BETIVFIEEH O = OV L RIbEE
B XUk O R

A
WSS, 814-0180 (I RIS LI 8-19-1

Nitrosation Mechanisms of Active Alkyl Groups
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Abstract

Electrophilic displacement reaction of active alkyl compounds with electro-
philic reagents using base catalysts is one of the most important, synthetically
useful and fundamental organic reactions. The reactivity of the reaction varies
with the kind of alkyl groups and the raction conditions of base, solvent.
Although it is well known that nitrosation is one of the most significant
synthetic methods of carbonyl derivatives, the mechanisims of the nitrosation
has not been much developed.

In this review, the results of investigation for establishing general theory of
the nitrosation mechanisms of active alkyl compounds and photoisomerisation

mechanisms of products are described.
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NTNDTIVFIVERAT O F BB G acyclic carbony (L S DG 7 )L F )L ILE, 7ILFILEORE
oL ORMENE, & DN IFRIRAIEPEAAE OISO RIRSEFICE > T, RETFHIK E ORISHEN
B35, A I OROSMEDEROER Z A U, BHEMBEAWEE 7LV EEREFRE LD
B BRI RIERAERBBREICDOWT - REDH 2 MHmERLT LI BN ET 5,

— IR A (BMY) ZHWIZEE T L)L EeEY (RCOCH,) &REFRIEK (E) OIS, LT
D (1) ROH (2) oEHkERINS,

RCOCH, + BM*' — [RCOCH,JM* + BH (1)

[RCOCH,)M* + E* — RCOCHE + M’ (2)
CORIBDEREMEL, B OMEEIC L > TEEI NS, 2L NDOT ALREKRESHEETIE, £ Q)
WHEEERETH L0, 7V F—IMERIS T, R Q) MHEERTH L ENMenTNnS. D F/z,
TV R=UE RIS, T/ b— MeF oS L HICRIEEERBH NI NTH D, FOSAERM I
FETO R AMEEFTIEHAREOD, 70 b ARRER TS <722 ZENERNITH D> TS, 0
RREHATH72012, 2 (2) 1IZBWT, HEAEED counter cation (MY ZF1T 2 BIEHIREET 7)1 2
EM ZRLE R WIERIGEBIREEE T L e EnmBanTng, Y

AT &0 & 7= i E A % F Vs 7z alkyl nitirite 17 K 23EM 7L F )L EOZ LRI, 7L R—
IV EBOSIZEEILTHE D, TORISEBIIU T OZEM OISR ES 2 50, — &I E-form D oxime (E-
oxime), Z-form ¢ oxime (Z-oxime) D 2 N KT 5,

1) HEHEANEIC X D1EM 7 ILF V30 & @ deprotonation process

2) 1) 12k > TH U/z carbanion & alkyl nitrite 237 it 9% C-N bond formation process

3) 2) TH U7z complex & HiFfdilgt & 0 12 & 0 proton & alkoxide 735iE#E 3 % elimination
process

—-fl & LT, alkylketone 2500 = h 0V {bf i % Chart 11787
1) R1ﬁCH2R2 + B'M' —>[R‘|CCHR2]'M++ BH
|
o o]
2) [R1ﬁICHR2]'M+ + R°'ONO —> [R'ﬁ:CHNO(ORs)R2]'M+
o] 0
3) [R'CCHNO (OR®)R]TM* + B —> [R1(":C =NO)R’IM* + R°0"+ BH
|
o] o]
Chart 1

alkyl ketone 1D BHIER LRV A F VL T FIVED X S IT/NI WA, iR E L TH 5 Boxime D
WEond, —F, tetbuyl RO XD L@@ WBREN S NIL, Zoxime B L5ND LD 5, —hoy
ERISIC K> TR SN D 2FEO REAR DI (B-oxime DI/ Z-oxime DR (E/Z) ) HDHWIRR
MARDIERL, RO BHBEADENOMIZ, HE, = o EH, BIFZEORE S L OEEDOEEDE



W, MINRECHEDORIERE LD ESFHOENICE > THEEEZTL, ZORDBUSEHOEND
BV PRI 5 2 2B DN T, ERBIUERBM S THERIC X 2BE 270, EBBIRETT
WEMNTZ SOV EROMER O ZBH 5 M LTz,

