985807
. 59916957

28852822

. 88534983
. 33482099

76003226
71777697
29731501
23183759
74901055
91681591

. 97198099
. 89966576

70350938
17630253
67687150
24203801
83384930
29415684
17487050
64836284
86765963

. 34880947
. 90559537

84150587
44337627

. 84806743

26325209
45188438

. 16793395
. 43641180
. 40549468

. 00000000
. 00000000
. 45163313
. 22033431
. 16283153

PP, OOO

. 20937282
. 31372504
. 24065122
. 19137502
. 13007264
. 93240609
. 18964967
. 27801493
. 07429796
. 13069906
. 88273535
. 16973041
. 91217611
. 49168120
. 15923442

. 00000000
. 00000000
. 00000000
. 01997037
. 03424047
. 23097536
. 17748044
. 16773647
. 20612424
. 12461580
. 15028991
. 19207081
. 07154579
. 09276532
. 10853467
. 12469818
. 27306215
. 18845351
. 24162986
. 25299609
. 16635446
. 20937282
. 31372504
. 24065122
. 19137502
. 13007264
. 93240609
. 18964967
. 27801493
. 07429796
. 13069906
. 88273535
. 16973041
. 91217611
. 41893680

. 00000000
. 00000000
. 00000000
. 26810817
. 30227574

NFRPOOOWRFRNWEFEDNNFPFPWONOOOPFRPROREFRO

[ T T T T [
OONDNMNNMNNOOOOO

. 20470223
. 65137601
. 00238822
. 66842736
. 21329869
. 70976076
. 46647969
. 86864825
. 214009083
. 57685958
. 64081233
. 61275004
. 34982779
. 33013431
. 75629634

. 00000000
. 57826659
. 94230267
. 41013306
. 50365146
. 18024590
. 18149843
. 15027766
. 18821290
. 28420948
. 90837771
. 72420156
. 13020501
. 22984504
. 92302237
. 32792779
. 12332230
. 83696193
. 22130702
. 10934153
. 33463374
. 20470223
. 65137601
. 00238822
. 66842736
. 21329869
. 70976076
. 46647969
. 86864825
. 21400903
. 57685958
. 64081233
. 61275004
. 34982779
. 34905980

. 00000000
. 54394522
. 52647608
. 02702930
. 52375825



Compound 35

2- Ad- COH

0

Compound 36

adamant ane- spi rocycl

0

IITIOIIIIIIIIIIIIIIIOOOOOOO

[

OITIITIIIIIIIIIIIIIOOOOOOOOOOOOO

1
C
C

. 70941514
. 74575836
. 20192938
. 90760163
19258320
74196301
86474317
. 51903690
. 54704216
03565822
. 44811748
66306334
17327239
72668478
73303080
24045019
73861373
92419948
. 95423670
69304139
21986023
27083573
. 42496951
. 46725600
. 90979902
. 45138730

NEONWWRWNNOOOONRREOOORNNNOO

. 23906100
. 11121100
. 33139800
. 07108500
. 83762000
02399600
. 44644100
14115300
36596900
26640300
24495000
. 90776000
80616100
78414800
. 01288300
. 03854400
10760400
. 94452700
68805600
. 99561100
53247800
. 08395300
. 01614000
38001400
54991600
. 97279700
. 79553600
. 65419000
. 78494000

NOOOORWWOOORRFRWRFPWNNOORNOOORNER

obut anone

0. 00000000
1. 54306034

PNOOMNNRFPFEFEPNNOOOOWNRPFRFORRPEF

[ T T B
P WWN P

1
OCONONRFPOOFRPNORFROO

. 27339643
. 24734313
. 22884812
. 05266912
. 24610257
. 53084104
. 25916960
. 89066333
. 87304124
. 01173858
. 02074307
. 21089316
. 16666635
. 28138459
. 26292445
. 16220505
. 11109147
. 06782943
. 06249866
. 15451771
. 26942280
. 13505469
. 85079866
. 13720440
. 67431940
. 97363430

