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‘SC and ‘H NMR Studies of PQQ and Selected Derivatives

David R. Houck and Clifford J. Unkefer
Los AIJmos National Laboratory INC-4
University of Ca.lifomia
bs Alamos, Nhl, USA 87545

Introduction
The orthoquirmne structure of PQQ is famous for its reactivity with nuclcophilic

species of carbon, nitrogen, and oxygcn(Duine ct. al. 1987). In fact, the crystal structure
of PQQ was solved in the form of the C-5 acetone adduct(Salisbury et. al 1979). The
propensity of the onho-quinone to accept nucleophiles is the chemical basis of the function
of PQQ at enzyme active sites. The present study focuses on the NMR of PQQ and
vm-icws derivatives formed with oxygen and nitrogen nucleophiles. Our gods are to assign
tie IH, ‘3C, and ‘Sh’ NMR spectra and to rigorously corfmn the structures of the adduc?s.
Orrcc the NMR data of the relevant adducts arc well defined, wc will use 13C and 15N
labeled substrates to probe the active Sjles of PQQ containing enzymes.

Materials and NMR Spectroscopy
Biosynthetic PQQ was i.solatcd(rnodificatiort of Amcyarna ct.al. 1984) * the culture

broth of Merhylobacrcriwn AM 1 wh;ch had been grown on methanol methanol in
mineral-salts mcdium(Beardsmore ct.ad, 1982). Grrtmcrcial material was purchased from
Fluks Chemical Co For NMR, 25 mg of IQQ was dissolvd in 2.3 ml d6-DMSO and
plwxd in 10 nun NMR tube. Derivatives were prepared by adding a reagent directly to the
NMR sample, Spectm wem obtained at S().3 MHz on a Bruker Ah1200 under the
following conditions: 4s0 pulse, 8200 Hz sweep width, 16K data poin!s, with the
dccoupler gatcd off for 2 to IO sec.



of signals from ~~ and lW Species can be L:sd to monitor the exchange. C-5 quilihaled
u’ith H20 within 20 h, whereas Cd did not reach equilibrium even after 36 h.

The reaction of methanol with PQQ was also monitord by lJC NMR. A solution of
PQQ was treated with methanol (20% v/v in d6-DMSO). The spectrum contained 28
resonances. indicating the sample was a mixture of PQQ and its methanol adduct. The
methanol derivative of PQQ had two new resonances (93,7 ppm and at 186,4 ppm.) [hat
could be assigned to C-4 and C-5. The chemicaJ shift at 93,7 is typical of a hemiketal
carbon; the resonance a[ I $6.4 would arise fmm the neighboring carbonyl. To de!etmine
which of the ~ssible hemiketals was present, this experiment was repeated using [S,9a-

13C2]PQQ. The resul;ing 13Cspectrum contained four resonances: two fim PQQ ( 179.2
and 126.1 ppm) and two from the ~thano] adduct. Thc hemiketal carbon was labeled with

13C(93.7 ppm), buf the resonance of the downfield carbonyl( 186.4 ~pm) was not
observed. ‘~is p~>vides dire~t physical ei~idcnce that the methanol aclduc[ is the C-5
hemikeml.
Reaction wi~h nicr~ n nuclc~hile~. P~ was tread with a 10% molar excess of d~-[ 1-

‘5NlphenyIhydrazine1111 in d6-DMSO. The IH NMR of the reaction mixturr contained t~w
resonances: the signal of H-8 was shif~ed 0.05 ppm upfickl, and the signal of H-3 was
shifted 0.3 ppnl downfield from the corresponding signals of PQQ. Only 12 signals wmc
obsetwcd in the ~JC NMR spectrum even when using long repetition tirnes(up to 15 .SCC).
No lines in the spectrum showed coupling to 15N and the signals for C-4 and C-5 were not
observed. The compound was i~o]ated by reverse-phase flash chrommogrdphy ((1.(M5 M
}/C) followed bj 75% aqUCOUS mc[hano]). The IH and ‘~ NMR spectra of the resulting
compound were identical to those of the original reaction mixture. Therefore, reaction with
phenylhydrazine produces a single dcnvativc of PQQ. Tltc absence of ~JC NMR signals
from C-4 and C-5 of tms adduct is very likely due to am-l,ydrazone tautomerism. Thc azm
hydrazone tautomcric ql*i]]tiunl has &en determined for several systems by lSN
NMR(Lycka ct.al, 1981 am! mferenccs therein) and wc plan to use such me[hods to
characterize the cquilibritl,~l f{lr the PQQ-phenylhydrazme dduct.

Table 1, 13(” NMK (’heroical Shift Assigomcnts of PQQ
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Figure 1. l~C Nh4R spcLwa ~f FQQ dctaihng !hc cxcangc of ttrc o-quincnc oxygcns ui[h 1{2180.

L.-. . . . ... . . . . . . .. ... . . . J

I%
51

I

- 4 --4 44 4- ~--- --4 --4------ 4 --–-4-–
Vo 159 m $0

PQm

Rcftrtnc~s

Anw)anin, M , Shlna#;!u a, 1 , MxIw\hIIir. K and Ada. ht, (), 1984 AKrIf Itud flwm 4#, 2fW ?91 I
Bcardwnorc. A J , Apcrghli, P.N (; ●nd Qun!lr, JR , 19S21 Gfrr Mirr{dwd 12U, 1421 14~’J

Dwnc J A l-rank, JJ/n, and VcrWwl, P. I-..J,, 1981, Fw J RIoc&m lIR, 395-399.

DuIru, J.A Frmk, Jzn J nnd Jongcpn, J A , 19U7, Adwrrt~ in f;rIIyrrwloR) and Rtlamd Arts\ af Mok uhi’

J?wdosv (Mriwm A I-AI ) 16Q ? I I

I ycka, A , Srrohl, S . Mahni [k, V , End Vacrii, M , 19RI Org Mq Rr.wmm r 16, I “1 19

!hlmtwy, S.A., l~orwsI. 11 S , {’ruw, Wt.1. md Kmmard, ().. 1979. Nafwr (fmmfwr) WJ 44