AL, BERHZ U TNE - BIEL 2B DO THR SN2,

(B A )
- HBEMEERAOWEEET VFIULEH O SO VLR ID D KIS

JEMET L)L &4 & LT, acetone, 2-butanone, isovarelophenone % alkyl ketone ¥, 7 )L )L EH#AA
FTORERILEGYE LT, 2,4-dimethylpyridine &R U 7z, #1015 D= b0V LIS D RUSERE D FE 12 D
WT, ERENCIERBRI S FHERIC L 2R &7 72,
03 NPt L (e %

isovalerophenone O = BV 4LIZ & - T4 » 3% 3-methyl-1-phenylbutane-1,2-dione 2-oxime O E- & TN Z-
oxime DO A % VT, BREBEED TONRMECIE 2170, BERNRE 217 5 /2, £z, 2-butanone
D b HERIS I BT 2T T T SR, £ ORI BRE Z RN S TIEERIC X -
THat L 7z

EREOHT—IHB T LIRS FRE RO E T D F 5 L1213 Gaussian 989% U 7z,

€1 3!
CREME R OEBEET IV FIEAYMOZ OV LR B D KSR

A RIVITESR, 2 BEBERUS (35 1 By - deprotonation process, 52 E¥B# : nitrosation process) &# % &1
TWiz. FORIGHEBIZIED, 2 THEEICL 22728 TA, 552 BRI 31 T alkyl nitrite 23
i U 727207 Tid oxime (34 5% L7ay T ESHIBAL 7o, 2 & TAR % Chart 1127779 K 5 78 3 BB (58
1 &b . deprotonation process, % 2 Exf : C-N bond formation process, 35 3 EF : elimination process) & L.
FHERIT BT D BUSHRE & fEt U Tz
(deprotonation process)

AT &k 2 1EM 7 L)L EO deprotonation |3, BERETEHRRISICBITOE LEBEEE LU TIEFEIC
BHEGNIETH D, BRI catbonyl /b e RAB & U RS04 LT 2 enclate DY ML E ORE L0, #
D FUSEERS DEEFVREBICHA S DT I N EHET IV FIE S (AH) EHFEAE (BMY) &0 RInHERS
i, Chant2> k212K E3N5d, Z 2 TCLE G F D complex, TS1 1% deprotonation process DiERIREE, C-
11 134 Bk % D complex %717,

AH+BM'=— A-H- - BM =—(A-H-BM'I=—A H-BM'=—=AM'+HB
reactants C-I TS1 C-11 products

Chart 2

CH,ODH, CH,ONa |z & % £ f# alkyl methyl ketone D 8 /K R3S i i fitn* % 471>, gas chromatography/mass
spectrometry (GC/MS) % W\ 7= 3 MR & 51T - 7=, alkyl methyl ketone O 5 %, acetone (1) FH IV 2-
butanone (2) DO EEFLEE A Table 1 1TRT,



Table LIZBWNWT, ky,. ky BEVky, ZENTNAFIE, TFNEOAFL AR IO F1 4>
ROIEME KB ICHET 2EKESBROSOREERERT . £z, Bay, BEP B (3TN ZNAFIINES
FRIFINEDAF L RS DIRMKFRICBET 2 BRKRBR BSOS OIEEL TR F— %2 KT Table 1K D,
1E2DAFINEDOCHO CHTHRISHEZE T 5E, 1 DAFVEOKIEED ARG Z ENSh 5,
LW 2DAFINREETFILEDKINMEE T B &, AFILEDIEM: A D HH deprotonation = 3197

N,

Table 1 Rate Constants k (M* s') at 298K and Activation
Energy Ea (kcal mol™') of Deuterium Exchange Reaction
of 1 or 2 with CH,0"

Alkyl Methyl Ketone &y, kg, Ky, Eay, Eag,
1 0.549 — 1.116 11.87 —
2 0.295  0.082 0.381 12.14 13.87