. 49482100
. 22436000
. 96706000
. 28804100
. 09113400
. 19073500
. 07081700
. 28933800
. 48062500
. 98007600
. 10833700
. 06671200
. 83725600
. 35341900
. 73637400
. 37948400
. 77942900
. 87688300
. 18973800
. 31764100
. 03427400
. 96235100
. 76415100
. 49919800
. 67269900
. 39392600
. 83615500
. 84639600
. 17558400

. 00000000
. 00000000

NNFRPNOOORFRPRWFRPFPWWRPRPPRPPOOOOONEDNDN

OFRPrPFRPOFRPNFPOFRPFPOFRPNPFPPFPOOOORFRPROPFRPROOOORFR,OO

. 04816982
. 06319737
. 54980254
. 04805531
. 00652931
. 73925464
. 30133579
. 37936689
. 37469222
. 90710839
. 62433421
. 88197163
. 71966767
. 14676024
. 16129186
. 72414299
. 92239554
. 14586685
. 71324929
. 35615234
. 38150051
. 32563049
. 05991983
. 87082639
. 55705648
. 71655908

. 86933400
. 79019700
. 38769500
. 07791300
. 70593000
. 59714800
. 68806500
. 48305000
. 88116800
. 39744400
. 16856400
. 00996600
. 30279800
. 45534400
. 91687800
. 35662100
. 44695200
. 34879900
. 14002900
. 77305600
. 01828600
. 75907400
. 11833900
. 53363700
. 45125900
. 94080400
. 83655500
. 98094400
. 04189400

. 00000000
. 00000000



Compound 37

ITIITITIIIIIIIIIIIIIIIIOOOOOOOOOOOOOO

. 52166029
. 02249124
. 53235338
. 04535251
. 06100640
54484664
04763570
. 00164314
68582166
67031691
. 32346194
66972304
. 37868957
37636800
. 90840783
62045234
. 89629571
70116701
14359010
15933276
72211283
91106421
14559663
71289816
37698967
. 37705090
. 03048956
. 41346333
. 41791536
. 97689222

ONFPOOORWRPWWREPEPROOOROOONRENNEOO

adamant ane- spi rocycl opent anone

0

[

IITITIITIIIIIIIIIIIIIOOOOOOOOOOOOOO0O0OO0OOOO0

. 00000000
. 54391490
. 53165698
. 04454223
. 51508624
05146040
06587654
. 54488308
. 03993527
. 00212328
60716483
. 69061891
. 82126919
. 00678182
. 37183529
. 37614741
. 37263776
90608675
62956235
. 88239369
. 73829635
14984619
. 16431045
. 73079668
91286337
. 13783701
. 72185456
. 35260829
. 39494874
. 04197862
. 63179981
. 70577101

1
OCOO0ORrRWRFRWWHRRPPOOONROOONRNNROORO

[
N O

WWWPARWFRPRWNNOOOONRPFPPFPOOOWRWNNNOOMNN P

PABRWFRPRWNNOOOONRPRPFPOOOWNRPEFPWNNMNOONNREFLOO

. 45362845
. 19858774
. 18143433
. 72473301
. 73282839
. 18761426
. 91187180
. 18681119
. 59786502
. 72168991
. 07731648
. 67213925
. 52003634
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. 00000000
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. 00000000
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. 00000000
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. 07499689
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. 26724092
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. 01250782
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. 01905828
. 39822286
. 29477919
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-1.47616848
-2.36079902
-2.73874614

Compound 38

adamant ane- spi rocycl ohexanone
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. 00000000
. 54168845
. 52876232
. 03670781

53152807

. 04473322
. 05639474
. 52801020
. 04856145
. 01669533
. 62031086
. 58221424
. 17733793
. 69162110
. 40000856
. 37225528
. 38724372
. 91071564

1. 62493535

WRPRRPPWOWWER PR

. 93624814
. 71161747
. 14278265

15502880
71956877

. 88372702
. 75304486
. 14691114
. 39181788
. 40747965
. 71498680
. 30475127
. 60484980
. 34156986
. 78849529
. 25100355
. 91428357
. 83182239
. 72097419
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. 91009862
. 51069309
. 23214109

. 00000000
. 00000000
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. 15146223
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. 30343617
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. 70515763
. 51201151
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. 03346363
. 43891737
. 75201665
. 24416751
. 76164932
. 70150106
. 15590181
. 65515874
. 95623338
. 88946906
. 57960476
. 15725495
. 60792366
. 24568984
. 73930488
. 29308175
. 74540240
. 48429791
. 30204683
. 66193835
. 47420001

# rb3lyp/6-31+g(d,p) pop=(savenbo,nboread) scf=tight

pentacyclo[6.2.1.13’6.02’7.0
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4,10

1.57013005
2.25569152
1.53184933
1.08302395
1.08685886
1.06964425
1.53758438
1.08669473
1.08469634
1.08398553
1.08385758
1.56527693

]dodecano

Nk, NNMNNPRPWWwWSDNPR

74.02847020

76.22637866 1 -19.71654077 O

111.83482113
108.60650910
115.63155511

106.50605714

111.47623353
115.43990068
158.91296359
115.40119694

3-149.14896843 0
2 -95.32534651 O
2 143.75943906 O
4 -9.17665407 O
1 160.67218630 O
1 -75.27060816 O
1-143.58122190 O
4 -140.96038310 O

75.59107809 1 97.34985596 O

- 4.
- 2.
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. 29155493
. 30164018
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. 84297519
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. 02830057
. 00497671
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. 15812966
. 27061002
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. 39240442
. 23566476
. 41702114
. 69545892
. 73537254
. 89354822
. 56392347
. 96927109
. 59239364
. 51454120



H 13 1.08505043 3 108.46241399 2 123.20455793 0

C 2 151419754 1 99.70876007 4 94.70963407 O

H 15 1.08512268 2 114.59074673 1 172.11042066 O

C 15 1.51463292 2 109.76120859 1 41.93415830 0O

H 17 1.08327912 15 115.65024788 2 83.11461150 O

C 13 1.57180000 3 124.03850223 2-109.56073824 O

H 19 1.08513790 13 113.88156914 3 -89.01038890 O
C 19 1.54582622 13 114.80095701 3 45.15929743 0

H 21 1.08622924 19 105.99559528 13 152.96994597 O
C 21 1.54110881 19 100.47422567 13 42.50892746 O
H 23 1.08331824 21 110.91419972 19 152.84574641 O
(0] 21 1.40222734 19 120.14588741 13 -87.19421732 O
H 25 0.94668002 21 108.37069151 19 -71.76757765 O
C 19 1.54264324 13 99.99148623 3 146.13771487 O

H 27 1.08427222 19 113.69880797 13-176.78669913 O
H 27 1.08520604 19 113.86405521 13 59.03895539 O
D. Chemistry

D.1 Synthesis of monosubstituted derivatives

Compound®-12 can be synthesized according to conventional nasthescribed several times in the
literature (see for example ref. 46 in the drafthus, compound can be prepared through the NaBH
reduction of 2-adamantanone in ethanol; methylatib®-adamantand with CHsl/NaH in DMF afforded
the methyl ether6; compound?7 was prepared through the Raney-Ni catalytic hyenagjon of 2-
adamantanone oxime in ethanol; Borch-Hassid redeictnethylation (NaCNBBECH,=0) of 2-
adamantanamin& afforded the N,N-dimethyl derivativ8; the treatment of 2-adamantanaminevith
CH3COCI/EgN in ether afforded the acetylated derivati@edhe treatment of 2-adamantanol with S@CI
afforded the 2-chloroadamantab& 2-Nitroadamantan&0 was prepared from 2-adamantanone oxime; 2-
Floroadamantane can be prepared from 2-adamaraaddDAST (see experimental part for compoG6y
for the preparation of 2-cyanoadanantdngee preparation of compou@. Hydrocarbon and3 were
prepared from the corresponding alcohblsand 15 through TFA/ E{SiH treatment (see reference 47a of
the draft). Compound3 was prepared from 2-adamantanone (Greidanus, Law.J. Chem. 197Q 48,

3593).