T DEBREE L HRAICEE T % /-8, deprotonation process DEEREIC DWW TIERBRA D THEEIC L 2
it a7, B85 complex D L3I F—{% Table 2 12777,

Table 2 Calculated Energies (a.u.) for Complexes and Activation
Energies (kcal mol™) for the Reaction of 1 or 2 with CH, 0" in
Deprotonation Process

Compound  Reaction site Ec Ers1 Ecn Ea
1 CH3 -306.93628 -306.92533 -306.94530  6.87
2a CH3 -346.05633 -346.04500 -346.06622  7.11
2a CH2CH3 -346.05570 -346.04430 -346.06588  7.15
2b CH3 -346.05545 -346.04419 -346.06023  7.07
2b CH2CH3 -346.05546 -346.04229 -346.05925 8.26

ZIT, 2al2b OEWVWIELFIILEF,OEBEICLDHDOTHS (Fig. 1),

Fig.

2a

2b

1 Optimised Conformations of 2a and 2b

Table 212HWNWT, 1, 2a FUR2b DAFIINED BB ERZ L, 1 OHEPNEN, 51223 (HDNWIE2b)
DAFNHEETFNHEDEZEREE, AFINEOERBAININ, 51, Tablel TrUERERE



XL TS,

Z 2T, 2 D deprotonation {273 H 9 %, MERILE LM FICHBIT S 2 O deprotonation TiE, AFIL A
DRIMEN RS & <. TFIVEMN ST Eenolate NAERLT 5, — HRIEZESEHE T, TFILEMS
Zenolate VB AL L DTN EMERNICHREINT NG, Y ZOERBENSEZIDE, TFILVED
Ea DAEIZ2b DA ME < B ERM D T RILF— (B 132a D TF VENRHENITT /2D T, Table 2
DEHEFERITERERZ WL LT (2a Tid Z-enolate anion 2345532 DIz L, 2b Tid E-enolate
anion VERKT ). € THEENR (CHOH A1) ZEEL =558 (PCMEL) %470, Table 212777 L /=aF
FAERE HE L 7= (Table 3),

ERDEBIEREDF FENRRENTH D, AFRSCTHZ L 7= deprotonation process 12349 % ST T )L
BN REEZB LS E T TE D 2 &N L 72,

Table 3 Energies (a.u.) for Complexes and Activation Energies

(kcal mol-') of the Reaction of 2 with CHO" in Deprotonation
Process Calculated using IPCM

Reaction

Compound site Eca Ers1 Ecn Ea
2a CHs3 -346.60669 -346.59997 -346.61723  4.22
2a CH2CH3 -346.61297 -346.60050 -346.62233  7.82
2b CH3 -346.60572 -346.59858 -346.61764  4.48
2b CH2CH3 -346.60574 -346.59488 -346.61426  6.81

(C-N bond formation process)

B L ERPET AL L 7z enolate ([R'CO'CHR*M”) iz alkyl nitrite (R3O°NO?) MWIE§ 2 EETH 1) . enolate
&ﬂmmm%ﬂ%ﬁéwmmxmﬂh)ﬁéﬁb\%%%%(ﬂﬁ)&ﬁELT‘mmmeHWQﬁE
pd % (Chart3), §E-> 7T, TS2 DREEIVERY TH % oxime DEEIZ K E < BETLHEEZ LN D,

2. .- + 3 2 2 2. - +
[R'ECHR™ ™M R oNo*— [TS2]—>[RCCHNO (0R)R" 1™ M
1 1

0] o)
C-IIT C-IVy

Chart 3

enolate & KRB FEAIK & DS E NS BN 5. ARED C-N bond formation process 137 )L K— )L &%
J& C-C bond formation process [IZFELIL T 5, ZZTT )L F— Ui A TIRHE SN2 BB IRET T L
EZHEIT LT, D counter cation 2 L 7= RIREBIREE T IV (TS24 amy) & counter cation % Ff X 72
WIEBRIREBIREBE TV (TS2pp,) ZME L (Fig. 2), BN THEEIC X DM ET 5 /2,