D.2 Synthesis of known disubstituted derivatives



Compoundsl4-17 were prepared from 2-adamantanone and the suitall@nometallic reagent;
compoundl4 was prepared from 2-adamantanone/MeMgl according toptibeedure described below for
compound29; a similar procedure affordedrt-alcohol 16 (2-adamantanone/PhMgBiert-alcohol 17 was
prepared using 2-adamantanone#d®la; for the preparation of compound 15 see reference 47a in the draft
(2-adamantanonift-BuLi). Details for the synthesis of compouri3-26 and36-38 can be found in ref.
46 of the draft. The preparation of compourddsand 26 has been reportéd® Compounds34—35were

synthesized according to known proceddfés.

D.3 Experimental details for the synthesis of 2,2idubstitued derivatives (including raw spectra for

compoundd8, 19, 20, 21, 22, 27, 28, 29, 30, 31, 32, 33

2-azido-2-methyladamantane29. The dropwise addition of a solution of 2-adamanten(l.50 g,
10.0 mmol) in dry THF to a mixture of methylmagnasiiodide in dry ether [obtained from addition of a
solution of CHI (2.84 g, 20.0 mmol) in dry ether (20 mL) in magiuen turnings (530 mg, 22.0 gr-at)]
afforded quantitatively, after saturated MH treatment of the reaction mixture, extractiothaéther and
standard work-up, 2-methyl-2-adamantaivl

The solid alcoholl4 (700 mg, 4.22 mmol) was added to a vigorouslyedimixture of HSO, 70%

(10 mL) and chloroform (25 mL) at O °C. Then, sodliazide (1.65 g, 25.4 mmol) was added portionwise
and stirring was maintained for 48 h at room terapae (TLC monitoring). A mixture of ice-water was
added and the mixture was extracted with dichlotbaree. The combined organic phase was washed with
water, saturated NaHGQwater, brine and dried (MaO,). After solvent evaporation the solid mixture was
chromatographed on silica gel column using hexar®®t as an eluent to afford pure azi®e Yield: 530

mg, 66 %.
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2-Methyl-2-adamantanamine,22. To a stirring suspension of LIAH390 mg, 10.3 mmol) in dry
ether (20 mL), a solution of azi@® (490 mg, 2.57 mmol) in dry ether (10 mL) was addespwise. The
reaction mixture was stirred at ambient temperdinr@4 h (TLC monitoring, ether) and then wateaH
15 % w/v and water was added under ice cooling. ifbeganic precipitate was filtered off, washedhwit
ether and the organic solution was extracted wi@i 626. The aqueous solution was made alkaline with
solid NaCO; and the mixture was extracted with ether. The doeth organic phase was washed with

water, brine, dried (N&QO;) and evaporated to afford the pure oily anf@eYield: 350 mg, 83%.

1 2 ,CHs

T T,

Pl i 35
& 2 u




Tre6l6

= 77 (36N
— Th 3930
']
I}
i
L

||||||

."—
o'

N-Acetyl 2-methyl-2-adamantanamine27. To a stirred solution of amir2 (70.0 mg, 0.42 mmol)

and triethylamine (150 mg, 1.48 mmol) in dry etf'emL) was added dropwise at 0 °C a solution ofyhce

chloride (67 mg, 0.84 mmol) in dry ether (56 mL) ahé mixture was then stirred at ambient tempeeatur

overnight. The precipitated thiethylamine hydroctile was filtered off and washed with ether. Thigdie

was washed with cold water, HCI 3%, brine, dried®0,) and evaporated. The residue was filtrated over

alkaline aluminium oxide column using hexane anentiAcOEt as eluent to afford pure actamitie