AT 1 @ Na*-enolate (& 7= |d enolate anion) & tert-BuONO Z 7=, EHEESRE O —H % Fig. 3105
9. C-Nbond formation process 78 TS2 gy yrpps TS20ppy D EB 5 ZAEM LT H. ABLR complex (C-IV,) T
AN-O* FEEOMBTHNES NI, = b0y PllfkD 2W0iEoxime [ZBKLENBNW T DN &7 T,
B, fEkSHINTEL T2 hoy PEESAER L, ZRAREE U T oxime WVERKT 5] &0 D Bk



EIR DA B RANE 5N, E T Bald T2 240 M L7 RSO ADNE < . RIGEENAZ N &
BRMEE
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CHELATED OPEN

Fig. 2 Transition State Models for C-N Bond Formation Process of Nitorosation

1) Reaction of [CH,CO'CH,] Na' with tert-BuO’NO® via TS2

C-II1 TS2 C-1v

Fig. 3 C-N Bond Formation Process



(elimination process)
Fig. 312 B1F % CIV, 215 &, oxime BWAERKT 1T C LOKRET H or ) OE#EE N-O #5

DOIGEEN WV ETH D, T TC LOKERFICH U TRIGHERPICEET 2L (B) KB L. FhiC
o TN-O S OMEENE U A HICETIVEEZERL . IERBN LD FHOERIC X 2B 217>/, ZDpro-
cess Tl C-IV(N3>&Z)§B'753 575 % complex (C-V,) 23Rk L, BREIRE (TS3) Z& AL T. complex (C-VL,)

NAERET 2 (Chartd),

[R‘ﬁ:CHNoz(o:‘Ff')Fa2 "M B> 183> R'CC(=NO?R?]" m
1 1

o) 0]
C-Vy C-Vy

+ R0O®” +BH
Chart 4

AHEAER D — % Fig. 4 1287,
1) Reaction of C-IV,_ with CH,0" via TS3

TS3 Products

Initial Conformation

Fig. 4 Elimination Process



Fig. 4 10, HIEARGED counter cation 8 K& < B5T 2 K S RISR TRIGVHETT 2G5, TS3, =8
L T Z-oxime anion 78E K9 %, —74. counter cation 28B4 L72h &X 9 K% Tl E-oxime anion 734
T %, HI%, counter cation DIUSHRADEGOREIZE > T, AT % oxime DELHENIRE NS &E
A6N% (7 ZF M5 TR &K % complex/p 572 5 Figd 02) OISR T, BIA KIGBEERIHEIC X -
TC-VRC-VIDHEZ KLY 5 DIEATEETH Do > THISHIIREE & TS3 & U4 i O 5l b HE 1
ZR L72.)

TIT, RINEEOFER () EHEAED counter cation D ISR RZRADEEGEDOREDEGREZ X TH
L&, e O/NT I ¥R Tid counter cation {38 F D A X 720 /=8, counter cation 78 B8 53~ % B
(# : Fig. 4D 1)) THRIRIZET L. Zoxime ZFITH5 X 5, £z [ e DR E/RALGEH Tid counter cation |X
W YRBAI T NS =D, counter cation /3RS U7 WEME (M) : Fig. 4 0 2)) TRSITHEST L. FIZ E-oxime
EHZD,) EWHRAREBES ZENTES, 5T, KINEED ¢ D KEZICL > THERT S oxime D R
MARKDUERLL (B/Z) 2T % 2 &HRAlENn 5,

- [sovalerophenone ® = f O VL K GBI BT 2 KR

STHEEICE > THLSNZ LR RRERE T 52012, E-. Z-oxime Dl 2B LIEDTED
isovalerophenone (3) O b O VALRIREME Lz, KIGEHDD B, A, alkyl nitrite, SOSEGIC
EH L., BRISEMOEWH AL T % 3-methyl-1-phenylbutane-1,2-dione 2-oxime (MPBDO) (4) O E/ZI1Z &

DEIWHET HPERLE (Chart5), N,OH HO\N
1)Ba: ” ”
HSCsC”=CH2CH(CH3)2 ﬁmﬂ‘ Hscsc":cm-ucna)2 + HSCG(“:CCH(CHs)z
3)H*
0 ’ 0 0
3 4F 47
Chart 5