Yield: 80 mg, 91 %;
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N-Pivaloyl 2-methyl-2-adamantanamine,28. To a stirred solution of amin22 (70.0 mg, 0.42
mmol) and triethylamine (150 mg, 1.48 mmol) in @ther (10 mL) was added dropwise at 0 °C a solution
of pivaloyl chloride (102 mg, 0.84 mmol) in dry eth(10 mL) and the mixture was then stirred at @mibi
temperature for 24 h. The precipitated thiethylaiydrochloride was filtered off and washed witheet
The filtrate was washed with cold water, HCI 3%inbr dried (NaSQ,) and evaporated. The residue was
filtrated over alkaline aluminium oxide column ugiather as eluent to afford pure pivalam&8 Yield:

50 mg, 50 %.
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2-Fluoro-2-methyladamantane,30. To a stirred solution of alcohdl4 (100 mg, 0.60 mmol) in
anhydrous dichloromentane (2 mL) was added dropwiseler an argon atmosphere, a solution of
diethylaminosulfur trifluoride (DAST) (97 mg, 0.60mol) in anhydrous dichloromethane (2 mL) at -78 °C
The mixture was allowed to warm slowly at 0 °C unskaring and then was stirred overnight at ambien
temperature for 1 h. Water was added and the neixtwas extracted with dichloromethane. The organic
phase was washed with water, brine and dried oag8®). After solvent evaporation the solid mixture was
chromatographed on silica gel column using cyclainexas eluent to afford the pure solide fluoid@e

Yield: 70 mg, 69 %.
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2-Chloro-2-methyladamantane,31. A mixture of alcoholl4 (150 mg, 0.90 mmol), thionyl chloride

(430 mg, 3.61 mmol) and potassium carbonate (200imdry dichloromentane (5 mL) was refluxed for 8



h. Dichloromethane was added the inorganic solid Viltered off. After solvent evaporation the solid

mixture was chromatographed on silica gel coluningieexane as eluent to afford the pure solideratdo

31 Yield: 90 mg, 54 %.
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O-Trimethylsilyl-2-cyanoadamantan-2-ol, 19. To a stirred mixture of 2-adamantanone and

triethylamine was added slowly trimethylsilyl cydaiand the mixture was strirred for 20 h. The tesyl



mixture was dissolved with petroleum ether and eddalt -5 °C to crystallize. After suction filtratiohe O-

trimethylsilyl adamantanone cyanohydfifi was obtained. Yield: 670 mg, 81 %.
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2-Cyanoadamantan-2-0l,18. To a stirred solution dD-trimethylsilyl adamantanone cyanohyddif
(230 mg, 1.28 mmol) in methanol (10 mL) potassiunoride (298 mg, 5.14 mmol) was added at room
temperature and stirring was maintained for 5% IC(monitoring). Solvent was evaporated in vacuo and
water was added to the solid residue. The mixtuas extracted with ether and the organic phase was
washed with water and brine, dried over,81@,. After solvent removal 210 mg (93 %) of adamanteno

cyanohydrinl8 was obtained.
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O-Acetyl-2-methyladamantan-2-ol,20. To a stirred mixture of 2-methyl-2-adamantahél(200 mg,
1.21 mmol), triethylamine (243 mg, 2.41 mmol) andetat anhydride (246 mg, 2.41 mmol), 4-
dimethylaminopyridine (DMAP) (18 mg, 0.12 mmol) wadded as the acetylation catalyst. The mixture
was stirred at room temperature for 72 h (TLC romitg, hexane/ether 3:1). Petroleum ether was added
and the mixture was washed with HCI 5%, saturatatH@lO;, brine and dried (N&O,). After solvent
evaporation the residue was chromatographed artasgel column using hexane-ether 4:1 as eluent to
afford 150 mg (60 %) of pure acetyl derivati2@ (a second fraction including 2-methylene adamamntan

was obtained).
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O-Pivaloyl-2-methyladamantan-2-ol,21. A solution of MgBp (555 mg, 3.01 mmol) in anhydrous
THF (15 mL) was evaporated by allowing an argonvfko pass through the flask. To the solid material

dichloromethane (15 mL) was added and the suspem&as poured to a flask containing pivalic anhyelrid



(561 mg, 3.01 mmol). Triethylamine (456 mg, 4.52 oiynvand 2-methyl-2-adamantanb# (250 mg, 1.51
mmol) was added and the resulting mixture wasestifor 48 h. Then water (30 mL) was added and the
mixture was stirred vigorously for 5 min. The orgaphase was separated and kept and the agueous was
extracted with dichloromethane (30 mL). To the coratl organic solution 4 mL of methanol and 80 mg
DMAP was added and the mixture was stirred for 1ARer solvent evaporation the residue was
chromatographed on silica gel column using hexadetlaen hexane-AcOEt 3:1 as eluent to afford 260 mg

of a mixture including the produ2tl and 30% of pivalic anhydride (detected through NMR)
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2-(2-Adamantyl-2-propanol, 32. To a stirred solution of sodium ethoxide (220 g0 mmol) in
absolute ethanol (5 mL) and anhydrous THF (11 ral9plution of 2-adamantanone (960 mg, 6.40 mmol)
and toluenesulfonylmethyl isocyanide (TOSMIC) (1g197.68 mmol) in anhydrous THF (25 mL) at room
temperature. The mixture was stirred at room teatpee for 2 h, then solvent was evaporated in varub
water (15 mL) was added. The mixture was extraotéti ether and the organic solution was dried
(NaSQy). Solvent was removed to afford quantitativelyy2swoadamantang(ethanol — water).

To a stirred solution of 2-cyanoadamantan&50 mg, 2.17 mmol) in anhydrous ether was added
during a 2 min period, under an argon atmosphesejwion of MeLi 1.6 M in ether (4.1 mL, 6.56 mmol
at 0 °C. The yellow complex formed was stirred 96r min at ambient temperature and hydrolyzed with
water (8 mL) at 0 °C. The residue was treated withixture of acetone (5 mL) and HCI 6N (5 mL) ahd t

mixture was refluxed for 2 h. Acetone was removedacuo and the resulting mixture was extracteth wit



ether. The organic solution was washed with watelr l&xrine, was dried (N80O,) and evaporated in vacuo
to afford 2-acetyladamantaBd (302 mg, 78 %).

To a stirred solution of 2-acetyladamant&4g590 mg, 3.31 mmol) in anhydrous ether (40 mL) was
added dropwise, under an argon atmosphere, a@olotiMeLi 5 % in ether (4.4 mL, 10.0 mmol) at 0.°C
The mixture was stirred overnight at ambient terapee, then a saturated solution of JOH(50 mL) was
added at 0 °C. The organic phase was separatetedvagth water, brine and dried over JS&,. After

solvent evaporation the liquid alcolg (502 mg, 78 %).
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2-(2-Adamantyl)-2-fluoropropane, 33. To a stirred solution of alcoh@2 (100 mg, 0.51 mmol) in
anhydrous dichloromentane (2 mL) was added dropwiseler an argon atmosphere, a solution of
diethylaminosulfur trifluoride (DAST) (90 mg, 0.56mol) in anhydrous dichloromethane (2 mL) at -78 °C
The mixture was allowed to warm slowly at 0 °C unskaring and then was stirred overnight at ambien
temperature for 1 h. Water was added and the neixtwas extracted with dichloromethane. The organic
phase was washed with water, brine and dried oag8®). After solvent evaporation the solid mixture was
chromatographed on silica gel column using cyclahnexas eluent to afford pure fluoridad. Yield: 50.0

mg, 50 %.
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