AR T, FUSEBEOEWN EZIZEDR D B EERITTMTONT, KISHEHD c KEBLTHR
A UTERER OB EMHNT Do ¢ DANEIREEE LT, hexane, THF, ¢ DR E/RAGK E LT, HMPA, NN-
Dimethylformamide (DMF), N,N-Dimethylacetamide (DMAC) # fUy/=, alkyl nitrite & L T tert-BuONO %
JAV. a-BuLifE{E R, ROGIEE 303K T3 0= b0 LRISE - fr. EHREEEE Table 4157,

Table 4 Experimental Results and E/Z of Nitrosation of 3 using
Solvent with Different Dielectric Constants

Yield
Solvent > Y (%) 47 EZ
Hexane 1.89 1.8 0.9 2.00
THF 7.58 8.0 8.0 1.00
HMPA  29.60 20.5 1.7 12.1
DMF 36.71 23.3 3.3 7.10
DMAC  37.78 48.0 3.9 12.3




e DREREHEHAND &, Eoxime DINRNOTWMAL, TORREZIIRELRBRLTENDND. &
517 cryptand[2.1.1]Z Wy, Lir WD T BN I N BE N TORINEIT & 25, BZiI316.90T
Hof, B, FIROHEFRICL B EHIIERNICZFIN.

- ZhOVIERBIBITAMERRECHET RN

2 % 2,4-dimethylpyridine ® = N O VALK I D W T OMETRE RO LD, AR ISO 7 @R M
deprotonation process T4 U % anion DS MR EM DA TIIFHHTET, 70> 7 THEHEGRICHE D
anion O SSPETHMHTE S ZERHEMIT L, S 5IT2 @ dianion ZFR L, ARRICH T B MEH)7:
RN 22 (e S, ek alkylnitrite K X HEHEZ PO METIRESNZNWEINTN/Z2 D AFILE
Nz b b I Nz kiERER D 2 LIkl 7= (Chart 6), ©

HO OH

N N~
1)KH © 9 1)tertBuONO ” ”
H3CﬁCH2CH37_)H,Buu HgCﬁCHCH:; G HC|(|:CH2CH3+ H3CﬁCCH3
0 (o) 0
Chart 6

© RO R
€ DRI HEFYEED, 300K TEEKBT > 1L 54 DNRMACESR (Chart 7) 217577, FOREE,

FERHEALSUE D FHEE B SR D € & ORICIE QBN GRBIREK - 0.916) 28H 5 Z L2 FAW/Z Lz (Fig.

5)o _OH HO
N N
| hy II

—_—
HSCG|(|:CCH(CH3)2 < H,r,cﬁﬁccmcwg,)2

o] o]

4E 47
Chart 7

F12365nm QN @ Dn- 1 *BRIZTETS) 2RETDEEKBT I8 B R REE
N, BN HDWIEEEAR T > T OENERFIC I IEEEL OBO TAEL. 4 OFREMIC
in-n*BENESTLELDNR R/,
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Fig. 5 Relationship between K and ¢ for Photoisomerisation
of 4 Using High Pressure Mercury Lamp

FERERSERERIIT /=%, butane-2,3-dione oxime DY EMALZIS (Chart 8) (ZBET 2 IERBRMNHS T
#ugiE (Cl-Singles %) 2B /=it 217577,
_OH HO\T‘]

— H,CCCCH,

Z-oxime

Chart 8

ZTORER, s-cisBlEZA T 5 oxime DHER T HLWETY ZF M0 Fin- n " BBT 5 2 & THRRMEL

PVERURT NI SV L, A E/RED—FI% Fig 6 18T, TS, I3 B HREDRE

M, S," I CRE - EEIRE O RIE G E KT

s-trans-Z-oxime

s-cis- F-oxime

opt opt
S, SO

Fig. 6 Photoisomerisation of s-cis-E-oxime via §,°*
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deprotonation process TAFL T DanionD 710 > F 4 THEHERICE D RIMEIC K> THHTE S, I51IC
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BRI DN TH 70 T« THEHR THATRETH 2.
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5N 5,
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